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1 RESORBABLE CORNEA BUTTON BACKGROUND OF THE
INVENTION 1. Field of Invention 5 [0001] The present
invention relates generally to a nedical inplant and

- method of inplantation and, nore particularly, for

the treatnment of cornea endothelial defects and
di sorders. 2. Description ofit Prior Art 10 Cornea
Endot helial Defects and Di sorders [0002] Endothelia
dysfunction is the | eading cause of corneal vision
| oss in the Uni tRESCRBAREE afORNEA BEEFOMsi bl e for
nore than half of the 38,000 corneal transplants
performed in this country each year 15 [Ai ntabli an,

2002 k#EbunpheFcerreaniventrient ransparent,  convex,
outernost part of the eye and is the main refractive

el emept of the_visual system Unlike nost tissues in
t He bgﬂﬁ?dtﬂg %%F%%glggntains no blood vessels to
nouri sh or protect itaﬁgainst infe$t¥on 20 singg_t@g) a
cdPRO3 Inudher SRESTYYT alspareht t 68 8FFacE S 5 gt Y

properly. iapd e HESRRER-Af oevenplhathithicestand) aasle
vesseéls caninterfere with this process. |nstead,

t partdendarigeeifees ties ormatinsmiemt fqomehesndelhalial

and aqueous hunor that fills the chanber behind 25

i@?f?% Sc@PHe§FSPF§§5§‘is arranged in five basic

| ayers with the endothelium being the innernost -

| &yer DeEpyOPREPNaPL cBFI-8TafE essential in keeping the

cornea clear. Normally, fluid | eaks slowly from

i Tsirteatlh@reypehieitia lt e fricdd encoPisalrdeayfer 30

(stroma) . The endotheliums primary task is to punp
[0002] Endothelial'dysfunction is the leading cause

of corneal vision loss in the United States and is
responsiblé‘for moré'than half of the 38,000 corneal
.transplants performed 1in this country each year
[Aintablian, 2002 #1]. The cornea is the transparent,
7c0nvex, outermost part of the eye and is the main
refractive eiement of the‘visual system. Unlike most
tissues in the body, the cornea contains no blood
vessels to nourish or protect it against infection
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 its nourishment from the
tears and aqueous humor that fills the chamber behind
it. The corneal tissue is arranged in five basic
layers with thé endothelium being the innermost
layer. Endothelial cells are essential in keeping the
cornea clear. Normally, fluid leaks slowly Zfrom
inside the eye into the middle corneal layer

(stroma). The endothelium's primary task is to pump
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2 this excess fluid out of the stroma. Wthout this
punpi ng action, the stroma would swell wth water,
becone hazy, and ultinmately opaque. In a healthy eye,
a perfect balance is maintai ned between the fluid 5

‘nmoving into the cornea and fluid being punped out of

t he cornea. Once endotheliak cells are destroyed by

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

too many endothelial cells are destroyed, edema and. .
bthihsinessesnsuBluimlt ipudor AEal the af§EPEAL at ¥ bRLGRL t H&11s
10 only currently avail abl et . 3] t
tP%%?Hé%taSF}ggfnég?eeﬁggfﬁglP§§gﬁ%i§%§%gTs?l?? B%ter'
fﬁ@@@ﬁbpmggygc@?@gulepmaﬁelyhepaqeetrah pottciadrihgf eye,

e.cornea, including epithelium _stroma, Descenet's

mentRearte cando@haBERel + BMMATE HIS U 5P8hE S&™ e
FAbL oAb pknssenCUdRdA cala POrii@nbolng hBungeanead o
renoved and replace by a simlar part from a donor
eyke acsneaal [Cedtdf ubhdohhekhass dedrlst opfastgstroyed by
Al t hough this procedure. can Qvi de ex e r.omal
graft ?arffﬁ?ﬁﬁt9%5?ﬁ%@%@dggﬁytﬁgﬁréé%%n?gﬁggggéwgf
2050f m4 8Lt ic@lotsidional weungds arkatddeatopedy | gdand and
require Surface corneal sutures. The latter cause

i piegdiness askpgaat WiRbarP Tty | bUtesPoaytarean as the
threatening sjtuati c ceration,
s E S T SC T A A T

as _been reco%nized t hat nost o% t he

h
ehPBPel i L diFr86r derETHAH be®

repLarerEnl of¢ hes DRReBE | presbiane dogetdiaradi t hne
the endothelium To this end in 1993, VWV Ko devel oped -
aceethal qperbionepifaciig cheneadotRelidinghegigh e 1um,

stroma, Descemet’saﬁembranerand endothelium. To this .

regp§8%% ne%ndothelial

end a full-thickness, cylindrical portion of the
cornea is removed and replace by a similar part from
a donor eye; a so cailed full-thickness keratoplasty.
Although this proceduré can provide excellent stromal
graft clarity, it is plagued by the inherent problems
of vertical stromal wounds that heal poorly and
require surface corneal sﬁtures. Therrlatter cause
irregular - astigmatism and contribute to vision
threatening. situations such as ulceration,

vascularization, and graft rejection.

[0004] It has been recognized that most of the
corneal endothelial disorders could be <treated by
replagemenfiof"the Descemet's membrane together with
the endothelium. To this end in 1993, WW Ko developed
a techniqué of replacing the endothelium through a
limbal incision. His results in an animal model led
to further development by Gerrit Melles, who in 1998

published his results on posterior lamellar
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30 linbal incision. Hs results in an ani mal nodel

led to further devel opnent by Gerrit Melles, who in
1998 published his results on posterior |anellar 3
keratoplasty in the first human surgeries. The
techni que was devel oped in which the Descenet's
menbrane i s renoved through ;a scl erocorneal tunnel,
together with said endotheliumand a slice of the 5
stroma on which the Descenet's nmenbrane is carried.
Thics dirsptiher o ealaceghdy aidenor hmembr anmngetthies.  The
gndothq ium on said slice of the strona.. The_slice

| $echinitiuem vRE sideoitd Wsichg H t K- Khi ' THEHERET ' S

| anel | ar _endot ' k phasty dug
a\?&mg)g atnﬁergsghgrgélﬁt%gr 0 }ﬁ{a&rr%%f 5PKP b)%@glolgg}%% %g L,
erdotcheliral wiepl acdrnentndbthelt unheantbed fokicur Pacethe

corneal incisjons or sutures angd b intaini ;
RGO | ot o rifeat T GRBET bRy L 008 fhars ) sod-
g%ri%;;ﬁhorahéﬂe ot pdanen Ob?ana Oofiondh ahémbypes omith

scale. Areas of applications include the _.
r epldatemditnof ater geidvisddale ohuBREI §5KEMEtal” Meandt 1 Ce

saft tisspes i ch e rel y. fr
c&ﬁbé?y?e 53%3@#ﬁj5E?§§E%fu§§¥§egséﬁqﬁﬂgﬁﬁgfgbﬁghg deep
examalig d4vs Bhilndness afir omeirajtopy a2@yor (BLEBAseptocedere

cornea. Cornea blindness ranks secand cataract_as
a ARSI ofthei shaPerE8s oR TR S ont & naF%gna ysc%f£9Wlng
T%%ra%t?#e :an estiymtaeA0 wTthbhenther seRe Wit duhdeace
who suffer fromcornea- associated visual inpairnment

ofccaurendal it i sitores s o r255 Gk £ ok hdabYefeotHel imding - the

oS, DS Bhadl A gy o 2010,

" [0005] There is a gross shortage of donor organs of
all types on a global scale. Areas of applications
include the replacement of nefve, visual,-
musculoskeletal, and soft tissues which may be
severely damaged from combat-related injuries or
disease. One notable example is blindness Ifrom injury
or disease to- the cornea. Cornea blindness 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 wvisual impairment or corneal blindness.
Once corneal endothelial «cells are destroyed by
disease, trauma or aging, they are lost forever. If
too mény endothelial cells are destroyed, edema and
blindness ensue, with corneal transplantation as the
only available therapy. However, a number of issues
severely limit the success of this current treatment:
lack of donor availability especially in countries

where organ donation is culturally unacceptable, cost



too many endothelial cells are destroyed, edenma and
bl i ndness ensue, with corneal transplantation as the
only avail abl e therapy. However, a nunber of issues
30 severely limt the success of ‘this current
treatment: |ack of donor availability especially in
countries where organ donation is culturally
unaccept abl e, cost 4 of tisssue recovery, recent
popul arity of corrective |laser surgery which
precl udes subsequent use of the cqrnea faqr .
of t FARSPE aRCEPTBAY  hifghIe] D rate (2006 6F SEot hear 25"
su éggr@ﬁighl@r@@mhﬁgsanﬂﬂﬁﬁ&m@htahhggraEt&ndwcornea for
iI"dren end in allograft rejectlon) | ack of

tram&ﬂﬂ%ﬁﬁﬂﬁ%%%edlﬁﬁﬁhedﬁiﬁ§ﬁ&ﬁﬂtLﬁ%‘aan82@ﬁat0f corneal
alf%%fgﬁgg]f%”égﬁﬁt§r£§&h§§ﬁsogoam95?rhﬁ£§9ﬁﬂt@hm@ﬁken end

ost tissue. [0006] The use o ners as a
in catXéoerafior reprareiadn) enbothedf ak @éﬁﬁéyh&§cﬁééﬁd corneal

T

1nﬁ%@ﬂiﬁ£4kﬂﬁ$l&40thobultaaduencorporated by reference
herein as if set forth in their entireties. The

[oP8 Y NBfe CalsAClf agpodyRerRBNgnt &o- cbaﬁﬂw a@bj ecorneal
carrier for the endothelial cell, |ayers.

engertraniericy cel L& hé1asol PRER rEgiRTduatiss PE%%%‘FSJOY' see,

forXISng ?Egll a@%T9%§6§9555§3&'SSU@C@?ﬁ§03/0929§®ﬁ and
reci the layers are not renoved, there is a

Pcrﬂlﬁ?@/i@mf%r 71:]@ céormla;]rafatlmpmeﬁs by didlergncer berein
er naot he
as SiL g|88 | af%)é% L& l]?g{jl_%ynu revF)E ﬂe%%gggn act

1% on' proper orts
as havgethaeeht %oﬂﬁ&@p@@;ﬂa&ie&ﬂdﬁ&&&ﬁ@ﬂ sfdmtithea endothelial

bi odegr adabl e poly but ells ref
ceFundeveaSunl Bys @ﬁFWBP@HcVncﬂh5|ﬁ8I§’]ngyserequlres 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

chamber.

