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i nventi ow®92/04383 he field of ophthal nol ogy. More parti cul petysolR2633el at es
toa living lens, suitable for use as a contact |lens or for subepithelial

i npl antation. The lens is nade of donor corneal tissue. The invention

i ncl udes nethods of preparing that lens and to techniques of placing the

| ens on the eye. 10 BACKGROUND OF THE | NVENTI ON The vi sual system all ows
the eye t oPRIGHABRIFMATEDBYGORNEAIHISSUE LENSENDMETHODOF CORNIAL
probl em an opht hal nol ogi st or optonetrist will encounter is that of

spheri cal ammetropia, or ONERIAYRPOUORRELT VISESNATY! he eye which is out
of focus with accomodation due to an inproperly shaBed gl obe. The

opht hal nol ogi st or optonetrist 15 determines the refractive status of the
eye and corrects the optical f | HJ nses or glasses. Mny
procedures have been devel ope | anmetropia by

modi fyi ng the shape of the corpea. Light entering the eye is first focused
by the corneafﬁ“%ﬁﬁﬁﬁmﬁb§é%ﬁ@égﬁﬁﬁﬁﬂﬁaFWﬁﬁ@gy-?@@@B&ﬁ$ﬁbﬂﬁyéﬁéﬂQMQmal
refractory power. The majority of 20 refractive operations involve either
decr easi ntyieg lennsnisahie fay ushas aeendadt dens oo forstibepithelialtimplantatione The Tae is
procedures in early corneal refractive surgery such as keratophakia and

ker at om Imsaisi of deroreconndaltissak) ThelewehtipeichidesDEMSes ofprepirmgans 1é3\ali v&d
removing a corneal disc fromthe patient wwth a m crokeratone. The renoved

corneal dedmighRs of MBEing the lens on the eye.

10 BACKGROUND OF THE INVENTION

The visual system allows the eye to focus light rays into meaningful images.
The most common problem an ophthalmologist or optometrist will encounter is that of
spherical ammetropia, or the formation of an image by the eye which is out of focus with
accommodation due to an improperly shaped globe. The ophthalmologist or optometrist

15 determines the refractive status of the eye and corrects the optical error with contact lenses
or glasses.

Many procedures have been developed to correct spherical ammetropia by
modifying the shape of the cornea. Light entering thé eye is first focused by the cornea,
which possesses approximately 75% of the eye’s overall refractory power. The majority of

20 refractive operations involve either decreasing or increasing the anterior curvature of the
cornea.

The procedures in early corneal refractive surgery such as keratophakia and
keratomileusis were originally developed to correct myopia and involved removing a

corneal disc from the patient with a microkeratome. The removed corneal disc was then



1 WD 02/ 06883 PCT/ US01/ 22633 frozen prior to reshaping the posterior
surface with a cryolathe. After thawing, the disc was returned to the eye
and secumved ombdsB3 sut ures. Epi ker at ophaki a, as descri bed i RCUUSIVRa33. No
4,662,881, is a procedure that involves inserting a precut donor corneal
tissue lens with bevel ed edges into corresponding 5 grooves in recipient
cornea. Thoeeh prier fogeshapimgdint posteriar suifhes with a enloldtlex]. Afftrehaiwingy the diss was

| yophili zed and requires rehydration before placenent on recipient cornea.
These t echwirgdes tiengetafésécuved with s@geswer e general |y considered to be
unsuccessful due to frequent conplications involving irregular astigmatism
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refractive result. The problens 10 were attributed to the technical
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of the cornea 1SS econ ens nani 1"on. "For exanp

epi ker at ophaki a, epi.thelial jrreqularity is_indquced by |yqphilization of
¢ he Honor2rPeies i reefRiens Epent Th ety isinp e fo ﬂ?@ﬁ&{r@ﬁﬁ% ol dgndr ens s

keratoni | eusis al so causes severe damage to epithelial and stromal cells
and di sr dpephilized apd equitgs relydrition beforeplogemens opseqiiant comethe present
invention is a pre-fabricated | ens made of donor corneal tissue obtained
fromtissue sour Thessetechnicues hhfriroariativnyadere geneedlly cbneidereddo bs a cor neal
disc that is preferably shaped on the posterior surface generally to

conf or m iyhsgdeaR@ulldiie i Be¥t SomplidaBbhPnveNidgdieRgulinStichuaith| dBajegns may be
shaped by an abl ative | aSer, ., by an exciner |aser or other suitable

. €g., | .
e oAl SO R Rl e SRR, 2

| yophi |'i or chém ca _ w th glutar eto

B R INE AR T R T L R
epithel | lélrnélliitgc’gll?eeofctﬁg E:cr)r?llealztigglfe s%fcoédra}u@y troelgliuspringgi})llﬂgtion. For example, in
epikeratophakia, epithelial irregularity is induced by lyophilization of the donor lens.
Freezing of the lenticule in keratophakia and keratomileusis also causes severe damage to
epithelial and stromal cells and disrupts the lamellar architecture of the cornea.

15 The present invention is a pre-fabricated lens made of donor corneal tissue
obtained from tissue sources such as human or animal cornea. The lens is a corneal disc
that is preferably shaped on the posterior surface generally to conform in shape to the eye’s
anterior surface. The inventive lens may be shaped by an ablative laser, e.g., by an excimer
laser or other suitable laser. The corneal lenticule is living tissue that has not been frozen,

20 lyophilized, or chemically modified, e.g., fixed with glutaraldehyde to crosslink corneal
tissue. Pre-existing keratocytes are removed and then replaced with human keratocytes to
decrease antigenicity. After removal of epithelium in the central zdne of the recipient’s

cornea, the lens is placed on this zone in the same manner that a contact lens is placed on

the eye.



cornea, the lens is placed on this zone in the same manner that a contact
lens is placed on the eye. 2 WD 02/06883 PCT/ US01/ 22633 Ccul ar | enses
found i nwoe2/psBdr art do not use native cornea, but are POT/HBOIZR2633 UuSi ng
sol ubl e col |l agen such as col | agen hydrogel s, e.g.

pol yhydr oxyet hyl net hacryl ate, or other bioconpatible materials. For

exanpl e, in U S. Oealar lenses fouad 3 thg priot ot & vetrushinative gwhes but are fdrangdated s
gell ed and crosslinked to produce an artificial lens. In addition to 5

hydr ogel sysird. sSlubRadollalien subh A3 2oBdpdn hydrdgeROSE ), polyhddrogyetbimettaostae, vrde
fromvarious polyners, silicone, and cellul ose acetate butyrate. In the

cases WhejiRer@idbodipaliBRIRAcHASE F& k8Rbld ISEWE Pat R, k21553086 i®dLIRgr cor neal
inplants or require a separate agent to adhere the lens to the corneal bed.
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1
relate to a disc neal” t1ssue I's par y or entire

enbedded ,in stro The_oc r,.lens .device disclosed in U.S. Pat. Nos.

4, 64 ,7zd}ygfqgeﬁse§?$ar?a5§“%|4%1%aﬁ§§= ' Ligdstrom, diselpsey [ogscs madg im Kipso
recipient cornea,_ with sutures. The corneal inlay described in U S. Pat.
No. 4, 67@0hguersisiliqoaefnd;csliplocieastatobutyesés-pi ent cornea using sutures, |aser
wel ding, or application of a liquid adhesive or crosslinking solution. 15
The ocul ar | ens Hethecesesfwhehd scularndenses ose chosen] tissie,ahe Bmsdshage aittadr ooineall
structure of corneal tissue. US. Pat. No. 4,346,482, to Tennant et al.,

di scl osesiniplankd oirBEuifePNicpatate ARNBI0 HIBBEIHRS eRFtoOthe oG] He@l NES Bhalodlas been
anteriorly curved for correction of vision. However, this lens is frozen
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U S. Pat. g €t al-, dl'so describes a do

]? IO; Ia{/ etii? ﬁs 1%11}'7 o' ésnt}re ?ftenilbséd(qg(fj iinfsitrggnap )i"hte r()%l?lglr eplg dc‘e’%’l;i(t:ehdiglclgsle'&itir?fl I’Lféq%t[l'yde
Nos. 4,646,720, to Peyman et al., and 5,192,316, to Ting, is attached to recipient cornea
with sutures. The corneal inlay described in U.S. Pat. No. 4,676,790, to Kern, is bonded to
recipient cornea using sutures, laser welding, or application of a liquid adhesive or
crosslinking solution.

15 The ocular lens device of this invention does not alter the anatomical structure
of corneal tissue. U.S. Pat. No. 4,346,482, to Tennant et al., discloses a “living contact
lens” consisting of donor cornea that has been anteriorly curved for correction of vision.
However, this lens is frozen prior to reshaping on a lathe which results in stromal
keratocyte death. U.S. Pat. No. 4,793,344, to Cumming et al., also describes a donor

20 corneal tissue lens that is modified by treatment with a glutaraldehyde fixative that
preserves the tiésue and prevents lens swelling. This treatment alters the basic structure of
the corneal lenticule by crosslinking the tissue.

Furthermore, the cited documents do not show any methods of lens preparation

that remove native corneal tissue cells and replace them with cells cultivated from human

25 cornea. My inventive device is devitalized of native epithelium and keratocytes to create
3



preserves the tissue and prevents lens swelling. This treatnent alters the
basic structure of the corneal lenticule by crosslinking the tissue.

Furt her mwe@p2/0ds83 ci t ed docunents do not show any net hods BPETNUS6M$22633
preparation that renpve native corneal tissue cells and replace themwth
cells cultivated fromhuman 25 cornea. My inventive device is devitalized
of nati venggeian donmmahiissukcandttbentezialized ovithdivanad opidheiRind 688 BerGTY teS0AN22633
an acellular corneal tissue, and then revitalized with human epithelium and
ker at ocytatsmpfto coattrwipisoicallabfekidattissac squitalbht® dvas chsweal UtS. Patidlo.

equi valent” was shown in U S. Pat. No. 5,374,515, to Parenteau et al.