[00071 EFndothelial cells must form a tight single layer to
function properly. Previous efforts have tried to
encapsulate these cells 1intc a biodegradable polymer, but
the cells refuse to function unless cultured in a single

layer.
SUMMARY

[00D8] 2 primary challenge facing modern cornea
transplant is the world-wide paucity of available donor
cornea tissue for implantation. The device herein disclosed
will remedy this shortage by utilizing a bicdegradable

polymer film and cultured
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SUMVARY [0008] A primary challenge faci ng nodern
cornea transplant is the world-w de paucity of
avai | abl e donor cornea tissue for inplantation. The
device herein disclosed wll renedy this shortage by
utilizing a biodegradable polymer filmand cul tured

5 cell combination as a reptacenment for donor

corneas. The polyner filmwll act as a carrier for
the cultured cell layer. Once inplanted, the polyner

fidany Wil di Sspbyeas! gaviRd dacee! lrdray@dndh tbsneas.
place. 5 [0009] By nmaking the cell carrier

bilidegradaties, fonky whélcehtt| @fer & sceertebsehindg. the

This nmethod will._ be advantageous .in,si t.] e
REORe VR 11580e Thger AobLeent: Siamntraney “Fgin
| Risact .qdlothe  1eeldid@yele hasl gapserl Q] GGk Jp THre.
use of a biopolyner carrier to support the

at tagdyrent gfr@'gifhg ang eventyal Ly raged VENHELEradole,
carrying the cells during transplantation is vital

t @rtihe suscessl olagel| isepledtemmitincherdpys method will
particyl arl n the, brai,n and the back of thecgg

i 5
et oSl RnEEaEPPood T T SITr e Raa aT ot aott ey griiegttve

ofetig famaged: dusd Hgerdde AQiaREesss Tieset argut the
seven general classes of bi.opolyners:
polednuclaatstt dess gaat3rani des, pol ysacchari des,
pol yi soprenes, ‘lignin, polyphosphate and 20
pdodnodr oxsted kapeat®s. a Séel drorl yeneamptarries. tRat empport
6, 495, 152. Bi opol yners ranggg%ron1collﬁﬂen IV to

t

pdiifor yarRsiPexane IEBHHOs| SSYROWATChY t RE Sur Yalec!e
| erhadded it GAIDON PAFLLS! €8an 951 AmtaERa eds Wik bal

to the success of céli replacement therapy,
particularly in the brain and the back of the eye,
where cells derived from the neural crest origin is
often damaged during the aging process. There are
seven ‘general classes of biopolymers:
polynﬁcleotides, pélyamides, polysacbharides,
polyisoprenes, lignin, polyphosphate and
polvhydroxyalkanoates. See for example, U.S5. 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
with a primary amine-or carboxyl-containing silane or
siloxane, (U.S. Eatent 4,822,741), or for example,
othér modified collagens are known (U.S. Patent
6,676,969) that comprise natural cartilage material
which has been subjected to defatting and other
treatment, leaving the collagen II material together
with glycoséminoglycans, or alternatively £fibers of

purified collagen II may be mixed with



a primary am ne and optional peptide, or is co-cured

25 wth a primary am ne-or carboxyl -containing silane

or siloxane, (U S. Patent 4,822,6741), or for

exanpl e, other nodified collagens are known (U.S.

Patent 6,676,969) that conprise natural cartil age

materi al which has been subjected to defatting and

other 30 treatnent, |leaving the collagen Il materi al

together wth glycosam noglycans, or alternatively
g1§d$gﬁﬁida§1y@unsfuﬁdjcahyageneklﬂﬁﬂpﬂﬂ@dﬂ&ﬁﬂth¢¢s6 Such

| ycosam nogl ycans and any ot her. required ddltlvesclude

ad ipnadddi t PRRAFIB8E t i VEY rmay, TPbr - exXEPIE.C i nel Gde

&qu{ Q86 i o OLnaRebeRi il |+d 0adsskst aaitta@mqant af the
C

hrondocytes to the collagen Il fibers an
ch{paﬂmdyﬁq&ntgsthgu@ﬁlégg@arﬂﬁ|é&@qqﬁnﬁn%gg;gﬁn%rfactors
sué ]ég%ﬂlfbéé k%_cgﬂﬁﬁﬁﬁ facter (l@)andinsulin-1like

rans ormng growt h Factor (TGH). [OOlOa! Accordln?
grdwtta fadatstr aip"«é’()t antiherens Sopniow dewbvwlh r aBller
corneal button useful in repairing a cornea
[0CIURY i Bddigkdia)y atdi adefiradabeppot ymehesappor tpnatyded a
havi ng a top and bottom si de, u@ﬁ pabl e of - sqﬁportln% nea
regigiath-e ofOERABE hePT RO el 158 Whhet 8i nT B =19 or

cotpLdegiadable QP'Y@E%deé%ﬂaﬁwﬂé Mol iydelrs Selbeeted matrix
fron1the group consistin hyal uroni ¢ aci d,

hachid osahor cragsbpiked @egﬁagéﬁpasﬂau A&t E8PPOzHipEsgTOWED -
Oftlﬁ%lna qq5§t| éllgarqg?%ﬂﬁ_ yhgel I 98858 Mhble polymer

Aond t her eof nbeddi ng or i ncorporating
suppﬁﬁt wherpsl yinrer sedertag iftomsyhtdesirourat ¢aehhening ot

%é{glm%:] q_ﬁé:[,o t{tnﬁrea encgss ll%qg%ldStdoq.qza ‘?‘Sn lﬁjllrﬁétes,

eTo]Tmmng "am n
adfp&&é”“ﬂﬂﬂékueRGDSgeDEEEnGQnJugaIMmkymmﬁHylcellulose and
pol ycar boph

g EGF conju atgg MAth gcarbo a%&ng into
comgFiEnPepaRFRE. I f Atle: %]P F%?/er Fabre

th&€NdRhhgliral Guring its synthesis, attachment or growth
promoting reagents consisting essentially of one or more of
the folliowing: laminin, fibronectin, RGDS, DbFGF conjugated
with polycarbophyll, EGF conjugated with polycarbophyll,
NGF and heparin sulfate; c¢) a layer of wviable endothelial
cells suitable for transplantation disposed on the top

side; and d} said resorbable corneal button being well

tolerated by the eve when implanted into the eye.

[0010b] According to a second aspect, there is provided a
‘method of making resorbable corneal button comprising: a)
obtaining a polymer support matrix as defined above; b)
growing and expanding harvested or banked corneal
endothelial cells on the surface of said polymer support

matrix until the cells reach confluence.



cells suitable for transplantation di sposed on the
top side; and d) said resorbable corneal button
being well tolerated by the eye when inplanted into
the eye. [0010b] According to a second aspect, there
is provided a nethod of making resorbable cornea
button conprising: a) obtaining a polyner support
matri x as defined above; b¥a growi ng and expandi ng
harvested or banked corneal endothelial cells on the
(oG ace: of s saidh-polnarein sappard ofimedhd prestsnit theclosure
cells reach confluence. 6a [0011] It is theref%re'ag :
to objeetidst he IEOSEAPLEI SEPBRERE W [bvittepgrt matrix
hatvf rgabg% fRneal 1hutdon sSIpPoLke MBI | Xhehayd Ngnér  £ilm
polymer Til'mcoating, wherein the polymer film wl| ,
wible benposezbasfd hpdl uroniuraicd. aFy@l urlorileragitg jacid 1s
. bi ode abl e, welJ -t r.at t ey a c
o1 PTG o s ot e ) et of Scar of s e o01ay e
inhese admetlhen labjfect sedfl thewtimvention, as well as
many of the attendant advantages thereof, w Il becone
[0S E readid yagpparaet wheroref erfendes i snvenleidm, the well

follow ng detail ed description of the preferred ‘
as BB mEnt §he BthEﬁHQEBéRlEiﬁr*ia@\fra@@STﬁél%F%ﬁech%lfbo%fome

Lg L A} SR @Ys-edhf T QlerANd- Y@@ nekbewief @ade to the
_ mo%%e?%%?%ﬁﬂ%nbgg¥nent. [0534] Figure 2 disglays an
fobbbvwique videtafled enssdiordptiosf tHe preSept preferred
i nyention. [0015] Figure 3 displays a schematic of

CIY H%%nﬁﬁatony. [0016] Figure 4 shows a schematic of

prifaditional DLEK  BLACeAULE\CE

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

preferred embodiment.

[0014] Figure 2 displays an obligque view of an embodiment

of the preéent invention.
[0015] Figure 3 displays a schematic of cornea anatomy.

[0016] -Figure 4 shows a schematic of traditional DLEK

procedure.
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[0017] Figure 5A shows a schematic of a nodified .

DLEK procedure in which the endothelial cell |ayer is

renmoved and the inplant is placed directly on

Descenet's Menbrane. 5 [0018] Figure 5B shows a

schematic of ‘a nodified DLEK procedure in which the

endot helial cell layer is net renoved and the

inmplant is placed on top of the remaining

endot helial cells. DETAI LED DESCRI PTI ON AND PREFERRED

Eﬂ%ﬁ&l%ﬁ“”?&%@r%OQ%g]ShBWge§¥r%Q%%%a%l&!eggr&?dmodlfled

enbodi nent of t I nvention specific termnol ogy

W DLERepresedted {0 whpchthhesekeobheihaﬁlCpll layer is

Fbmever t he i nvention ﬁA not .nte 0 ge Li ted
TS ShectPie EBPmm 1051258 edibd PHET . PLTEGTbY

un@@g@é&g&igrmgm5¥5$b15 specific tern1|ncludes al |
techni cal equivalents which operate in a simlar

Q@ﬁired n%o]'.tél%)llﬁsé1 QPO?hnklaECthgga% LQO%Q]mE@gfled

ment o e resor babl cor neal
knmmmﬂlmfﬁﬁbdmmwltﬁ @BismoMMelam&bgheb$al aellzmayer is

desi gnat ed generall¥1 &ﬁg} In Figures 1 and 2, 2
pritier FREOERBo AP o NS THOB! HeD 66 Coit i oy g the
SURRRY £ 18 Tdad dld1 whi Ghocan, be coated with a

polymer fiTmfornmed into a cylindrical shape with a

ceII ' rowt h or attachnent ttachnen' m xture

coirﬂﬂ nglrbf dgReToPiRgr & oEFr% RTFBHI GLmEY Bk the
enpeaded gp erporatedd Mo 48 SMAROTbe MAddXed to
(11) conp05|t on during synthesis: fibronectin 30 at
coneenthat.iserks rahgicigriitem dbotven, 50beg/mveition is

not intended to be limited to the specific terms so

selected, and it is to be understood that each
specific term includes all technical eqgquivalents
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,
is designated generally as (10). In Figures 1 and 2,
a preferred embodiment of the RCB device comnprises a
support ‘matrix (11) which can be coated with a

polymer film formed intoc a cyllndrlcal shape with a

layer of cultured cells (12) on top.