Hovever, 41 916l {A@RenteRed ol "HbR8Yer, B8 YbNABMsed fnsth&{b‘teﬁﬁi(}ﬁ@nt” i{ Giuihgy! ne
tendon i nstead of from cornea. The added Keratocytes and epitheliumare
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cornea via,the "laser in sjﬁ]u kerat.om | eusilg; LASI K) procedure. In this

t echhi quél©t SRMIIIRSOUCES o Tt tissye B§ing these p¢ g Prefedurss & Wit on of a

corneal flap or in situ photoablation of the exposed stromal bed. Studies
10 have dH8HA that the i naccuracy of correction by this procedure may be as
much as one diopter fromthe desired value. Lenses (contacts and

spectacl es), in Aarkciast lasar B vadl © reformeororset vishielilaseOindFu derypdmilcusis t he
desired value. U S. Pat. No. 6,036,683, to Jean et al., shows the use of a

| aser to (LASIRpsrot&fure.CRI thRaechiRMRY AT exciig 1ha$ & used a8 forl\@ronat i ve
structure of the cornea by irreversibly 15 coagul ating col |l agen. Post-I aser
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inventio owever, In some vari atl S relates to a pre- ric onor
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diopter from the desired value. Lenses (contacts and spectacles), in contrast, are able to
correct within 0.25 diopters of the desired value.
U.S. Pat. No. 6,036,683, to Jean et al., shows the use of a laser to reshape the
cornea. However, the laser changes the native structure of the cornea by irreversibly
15 coagulating collagen. Post-laser relaxation of collagen is not possible with this treatment.
This invention, however, in some variations relates to a pre-fabricated donor contact
lens that adheres to recipient cornea without sutures. The lens preserves the anatomy of
normal corneal tissue. The donor lens may be obtained from human and animal sources, is
devitalized of native keratocytes and epithelium to create an acellular tissue, and then
20 optionally revitalized with at least one of human keratocytes and epithelial cells to maintain
lens viability and decrease antigenicity. The inventive corneal overlay technique may be
completed under local anesthesia as well as general anesthesia, and the availability of a
precut lens will greatly decrease procedure time, patient cost, and risk of operative
complications. The duration of healing will also be reduced due to the implementation of a

25 lens already repopulated with keratocytes.



normal corneal tissue. The donor | ens may be obtained from human and ani nmal
sources, is devitalized of native keratocytes and epitheliumto create an
acel l ul awonzedse and then 20 optionally revitalized w t hrpar/usezb3one of
human keratocytes and epithelial cells to maintain lens viability and
decrease antigenicity. The inventive corneal overlay technique may be

conpl et ed undeVoregdshe eifrdgiosumients sbowieel suggesymydnugntignes dhsasibad hemsin. t he
availability of a precut lens will greatly decrease procedure tine,
patient cost, and risk of operative conplications. The duration of healing
will al so be reduced due to the inplenentation of a 25 | ens al ready

repopul ated with keratocytes. 4 WO 02/ 06883 PCT/ US01/ 22633 None of the
cited docunents shows or suggest my invention as described herein. SUMVARY

OF THE INVENTION 5 Thi s inve”%hﬂﬁlhﬁR?' QTﬁ?ﬁWVE &ﬁgNocular | ens device
having a | ens core nmade of d0ﬁOPﬂﬁmﬂﬂ£yiﬁﬁTﬁﬂn?éLTﬁﬁ1iSsue sources such
as human or anji,mal cornea. The.devi ¢ce be used as contact |ens or as
an iTplanted | HSIYARHGRS apis Lok cHies Spulpt lons devitihayitec bt Co adsdb and |

optionally, a concave posterior surface. The stroma portion of the |ens
core maylopar ¢aspeRd tissedepmiisie sapicarBigh Re humar o aimahepree Histdevicemasur f ace
is preferably covered 10 with a replaced epithelium The | ens core adheres
t o reci pitentsed as meentadt ldns o as e impisnted lensthé maydibes & geperaliyecdnaks antdher | ens
core may be variously used to correct astigmatism myopia, aphakia, and

pr esby opisarfaddund ,&piosdllys a BBicave poRetgorahurthée NE@aHiotaGiorieNenBs idhs eofeneal
tissue. Properly treated, the inventive |lens may have a clarity at | east

o O o S Sl SR NSRSl
F X?(S lve 'M'tfg\?e\f)?a{cbd \éSiEdile‘Pi‘itu&c.) nﬁleqfenst cho?e gc‘ﬁ}éiré:s%o rrreaéilpigr?tncto?rilera]l without sutures or
other adhering materials.
The lens core may be variously used to correct astigmatism, myopia, aphakia, and
presbyopia. The lens core may be made of transgenic or xenogenic corneal tissue.
Properly treated, the inventive lens may have a clarity at least 85% of that of human
15 corneal tissue of a corresponding thickness. The lens core is not frozen, lyophilized, or
chemically treated with a fixative. However, variations of the device may contain
therapeutic agents, growth factors, or immunosuppressive agents.
Another component of the invention is a method for preparing the lens device.
After sharp dissection of a lenticule from donor corneal tissue, the posterior surface is
20 shaped using an ablative laser, such as an excimer laser or other suitable shaping lasers.
Native epithelium and keratocytes are removed and then replaced, as desired, with human
epithelium and keratocytes.
Another portion of the invention is a method of corneal overlay that involves de-

epithelialization of a portion of the anterior surface of the recipient cornea and placement of

25 the inventive ocular lens device upon that anterior surface. Another method involves the
5



t herapeutic agents, growh factors, or imunosuppressive agents. Another
conponent of the invention is a nethod for preparing the |ens device.
After shav@ozi@secti on of a | enticule from donor corneal PCEHE8@E/22633
posterior surface is 20 shaped using an ablative |laser, such as an exci ner
| aser or other suitable shaping |asers. Native epitheliumand keratocytes
are renoveaiperaty seperation pf theepithelial dosierbyductinn ¢r dibergmocedpries hnd plancmagnd

kerat ocytes. Another portion of the invention is a nmethod of corneal

over | ay tdfahe invemtivedsnddsenesthithidiepitladliakissuen of a portion of the anterior
surface of the recipient cornea and placenent of 25 the inventive ocular
| ens device upon that anterior surface. Another nethod involves the 5 WO
02/ 06883 PCT/ US01/ 22633 tenporary separ atl on of the eplthel ial tissue by
suction or other procedur ghgpdhRké 2 § | ens beneath
that epithelial tissue. BEN S ; 5 Figure 1is a
superior, cross- ectl naI view of the e re 2Ais a side view of the
focuding point i KEWHHISA SUBCHDR Srosgseetio \éﬁs‘fl gf}}&ﬁYSf a focusing point
corrected by flattenln the anterior curvature of the cornea. Figure 3Ais
a side, cross-seEigunah ive side gievaofthe fecaing paindén myapie. | ens. 10 Figure 3B
is a side, cross-sectional view of a pre-fabricated donor |ens suitable
for correcting n¥igira2Bis gside vRE® ofa facedinepoiat assectddy futiehing itesamérica
pre-fabricated donor lens suitable for correcting aphakia. Figure 3Dis a
front vi eswrefure opfiR-doadtal cat ed donor | ens suitable for bifocal use.

Figure 3A is a side, cross-sectional view of a pre-fabricated donor lens.
10 ' Figure 3B is a side, cross-sectional view of a pre-fabricated donor lens suitable
for correcting myopia.
Figure 3C is a side, cross-sectional view of a pre-fabricated donor lens suitable
for correcting aphakia.
Figure 3D is a front view of a pre-fabricated donor lens suitable for bifocal use.
15 Figure 3E is a side, cross-sectional view of the Fig. 3C lens positioned away
from the cornea of an eye.
Figure 3F is a front view of an inventive lens having an overlapping epithelial layer.
Figure 3G shows a side cross sectional view of the Fig. 3F lens.
Figure 3H shows a side cross sectional view of an inventive lens in a carrier..
20 Figure 31 is a front view of an annular inventive lens. Figure 3J shows a side cross
sectional view of the Fig. 31 lens.
Figure 4A is a side, cross-sectional view of an area of de-epithelialized recipient
cornea prepared to receive the optical lens of the present invention.
Figure 4B is a side, cross-sectional view of the donor lens after placement on

25 recipient cornea.



15 Figure 3E is a side, cross-sectional view of the Fig. 3C |lens positioned
away fromthe cornea of an eye. Figure 3F is a front view of an inventive
| ens haviwgozosssyer | appi ng epithelial layer. Figure 3G shOwWyS@/X2b63be Cross
sectional view of the Fig. 3F lens. Figure 3H shows a side cross sectional
view of an inventive lens in a carrier.. 20 Figure 31 is a front view of an
annul ar i nventhigwe Sehew aiegias of Sgpsdhvintroducinglen mvestive lsacsubepidieliellsw of t he
Fig. 31 lens. Figure 4Ais a side, cross-sectional view of an area of
de-epithelialized recipient cornea prepared to receive the optical |ens of
the present invention. Figure 4B is a side, cross-sectional view of the
donor lens after placenent on 25 recipient cornea. 6 WO 02/ 06883

PCT/ US01/ 22633 Figure 5 show a series of steps for introducing an inventive

I ens subepithelially. DETAILED B&SER) is designed to focus
| ight onto specialized receptors—n h?lgbfﬁci%‘,?ﬁiﬁﬁ%gjﬁ turn quanta of |ight

energy into nerve actio otentials.. shown.in Fig. 1, light rays are
Frrst”tranam ¢t ods RRAROPH topsibdisht 0By Soreiated afaptora Hoierih g
transparent due to the highly organjzed structure of its collagen fibrils.
The nar gith& @rniaed light enesgshiafqeervapationpotantiglgh Asisbewa i Figg drlight raysiaes a
(102) and is referred to as the corneo-scleral layer. 10 The cornea (100)

i s the pdirst tomsmittedhtbromgh tieocosadad(l @0) dfalyeeyee heasimeg it transpaestr duerto the
one-sixth of the eye. The snpoth curvature of the cornea is the major

f ocusi ng Hghie brgdhized BREGEreT ifsR61aRhifbAilY, 1O mavgthsidf (Y @¢h&haterdbiGhthef t he
eye's 60 diopters of converging power. The cornea is an avascul ar

structur eco@é}pﬁﬁrécﬁ}éﬁgﬁd&%glep&' ( IGﬂ 4S5 PFerRdd AU thEMrieMeral layer.