[0021] To improve 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) compoesition during synthesis: fibronectin

at concentrations ranging from about to 500 g/ml of
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8 polyner gel, lamnin at concentrations rangi ng
from1l to 500 g/m. of polyner gel, RGDS at
concentrations ranging from0.1 to 100 g/ of

pol ymer gel, bFGF conjugated with polycarbophil at
concentrations 5 ranging from1 to 500 ng/m of

pol ynmer gel, EGF conjugatedgw th pol ycarbophil in
concentrations ranging from10 to 1000 ng/ m . of

pol ymer gel, NGF at concentrations of ranging from1

t @G gfall, ofartihiein pot yeretceet randome paahgisyl fade 1
at concentrations 10 ranging from1l to 500

/m of.
p&%/n%@ogéfl/ mlf 0002 P FHESEp T DachRBP=t e p?%e'gﬁ?trgtwns
| nuention £a Em a Sff) Eecolrm)asa/me ol'fsepQ,fL?% taghmentprer

as i bronecti

prot e ns suc F o
c aldrageya terpe WVtth@Olmm@mEh wigtth concentrations
pol ycar bop d EGF iu Wi t.h

poryEartion BEpIn Bot s £0pn M97ESS 77 gd merosgel,  BGF

| ickedigpelagrer yiThe csoBgcd iyl agamt | Sofltahbyhtions

gl ycol . Pol ycarbophil is also a weak poly-acid
cefmn@umgngfnﬁmtw EOCé\PB@xW/fﬂ&d.o(,fa@m% gal 4 HESE at
%%5%%&& gm%e%%' hgj g peog £aMeabe the
rogen bon e ce surface

P@oy_q;afehopbeu shadeshwazl‘umu-uiftdt@ abitl |t§/n¢:en‘au§‘oi¢ans

40 to 60 times .its wej ght er and is
cERRGANY 4 Fh Toveét -1 &Jﬁﬂtwag g(‘%qual actin,
Konsyl Fiber, Mtrolan, Polycarb) (Park H et-al., J.

25 00821 oiTHRe| @@5E OBgYS; OF: 417b%7)premﬂr5tcaﬂ-88§ﬁ|tllorls @an
! Skl BRI UL AL e oh BESALD O e

nogeni c, even in a oryi

has preheheam posanbhent o FmBY arbilhadieas twoé hgv, bFGE

ol . o
pc&%jugated with polycarbophil, and EGF conjugated

with polycarbophll. Polycarbephil is a lightly cross-
linkéd polymer. The cross linking agent is divinyl
glycel. Polycarbophil 1is also a weak poly-acid
containing multiple carboxyl radicals which 1is the
source of its negative charges. These acid radicals
perﬁit hydrogen bonding with the cell surface.
Polycarbophil shares with mucin the abiiityrto adsorb
40 to 60 times  its weight in water and 1is used
commonly as an over-—the-counter laxative (Egualactin,
Konsyl Fiber, Mitrolan, Polycarb) (FPark H, et al., J.
Control Release- 1985; 2:47-57}). Pélycarbophil is a
very large molecule and therefore is not absorbed. It
is also non-immunogenic, even in the laboratory it
has not been possible tTo grow antibo&lés to the

polymer.

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

embeds or has incorporated within the pelymer during
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i nvention conprises a self-sustaining polyner which
enbeds or has incorporated within the polyner during

9 it's synthesis, an attachment m xture conprising

of one or nore of the follow ng: fibronectin,

| am nin, RGDS, bFGF conjugafed with polycarbophil

EGF conjugated with polycarbophil, and heparin

sul fate as 5 described in PCT/US2004/ 032934. The
POlyy¥ner g s obded it @@t desktgdeshaperisticly of
as the shape shown in Figure 1, with the shape_of a
cmnﬂeahrbmbrenOﬂxﬁh@ préferied; éﬁ@ﬁQHQQFk&}hhﬁ%hnlnr

CotSe 1BPE8 { SN T owed o PRI FarRrE Art 1 P

C i uRpRted MQQZA]pdltydas:haipsﬁlqomrejrm@mm hatlfhee as
pr esent i nvention wil OglJy | Z€ a seI f-sustainin

bidsssiiped  Whi EY AR 24 W& G S -dedRPntRPHENF T t %@n be
WP#% e 18&3 f%%%”QkﬂﬁthP”EHaﬁgfne@uéwdeﬁﬁv%h%d shape

ture uman corneal endothelial cells for
haitfowtrhiick messiret rlans»mta“nttzite cﬂham mf thecOEERal button

procedure. [0025 nathin t or,mcropartic|

f &%t he P @ggﬂfé]ﬁ% optﬂ’ﬁ‘m L};\repc% ef g}F rng%n &8rneal
e@?ﬁﬁk@%ﬂhal|scé§§g v@ﬁjlhgesuﬁ@@ﬂédﬁ&kﬁkx fole concave
corneal endothelial cell 20 growth and as a vehicle

f gurdelde dadi warlpwagt itey paoladiarateandiflidntenoment .
procedure. [0026] Figure 3 shows an illustration of
t H@oeanneat diiw dedsiont costibinpyersd Theatirshei spaesent

S|ngle | ayer . of cells known as the Epi.itheliu

By o 1oHe e EHORAS § oSBT CAIRIGE (ThyPotimer

f‘%}rhh‘g{egcoﬁeéaf%% peNtfAledt rofo (ABL£. tﬂée HOSEIEId o5 of
the normal human cornea and covered with cultured
human corneal endothelial cells for half-thickness

transplantation QSing the DLEK procedure.

[0025] In a thin sheet or microparticle form, the
coated biopolYmer, in-a préferred embodiment, is used
as the suppdrt matrix for corneal endothelial ceii
growth and as a vehicle for céll,delivery during a

cell transplantation procedure.

[0026] Figure 3 shows an illustration of the cornea

- Ndivided'intd sublayers. The first is a single layer

25

30

of cells known as the Epitheiium (13). Deep to'the
epithelium is Bowman’s Layer (14) followed by the
central Stroma (15). The posterior of the cornea is
populated by Descemet’s MEmbréne (16) and the lasf

layer of cells known as the endothelium (17).

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

(16), part of the Stroma (15), and the Endothelium
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popul ated by Descenet's Menbrane (16) and the | ast

| ayer of cells known as the endothelium (17). [0027]
Figure 4 depicts a traditional DLEK 30 procedure. In
the procedure, Descenet's Menbrane (16), part of the
Stroma (15), and the Endothelium 10 (17) are renoved
and repl aced by the inplantl§18) The inplant (18)
contai ns endothelial cells, Descenet's Menbrane, and
part of the Stroma (15). In a DLEK procedure, the
s;ﬂn@ﬁommesem@*eedalarﬁl i P arrmt BYt ¢hent ePPEABT whilSe -
of . the eye (scler and_-" (R . di se
coPRea. l‘%ﬂ]ea(‘%iéck ?%)%)rti 0%0%11{ e coérigeé;d%ésle#%en wads,
r egpxeflend Mepbaceed,bynd =i | @f -phecétobmhedlthy In
graft. tissue froma corneal donor. Although only a
sl | DpFEce BFoesdnear 10 ?%eact%%ﬁg%pqepﬂﬁ%%ﬁ, hectal

g-[“}g%ﬁwewe' kgﬁQeEh%hee%ﬂﬂ@eC@'fn%é}' ege. (0028]a)

as severa vant ages over conventiona
t hadsplrantnslt geiygtoNotsei tdhesaze@ praereRi n Te back
cornea. In_cljnical studie this t '
sPGRIEPRaRE §hpe§§>r51§1a]- dﬁascrhen rfetmlg%sédr s y]:eeglnllda‘\r&e]dls by

tismafter surger

fast gipk 86OVEEYeBE Vb5 OReal thgengratt. felwsud olfowr a -

up exams are necessary because there_are _no cornea
stbtroked tonbe -r dddieiaroRibl hig? sEUATL és P2FES %0 COTnea

exani ni.n et her eal_.tra nt. :rqj | ON L kSR2

| &8s %ﬁﬁkgﬁly%wi s S S A te[?%lﬁgplkl;% o b
[ @929} cFigures SAcamd 5B present the nodified
procedure of the present invention, Descenet's

Ng%b@ﬁ‘e GE6K IS NQe MY ativanddde @endothetiaitional

cel'l" "ayer (17) may or may not be renoved. In the -
transplant surgery. No stitches are placed in the
‘cornea. In clinical studies, this has resulted in
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 1is-

less likely with DLEK than conventional tfansplants.

[0029] Figures 5A and 5B present the modified
procedure df the  present invention, Descemet’s
Membrane {(16) is not removed, and the endothelial
cell layer (17) may or may hot be removed. In the
case of Fuch’s dystrophy, the. existing endothelial
cell layer may be damaged beyond repair. In this
case, it must be removed entirely. In other
situations, ~ the endothelial «cell layer may be
depleted, but only slightly damaged. In these
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
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25 case of Fuch's dystrophy, the existing endothelial

cell layer may be damaged beyond repair. In this
case, it must be renoved entirely. In other
situations, the endothelial cell |layer may be

depl eted, but only slightly damaged. In these 30
situations, the remaining emﬁothelial cells are not
renoved and the inplant is placed on top of them
Figure S5Aillustrates the situation in which the 11

e Likal,jcell.¢l ayer. 7) {157y e ed-@hsvilie and the
i%%ﬁéﬁ?e&?S% ige&gacgg' irecpfv ogg%eg%enetés

Minplane (16)0) Fi gar e BBddd ustitaeeslyhe @it ubekosmeh’ s

which the e thelial c | 7) i t. d .
SMEWHKPH@ ﬁﬁ%|an@1bfﬁﬁ gﬁrﬂiﬁggfé#F%%gt ?o%héggp¥gg in
reMBiRi RgendoidaldBlacetds) Usgeof (tifre Deviget [ 0836Fed

In a preferred enbodiment, a thin polynmer |ayer wl|

bendsedhfor itvd agirppdrli Inatds x REFSDr & 40Pfrom the

hyal ur.oni_¢c aci t-hel j,al, cells will be harvested

f%gﬁﬁﬁﬁénﬁaFPQ%Fhﬁgg }ngegﬁghsplant. These cells

will be %romn, expanded, and seated on the polyner

| By&r Ofisi-R§ PREMCEChNi ques described in Patent

appl i cation PCT/US04/32933 to formthe RCB. 15 Once

t 1603611 s Ireagh poafeuEpee VHPIHEGOT yner , HHE er

is _ready .t e inplan . 0 t apdar ,

cg?ﬁgglygéﬂegnggﬁ%?sigg Fég %%%%éFg acceggit%e formed

art-efi Ohvehamberic | mdike prafdstted i#bodé hest , wihe be

exi sting endothelial cells are not 20 renoved and %ge
g? ese

REBIVESpEScdd Wh . PORhEBRHl ACEF Tt l- FMEP et er i
ngﬁggr’wlff %ﬁilﬁr%%naheegggnﬂkﬁh and seated on -the

polymer layer using the techniques described in

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

RCB is ready to be implanted.

[0031] A standard DLEK, corneal-ééleral incision is
made to access the anterior chamber. In the préferréd.
embodiment, the existing endothelial ‘cells are not
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.

[0032] Once the RCB is“ 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

preferred embodiment, the disk dissolves within 24
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begin to punp. The suction action created by the

cells wll hold the RCBin intinmate proximty to the
exi sting cornea. 25 [0032] Once the RCB is seated on
the cornea, hyaluronase is injected into the

anterior chanmber and the incision is closed. The

hyal uronase acts as an enzype catalyst to speed the
deconposition of the hyaluronic acid polyner disk
support matrix. In the 30 preferred enbodi nent, the
dinsdar@i, ssaleved nwi t hile 242  aalothelliedvi nelthe nelvrmly
endothelial cells firmy attached to the patient's
coteghefoGe3 e FREIEFthE GREEFSt ood that the

di mensions for the size and shape of cuts made in

t HOOB&di pilentis 5 tandodonvdecsitped thasusscar@imerel s

ive of f i G .
adhs, Thue Loy dtia FmRSTRECretd: Hent: 86 e Tradkiont

ofsnitheidrosketornthap, t icae Angr€omaeall ydangsresentative
reci pient disks are expected, all keeping within the
s@dpethbt tHEDr.&fenturgerynvERtFon Cqr0084] ferps Thus.
contqmpliated sgenerald e dNakh AL d WGpHfo £ a50d ot e,
pol'ymer "'known in the art, can be used 'as the support
mEtlkioy  fap t hend®RCBorfikelpaloymer @anrbeippeatediisks are

directly on p.of existing.endothelial |ayer 15 or
eRFEEERGh gt CREBE% FiGeHe I e present
al;ternated enbodi ment, the existing endothelial |ayer
can be stunned (chemcally or using RF current) for

fﬁg'@fsgf]“’ I .ow E%ﬁ%&@}%gfeeaf 9%3409»%33{)1 si | py,20d 8OV

dual —ant eri or anber . ] I'n an

- abtrernaicremiedi pehymet henpeohyder the art, can be used

as the support matrix for the RCB. The polymer can be
placed directly on top of existing endothelial layer
or éxisting layer can be scraped off first. In an
alternated_embodiment, the existing endothelial layer
~can be stunned {chemically or_using RF current)-foi
24 hrs to allow resorption of polymer film and remove

risk of dual anterior chamber.

[0035] 1In an alternate embodiment, the polymer
carrier could be comprised of mammalian amniotic
hembranes or a combination of amniotic membrane and
.collagen. See for example, U.S. patent application
2005/0214259 to Sano et al., which teaches that
corneal endothelial cells éan 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
substrate (carrier), amniotic membrane containing

collagen as a main component was employed, and the
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carrier could be conprised of mammalian amiotic
menbranes or a conbi nation of ammiotic nmenbrane and
coll agen. See for exanple, 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 i£3vitro. A cel |l suspension
with high cell density can be produced by .
subculturing the proliferated cells and subjecting
tggﬂltgugegﬁgﬁﬁhaW%éxﬂﬁiﬂgéﬂaﬁh@ﬁeoﬁhﬁﬁd asl@u3@d for
substrate (carrier), amiotic nenbrane containing

cal bagertasmangd tioohpohent \rESwERpl oyedingag tipeersd

cel |l . syspensi on . pl ant th n l{ure

acﬁiédiﬁgFﬁVnédlrﬁﬁﬁghAgegqﬁeéﬁéfgﬁ%?s?ﬁ%#e%ﬁgygFg eal
cehlotB¥ el ali RevhisGh €oh | Badter iavedihit bar t herphpiealy to
endothelial cells, can have a simlar nnrpholo%y t%é%n

thagtoPLt i i VAW Bol9IY caPe ForiRd™=tt has Bée
f%#ﬁggtgﬁgttQﬁ%%éH%élﬂaY§f§r§aEaHaﬁEVEh%h%QQdﬁﬁVﬁﬂent
ce y a f a

ensity to the corne endothelial cells ©
| t¥ibhg deody tandchadha comfieml aghdoetheliwbilchcells of a

hexagonal _shaped cell re reqularly layered.to fqr.m
1bl‘éi’§gngpé’d13’§yé?n trﬁ@ﬁﬁréa‘. [ %%%g‘%r%g}r‘/?rétyl%f wH1Eh

bihopRLERL B shhaKe beensusede Geduleall yand vieaRa rco form

corneal and ocul ar defects and injuries, and it is
consenplat édyehastraAayusfe suitable for use as a
support matrix for the RCB. For 15 exanple, the

cpooBa] ext magdldyl asf mbtipime tiesikileh liave coteagaseando

gl ycosani nogl ycans (Robert et al 2001, Pathol Biol
(PEPFS) 2Eg( 470085 6370 TR (PYEosin ) f?%#%cacs and

hygtyrppan, bag been fiaundd@emplated that many are
suitable for ﬁéé as a support matrix for the RCB. For
example, thé corneal extracellular matrix is rich in
collagen and glycosaminoglycans (Robert et al 2001,
Pathol . Biol (Paris); 49 (4):353-63) . Ther
glycosaminoglycan, hyaluronan, has been found to
improve corneal epithelial wound healing in rat and
rabbit models, as assessed. by evaluation of the
stroﬁal and endothelial layers (Nakamura et al 1997,

FExp Eye Res; 64(6):1043-50; Chung et al 1999,

- Ophthalmic Res; 31(6):432-9). Tseng and others have

pioneered the wuse of amnictic membrane in the
tfeatment of a variety of ocular disorders {U.S5. Pat.
No. 6,152,142). The amniotic membrane is polarized,
with a ‘stromai’ side and a ‘basement membrane’ side.
The stromal side contains collagens I and III and
fibronectin with a basal lamina distribution of
collagen type IV, laminin and heparin sulfate
proteoglycan. The basement membrane side of the

amniotic membrane supports epithelial cell growth,



i nprove corneal epithelial wound healing in rat and
20 rabbit nodels, as assessed. by evaluation of the
stromal and endot helial |ayers (Nakanmura et al 1997,
Exp Eye Res; 64(6):1043-50; Chung et al 1999,
Oohthal mc Res; 31(6):432-9). Tseng and ot hers have
pi oneered the use of ami otijg nenbrane in the 25
treatment of a variety of ocular disorders (U S. Pat.
No. 6,152, 142). The amiotic nmenbrane is pol arized,

Wi i Be " sthemaktrsinde ardda ~ basgernts meobe angroside. of

The stromal side contains collagens | and Il and

i bHoreRt3Ft T R a2ba®arEAn HEUESEr iRt iH §9ely  The

collys t yﬁ%nﬁYagIeam nin angdhepalinerepl f aik?e human

proteog ycan asenment nenbrane side of the
armlmemtamnbmameps@@@me@, epienbel itdlercel bsgd owfhr 1&he
while t strpnal de S port th h_of
O e ST R bt ot PR The

ami oti c nenbrane is isolated from.the human

pIH@%ﬁTb. c#P6pr BEERFRASTanGT t HRAT #e2d ¢lor Hge smniotic

S8l L eRalds 19fs 1 LR G_Llé't%rl %%%%@%JQOOSZILWE%I
e ) Fe hi

ani smo ction o ammil menbr ane renai ns

a rmtmzpé etied ymndemstoodevi-bmaer the&’heﬁﬂm s prresgntaqep of
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eV|dence that the presence of otic nenbrane in
(ﬂﬁ%Qﬁ Supp e lﬁ“exp?%ggnSﬁ of S¥ERTHY =S | the

St (bee fip aby2000profUaELEyeIRRS; et 21 2000,
20( ) 325-334) and |nterleuk|n 1. alpha and

i ibwert eue rRals :oy2@ap4)t he?9ab34kl pad( SvkempRUELNg[L . alpha.

2001, Br.J Lhal ol %%4 heff§l4ggli§[ggg§hmgg et al

arfitotiE" Q* e een Use tccesstully
t edoeatza Jf\nmmﬂngmlo;f oorhneal 4ahdd45) .

[0038] The amnictic membrane has 'also been used
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- - cover {(Hanada et
al 2001, Am J. Opthalmol; 1131(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 Ophthaimol
Vis Sci; 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 thérmal
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
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ul cers have been treated by the use of multi-Ilayers

~of the amiotic menbrane to fill stromal |ayer
basenment nenbranes, and as a wound cover (Hanada et

20 al 2001, AmJ, Opthal nol; 131(3):324-31). Amiotic
menbrane was found to reduceu§tronal i nfl anmati on and
ulceration in H V-1 keratitis, an i mmune nedi at ed

di sease (Heiligenhaus et al 2001, Invest Ophthal no

Vi §a§eis1 42691=23969-9743 11 Sener e ; BRUROt {70 C 3D ot al
corneal ulcers also have been treated with amiotic
med®® BnesBEChen elplath2000); Br 83 (Ophbhat-hdb) - 84f8Niotic

826- 833) . loti np t d_the. |
O UREA 7Yl TGBPT AP aROCP oiERd ] nBar SALF bt cathnt
I ng+ aﬁ'ﬁ&ﬁr%{%gar,e%”&iﬂ -{ipen @eute chemoalane - theremling

30 burns Iler et a 2000,'Cphthalnnlog¥' 107(5):

9gfromgohe . CARAIMBELE VAt dres WaerR@ed WaThAnattachments
alternativ I ograf tyoro @4 ograht HaAmology:
pa#?eﬁ??emg?%gig~ ggrt?@#%lgg a% sten1déIF@HefFCang€y
( Aniet 3pnd £2-a60) 200ApnBotIcCphebakanks were used to

85(5):567-575). Amiotic nemhranpes, hav S een
1oEtia LAEG B Sh GRS of LpFETYBR Al Wit | RE 2
f ol ok Of n e ane exhendibpgve hiem bhecesn) ypatieva &8 al
the cornea, with attachnments to the sclera (Sol onon

et2G00 2081, JOphiraldpicdgy : 130108(:3) 3 AR B0) Bapkainoftc al
nes_wer S t t.reat_late. o g 0

FTer nirbeat ) HEREnadngl s G PIATh o tnee Pl a s

Widdl Bucaes s o Bugdprzavet akcd0e20000f Am J s@efitlal molrneal

130(5): 580-588; Barton et al 2001, Invest .

Optit Hall ot uni ngciTedsyy) OFR62T 1 BGE a8 SReM5%s 13 the

"gﬁfafbéfcov@f§a§$eﬁt5tagke cgrfgal keratopathy, the
deposition of calcium in the corneal basement
membrane secondary ;to sarcoidosis, c¢hronic uveitis
and other causes {Anderson et al 2001, Cornea; 20(4):

354-361) .

[0038] It is also contemplated that other substrates
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] Cﬁitosan is a cationic biopolymer comprising
glucosamine and N-acetyl glucosamine that has
bicadhesive properties and has been shown to improve
the systemic biocavailability  of certain drug
compounds across mucosal surfaces, such as the nasal
cavity (see Illum, Drug Discovery Today, 7:1184-1189
(2002)).

[0041] By the term "chitosan™ we include all

derivatives of chitin, or .poly—N—acetyl—Du
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epi t hel i um and reduce ocul ar pain when used in the
surgical treatnent of band keratopathy, the 15
deposition of calciumin the corneal basenent
menbr ane secondary to sarcoi dosis, chronic uveitis
and ot her causes (Anderson.et al 2001, Cornea; 20(4):
354-361). [0039] It is also gontenplated that other
substrates. 20 nmay be used wth the cornea
endothelial cells as a support matrix for the RCB.

| Ny aned haki eirbodiinentydi6ly t 0ogan CcHb PRyUSESs@Afides and
support matrix. [0040] Chitosan is a cationic

bi @i grasts corpr i Silvgosgimiess armale il N- aeét yldifferent
al S t hat, has 5 d [ ertl

h§§9gégﬁ!s OW%l htghp%ﬁvgﬁ§§ﬁ Pﬁé é%eBE%B LS 990 of
bitreyai kabtbt iy Oﬁﬁﬁﬁﬂiﬁlnhdﬁég h@QﬁDOUﬁdﬁoﬁéﬂOSShrough
nucosal surfaces such as the ‘nasal cavity (see
| | s{ehg O F Wtwlﬁdﬁéiﬁ 1’1}84aﬁ‘i‘8§da’(19@02'53)th 3@he
%%s]erﬁy trnﬁeﬁ@m" CE‘héoééa @EOEnQEH@%t§Iﬂatlon, which
derivatives of chitin, or poly-N acetyl-
glnerosatims thelu@rngoationokyhlNcasahvﬁesgzwmpS, which

ol,i r.s of glucosam mat er.i a f erent

ol BRT et SRESYRR Wb e oedrel vhrEheRt  oftopLe
t hrd¥eaceily seoups have Q%@i’gdeHEVeﬂ)éﬁtOL@F@o, more
hydr ol ysi s (deacegglatlon I'n accordance with the

p@“@eﬁﬁrahiwenﬂrlon Ehes @l e@Tof alientet §PabPon,athi eRst

e S e A

er be in the range of about 40-97%. nore 10
DB i b T St Sadk e Hos 0Fsalt
used in the present invention should preferably have
a molecular weight in the range of about 10,0060 to
1,000,000 Da, mcre 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 ba. | |

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

hydrochloric acid and glutamic acid salts.