10 The cornea (100) is the portion of the corneo-scleral layer enclosing the anterior
one-sixth of the eye. The smooth curvature of the cornea is the major focusing power of
images on the retina (104) and it provides much of the eye’s 60 diopters of converging
power. The cornea is an avascular structure and is sustained by diffusion of nutrients and
oxygen from the aqueous humor (106). Some oxygen is also derived from the external

15 environment. The avascular nature of the cornea decreases the immunogenicity of the
tissue, increasing the success rate of corneal transplants.

The cornea consists of five layers. The outer surface is lined by stratified
squamous epithelium which is about five cells thick. Failure of epithelialization results in
necrosis of the stromal cap and potential scarring of recipient cornea. The epithelium is

20 supported by a specialized basement membrane known as Bowman’s membrane, which
gives the cornea a smooth optical surface. The bulk of the cornea, the substantia propria
(stroma), consists of a highly regular form of dense collagenous connective tissue forming
thin lamellae. Between the lamellae are spindle-shaped keratocytes which can be

stimulated to synthesize components of the connective tissue. The inner surface of the



oxygen fromthe aqueous hunor (106). Sone oxygen is also derived fromthe
external 15 environnent. The avascul ar nature of the cornea decreases the

i Mmunogewa@n2/g688F the tissue, increasing the success ratrCDUSEE2633al
transpl ants. The cornea consists of five |ayers. The outer surface is |ined
by stratified_ squanous epitheliumwhich is about five cells thick. Failure
of epi t hedorngeiiy Hredoby 2 ke efflatignechendothslisl esils whdchsare supgioried py Aedcapasttisnt i al
scarring of recipient cornea. The epitheliumis 20 supported by a

speci al i zeembase mevry thickhelastie Hasoment asenboawean’ s nenbrane, which gives the
cornea a snooth optical surface. The bul k of the cornea, the

subst anti apropri as pr&lisRPhenti@RE] Bk Fodking fonahbithe @eMleals frahanipf dense
col | agenous connective tissue formng thin |anmellae. Between the | anell ae
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conmponents’ o e connective t1ssue. I nner sur

PCT/ US01/.22633 cornea js lined b | ayer of flattened endoijhelial cells
whi char &7S0RperPb AR ylEs et BR Some BOf e the foishap ot ok hghtiees B0BE e nent
menbr ane. As. previous|y nentioned, the focusing power of the cornea is

pri mari |yl geybabibagetsig 9. dnkiawe 38, Ratiening he anjerion aireatyre of die comddace. | n
myopia, as seen in Figure 5 2A increased curvature of the cornea (200)
causes t Ha06)xoustn ghglocaltpoiit (B0Hht rays (202) to fall short of the retina
(204). In Figure 2B, flattening the anterior curvature of the cornea (206)

corrects the focal point (208). InvwentiveéEehrsStBucthiFdggctures In a first
variation of the inventive |ens, tThe physical shape generally is of a size

10 and confi gur agj #frd hakatdAT thd gl als v%tlélﬁ[‘]lﬁg)gkﬂgal?sﬁ{%é%agﬁﬁgg STERS the

curvature of the cornea to correct abnorna Itio
astjgmat 'aiﬁlcoﬂﬁé{ﬂbt%n t%XPfﬂo%%&éllé%ﬁ%%%’é) (':o‘%hea, supplements the curvature of the .

cornea to correct abnormal conditions such as astigmatism, myopia, hyperopia, presbyopia,

and aphakia. Other variations of the lens may be shaped to be placed beneath the anterior
surface of the host cornea or to serve as a source of medication.
Typically, the lens core may comprise or consist essentially of acellular donor
15 corneal tissue that has been devitalized, e.g., treated to remove native keratocytes and
epithelium, to lessen the chances of tissue rejection and then at least partially revitalized,
e.g., treated to introduce at least one of human keratocytes and an epithelial layer, to allow .
and to support continued use of the inventive lens in place on the eye. It is within the scope
of this invention that epithelial cells be (often in the form of a discrete layer) be placed on
20 at least a portion of the anterior surface of the inventive lens. In some variations of the
inventive lens, all of the anterior surface will be so-covered. In one variation discussed
below, an epithelial layer will extend beyond the periphery of the lens core and optionally
the lens be carried in a biodegradable carrier that is used during placement in the eye and

later disappears.



and aphakia. Qher variations of the lens may be shaped to be pl aced
beneath the anterior surface of the host cornea or to serve as a source of
medi cati owO oFggs8xal |y, the | ens core nmay conprise or consPeT/UsGIseni3i al |y of
acel lular donor 15 corneal tissue that has been devitalized, e.g., treated
to renove native keratocytes and epithelium to |essen the chances of

ti ssue rej ect iThe invahtive éams anayl begdaced amta kst gyerfearh tvdtli¢lraideast @ mgjor porteax ed to
i ntroduce at | east one of human keratocytes and an epithelial layer, to

al l ow and thiendsive ppitticlit@nén thiecbrise had bdeheembveal PreferabBria thin valiaa ofn t he
eye. It is wthin the scope of this invention that epithelial cells be
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of the anterior ace of the inventive lens. |In sone variations of the
i nventive one
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peri phery of ns C re. an t|o .the lens be carri.ed
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di sappears. 8 WO 02/ 06883 PCT/USOl/22633 The inventive |l ens may be pl aced
on a hostongyhefantentonbiiréase of thedwst coaneregran ofisr instsncesdiencath theaauréee ehel i um
on that cornea, has been renoved. Preferably in this variation of the

i nvent i véopt ctedhl Tthe isvdnsiva idnk aldyybealskd ofridusly epotrhelrefimtivagbdraese sfdtyoved
fromthe region upon which the inventive lens will be sited. The | ens may

al so be phagsdr ReRBABd R JirhFly & pRviRR gohﬁieldfrmﬁxse‘dtrﬁ@h&dtmtwe@ée surface

during the procedure of introducing the Iens onto the anterior surface of

the host corneg,q nbpleﬁﬁaﬁé of A1 Bf}e %aﬁ%ﬁe% %Jx%ﬁﬁlaﬁf(aﬁ%nmbp&t

cornea. The inventive lens nay be use vari ou o correct action
used rce of

o [Qeq ratsitsFiuh CRBStD spbreB AP oHEFe ﬁsm?e@ s0isE® PSR oS B e
obt ai ned fraom ot her human (all ogeneic) or
porcine, or guinea pig corneal tissue. The ocular lens cores may also come from transgenic
corneal tissue or corneal tissue grown iz vitro. In many instances, it is desired that the
architecture of the corneal layers in the donated tissue, the normal corneal tissue matrix,
e.g., the connective tissue or the stroma, be substantially preserved. The “corneal tissue
15 matrix” is made up of thin layers of collagen fibrils. The term “donor corneal tissue”, as
used here, is meant to include donor or harvested corneas or corneal tissue containing the
“corneal tissue matrix”. Additionally, in most variations of the invention, it is highly
desirable to preserve the anterior surface of the donated corneal tissue as found beneath the
native epithelium. The donor corneal tissue is not to undergo harsh treatments such as
20 lyophilization, freezing, or other chemical fixation. Nevertheless, it is sometimes desirable
to utilize only a portion of the anterior surface of the donor lens, e.g., in those instances
where the inventive lens structure is annular in shape.
The ocular lens device of this invention desirably includes Bowman’s

membrane, where the donor tissue includes it, to maintain the native structure of human

25 epithelium. Again, it is highly desirable to harvest from donor sources in such a way that
9



10 foreign tissue (xenogenic) sources. Appropriate xenogeni c sources

i ncl ude rabbit, bovine, porcine, or guinea pig corneal tissue. The ocul ar
| ens cor @0 nHg6883 so cone fromtransgenic corneal tissue PET/USO6WREI3 t i SSue
grown in vitro. In many instances, it is desired that the architecture of
the corneal layers in the donated tissue, the normal corneal tissue matrix,
e.g., theheoatinecmterior sigangdetow theepgheloma js presesvadls tldave fiung thpat dwee uatie The
"corneal tissue 15 matrix" is made up of thin layers of collagen fibrils.
The t er mstaiotueds haoe asaperior abiliey, pagiuladlyedich teaevitaizakanstepsalidcasdetd helosgnor
or harvested corneas or corneal tissue containing the "corneal tissue

mat ri x". +4Qah3drORRAl thYnaihtdin M8 teptael @bHIRMRmPAlsd BRchBUEBIGWNThe blakify S B! ¥
desirable to preserve the anterior surface of the donated corneal” tissue as

found bengatii Weoncal A EAGUE YO » The odongty A BERd RoAepl-Ruill t0

undergo h treatnments suc on, freezing, ©Or 0O

chem cal fixati vertheless,.it.is.so imes_desirable to utilize only
ookt orbeb e Dk tid Bafteaierably SEREENA of BHSS Hofmgn Comedl tsusof
instances where the inventive |ens structure is annular in shape. The

ocul ar | esosrespopding thickaesss i nvention desirably includes Bowran's menbrane,
where the donor tissue includes it, to maintain the native structure of
human 25 epi t hellTheoverdl diametértofitise inveltive letessis fiatotiondlly dparopeiate th perfodonor
sources in’'such a way that 9 WD 02/06883 PCT/ US01/ 22633 the native anterior

surface kit awilehRofBitionShid'FenkefalRie R8s haf abdut PBUBmIAH Mt bakferh9se native
structures have a superior ability, particularly after the revitalization

st eps di | 1O, rd i i : epi thelium
2l o6 di sonbRan R el TR RRRAdes BP oIR8, 406 HERKBERS O
handl ed i n such way. generally wll be at |eas 5%. preferably 5 between
75540 000 PR s PRHeRE Aiseyel Cortestiphstss BT drss Sr I CBPoal ¢ sue
of correspondi ng thickness:

preferably between 5-100 um.

As shown in Fig. 3B, a lens core (316) for myopic patients is formed,
preferably using the procedures discussed below, in such a way that a generally circular
region (318) in the center is flattened in its anterior curvature. In correction of aphakia, a -

15 lens such as is shown in Fig. 3C is formed having a comparatively thicker center (322) and
a thinner perimeter (324). In general, the shapes discussed here are similar to those found
in the so-called “soft” contact lenses and instruction may be had from that technology:
relating to the overall form of the lenses selected for correcting specific ocular maladies.

As shown in Figs. 3D and 3E, the inventive lens may also be used to correct
20 presbyopia. In particular, to treat presbyopia, the lens (330) is also provided with an
| generally opaque annular region (332) adjacent the center of the device. The open center
(334) preferably has plano-lens characteristics and an effective diameter of less than about
1.5 mm, preferably between about 0.5-1.5 mm, and most preferably between 0.75 mm and

1.75 mm. The diameter of that open center (334) or central area or “pinhole” is generally

10



The overall dianeter of the inventive lens is functionally appropriate to
perform the desired correction, and generally is |less than about 25 mm and
nore prefveoabbesss s between 10 and 15 mm The thickness oPCT/80WR638 ting
lens is, again, functionally 10 appropriate to performthe desired
correction, e.g., generally less than 300 m nore preferably between 5-100
m As shdawmédandisglec®Bto he less thap dhepydllay diametenodphechgstieyecintdeyliightf dhised,
preferably using the procedures discussed below, in such a way that a

gener al | yreatgsaiftpanhold”adieot) the3di3) lehgthédigg deriveralli ffetlied foesldengdth of the et eri or
curvature. In correction of aphakia, a 15 lens such as is shown in Fig. 3C

i's for medinlavhigizAg RIRAaLE ¥R leYe tURkRindagR! @thé3ARtalaBsk dRighd ca S50
perimeter (324). In general, thé shapes discussed here are simlar to those

found iRt -called y t i i.p: had
From t nat*t Bl £7 epitBhic i AEhshERIF ool ol P pha BB B8, (TC
foreiorrectié(%s's%&ecl i c.ocular mal adies. As shown in Figs. 3D and 3E, the

i nveht i vt PEHECSTRY 6'%%e used to correct 20 presbyopia. In particular,
to treat presbyopia, the lens (330) is also provided with an generally
opaque annul ar r Bigi 8B shege} sidgj aessriectional vism ethoinventivedens (@80) shhemdpen
center (334) preferably has plano-lens characteristics and an effective

di anmet er Kagurk 88 adjheent tHecumteriot sorfamofjarcefrendbi4) thdtusaeatn cattanfeddurbs &f 5 mMm
and nost preferably between 0.75 mmand 1.75 mm The dianeter of that open

cent er ( 381 )vafihitiche MHealutd'd@n&r (3B6)$h&opdque 8MAARiNg/(330) MBeR2AIH883
PCT/ US01/ 22633 forned and sel ectced to be ?ggs t han thgye( pg)pli\é\i@iaary@}gi anet er

f the h i i ) WS 4 o] | &4 A . eb
P engt nen asefHSo e A @l el oSl BI b MR, Sho)Sh kg ALRHEDY,
t he (geed fogigbjagon@/e to aﬁjgomm ée. O her bif.ocal dI ns desi gns can al so

cor gV ms. B TR HER e Pyt ridghe CUERBEdey ¢ he
annul ar rc%gli)eggte?rrl s&cihnag\%/ay that incident light passes both though the center of the opaque ring
(334), but more importantly, around the periphery of the opaque ring (332), to allow
corrected sight during low light conditions.
The annular ring (332) may be situated on the lens core either by placement of a
15 suitable dye, i.e., by “tattooing”, or by placement of a substantially opaque biocompatible
member of, e.g., Dacron mesh or the like, on the posterior surface to filter light rays. Other
placements of the annular ring (332) may be envisioned, e.g., on the anterior surface of the
inventive lens. The annular ring (332) itself preferably is quite opaque, e.g., passing less
than about 80% of incident visible light, but may be chosen in such a way to be less opaque
20 or to correct other maladies such as colorblindness by shifting an incident color into a
visible range by color refraction or the like.
As is shown in Figures 3F (in front view) and 3G (in cross section), another
variation of the inventive lens device (346) includes a core lens (348) as discussed above

but having an epithelial layer (352) that extends beyond the periphery (350) of that lens

25 core (348). The method for producing the variation (346) with an extra-periphery epithelial
11



5 or progressive diffractive. Fig. 3E shows a side, cross-sectional view of
the inventive lens (330) shown in Figure 3D, adjacent the anterior surface
of a corme@ot/®%4) to illustrate certain features of thi SPOBRUS@YI2633. The
outer diameter (336) of the opaque annular ring (332) is generally

selected so that it is snmaller than the dianeter (338) of the pupil (340)
in the irliger(322)s similaotol thevrethpdtdesaibdil elsowbere hardimexscepathat thadensyetes cor nea
and lens and the inventive |l ens cooperate in such a way that incident

| i ght pag34%) ibatdirablyqplgiedtihe caert €354dh FihsHY)adNg o shage gdndadly, cobfdrmimy e
inportantly, around the periphery of the opaque ring (332), to allow

corr ect eqo fheliberfth sinfabel F¥hd Ak c&RNElsI(BHES. The annular ring (332) may be
situated on the lens core either by placenent of a 15 suitable dye, i.e.,

by "tattooing’, gre byipl SeERL, of, A SYONT LA L 0RARYE. PhaceRat bl €

menber of, e.g., cron on posteri or sur eto

filter light .rays. O her | acements.of the_ annul a in 332).may b

envi $1 ondastdl G0Videa psuafhiBr FGILoF s B BHAL Fie ST Yo HEGs tophipe
annular ring (332) itself preferably is quite opaque, e.g., passing |less

t han aboworealens Gf8) wdlased onvhaliepithelial Igpier, GbUx Thasexien simasebeyondshech a way
to be | ess opaque 20 or to correct other nal adies such as col orblindness by
shi f ti ng paripherg iofléretcoeolens (348) proxvidew ssppolktefor thegehdowisedtagile epitlickial laper or t he
like. As is shown in Figures 3F (in front view and 3G (in cross section),

anot her  (367)i atheQArrRE (334§ niaPRPIACKE ih 6NBrEl&YICLpio shapell Hidestadle 0% Sn! €NS
(348) as (gi s)cussed ab(()végs bal?t hqgvi ng an epithellloa?élfﬁ%ye? (352 at ﬁat e>r<ltends

b dt j f . f

or oduci ngPh Loy Re Spror L R frdghBleol P B AP A GPNE RS of SORIFM
02/ Bﬁﬁ% PCT/ 1/ 22633 layer (352) is simlar to the nethod descri bed
els eréaWél( " except that the lens core

The combination (356) of carrier (354), epithelial layer (352) -- whether the
epithelial layer (352) extends beyond the periphery of the core lens (348) or not, e.g., the
epithelial layer (352) is situated only on some or all of the core lens (348) -- and core lens
(348) placed on that epithelial layer (352), as shown in Fig. 3H, is another variation of the

15 invention. The construct (356) shown in Fig. 3H may, upon proper choice of materials for
the carrier, be placed directly in the host eye thereby providing support for the epithelial
layer (352) and core lens (348), as well as optionally, medication or other treatment
materials for the eye during initial placement.

When the carrier is used for placement in the eye, the carrier (354) preferably

20 comprises a material meeting two related criteria. First, the material desirably is one that
dissolves, erodes, or otherwise shortly clears from the eye to be treated after the
combination (356) of the carrier (354) , epithelial layer (352), ‘and the donor lens (348) are
introduced to that eye. Preferably also, the carrier is of a material that serves as a substrate
for a pre-grown epithelial layer. Most desirably, the carrier (354) satisfies both criteria.

25 The carrier (354) may comprise a material such as collagen, gelatin, starch, glucosamine
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(348) is desirably placed in a carrier (354 in Fig 3H) having a shape
generally conformng to the anterior surface of the donor core lens (348).
The carriveo 0/6B4), as shown in Fig. 3H, desirably serves Bev@s@l2263sncti ons.
5 First, it provides a substrate for growmh of the epithelial |ayer (352)
prior to the time that the core lens (348) is placed on that epithelial

| ayer (3%McanIIiprateips.tqasbahydfatesepdipgrdydridéssucipes polilactidesfant ipelyghicelidesns
(348) provides support for the otherwise fragile epithelial |ayer (352).
The car r ithdir fn3%ddes BRY chiplphag gsblydiagmohgrlep®d i n a properly shaped
receptacle that, in turn, provides support for the fragile carrier (354)

during the Stems ofied(95M)RhyalsPhi ARk %th lﬂéhl&aa%ﬁroreaézheatmﬁt gerphnat i on
(356) of carrier (354), épithelial layer (352) -- whether the epithélial

Laée,r §ﬁ52 1anﬁ1<§g1eﬂgsisfﬁ%¥%agsor?§%g§e“ phery of the core |lens (348) or not,

ayer is situated only on sone or aII of the
core | ens (34 - - dc | ens 8) placed on_th epitheli
(352, as shoﬁ%\g‘irﬁs ﬁn ?ﬁld -’gﬁgosteéPﬁﬁ‘&lNg‘% "}/gPPfa‘fl?‘éSﬁnéf‘ SIAR&TASS SPRiipa YIB‘HO The
construct (356) shown in Fig. 3H may, upon g)roper choice of materials for
the carriaannvesévpleas €pMihreng Ia;cen‘fmaltoﬂ?émh@ﬁ 29 passitgatheangh ghelghgibedy. suppor t
for the epithelial |ayer (352) and core lens (348), as well as optionally,
medi cat i cktleughthielent vemationn (860 skovimaivithfutrantepitheiad layer, iitnig withir thal
pl acenent. Wen the carrier is used for placenent in the eye, the carrier
(354) pratepeadilibe AlemioisdeicladdME Byl Meeting two related criteria.
First, the material desirably is one that dissolves, erodes, or otherw se

shortly clears fromthe eye to be treated after the conbination (356) of
the carrier (354), epithelial |ayer (352), and the donor |lens (348) are

int{;gduced to that eye. Prefera al O the c rrLer is of a material that
serves as a substrate for a pr 0 er. Most desirably,
the carrier (354 satlsfles both criteria, carrier_ (354) may

conpri se a mat er Refuryng fo Big. 344 thgglenor ¢ges léili* 6300% ti%ﬁll@hly igoheged #tak

slicing corneal tissue from the donor with a microkeratome to form that lens core (300).
The donor lens (300) has a structural surface, the anterior surface of the lens core, which
serves as the structural surface of the donor corneal tissue. The lens core anterior surface is

15 harvested preferably to retain the Bowman’s membrane (where the donor lens contains
one) and epithelium (302). The posterior surface (304) of the resulting inventive lens is
generally concave in shape, although it need not be so. The anterior surface of the lens
may be shaped via a shaping step which preferably involves the use of an ablative laser,
such as an excimer laser, to obtain the necessary power of the lens. Another suitable

20 forming step is high pressure water jet cutting.