[0044] Chitosan derivatives and thelr salts are also
suitable for use in this invention. Suitable éhitosan
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
the amino groups of chitosan. Examples include O0-

2lkyl ethers of <chitosan and O-acyl esters of
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preferably be in the range of about 70-95% [0042]
The chitosan, chitosan derivative or salt wused in
the present invention should preferably have a

nol ecul ar wei ght in the range of about 10,000 to 15
1, 000, 000 Da, nore preferably in the range of about
15 000 to 750,000 Da and nost- preferably in the range
of about 20,000 to 500, 000 . [0043] Salts of
chitosan are suitable for use.in the. present

I nuentLon, Sa d&éd%iQdVarbH%oQéﬁém c apeh 20as  those
i norganic acids are suitable. Such suitable salts

i ncouilegatbed breppdvekhmited todycohe mayt rk eused in the

phosphat e, ut anat e, t at.e, |trate hy chl oride
and” %%?Bte%§b (¥%efeﬁpgau§§ £8 arefthett ToEa | “8na
hyﬁépy@twlén@mgqﬁ& ghetaniigs@civesalils. 12%<r0044bnal
Chit osan derivatives and their salts are al so

supabeie dpplicetiontprRligweher FPO%S(F14BPe chitosan
derivatives include, but are not limted to, esters,
et p@d45Dbr Chheosdaesi vatitvedsld orfived byeboitdi fdicacplresent

and/ or al k roups wth the drox groups, but not
SO TR S ho T Bunge of CBRPLBSn. TeRtmpr BCIPREl LagBTes,

al oyk1.€4 S PglﬁgktOS@ﬁuﬁﬁQﬂﬁkﬁCy|N@§ﬁﬁf§ ofjo¥AMatrix,
chi t osan. dified chltosans such as those

colhljféugta@re.d it peivset ﬁwl@ﬁ@aéquyc@rﬂeﬁwa beITE%ed iMPt h&SA;
sent 0 Co at c
po ?%ﬁ%ylg% g#yggF a?g%%ésgﬁFgéd Fﬁi nterna { onar ESA

paiedt A@ppbiicati-anopuwhlyi daid.gn WN99501488le[ G@4ivatives
Chitosans suitable for use in the present _inventi

mel bEdbt BPARE &R VAFE oGéS%BF@@s inj palt fg chicin
PriEXs o HAYI 83U 1 NOK VBYe s NovedVBE Idmdon (1992) .

[0046] The support matrix or “carrier” for the RCB
can also be comprised of a water-containing polymer
gel containing chitosan, and the surface of the
wateiucontaining gel is coated with collagen and/or
alginic acid. Further, the carrier for RCB of the
present invention according to another aspect could
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
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
adhesion component gel layer are laminated on a

porous membrane, and the carrier for the RCB of the
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Drammen, Norway; Seigagaku America Inc., MD, USA;. 10
Meron (India) Pvt, Ltd., India; Vanson Ltd, VA, USA;
and AMS Bi ot echnol ogy Ltd., UK Suitable derivatives

i nclude those that are disclosed in Roberts, Chitin
Chem stry, MacMIlan Press Ltd., London (1992).

[ 0046] The support matrix org"carrier” for the RCB

15 can al so be conprised of a water-containing

pol ymer gel containing chitosan, and the surface of

t he-e seatterireQmEiol ngrgele i SseDatedl whltueol 1agene same
and/or alginic acid. Further, the carrier for RCB of

t ke chprissdnt L1 ab@éneisd ladcordi f§eto dhother caspedr for
couhd 20 88 Ai9Rlg |8y e L MRl NG S and
an 1norganic layer adjacently provid to the ge

I . | Q047] The term "carrier .for the RCB",used._in ,
{ AE04Blec FicatPOR neiins S Gramdnt Pt tean seFra s 2
ageQarfHAT O6nBHPRST erdwdsRe C@dl g4l hunesidndokpbsent .

term 25 should not be construed any limting way. For
eXaspr@ter wantiaming pelymedl Oele G eREgEiDedh i Rosan

J se Pat n i ned_Publ | i ( I L
25 0257, 1 HC hiy AU AR AT P A g ayert Raging
ancedtioaeel | ufal " matad x eonpeaént gsdmpayert as (dncel the
30 adhesi on conponent gel, layer are |am nated on a

p6PEGS thERbigRe, afd t HEEHTIUI 3 R ithe REBLGFEY he 9L

18onRLesenty idvention gal be dsedef oeld At | Petbered
sane technical field simlar as that of the carrier

foe aceld Cohitpezdegeri"bed A the aghovespategst, a gel

- docunent.  [0048] . T el containing chitosan”
oo B 5 %61 t KAt Uortar s i t JUARCOBF aH! acra o crad

ceapepant in Theiwat ercggant aiuli Mgrol yererpgeformed. For
contai ni ng chitosan

example, a chitosan gel formed as a'gel, which does
not dissolve in a neutral region in which cell
culture is performed, by neutralizing the amino
groups in the molecules of chitosan, a chitesan gel -
formed as a gel by salt formation of.chitosan and an
orgaﬁic polymer compound having an anionic residue, a
chitosan gel formed as a gel by crosslinking with =
crosslinking agent and the like can be utilized. As
the organic polymer compound having an anionic.
residue, for rexample, natural or synthetic polymer
compounds such as polyaspartic acid, algiﬁic acid,'
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 sulfcne, and
halogeﬁated triazine, compounds having two or mere
carboxylic acid groups which are made into active

esters beforehand and the like.
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means a wat er-cont ai ni ng pol ynmer gel containing
“chitosan gel” as a main conponent (in the
speci fication, a water-containing polynmer gel 10

contai ning chitosan may al so be henceforth referred

to as a "chitosan gel"). As the chitosan gel, a ge

can be used which does not dissolve in a neutra

region in which cell culture is perfornmed. For

exanple, a chitosan gel formed as a gel, which does
15[owio i ssiol v@sam ap@EytDa@lﬁegbamlhé)Mhhﬁhbeebbtained
culture is performed, by neutralizing the am

grewipseprhintie chaltdeul 620 B M ED5EH,; -ag%wp%@gwc@y with
foa( "Egnéénﬁrg%d%ﬁ@f fgw@{wﬂ - C@uﬁj)é@@l@@dcﬁetm

organi’c ound having an ani onit residue,
ZOU@hlp@ﬁﬁﬂB;nm ffmmrdnas angeltbyncrdsabenkﬂaglmgththe

| i nki nt_and the ik be utjlized. .
A ST Garh Y pORY e Corunbiond it S° aRPBAECCture

r €5# duige &9&959@5@ that Wl of syat pebkenpokuiRhtion.
conpounds such as pol yaspartic acid, alginic acid, 25

deBar arexsuiia e, fehondRoi YieWBOLRAL o angprmation of a

pol renesul f oni c c
cr %5§ lngagbg |nc+%%eﬁgggﬁgﬁﬁﬁs §%$§E$%339%;%Q§ed

IHH§E@M£m$@aﬁha&viﬁgch Nddmaﬂpﬂaigynnﬂﬁgwe$ydiofybm 60
group such as gl utaral dehyde, divinyl sulfong, g %rom

hat©gbPat ed 2Pdi #4V6 dIEhppuRa@d Wha e nd’lt%?s&rtyno?
cafbaoxyli co@ei b %@é‘fpsdwé&fvéﬁeafmgey AL9sagt i¥e1 mass

esters ‘beforehand and the |ike. 004, 9] chitosan
(pblwqﬁeghacosaatne)'aﬁmﬂ.bGOQDtaDned M@yernﬂnaﬁﬁ}red is

chitin ol y- N-acet yl osami ne) wt _
ey R R Sare R a B Blegtid e o S rom 70 o
100%, and providing the solution viscosity of from 40 “

to 5000 cP.

[0050] A methed 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
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 in an agqueous
solution of any one of various polymer compounds,
subsequent washing with water and immersion in
-another‘polyﬁer 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
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,
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to potassium fusion, and then deacetylating the 5
resultant. Any chitosan can be used for manufacture

of the carrier for the RCB of the present invention.
For exanple, froma viewpoint of formation of a

menbr ane having a hi gh nenbrane strength, preferred

is chitosan having a deacet¥Pation degree of from 60
10 to 100% and providing a solution viscosity of

from 10 to 10000 cP when dissolved at, 0.5 mass %.in
ldmessg Yhriuedoseacatiionas diabt Gt opppgthod based

Db PERBTab iR 682 nc ey Db AfeRRN At Wil Slegii 2 on

provi ding the sol ution
Ving€asit paskdf tomidthe S oy 5RO R ef:0050]uskdetthothat

of successively coating various , other I r ..
céApBundd denchddi Agtcol PRt al'gitd c chgci%cf?aﬁﬁlth an
ggfn%n%gggegn_sgﬁ%tg_%ln.s Wraee o Qfe S8 drf) theye g efgent