Sterilization, Devitalization, and Revitalization Steps

Although the order of the process steps outlined below is typical, it should be
understood that such steps may be varied as needed to produce the desired result.
Generally, the lens will first be shaped to an appropriate shape as discussed

25 above. The lens core may then be subjected to processes of sterilization, devitalization, and
13



12 WD 02/ 06883 PCT/ US01/ 22633 gl ucans, proteins, carbohydrates,

pol yanhydri des such as pol yl acti des and pol ygl ycolides, their m xtures and
copol ymeneQ opadsyzli axanone, etc. The carrier (354) may al seChESImf2essed with
medi cation or other treatnment material, antiangiogenesis materials or the
like. 5 Figures 31 and 3J show, respectively, a front view and a side cross
sect i onalrevitadizatodn. Reméval efiepithelitmride-¢gifR)iahzationyamd keratbeybs openi ng (362)
passi ng through the | ens body. Although this Iens variation (360) is shown
W t hout gacetipldrizaliom) | frdn@tRrdonbi lehS will bdtefertdito as Capatalifatione. Thy edditieom to so
include the layer. 10 Process for Shaping the Lens Returning to Fig. 3A
the donoroftahfin loBRflfmOMlq KESbEAR will S QRN s BldvfhlizaBbiti O &é%fr?lﬂé'
tissue fromthe donor with a mcrokeratonme to formthat [ens core (300).
The donor n 3 .astruct ur £ f t nterior. sunface of the
Fens. cor a3 BBl B4Rt op B P oyl B BB B e
tissue. !he | ens core anterior surface is 15 harvested preferably to retain
t he -Bo O¥enbr ane (where the donor |ens contains one) and epithelium
(302). The posterior surface (304) of the resulting inventive lens is
general | y concav8hosphstsbpéleredisalima@BS) twitheandibingics epithelial Telbmadiacaridor
surface of the lens may be shaped via a shaping step which preferably

i nvol ves Kehstotysemelliaae sdibtidnsweed dadng, thessyrbeeasesaThe KXEBAByith agidiotict’® obt ai n
t he necessary power of the lens. Another suitable 20 formng step is high
pressur e gRkidh mftcontthid: Ng. Sterilization, Devitalization, and
Revitalization Steps Al though the order of the process steps outlined bel ow

is typical, it shoul dP%%wi‘dP%ﬁfb%t% d that such steps may be varied as

needed to produce the t.
10 1. Amphotericin B (ICN Biomedicals) 0.625 pg/ml

2. Penicillin (Gibco BRL) 100 IU/ml
3. Streptomycin (Gibco BRL) 100 pg/ml
4. Phosphate buffered saline (Gibco BRL)

The composition of the epithelial cell media may include:

15 Epithelial cell media

1. Dulbecco’s Modified Eagle Media/Ham’s F12 media (Gibco BRL)
3:1
2. 10% fetal calf serum (Gibco BRL)
3. Epidermal growth factor (ICN Biomedicals) 10 ng/ml
20 4. Hydrocortisone (Sigma-Aldrich) 0.4 ug/ml
5. Cholera toxin (ICN Biomedicals) 107° M
6. Adenine (Sigma-Aldrich) 1.8 x 10* M
7. Insulin (ICN Biomedicals) 5 pg/ml

8. Transferrin (ICN Biomedicals) 5 pg/ml

14



Generally, the lens will first be shaped to an appropriate shape as
di scussed 25 above. The lens core nay then be subjected to processes of
sterilizaxdomoessevitalization, and 13 WO 02/ 06883 PCT/ USORCPPE®R2633
revitalization. Renoval of epithelium (de-epithelialization) and
keratocytes (acellularization) fromthe donor |ens will be referred to as
"devitalization". The9a€duteinge (SigmabAddiichpPixt I981Mum and ker at ocytes will be
referred to as "revitalization". One desirable nethod for acconplishing
those steps is found jloisTrikelofisroni@CNRivimedican) 2 keioiads are 5 known. 10
15 20 Phosphate buffered saline (PBS) with antibiotics, epithelial cell
nmedi a, and Kkeratocyt i =N i i ese processes. The
y ?1.”?%};@10%%@@51@1\& Bib?nééﬁ@agség%vasﬁ%/ﬁﬁ‘

"PBS with anti biotics” ution nmy contal n: anti biotics 1.

Anphotericin B (1 CN Bi di.cal s)..0. / . Penicillin (G bco BRL) 100
U m 3. Streptonyci nﬁ'@%ﬁlﬁg&@gi‘?@éﬁﬁg}@m@l Phosphat e buffered saline
(G bco BRL) The conposition of the epithelial cell nedia may include:
Epi thelial cell medialld. Smeptbayein' (SitodBL)ed0Rgimé Medi a/ Haml s F12 nedi a
(G bco BRL) 3:1

The composition of the keratocyte media may include:

Keratocyte media

1. DMEM
2. 10% neonatal calf serum (Gibco BRL)
10 3. Glutamine (Sigma-Aldrich) 2 x 10° M

4. Amphotericin B (ICN Biomedicals) 0.625 pg/ml

Sterilization Step

After harvesting the lens core from donor corneal tissue and following the
15 shaping step, the lens may be sterilized, for instance, by immersion into 98% glycerol at
room temperature. Three weeks of glycerol treatment inactivates intracellular viruses and
any bacteria or fungi. Ethylene oxide gas sterilization may also be used, but tends to

induce variable damage to stromal tissue.

20 Devitalization Step

De-epithelialization
I prefer to de-epithelialize the donor lens by placing it in a one molar solution of salt
(preferably sodium chloride) at a temperature from 4 to 25°C. After four to eight hours of

incubation, the entire epithelial layer generally will split from the corneal stroma and may

15



2. 10%fetal calf serum (G bco BRL) 3. Epidermal growth factor (I1CN

Bi onedi cal s) 10 ng/m 4. Hydrocortisone (Sigma-Aldrich) 0.4 g/n 5.

Chol era toabnodsBCN Bi onedi cal s) 10"10 M 6. Adenine (Si gneeRudsizhy3 1.8 X
10"4 M7. Insulin (ICN Bionedicals) 5 g/m 8. Transferrin (ICN Bi onedi cal s)
5g/m 1 V\D,?Z/ 06883 5 10 9. Gdutanmine (Sigma-Aldrich) 2 x 10"3 M 10.

Trii odot ﬁ&?re@ﬁ emavesy Bheysalr the lens may be guaghad inBIPBN\selhberewith antilBoésanl

Bi onedi cals) 0.625 g/m 12, Penicillin (G bco BRL) 100 IUn 13. _
St r ept onyremave @l @Rulr #@Grgl.m The conposition of the keratocyte nedia
may include: Keratocyte nedia 1. DVEM 2. 10% neonatal calf serum (G bco

BRL) 3. G AnathengmeliDd@Trertddns R)epRhalink?isdiMift usSFPhaten. i Bithiihh
Bi omedi cal s) 0.625 g/ m PCT/ USO1/ 25633 Sterilization Step
may be split from the stroma by means of suction (-100mm Hg to —450mm Hg). After -

5 fifteen minute to 1 hour, the epithelium typically will separate from the stroma at the
basement membrane layer. Thereafter the lens may be washed in a PBS solution with
antibiotics to remove salt and cellular material.

Finally, the donor lens may be de-epithelialized by placing it in sterile PBS with
antibiotics for four hours and changing the solution many times. The lens core may then be

10 kept submerged in the PBS solution at 37°C for one week to produce a split between the
epithelium and the stroma. The epithelium may then be removed, e.g., by physically
scraping or washing with a liquid stream. Small numbers of lenses may be stripped of
epithelium by gentle scraping with forceps.

Acellularization

15 The de-epithelialized lens may be then immersed in a solution of detergent (for
example 0.025% to 15% sodium dodecyl sulfate) to wash out the keratocyte cellular
material. A detergent will solubilize and wash out the keratinocytic material. This can take
place from 1 to 8 hours. Afterward the cellular material can be washed in a buffered
solution with antibiotics to remove detergent and cellular material.

20 Alternatively, the de-epithelialized lens may be immersed in sterile PBS with
antibiotics for an appropriate period, e.g., several weeks, perhaps six weeks to remove
native keratocytes. The solution may be changed twice weekly. In some instances, it may
not be necessary to remove keratocytes from the donor lens, e.g., when the donor tissue is

obtained from a transgenic source and has minimal antigenicity.

25
16



After harvesting the lens core fromdonor corneal tissue and follow ng the
15 shaping step, the lens may be sterilized, for instance, by inmersion
into 98%wbOyressss at roomtenperature. Three weeks of gl pcEUSI/L2638at ment
i nactivates intracellular viruses and any bacteria or fungi. Ethylene

oxi de gas sterilization may al so be used, but tends to induce variable
damage to stromal tissue. 20 Devit aReydalizatioBtSdpp De- epithelialization |
prefer to de-epithelialize the donor lens by placing it in a one nolar

sol ution of salt Prépgaratien abtellssodi um chloride) at a tenperature from4 to
25C. After four to eight hours of incubation, the entire epithelial |ayer

generally will SPﬂuhfanfePRH&lfa'P@el&%ﬁ%{at&iyE&%e a0 e rboitdPalidd HO8&3.
PCT/ US01/ 22633 be easily renoved. Thereafter the lens may be washed in a

PBS sol utg it | bl ot vV I '
ot hor TRt sPLE bl Be BblaiRafhon hRIREaRR, Doy BRIt BpfiBh Bolbera
epi thelium mayhe. split fromthe stro means of sucti -100mm Hg to
Gt H57 nepatal sl eral T At st PRTerebnce e Dtoppi e P Al £ cal | wi
separate fromthe stroma at the basenent nenbrane |ayer. Thereafter the

| ens nay B@imie Headring durimpmyswound knaling precessnt i bi otics to renove salt and
cellular material. Finally, the donor |lens nmay be de-epithelialized by
placing it in st éradyeveBSirestli isodated Epithielialscellarobtaaned byotysimratioaloéingi ng t he
solution many tinmes. The lens core may then be 10 kept subnerged in the

PBS sol utdopritabiissad,mdyobe @RE8I\RRY alpPeddhRd sRicRlag Bl bitlctiallyBRRAIAAEIEPI t hel i um
and the stroma. The epitheliummay then be renoved, e.g., by physically

fibroblasts (i.3T3) in epithelial cell media. Cells are cultured and media changed every

10 three days until the cells are 80% confluent, about 7-9 days. Residual i.3T3 are removed
with 0.02% EDTA (Sigma-Aldrich) before the epithelial cells are detached using trypsin
(ICN Biomedicals). Another method of regenerating epithelium involves culturing
autologous epithelial cells on human amniotic membrane as described in Tsai et al. (2000).
“Reconstruction of Damaged Corneas by Transplantation of Autologous Limbal Epithelial
15 Cells,” New England Journal of Medicine 343:86-93.

Keratocytes may be extracted from the remaining stromal tissue. The stroma is
washed in PBS, finely minced, and placed in 0.5% collagenase A (ICN Biomedicals) at
37°C for 16 hours. Keratocytes obtained from this enzyme digest are then serially cultured
in keratocyte media. The epithelial cells and keratocytes generated in the revitalization step

20 will be referred to as “replaced” epithelial cells and keratocytes.

Production of the donor lens

The acellular donor lens core may then be placed on a hydrophilic,
polyelectrolyte gel for completion of the re-vitalization. The preferred polyelectrolytes are

25 chondroitin sulfate, hyaluronic acid, and polyacrylamide. Most preferred is polyacrylic
17



scraping or washing with a liquid stream Small nunbers of |enses may be
stripped of epitheliumby gentle scraping with forceps. Acellularization
15 The devept/odseld i alized | ens may be then i Mmersed in a spCDUS@R263§3
detergent (for exanple 0.025%to 15% sodi um dodecyl sulfate) to wash out
the keratocyte cellular material. A detergent will solubilize and wash out
t he ker ataciwcEieilensaimmiessed imkératocpte meakeandinadeatddwith dpproxitatady B 10°
Afterward the cellular material can be washed in a buffered solution with

ant i bi ot ilefatb&tdsOP¥Sho\RE &f TP Affokitlatdl &He sARle@hioRht of?e%itﬁéﬁaﬁ B dryel y,
the de-epithelialized lens may be imrersed in sterile PBS with antibiotics

for an anpopId.ate RSl sfaf suPBYCT Ale ol iREHIARS S IPRK SndiRe STOVe
native kerat ocytes. SRRy nay be"c angeg W ce weekly.” Th'so

I nstances,_,it not. be necessary to renpve keratocytes from{he_ donor
lens, e. ¢ haker-eROCHE R 8 e VORTR, oS P NP S PEAPIE Sur ce and
has mnimal antigenicity. 25 16 WO 02/ 06883 PCT/ US01/ 22633 Revitali zation
Step’ Pr egegqmrmd? die nodydlectialprie aeleypwh wiien puicefi the leanat kpnessuecyf aboub2e3Qsed
in the revitalization process. Epithelial cells may be obtained froma

ti ssue banin Hpuhtileheofigiabldenddiyneativas aredbfairedh fetal 5 or neonatal tissue.
Fetal cells are nost preferable, since the properties of fetal tissue

mnimze scarri nRe?Fdééd'kﬂ)iﬁ@NurﬂQH%is hehdt APoRIRACTIRe ardtEriG WirfBME  thisf r eshly
i solated epithelial cells, obtained by trypsinization of corneal tissue,

may be SepAefoPof Me hRhEGORhEGhd REAEL kAUBEyR! rebGhAk e ddRbARE RS T3

core after revitalization.

10 As noted above, another variation of the inventive lens includes an epithelial layer
(352 in Fig. 3QG) that extends from the periphery of the lens core (348). The same
procedure as just outlined may be used to prepare the epithelial cell layer in the carrier
(354) prior to placement of the lens core (348) onto the pre-prepared epithelial cell layer.

It may be beneficial in some instances also to incorporate therapeutic agents,

15 growth factors, or immunosuppressive agents into the lens core further to decrease the risk

of rejection or remedy disease states.

Placement of the lens on the eye

One procedure for applying the lens of this invention is depicted in Figures 4A
and 4B. During the procedure, the donor lens (300), as shown in Fig. 3A, is placed on a
20 portion of recipient cornea that has been de-epithelialized (308). The result is the
placement and construct (312) shown in Figure 4B. The lens’ replaced epithelium and the
host epithelium eventually grow to form a continuous, water-tight layer (310). I have
found that the inventive lens bonds or adheres to the recipient cornea without sutures or

adhesives, but can also be removed without substantial difficulty.
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fibroblasts (i.3T3) in epithelial cell nmedia. Cells are cultured and nedia
changed every 10 three days until the cells are 80% confl uent, about 7-9
days. Rewa@dozabes8B8T3 are renmoved w th 0.02% EDTA ( Si gnma- Abdr/iusén)22basf or e t he
epithelial cells are detached using trypsin (I1CN Bi onedi cals). Another

met hod of regenerating epitheliuminvolves culturing autol ogous epithelial
cel I s on humanAaptheoplaeementiprenedurs yadetsay isiskawi in Higa$. bt thid variafofa) is
"Reconstruction of Danaged Corneas by Transpl antation of Autol ogous Linbal
Epi t hel i aprefdralflekd sse'a ddewldns ghadhak BeeuonBl pefialVedivialied 3d&haBle X3ratocytes
Keratocytes may be extracted fromthe remaining stromal tissue. The stroma

is was heﬁaxierbeeﬁiﬁgédea%hi/tfge i&dial Pa&gr RsaeedoF &)lﬁSé%)CS 1%&% 8 bhed | ON

Bi onedi cal s) at 7C for ours. Keratocytes obtalne romthis enzyne

di gest ar . i i tQG medi The epithelial
cells andﬁﬁljgr gfgi‘%ée@igt% %(é?%{lg%e%gﬁ et"ﬁ}éelﬂr%‘fe%l@é%l%lg%??cgﬂé‘geeBn %y FrSp Si®
referred to “repl aced’. epit iLal. cells. and kerafocytes. Production of
the donor i Qﬁig %ﬁﬁg‘ﬁ%ﬁpf‘%‘f%‘g’ e&gﬁblhaf”é‘ﬁ@n(?BFgqu‘ébﬁYFh&m andy eraepl strorma
hydrophilic, polyelectrolyte gel for conpletion of the re-vitalization.
The pref ekG0dy Séapyke o gy 6%@‘@5 g placementf arsuetisin davies(pO@tan, thergrtbtienni ¢
acid, and polyacrylam de. Mst preferred is polyacrylic 17 WD 02/ 06883

PCT/ US01/ 22688 ofithectye (6110)! &hs suctionniveics ¢606) appiess atmedesevaradinao ed i ncubat ed
with approximately 3 x 105 keratocytes for 48 hours at 37C. Approximately
the sanme gpiaienal 1ofergPONNeL] Bétwesh hSowdL B)0 Al ot HECt ARl blsektion! I oel
surface. Tissue culture incubation continues Tor another — 48 hours.

Kera ooy g e 0BNGSS BUE SO S WLSRe g DSl o gl um

5 regenerat ed, ol yte ge aws wa _ ‘rens at a

cornea similar to the size of the lens to be placed on that cornea. Step d. shows the opened

epithelial flap (608) and the placement of the lens towards the corneal stromal margin (612)
beneath that epithelial flap (608). Step c. of Fig. 5 shows the finished placement of the lens
(610) on the cornea beneath the native epithelial membrane. This procedure has a number
15 of benefits including that of being less traumatic to the surface of the eye than simple
removal of the epithelium.
It is also within the scope of the invention to use the preparation procedure for the
LASEK procedure in this invention for the step of exposing the corneal surface for
application of the inventive lens. The 1ASEK procedure is known and , unlike the LASIK
20 procedure, does not involve temporary removal of an anterior flap of corneal tissue with a -
surgical tool but rather only utilizes an ethanol wash and a temporary withdrawal of the
epithelial layer for a laser treatment. Such a preliminary step, the washing with ethanol to
perturb the junction between the corneal stroma and the epithelium is adequate to provide a
layer of epithelium for temporary movement and insertion of the inventive lens on the

25 corneal surface.
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Repl aced epitheliumcovers at |east a portion of the anterior surface of
this wvariation of the inventive |lens and repl aced keratocytes repopul ate
the stromeOoot/odske | ens core after revitalization. 10 As POT/@doize3se,

anot her variation of the inventive lens includes an epithelial |ayer (352
in Fig. 3G that extends fromthe periphery of the lens core (348). The
same pr ocedur Bhays deseribedithé stn@@ua}agndb@ysigé@iq propertipaansl benefispif thie dpadr cel |
| ayer in the carrier (354) prior to placement of the lens core (348) onto
t he pre- poaparlek. €ftis hahhel of desdribirmpythe inviehtiomghonl tledwesies|beitdaken@se

i nstances also to incorporate therapeutic agents, 15 growh factors, or

| MUNOSUPRIBH hE segRYr$hd AvehtldaGn bePvagore further to decrease the risk

of rejection or remedy di sease states. Placenent of the |l ens on the eye One
procedure for applying the lens of this invention is depicted in Figures 4A
and 4B. During the procedure, the donor lens (300), as shown in Fig. 3A is
pl aced on a 20 portion of recipient cornea that has been de-epithelialized
(308). The result is the placenent and construct (312) shown in Figure 4B.
The |l ens' replaced epitheliumand the host epitheliumeventually growto
forma continuous, water-tight layer (310). | have found that the

i nventive | ens bonds or adheres to the recipient cornea w thout sutures or
adhesi ves, but can al so be renoved w thout substantial difficulty. 18 WO
02/ 06883 PCT/ US01/ 22633 Anot her pl acenent procedure variation is shown in
Fig. 5. In this variation, it is preferable to use a core lens that has
been only partially revitalized in that the keratocytes have been repl aced
but the epithelial layer has not. OF course, a core |lens that has been
partially covered with a seed |layer of epithelial cells is al so acceptable.
In any event, step