I's not particularly limted. The 20
| aper by usayger ifetieedledcer o Decher, Science, No. 277,

pp. 1232-1237, Aug. 29, 1997,) is preferably used, for

exaople. The dryeiebenayEimarat hdathe enppees matrix for
repeating i mersion of a nmenbrane in ?T%aq eous
0

sthet i BABof canydonee ofmadft i Gie poPynt Bthsd 25-om
S%Bﬁﬁgggﬂtﬁﬁ¥¥ﬁ£gtﬂﬁEhé, teFoaRd1 i ARBESI @ichN material

ano polyner conpound. For producing the carrier.
f eaant e RGRIoofud heg paepentesaverpon sisgr fdce steps of:
nodi fication for '

o e (S0 i ULLees e YAt poonial g
30aRBLN ;Sitdes tah PRG\Sivie 1fgitdiel Wt Sfu ot ten Nbdlyepoxy
pol ymer gel. For performng the nodification for one -
sicdapoandetttod obt 2dft aghPigladéierdr ohe oM ¥idd, o¥PSs™
linked = collagen structure; decellularizing the
biological tiésue thus obtained to give a‘cellmfree
tissue;_ and, immersing the cell-free tissuve in a
cryoprotective solution containing hyaluronic acid
aﬁd freeze~drying the said-tissue. The collagen-based
tiséue includes, but not 1imited these te, preferably
faécia, amnion, placenta or skin of mammals.
Polyépoxy' compound includeé, but not limited these
to, preferably polyglycerol polyglycidyl ether,
polyethylene glycol glycidyl ether, or other
commercially available polyepoxy compounds.
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-
pulverization is carried out in a pulverizer under an

environment of liguid nitrogen, to protect it from

the damage by heat generated 1in the course of
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during the aforenenti oned nodi fication nethod based
on application or the aforenenti oned nodification -
nmet hod based on imersion, is preferably used so that
said side is not brought into contact with an 5

i mrer si on solution. For the gelation, a gelling agent
may be used, if needed. [00%}] In another enbodi nent,
the support matrix for the RCB could be nade froma
filmderived from collagen matrix that is

f -ddkRd. 1SUCh Bl & | Rhy 18y fae DecORPLi Y81 BYsBep of

ocess conpr|3|ng the steps of: procuring a
cqhtbgﬁmubﬂsﬁdtbﬁol5geeae drssde deombreemfdasue  into

treating the biolqggical tissue with poly X
GBI 15 ST RS BPol B e Fres 0 W ERCEf oBdtrogen
| igked- ol trgen cstiddghunesridecdlonul ast zi nget hesldps  of

bi ol ogi cal tissue thus obtained to give a cell-free
tﬁgweatzam i hrer $FRGZENETEEA] - thrssue thegue and

eqicctﬂ(?\r/gllﬁng don & %]_t(éu ni ng hyaluronic acid

the sal I ssue. The col | agen- based

i o e 0 Ve e {9 LA Koo

PQQMﬁ@PXNoC9@99&@@zanHﬂge§tr@@tuﬂ@toEln&éEﬂa@@@SGWhlle
to, preferably polyglycerol polyglycidyl ether

pmésﬁéttwlr.lellrﬁ@ gl veei gmwaiwcaét hePtrepIbhherand unique
commer.c I .
PFE%%%&%? as gﬁgg%é% g%ﬁ)p F96¥SCQﬂHPuggﬁnggigntatlon.

ol 'yepoxy conpoun
t rIeataaﬂimdn otogicbal drhcesue fatkitrie t@ﬂdﬁlidmas pf spHdies
8-11, at-30-45 C for 10-20 hours. Further, .
f Koz edBFPEHIERT L ZEPge (HRE W pr@F@raﬂFVa ® actively

t}jqe\i'%rdﬁr%%r R Physhcad MeRls, i fiRhin€XAEPEELi6hY0a30inst
I'verization is carried out in a pulverizer under an

transplanted graft during transplantation, to
proliferate cells in the graft and to .develop new
biomaterials for tissue engineering. Many researches’
relate& te glutaraldehyde have been conducted to
increase the stability of tissue structure, which
revealed a serious problem of the high toxicity of
glutaraldehydé in human bodies. In this regard,
alternative techniéues for +the «cross~linking of
collagen tissue have been explored in the art, one of

which is cross-linking technique of cellagen tissue

using polyepoxy compounds.

[0053] Cross-linking has been known in thé art for
years and there are various methods both chemical and
physical (irradiation) metheds. Exemplary chemical
cross—linking agents of choice known in the art have
been glutaraldehyde and other related non-
physiclogical agents. These cross-linking agents
react with amino acid residues of the collagen

molecule to form intermclecular creoss—-links. However,
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environnent of liquid nitrogen, to protect it from

the damage by heat generated in the course of 21
processi ng.. The nethod may further conprise a step of
pul verizing the freeze-dried cell-free tissue into
smal | er ones under an environnment of |iquid nitrogen
before the cryo-pul verizati @4 or the steps of 5
hydrati ng the freeze-dried cell-free tissue and

cutting the hydrated tissue. [0052] A variety of
cruosssd ikisty deehbsquey drave knowmt ive sedbelcitse athethe

structure aqf .cqll agen il I nt ai ni. t
REAER: Jiag: nERd TH HR% GO prdpdriics SF CToss-

- calilagen ddssues: frafsdd apspbassatt Onthatn aaddiddosed dby

the cross-1inking techniques, studies on
dedelanaltarorsi ngnt edhifl queeTHERI deiPThctdivel yhe  collagen

perf.ornmed ta redu i - r gjeect,l j
PSS o0 U af FoHU TG T Fabopl ant &1 6N, *r6
g_raa_jelﬁfte;r_atmume,l | solhagde grafiicand crosdeddind@dndwy non-
i omaterials for tissue engi neering. Many researches

r At 106 1gPdt arddeTy de _vé’cb%‘gﬁ' coh 1?é%l‘st Py and
| Q?{t%%%:%tte%e stialiid tyerf tissue sidaeddr e, FuhtEBrmore,
reveal’ed a serious problemof the high toxicity of 20

gllutcarldlzbehy defileomardrotbodited . MGre hi @Ok d, systemic

§§Llinking
15

alternative techni ques Lol {06 61osS i Ndebors o

hexptfored in e art, one o

W 1611 S 16088l IdHRG- Ttie0dud qus 1efgeanidmgeretid ssue
usi ng pol yepoxy conpounds. 25 [0053] Cross-1inking

" ([0 HG DL ey anifesey e
(idirsadicateison} heaetisss o fExBiip) Biposhemakther reducing
physiological -sugars asy physiological agents for
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 nativé collagen fibers, but is only
partially effective for collagen matrices produced
from reconstituted fibrillar collagen, -particularly
when the collagen is atelopeptide = collagen.
“Atelopeptide collagen is  produced Dby pepsin-
solubilization of native collagen. Since pepsin cuts
off the telépeptides of the collagen molecule which
are antigenic, pepsin-solubilized collagen is the

most utilized form of collagen in the biomedical

industry.

[0055] A further contemplated support matrix for the
RCB is that derived from adipocytes or fat 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.
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cross-linking agents of choice known in the art have
been gl ut aral dehyde and ot her related non 30
physi ol ogi cal agents. These cross-1linking.agents
react with am no acid residues of the collagen

nol ecule to forminternol ecul ar cross-1inks. However,
22 these harsh agents may Bave negative effects on
the bioconpatibility and bi ol ogical activity of
cross- linked col |l agen-based bi oproducts that are

capsed a%ﬁgo@'et ef 8L £Q8s Hdy, t e cpRbpnMedt oRrafrd hadipose
col [ agen nol ecul e and l'eachi ng out of the
criosssud nkiagivegedron Filssukwlitayen plegbaetdvisceral,

crossa Ll aked by, non- Pl ol oglcol ageDLs 25 5cAR0r Lo,

1Mt egrat ed Wi T hi ost t1ssues.

Fustdesranies, drcaldzesss nisasuativanaods mehéteonpliprse
system c 10 reactions are disadvantageous side
eftfieniue of Swilut A dehydRY cr 698PT i fked®coPFaaRy cell

progughe GOOSHl Yudoralii iy $e311, 8541 0 Brodskipose

: I sCl oses e -use of D(-)Ri bose or other
redisdury mphy dieol Dgicakknyugar gamssphysivénggi &af tissue.

agents faqr 15 oss- I, nki ng col | agen. mat r.i hy th
p%%%%éé?%%lYVgl %ﬁtiaﬁ?pgﬁﬁeyg??s? e:ﬁ%tﬁ%%&%ﬁ§%¥33e§08t
by, Bradstyr y etndl adi Sostf icGisente Wheriimen cohl agarendent

substrate “consists of native collagen fibers, but is
orfqurgraraf adiped detsvect 6 EEPTageRORHEFILEBs SUTISLY,

pr.oduced 20 _fro nstd t uf L b || I n
;xﬁ W%ﬂj%ﬂl%ﬁe 8%%%%eC%%I#%ggﬁg%sEéfg?%pg%{iggg method
calt ageilatidrelopepligescotiagea is poodocetdibypl to the
pepsi n- sol ubilization of native collagen. Since
pepsie it of f the tel opeptides of the collagen

nmol ecul e whi ch S
[0056] Adult human_-extramedullary adipose tissue-

derived stromal cells represent a stromal stem cell
source that can be harvestedrroutinely-with'minimal
risk or discomfort to the rpatient. Patholbgic
' evidence'suggests that adipose-derived stromal cells
dare capable of differentiation along multiple lineage
‘ péthways.'Adipose tissue is readily accessible and
abundant in mahy 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.

[0057] It is well documented that adipocytes are a
replenishable cell populatién. Even after surgical
removal by liposuction or other procedures, it is
commen to see a recurrence of adipocytes in an
individual over time. This =suggests that adipose
tissue contains stromal stem cells that are capable

of self-renewal
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25 are antigenic, pepsin-solubilized collagen is the
nmost utilized formof collagen in the biomedica
industry. [0055] A further contenplated support

matrix for the RCB is that derived from adi pocytes

or fat cells. 30 Adipose-derived stemcells or

"adi pose-derived stromal cebfs" refer to cells that
originate from adipose tissue. By "adi pose" is nmeant
any fat tissue. 23 The adipose tissue may be brown,
or[OM%isle ddiipose tisERye der PFERTEr omISiicut aedesical

oment al./vi sceral , . .manmar . .adi
PeRg . ToF of 4P ARy, SIHE G Atte PR e ARb o
Whist e i pege &rt itssueyrSueht calnvendynconptrse, ait 1is
primary cell culture or an immortalized cell |ine

Thévadiapdse Sadosslie ifay e FTOM Ay dryaif ST Havifghods

f %’t_i.tth: S§YSimatr efeLabl ¥, thR.adppesentissugitg, it is
mammal i an, nost preferably the adi pose tissue is
humalerA steideni eihile sedrcmadf adipsserepsegents less

from|iposuction syrgery, however, the sowce
a&ihﬁé)se_pt'i 3 eO%’ ?Eﬁ% né?%ed BTEShI At i%%cu% ataé)l po%%ll
ti S It Gldd Gale 1 tthe 8 iavEnti ohrohdDS56E11ls per
Adul't human extranedul  ary adi pose tissue- 15 derived
storemal oCebHéppepr ddafuc §8eBnEt stenreely Kot of

t hat, .can _be, har.vest oMt | YaWht h g nie '

d?%@ (ﬁﬁeﬁ%?%Qﬁakéﬁ%%n?i'ggghgﬁggfcﬁkEJggé%c%kﬁgnQEOﬂ
Sldﬁ@%;ﬁtzﬁ? ;:Bg_tllf ?@é@]@@eydeﬂ_ﬂsedlpstt@rTéIOOCGdJ'JJs'LicaT estromal
capabl e of differentiation along multiple_lineage
paeividy sTTAgi dose (i-484& S regdi%n%;l%i%%%s&lﬁsélegnd%gese
abundant (L pRNY 5041 Vigedl st BesbEY drsycp re@rdidddntor

future autologous or allogeneic applications.