20



5 a. of fig. 5 shows a native eye (600) having an epithelial |ayer (602)
and a corneal stroma (604). Step b. of fig. 5 shows the placenent of a
suction deopwesgB606) on the anterior surface of the eye PEDUF01/IBBI suction
device (606) applies a nodest vacuumto the epithelial |ayer (602), e.qg.,
bet ween about -100 mmHg and - 450 mmHg, to raise a section of the
epithelial layer (602) as shown in step c. This blister (608) typically is
filled with a 10 physiologic fluid. Oobviously, the suction device (606) has
a footprint onlChaIMULS BCEINVENTEONzornea simlar to the size of the lens
to be placed on that cornea. Step d. shows the opened epithelial flap

(608) and the plasesmatlen ddA& doafisiRV rds the corneal stronmal margin
(612 beneath that epithelial flap (60 Step ¢c. of Fig. 5 shows the

finished pl aceﬁegtlen%fc?_{]ehceorﬂﬁ%zngddo%w% IBQalHﬂ&eﬁ%Q&%%Sé’e%?ﬁglg 4’%[ S nc udl ng

epi thelial nmenbrane as a numper

that of bei S traunatlc to the surface of the e th Ie renova
of 't he. e PUEHER F1EHA PATIOE Suffts, Gl SIS S S0t Ot P ROSHTHHOS e ¢ he
preparation procedure for the LASEK procedure in this invention for the
step of erjsdsnirpre prd borepesedspitheliebedliscovena atdeast dpowipn ofisaid Avteriel ve

| ens. The LASEK procedure is known and , unlike the LASEK 20 procedure,

does not surfacd.ve tenporary renoval of an anterior flap of corneal tissue
with a surgical tool but rather only utilizes an ethanol wash and a
tenpprary withdrawal of the epithelial layer for a |aser treatnent. Such a
prelimnary step, the washing with ethanol to perturb the junction between
the corneal sty ofg gaghtae d%pic'éla?l:fa 1B R IR steloPERMLE R nelja er of
eplthellun1for tenporary novenent iMSertiontor %e I nvent ens on

the 25 corneal surface. 19 WD 02/ 06883 PCT/ US01/ 22633 | have descri bed the
st ruct ur d°"$h§ physi ol ogi c properties and benefits of this donor

3. The ocular lens device of claim 1 wherein said lens core comprises acellular

15 corneal tissue.

4. The ocular lens device of claim 1 wherein said lens core consists essentially of

acellular corneal tissue.

20 5. The ocular lens device of claim 1 wherein said posterior surface is concave.

6. The ocular lens device of claim 1 wherein said posterior surface has been

subjected to a shaping step.

25 7. The ocular lens device of claim 6 wherein said posterior surface is shaped by an

ablative laser.
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ocular Iens. This manner of describing the invention should not, however,
be taken as |imting the scope of the invention in any way. 20 WO 02/ 06883
PCT/ USO1M?Q638®883 10 | CLAIM AS MY | NVENTI ON: 1. An ocul ar PCEUOSOIdRGI3CeE
conprising: a lens core conprising donor corneal tissue having a generally
convex anterior surface and a posterior surface, and conprising at |east
one of a.) rep.atdodubar densclpvies of elaing Aivtheraim said ocelanleds has)a ¢lapiyzat bdst
epithelial cells covering at | east a portion of said anterior surface. 2.
The ocul &85% enthatiefMivdeanaordabiissut oM esredsposdinglthielaesy. i or surface is
generally concave. 3. The ocular lens device of claim1l wherein said | ens
core conprises acellular 15 corneal tissue. 4. The ocular | ens device of
claiml1l wherein said | ens core consists essentially of acellular corneal

tissue. 205, oTey oGl @il GBS LEYLIGE: Ouifhdh Bid oHOG! £h0N3A daRESERLLAT

surface i s concave 1 gns eV|ce 0 in sad
7..T

Pglﬁt &gifagzél‘ftéés%fﬁa&%ﬁwiﬁ@@?ﬁ@féﬁa&?@% Nt scorppeins ks

abl ati ve | aser

10. The ocular lens device of claim 9 wherein said lens core has a clarity at least

90% of that of human corneal tissue of a corresponding thickness.

10 11. The ocular lens device of claim 1 wherein said lens core consists essentially of

donor corneal tissue.

12. The ocular lens device of claim 1 wherein said lens core comprises human
corneal tissue.
15
13. The ocular lens device of claim 1 wherein said lens core comprises allogenic

‘corneal tissue.

14. The ocular lens device of claim 11 wherein said lens core comprises xenogenic

20 corneal tissue.

15. The ocular lens device of claim 14 wherein said xenogenic lens core comprises
corneal tissue selected from the group consisting of rabbit, bovine, porcine, and guinea pig
corneal tissue.

25
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WO 02/ 06883 PCT/ US01/ 22633 8. The ocul ar | ens device of claim1l wherein
said ocular lens has a clarity at |east 85% of that of human corneal tissue
of a cor ve@poedshg thi ckness. 9. The ocul ar | ens devi ce oPCTU&IM2E33Wher ei n
said ocular lens has a clarity between 5 about 75% and about 100% of t hat
of human corneal tissue of a corresponding thickness. 10. The ocul ar | ens
devi ce of cl ail hetesplar tens devicé ehdaioot b irasadd bens tyreapmipeiacsttre@Sgeéndd t hat
of human corneal tissue of a corresponding thickness. 10 11. The ocul ar

| ens devicoeneaf tishai m 1 wherein said |l ens core consists essentially of donor
corneal tissue. 12. The ocular lens device of claim1 wherein said |lens
core conprises human corneal tissue. 15 13. The ocular lens device of claim
1 wherein said | ens core conprlses al | ogeni c corneal tissue. 14. The ocul ar

corneal 1 ssue.” 7o e MAEEYE: SRUitgl O RnERl R SRR,

ens evice o

xenogeni ¢ | ens .cor.e co corneal tissue selected fr rou

consTst | HUERmL sBHRGe ang soid ﬁ@lscam}mors A laf‘e%trqsrtgg SuEfarRl the flamie, 25
22 WD 02/ 06883 PCT/USOl/22633 16. The ocul ar | ens device of cIa|n111
wher ei n sargal dssge.cor e conprises transgenic corneal tissue.

18. The ocular lens device of claim 1 wherein said size and configuration is
selected to be corrective for at least one selected from the group consisting of astigmatism,

10 myopia, aphakia, and presbyopia.

19. The ocular lens device of claim 18 wherein said size and configuration is
selected to be corrective for myopia and said device has a generally circular, flat lens core
center region.

15
20. The ocular lens device of claim 18 wherein said size and configuration is

selected to be corrective for aphakia and said device has a generally flattened perimeter.

21. The ocular lens device of claim 18 wherein said size and configuration is

20 selected to be bifocal.

22. The ocular lens device of claim 18 wherein said size and configuration is
selected to be corrective for presbyopia and has a generally circular lens core central region

without correction.

25
23



17. The ocul ar I ens device of claim1l wherein said donor corneal tissue
has a 5 structural surface and said |lens core anterior surface is the
structur avosuedsaxe of the donor corneal tissue. 18. The PCDUU&01/12633s devi ce
of claim1l wherein said size and configuration is selected to be
corrective for at |east one selected fromthe group consisting of
astigmatism 280 Theoshlar lanpdakicaof daith 22 edbyeopsaid lebs corptertha whapriserm
device of claim 18 wherein said size and configuration is selected to be
correcti wpalwy aniibpriag hiadingal c@dntiisl\upes répicn andgsoriphedal Yiatetegul ar, flat | ens
core center region. 15 20. The ocul ar |l ens device of claim18 wherein said
size and configuration is selected to be corrective for aphakia and said
device has a generally flattened perinmeter. 21. The ocular |ens device of

C) 21 18 uer ol 8k 15 BReP PO AR5 SBRi) Sad PR B BBLESY BiRBbl! o0,

22 The ocul ar” T ens devi ce o n-sail cony

elec ed to b correctiv for resb ia and has a generally circular
| ens cor PEHEPLY qpég%wat%@f d pests, fce- 25 23 WD 02/ 06883
PCT/ US01/ 22633 23. The ocul ar Iens deV|ce of claim 22 wherein said | ens
core further conprises an opaque annular ring having a central open region
and peripheral dianeter. 24. The ocular |ens device of claim23 wherein
said ring is fas e deylar &nedevige of clainpPhedewit said camatvgenregienihat aon sai d
posterior surface.

diameter less than about 1.5 mm.

10 26. The ocular lens device of claim 25 wherein said central open region has a

diameter between about 0.5 mm and about 1.5 mm.

27. The ocular lens device of claim 25 wherein said central open region has a
diameter between about 0.75 mm and about 1.25 mm.
15

28. The ocular lens device of claim 24 wherein said ring comprises a Dacron mesh.

29. The ocular lens device of claim 23 wherein said opaque annular ring peripheral
diameter is between 3-5 mm.
20
30. The ocular lens device of claim 29 wherein said ring peripheral diameter is -

selected to be less than the pupillary diameter of a selected recipient eye in low light.

31. The ocular lens device of claim 1 wherein said lens core further contains a

25 therapeutic agent, immunosuppressive agent, or growth factors.
24



25. The ocul ar I ens device of claim23 wherein said central open region has
a dianeter |less than about 1.5 mm 10 26. The ocul ar | ens device of claim
25 wher eiwOszid@sxentral open region has a di aneter betweeRCEUSU226335 nm and
about 1.5 nmm 27. The ocular | ens device of claim?25 wherein said central
open region has a 15 20 di aneter between about 0.75 mm and about 1.25 mm
28. The ocular lens device of claim?24 wherein said ring conprises a Dacron
mesh. 29. The ocul ar | ens device of claim 23 wherein said opaque annul ar
ring periphera2. Tcarralae tensslebiet vEelaind1 wherein S4ld leeothisabt been$raden, ce of
claim 29 wherein said ring peripheral dianeter is selected to be |ess than

t he pupi Illygigmliydagp@}@hngjuyqr@@dqgtEggxa{tg,gl pient eye in low light. 31. The
ocul ar |l ens device of claim1l whérein said | ens core further contains a 25

t her apeuti c agent, imunosuppressive agent, or growh factors. 24 WO
02/ 06883 PCT/ US01/ 22633 32. The ocul ar |l ens device of claim1l wherein said

| ens_.core has ot...been zen,. I hilize or m caII treated_by a
fixatlive. e Q?Blﬂrzi %E‘Wge ég@ﬁ Ilﬁiw%ﬂeél? ?ﬁl‘ﬁ nﬁ/ﬁ%‘ieé rg%rﬁ‘]’(alogns core
is conprlsed of corneal tissue grown in vitro. 34. The ocular |ens device

of clali m@mﬁ@éTfl@iuﬁgga’Vlblme‘pWhel ial cells and keratocytes conprise human
corneal cells. 10

34. The ocﬁlar lens device of claim 1 wherein said epithelial cells and keratocytes
comprise human corneal cells.
10
35. The ocular lens device of claim 34 wherein said epithelial cells and keratocytes

comprise neonatal, fetal, or tissue bank corneal cells.