[0059] Methodé for the i_solation,r expansion, and
differentiation of human;édipose tissue-derived cells
have been reported. See for example, Burris et al
1999, Mol Endocrinol 13:410-7; Erickson et al 2002,
Biochem Biophys Res Commun. Jan. 18, 2002;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. 7(6):729-41; Harp et al- 2001, Biochem Biophys
Res Commun 281:907-912; Saladin et al 1999, Cell
Growth & Diff 10:43-48; Sen et al 2001, Journal of
Cellular Biochemistry 81:312-319; ZzZhou et al 1999,
Biotechnol. Techniques 13: 513-517. Adipose tissue-
derived stromal cells are obtained from minced human
adipose tissue by collagenase digestion and
differential centrifugation [Halvorsen et al 2001,
Metabolism 50:407-413; Hauner et -al 1989, J Clin
Tnvest 84:1663-1670; Rodbell et al 1966,. J Biol Chem
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of epidem c proportions in the United States, where
over 50% of adults exceed the recomended BM based
on their height. 25 [0057] It is well docunented that
adi pocytes are a replenishable cell population. Even
after surgical renoval by |iposuction or other

~procedures, it is conmmobn tgssee a recurrence of

adi pocytes in an individual over time. This suggests
that adi pose 30 tissue contains stromal stemcells

t haty qg@_qg@qble0t®kr$elhamenemahoﬂétthGES]tnatpobeman
tissue offers many practi cal advantages for tissue

em@hﬂQﬁq ng dppPfeariensvehch &STPREROB di° e ca
praeisf%%ren %%'%te' on oﬁ!;r Sthe | £di§ocg@é‘nd@$oncﬁm, I &nd

eto arvest met hods W th miniml risk
t @ dthepatstent in®higed, pathwaysr ephiehilstem| et Waill e2002,

suioml. ceblsorobreasnl oLz, Lha, O O g bpta).

ation ére are up

8.&:3XH4 shpiloscells par 2goam oficadhpaseot SGBElular
f-Sen et al 2001, Journal of 10 Cellul ar Bi och 5631

SE%QE@QQEQW' B 8% 27 “©dpans B6R VOGFER 2 €6 4 eks
valds b 40 90, 6911100 BLEQERLenCRH! S rome1D Tissue

ograns pose |ssue. ese IS can be used
i I}Iﬂ‘i@dl ateel .y or mglbp@)esmﬁfefdl;f diarip ueetlrelaaﬁ@ﬂogBmQChem

or_al | ogenei c applicatjons t hods f
i FoIoRIYGN, ReX paREFEA, oo ][e?? ?%g%’? i rﬁ%’fma%599
a@eﬂ%%fdmﬁ?ﬂ‘e& dgs kyedoceblag;hawe haemnepont pdiobeaal

for exanple, Burris et al 1999 Mot Endocri no
124 B 1 uEn dkisorhani s r20oD: 318 dbhent BPophysaked 299

O%lotechnél.]§%c§§9%u§§0ﬁ%l'@%%~517, Zuk et =2l 2001,

Tissue Eng. 7: 211-228.

[0060] WO 00/53795 to the University of Pittsburgh
and The Regents of the University of California and
U.5. patent application  Ser. Neo. 2002/0076400

assigned to the University of- Pittsburgh, disclose
adipose-derived stem cells and lattices substantially
free of adipocytes and red blocod cells and clonal
populétions of connective tissue stem cells. The
cells can be employed, alone or within bioclogically-
compatible compositions, to generate differentiated
tissues and structures, both in vivo and in vitro.
Additionally, the cells can be expanded and cultured
to produce Thormones and to provide conditioned
cultﬁre media for supporting the growth and expansion
of other cell populations. In another aspect, these
publications disclose a 'lipo—derived lattice
substantially devoid of cells, which includes
extracellular matrix material form adipose tissue.

The lattice can be used as a sukstrate to facilitate



10

15

20

25

30

20 9; Gonthos et al 2001, Journal of Cellular
Physi ol ogy, 189:54-63; Hal vorsen et al 2001,

Met abol i sm 50: 407-413; Hal vorsen et al 2001, Tissue
Eng. 7(6):729-41; Harp et al 2001, Bi ochem Bi ophys

Res Conmun 281:907-912; Sal adin et al 1999, Cell 25
Gowh & Diff 10:43-48; Ser?@t al 2001, Journal of

Cel lul ar Biochem stry 81:312-319; Zhou et al 1999,

Bi ot echnol . Techni ques 13: 513-517. Adi pose tissue-
dEMevgdosthonﬁkicéhfgeaeetébtaﬁﬁe@ﬂWQﬁiiﬁncEBeﬁUﬁﬁnin

ad| pose tissue col.l agena 3
dVETer &ft il Eéﬁ%Pr |onSF?§%%g§ggg&% gogsue oF
Vet abeth 583 50: ﬁ@ltﬂé@ Bavneraet oal ﬁﬁ&&iabdﬁlladlpose

| nvest 84:1663-1670; Rodbell et al 1966, % Bi ol,
2Bisgug: 9;13@1@91] SRS AaveSdéhistiaredPeRBt pd

pose. L1 ssuesder]yod. stgoml celdsysan t
dg %Péla e §?ong J%ggcyte chondré??tgegﬁ1 pie
0@&@@@&@§tlétﬂeagé pathmﬁya thieksahremaélczééz 5
B|ochen1B|ophys Res Conmmun. Jan. 18, 2002; 290(2):

6081 G gngho£t. akc20@] 423qurdal adi @edd ukar Artecel
Physi ol ogy, 189:54-63; Hal vorsen et al_ 2001,
VBtabotesm BLM0SES. FAMPOFSEROBE aldizgwiecd Tj LQue @

5 5 G 8 A 4 0y B

%@8851 llﬁ@h:ccegeﬁwbre&p%fsfs HY 4B=48 Ser ethatadgpdistic
our na 0 ul ar Bi ochem stry 81:312-319;. Zhou e
abf 1999 chopidstsshrd | M?@aﬂﬁ%%qu&%lsal%?s éﬁ%ﬂll%ﬁﬁgatéor

gﬁﬁgﬁggéng%%;ﬁ&etﬁage %e1241-228. 15 [0060] WO

e“University of Pittsburgh and The

'RTQSEET Qgstgf é@ﬁy E%i£¥n8fe§%%bagnnkﬁ1agge method of

isolating adiposé tissue derived stromal cells, the
adipose tissue 1s treated with collagenase' at
concentrations between 0.01 to.0.5%;'preférably 0.04

to - 0.2%, most preferably  0.1%, -rtrypsin at
concentrations between 0.01 to 0.5%, preferably 0.04
to 0.04%, most preferably 0.2%, at temperaturés
between 25C to 50C., preferably'hetween 33C to 40C.,
most preferably at 37C, for periods of between 10
minutes to 3 hours, preferably between 30 mihutes to
1 hour, most preferably'45 minutes. The cells are
passed through a nylon-or cheesecloth mesh filter of
between 20 um to BOO um, more preferably between 40
to 400 um, most preferably 70 pm. The celis are then

~subjected to differential centrifugation directly in

media or over a Ficoll -or Percoll or other

particulate gradient; Cells can be centrifuged at

" 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
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U S. patent application Ser. No. 2002/ 0076400
assigned to the University of Pittsburgh, disclose
adi pose-derived stemcells and lattices substantially
20 free of adi pocytes and red blood cells and cl ona
popul ati ons of connective tissue stemcells. The
cells can be enpl oyed, al onesor w thin biologically-
conpati bl e conmpositions, to generate differentiated
tissues and structures, both in vivo and in vitro. 25

Addirtienal Iys st heregkbkrsnagn Pemexpasded aand-enbé vsedres
to produce hornones and to provide conditioned
cOift treweedi &G ofo shPBer PradSERELYr SREHeaRd Sparsi HRC

of ather | I_.popul.atj-ons. In another aspect, these
pﬁEFFCgFFoﬁgagﬁggggégkgﬂlipo-derived lattice 30

bstantially devoid of cells, which inglud
ORI 1 itart St et el Hor i BEBE T 1358BLS ™Y

The | attheg AN Rexysed AstA subsivatad 0chacbhist at Bike
26 . the growth and differentiation of cells, whether
i a2 oo dfodn twh t Fermi anoianiageslor ThEEurgek i G¥yelose

or structyres. Neither publ.icatign %ﬂ§ L psesadiResen
t (SSTE T déF eﬁf%ﬁ%%%%lagglﬁéji éfg%a e %egi ?H%uced 5'°
t QoRePr 88S abnkeasdt ane-phendinypi ceariwgenotypi,c Jon A.
characteristic of an intra-ocul ar strongl C§L|
[ GoFlEVY. S. GP&RrdNo. MBd4agbey3lassi HAkd t o t ecgponey:
S‘ﬁ'l%ﬂ&%%§rql 5¢ OS§S (§QBRGS! 45.065 dirpect 9&1/]_5@ 88 gel can
i Sol ate agipose tissue-derived stromal cell that has .
1@ 1leeie mcwcedoro téepress idr |dadacoréeB.
characteristiic of a chondrocyte. Methods are al so
dijpoleaged 1frori s di f §€r eBhitatpngtthestateldesla {iG062)d ASt s
a non-limting exangle, in one nethod of :
derivatives can e used as a rescrbable support
matrix for RCB. The wuse of gelatin in similar
settings can be found in Krishna Burugapalli, Veena
Koul, Amit K. Dinda, J Biomed Mater Res 68A: 210-218,
2004; and Hye-Won Kang, Yasuhikc Tabata, Yoshito

Tkada, Biomaterials 20 (1999) 1339-1344.

[0065] It is aléo contemplated that a composition
cdmprising cafboxymethylcellulose 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
Microcrystalline Cellulose and Crosslinked Sodium
Carboxymethylcellulose on the Properties of Tablets

with Methyl cellulose as a Binder, International

- Journal of Pharmaceutics, 41, (1988) 155-167. Indeed

it is known in the art to use an acid crosslinked
cafboxymethylcellulose identified as croscarmellose

sodium, type A, NE or crosslinked polyvinyl
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I sol ating adi pose tissue derived stromal cells, the

15 adi pose tissue is treated with coll agenase at
concentrations between 0.01 to 0.5% preferably 0.04

to 0.2% nost preferably 0.1% trypsin_ at
concentrations between 0.01 to 0.5% preferably 0.04

to 0.04% nost preferably 022% at tenperatures 20

bet ween 25C to 50C., preferably between 33C to 40C.

nost preferably at 37C, for periods of between 10
mipnutesl itder® howr s, spdefier abdtehet weghy80naiaut es: t othe
1 _hour st preferably. 45 minutes. The cells are .
DS ATHSGgh & ny| O br EHees8er5ER meshF1 7T 617 8F {h
2% hataveen 201PMdHB0G iAs e 1 efeiably beipeed for
40 to 400 pm nost preferably 70 pm The cells are

t Wer® Iy Bhec thee 998 Wi TFvEnd it al P e i ¢ tigRt i bpary skill
d'mfiet%t&&ﬁ '%%du'?%{xg:eg:{im%%etrataio@éco” or Percoll or

ot her ~‘particu adi ent . I1's can be centrifuged.

at_ 30 speeds of between 100.t 0o ,3000x e
pﬂgig%ébl 6T t%9156393?n. 3ﬁoﬁreﬁ%FagEbeatIgﬁﬁxg the
f @hReHeads10f cdat weesydr M BHhe be 1 HiHnedDreIf the

preferably 2 to 15 27 'minutes, nost preferably 5
memdtsddnoat endpdratiaes cefllbet vikegh 40oto s0@nrned or

f ly b 0C t b t
DS ErB06%) TToe kAGWR i n TR art TRAC o orndle GETe™®

maymp3 ike tiehsed e daing wilb dioaevauenttcaiummsiiuid
l'i ke Ca2+ or My2+ to forman ionic gel. This gel can
| §$6M nEBRanteBPndt r iyt Sl sSMPd PGui BRFY Buem+ @Rt

{BSpsboTth SNkt sl e e Seing o e
Binetmther i dlts 20 ff1999)t 45-63.sedthi sfiypey ofageingtan the
cornea.  Stunning the cells-will allow the new layer
of cells time to come to confluence on the cornea
before the pumping ‘from the existing cells cause

problems.i

[006'7] It is contemplated that methods to stﬁn the
| endothelial cells of the presént invention include
exposure to various wavelengths of radio  freguency
radiation (RF) , uv, irradiation with  nuclear
radiation 'such as gamma radiation, as well as
chemical means such as trypsinization, acids, bases,
hypoéémotic solutions, buffers with low ion (Mg, Na,

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
modifications thereto will become apparent to those

skilled in the art to which 1t pertains without



10

15

20

25

al so be-used for the carrier of the RCB. [0064] It is
al so contenplated that gelatin and its derivatives
can be used as a resorbable support matrix for RCB
The use of gelatin in sinmilar 15 settings can be
found in Krishna Burugapal li, Veena Koul, Anmit K

D nda, J Bioned Mater Res 688 210-218, 2004; and
Hye- Wn Kang, Yasuhi ko Tabata, Yoshito |kada,
Biomaterials 20 (1999) 1339-1344. [0065] It is also

- contvenpliatre & ddratt e conipaisi td Hrthe Ol wompt i shngs defined

carboxynethylcellulose and its derivativ
dud éCP@§ofﬁhﬂﬂ§3sﬁBB%?%eﬂaF}F%HFdr%?H% r%{%fences
USe P &rpss! 4 ket carboxaret hy) cebfatosesi in their
et manufacture is well known from published,
Ilarﬂjl&tam@ssucrasas Vigh anftiPrasadBeEf f eberop 2510 the
M crocry.s line Cellul ose and Crosslinked Sodium
&Qﬁeﬁ%ﬁ ¢ellul ose on the Properties of Tablets
with Meth cellul ose as a Binder, International
J&E@@éﬂ@@%@har maceutics, 41, (1988) 159- 167. | ndeed
it is known in the art to use an acid crosslinked 30
cdr.bokypnefhy | el ddmssT i dBntehi 88 aelerabcakifeproggntal

sodiun].t e F or crossll ked Vi oyl bbit
rdéﬁg of‘%i %Jd]r% St cﬂ) yco%a(%% |ﬁ¥t hgﬁe FabhL

nqggﬁﬁggurﬁn@ésarakmﬁmagaﬁﬂfrmlﬂlscﬂteg&%ﬂ3ng34(suppl)

tabl ets. Such conpositions can be readily adapted for

useédZn the present invention by one of ordinary skill
5 wi t hout undue experinmentation. [0066] Prior to

i rpl amkatlieen G, tﬂggﬂmeﬂthéﬁﬁﬁ&%t%el@@laéelﬂ anéﬁcal
can be stunned. |If the K existi ng meggtar%ell rgg {o_sLasty

are S Bt unne@ror Posterior
Cornea. 19%98; 17:618-626.

3. Melles GR, Lander F, van Dooren BR, et al.
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:
topography of the deep lamellar endothelial
keratoplasty procedure. Cornea. 2001; 20:14-18.

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

6. Terry MA, Ousley PRJ. Replacing the endothelium
without surface corneal incisions or sutures: first
US clinical series with the deep lamellar endothelial
keratoplasty prdcedure. Ophthalmology. 2003; 110:755-
764.
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renoved, they have the potential to cause 10
conplications. The cells will continue to punp fluid
fromthe stroma. This fluid punping action m ght

cause fluid to collect between the cornea and the RCB
making it difficult to seat_firmy against the

cornea. Stunning the cells 11 -allow the new | ayer

15 of cells tine to come to confluence on the cornea
before the punping fromihe existing cells cause ..

o7 ob| GR&EY [ 0857] FRAFSh L bl S Bt TRt et Rods 1dP3)
.SEHPkEéEe %%598583'.' ab?z%@hﬁm@i thei Pr esenthi nuent ixpo3;
i ncl ude .exposure to various wavel engths of radio
flLéequedeylPadiation (RF), WV, irradiation with

nucl ear radiation such as ganma radi ati on, as wel |l

ag, cherigal means susheps tPypsi Maatdéah, amidisihelial
bases, hypoosnotic solutions, buffers with | owion

( N@?nm}anggt@ap K Advemce g gossher PHFdigat management
| gpl ant atd n, fe Lhe RCB, kg cuaBdobhel ial asbdcdmysrary
can be renoved using vacuum action or physica
sopAphagmo 6969] 2BAvi;nd :désdri®hed t he invention, many
30 nodifications thereto will becone apparent to :
t hosereski | hgd icudihe, apd. t aphichiistiafertaiaisilitation
wi t hout é% deviation fromthe spirit of the

i wieht idespas aledled epjothel d26p&sr tamd Aipendeyrned -
ckghgg. Al references recited herein are 93.143-153.
[ porated by reference in their entireties as if
fully set forth in the 5 specification. REFERENCES



1. Ko WN Feldman ST, Frueh BE, et al. Experinental
posterior lanellar transplantation of the rabbit
cornea. lInvest Ophthal nol Vis Sci. 1993; 34(suppl):
10 1102. 2. Melles GR, Eggink FA, Lander F, et al. A
surgical technique for pgsterior |anellar

keratopl asty. Cornea. 1998; 17:618-626. 3. Melles
GR, Lander F, van Dooren BR, et al. 15 Prelimnary
clinical results of posterior lanellar keratoplasty
ERREMBh a scl erocorneal pocket incision.

Opht hal nol ogy. 2000; 107:1850-1856. 4. Terry MA
Dus| Byr&JoriEmidbe hebirakat eplatenentse it Houtrefwifdew 2

corneal incisions or sutures: 20 topography of the
Geépcrahel'Par *&Rdot hel i al  keratopl asty procedure.

Corngp. 2001-d20irb4tat8.c pollaary sMpdusiey Bk Hleemg
| anel | ar endothelial keratoplasty in the first

Unia ed-oBt at®y! pIeiits: Sl y @RI Gl HesufiRporting
@Lg{}ec%qtkgoo%f 20: éﬁﬁb%ﬁéiiﬁ_ 6. -Tenky MALHQisliey Plne

Repl'aci ng the endot hel 1um w thout surface cornea

i NG St dEraotaksie upes yrfirr stupSrel imstealx sépi ess Wi ated
the deep lamell ar endothelial kerataqpl ast : :
pr oetr & Op Aol Gy L 2003 | 110; 7551 T30 27
Terdry My o Endet beki ahkegpkacengat, therildateal, poigkede
appr oach. Cbhthalnol Cin North Am 2003;

16:0BwE2. sgeTaripsma, QasheyryPRtigdireaiuiose  and

T Lt

Contgnpokakydding or incorporating into the polymer,
during its synthesis, attachment or growth
promoting reagents consisting essentially of one
or more of the following: laminin, fibronectin,
RGDS, bFGF conjugated with polycarbophyll, EGFE
conjugated with polycarbophyll, NGF and heparin
sulfate;

c) a layer of viable endothelial cells suitable

for transplantation disposed on the top side; and

d) said resorbable corneal button being well

tolerated by the eye when implanted into the eye.

2. The resorbable corneal button of claim 1, wherein

the endothelial cells are corneal endothelial cells.



Opht hal mol ogy. 2002; 1:26:1-9. 9. Terry MA, CQusley
PJ. Rapid visual rehabilitation *with deep | anell ar
endot hel i al keratoplasty. Cornea. 10 2004, '
23:143-153. 31 CLAIM5S 1. A resorbable corneal button
useful in repairing a cordé&d conprising: a) a

bi odegr adabl e pol yner support matrix having. a top
and bottom si de, capabl e of supporting growth of

endot helial cells; wherei h bi o radabl e pol yner
Suppbhe ﬁﬁFPF?akiesﬁoé@Fég &?ﬁﬁﬁ¥¥ﬁg?3?%ﬁﬂpc néﬁg T
afihyab s £ @achtde pehiiesansusposs! maked xcobdageises
al gi nates, adi'pose tissue, gelatins, .

tarboxpmitchygicdel landsadanmdn corbi s ol theredfls Bre

enbeddi.n r..hLnGQrporat,i into the polyner, during
iﬁ%%“&ﬁ%t ggpgbeatagcﬁ%%ﬁggor growh pronoting

reagents consjsting essentially of one . or re of .
the FBEI SRPAGOSPAR MORAFIbBIGAR € HEE bragierein
Gk %I@@eéf‘ﬁcﬁ‘a]@?éy%l%@'iw Lup RSt eRRirugat 86w 1 fes

pol ycarbophyl |, NG- and heparin sulfate; c) a |ayer
ofrogisalie keddothdllizglercephs suhespie £oe endothelial

transpl.antation di spo n the t side; and d)
§§ﬁ38r3§8rE&ﬁ%?%inéﬁﬁﬁ%ﬁﬁ%ﬁﬁﬁ1 %ﬁ@ﬁ wel | tolerated
by the eye when inplanted into

tqﬁéefe. 2. qu ct
Pes ofbdlt &' 2br Adal BBk E DN 20f TEPAT RALE WEFESA - tiRgtton
endotheligl. cells are corneal endothelial cells. 3la

a) obtaining a polymer support matrix as claimed

in c¢laim 1;




3. The resorbable corneal button of claim1, wherein
sai d bi odegradabl e pol yner support matrix conprises
hyal uroni ¢ acid and wherein the endothelial cells are
corneal endothelial cells. 4. The resorbabl e cornea
button of claim11l, wherein,, said biodegradable. '
pol ynmer support matrix con%%ises cross-linked
col | agen and wherein the endothelial «cells are
corneal endothelial cells. 5. A nethod of .makjn
reso?gaMQ§%%Hﬁ%aﬁn€ut?%Hangén r?ﬁ?ﬁ&gsg doﬁ%gi%é%f%g
pol ydBie SUPRABLtABLEEX as:Iclai oBd tHen staFfared; 032 sdi)d
growi ng and expandi ng harvested or banked cor.nea
endsthel¢al BEPPRTrbn TABTSHrf 48é1df dditd Folhymherreach
suggag Iix until the cells reach confluence. 33
ABS e present invention provides a resorbable
corneal button conprised of a biodegradabl e pol yner
which is capabl e of "supporting the growth and
expansion of 5 endothelial cells on it surface for

use in transplantation healthy corneal endothelia
cells to cornea tissue in need of a transplant and a
met hod of using sane. .
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ABSTRACT

The present invention provides a resorbable corneal
button comprised of a biodegradable polymer which is
capable of supporting the growth and expansion of
endothelial cells on 1t surface for | use in
transplantation healthy corneal endothelial cells to
cornea tissue in need of a transplant and a method of

using same.