36. The ocular lens device of claim 1 wherein said lens core has a thickness and

15 said thickness is less than 300 um.

37. The ocular lens device of claim 36 wherein said lens core thickness is between

5-100 pm.

20 38. The ocular lens device of claim 1 wherein said lens core includes replaced

keratocytes. -

39. The ocular lens device of claim 1 wherein said lens core includes replaced

epithelial cells covering at least a portion of said anterior surface.

25



35. The ocul ar | ens device of claim34 wherein said epithelial cells and
kerat ocytes conprise neonatal, fetal, or tissue bank corneal cells. 36. The
ocul ar | emaotlesssxe of claim 1l wherein said | ens core has BCTASEKNEems and 15
said thickness is less than 300 m 37. The ocular | ens device of claim 36
wherein said | ens core thickness is between 5-100 m 20 38. The ocul ar |ens
device of claim1l wherein said | ens core includes replaced keratocytes. 39.
The ocul ar lens device of claim1l wherein said | ens core includes repl aced
epithelial celd0sTeovailariensateviceas tlabmowtidrein saifl e dbraldser peviphstyréndce. 25
WO 02/ 06883 PCT/ US01/ 22633 40. The ocul ar |l ens device of claim1l wherein

said le nmsa'r%oﬂgﬁsiﬁg BR ] iﬂ’ﬂﬁi'é}’ge’ﬂrlgyérlé&’éelﬂﬁfng%?&{d b peripier® Bf sdi¢ldndkoree! |
| ayer extendi ng beyond the periphery of said Iens core. 5 41. The ocul ar
| ens device of claim1l wherein said |lens core conprises repl aced

epithelial cells covering at least a portion of the anterior surface and

furt ' ' ti t h .l d i thelial I, 1 d
the 3ens. cor e 14D GOHATJERA ey e dh Slaim) heTein SER AFHR CPIS LHRPaTen [ ens

core has a_ periphery and 10 further canprising an epithelial cell |ayer
ext endi ngms&l@haelkswevgm #Hheast/a pertienof theeanieriop parfacg and fyrthes comprisqsdns
device of claim4l wherein the carrier conprises a material that is

bi oer odi kheieosuppodtdeghea daiidoed epfihelid] céllsand the lems ¢oeers devi ce of cl ai m 43
wherein the carrier is of a size and shape suitable for introduction onto
the eye. 45. The ocular | ens device of claim43 wherein the carrier
conprises a materi al

42. The ocular lens device of claim 41 wherein said lens core has a periphery and

10 further comprising an epithelial cell layer extending beyond the periphery of said lens core.

43. The ocular lens device of claim 41 wherein the carrier comprises a material that

is bioerodible or biodegradable.

15 44. The ocular lens device of claim 43 wherein the carrier is of a size and shape

suitable for introduction onto the eye.

45. The ocular lens device of claim 43 wherein the carrier comprises a material
selected from the group consisting of collagen, gelatin, starch, glucosamine glucans,
20 proteins, carbohydrates, polyanhydrides such as polylactides and polyglycolides, their

mixtures and copolymers, and polydiaxanone.

46. The ocular lens device of claim 1 wherein said lens core is annular and has an
opening between the anterior surface and the posterior surface.

25
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selected fromthe group consisting of collagen, gelatin, starch,

gl ucosam ne gl ucans, 20 proteins, carbohydrates, polyanhydrides such as

pol yl act ivi@s2/eq883 pol ygl ycol i des, their m xtures and copoPgMEREL/22633d

pol ydi axanone. 46. The ocul ar | ens device of claim1l wherein said |l ens core
is annular and has an openi ng between the anterior surface and the

post eri or sur f4tdhepsulaslenpdedtoeBdanPCwhesi said BB carg compsisescigplaeed ens
device of claim1l wherein said | ens core conprises replaced keratocytes in
sai d | enskeaweytedd. sailthlenoeott.ar | ens device of claim 1l wherein said |ens
core conprises replaced 5 epithelial cells covering at |east a portion of
said anterior surface. 49. The ocul ar | ens device of claim49 wherein said
| ens core conprises replaced epithelial cells covering substantially all of
sai d anterior L?é’!r”fﬁlé;gculaf]ﬁer?sodevi%e%ﬂ:ﬁﬂg 1" PherSRshRGEA Whrd Qcﬁn];ﬁ'is%k Q%blﬁzfeda human
eye having a cornea wth an anterior surface, conprising the steps of: a)
preparing the.anterior surface of the corpea;.and i ntroduci ng the ocul ar
devi e of e@ﬁ&‘?h Ceﬁ? 8‘?Vr?§m§9£1gaﬁﬁdar?ﬂé% Sﬁf‘ﬂ?fgér Suﬁg%eeri or surface. 15 51.
The met hod of claim50 wherein said preparing step conprises renoving a
substantial portion of any epithelial cells present upon the anterior
surface. 52. The nethod of claimb50 wherein said preparing step conprises
lifting an 20 4i Thebdduddr lemydevick od ulaith d9aviteesin said densfcamecomprises replaced

epithelial cells covering substantially all of said anterior surface.

10 50. A method for correcting the vision of a human eye having a cornea with an
anterior surface, comprising the steps of:
a) preparing the anterior surface of the cornea; and
b) introducing the ocular device of any of claims 1-49 upon seiid prepared

anterior surface.

15
51. The method of claim 50 wherein said preparing step comprises removing a
substantial portion of any epithelial cells present upon the anterior surface.
52. The method of claim 50 wherein said preparing step comprises lifting an
20 epithelial layer from the anterior surface.

53. The method of claim 52 wherein said lifting step comprises employing vacuum

to lift the epithelial layer from the anterior surface.

27



53. The nethod of claim52 wherein said lifting step conprises enploying
vacuumto lift the epithelial layer fromthe anterior surface. 27 WD

02/ 06883 WRC12/04883L/ 22633 54. The net hod of cl ai m 52 wher ei PCHaESW/12633t | Ng
step conprises applying ethanol to 5 the epithelial layer to lift the

epi thel i al Iayer fromthe anterior surface. 55. A nethod for the
preparation of S4nThscuethed pEelsing sy wheresosaid lifinggtepagontnsisoeanplyige athanelgocor e
conpri sing donor corneal tissue and having a generally convex anterior
surface atie epithalsd dayiento lifinteaapitheléh thylb) frbmthe anteeot suctade.epi t hel i um coveri ng
at least a portion of said generally convex anterior surface; and c)

havi ng repl aced keratocytes repopul ating said |lens core, conprising the
steps 10 of: i) devitalizing said |lens core and ii) revitalizing said | ens

core. 56. The 5et Rqeba BhApdhRarHbd | LAYk Emplieeo! Shapi ng
ﬁggb od o 5;5,; g

sai d posterior 15 sur ace a| m re| sai d shapi ng
step corrprlses ap bl atlve Iaser t o the terior,surface. 58
The et hod of cf ADHPEFRfs By S o P dip B0 ol erigdly
exci mer | aser or other suitable shapin Iaser to the posterior surface.

The met hoBowyex @nigriar siBtags apd p posianier suHass: 384 st ep conpri ses appl ying a wat er

25
b) having replaced epithelium covering at least a portion of said generally

convex anterior surface; and

c) having replaced keratocytes repopulating said lens core, comprising the steps

10 of:
1) devitalizing said lens core; and
i1) revitalizing said lens core.
56. The method of claim 55 further comprising the step of shaping said posterior
15 surface.

57. The method of claim 56 wherein said shaping step comprises applying an

ablative laser to the posterior surface. !

20 58. The method of claim 57 wherein said shaping step comprises applying an

excimer laser or other suitable shaping laser to the posterior surface.

59. The method of claim 56 wherein said shaping step comprises applying a water
jet cutter to said posterior surface.

25
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jet cutter to said posterior surface. 28 WO 02/06883 PCT/ US01/ 22633 60. The
nmet hod of claim 54 wherein said shaping step conprises shaping said

posteri owQurbé@ex to correct at |east one sel ected from tPeT/gsouR2633

consi sting of nyopia, aphakia, presbyopia, and astigmatism 5 ' 61. The
met hod of claimb55 further conprising the step of harvesting said |ens
core. 62. The Ghetlhsdnethod ph¢lain34 wheredn said shiapingetep eonwises shapingssided f r om
human, rabbit, bovine, porcine, or guinea pig corneal tissue. 10 63. The
met hod ofpostesibrsificetecaiart stkabt bay sdladtédzfadmahe gioap comsiingE syopll, aci ng
cells cultured from human corneal tissue. 64. The nethod of clalm63

wher ei N siphgkig Qrbsbydpia, & dstis@etidn.om neonatal tissue, 15 fetal tissue, or
ti ssue bank tissue. 65. The nethod of claim64 further conprising the step

of sterilizing said lens core after said shaping step. 20 66. The met hod of
claim 65 wherein said sterilization step includes the step of contacting

sai d. l ens core wi.th glycerpl.. 67_ .The nethod of clai m 65 whereipn said
sterllization &t é@“ei‘ﬂ%%@g‘ﬂ?%zéfLEB‘%'FOIE%?%%ﬁeﬁ&P igrvesting D% t h
et hyl ene oxi de gas. 25 29 WD 02/ 06883 PCT/ US01/ 22633

core.

62. The method of claim 61 wherein said lens core is harvested from human, rabbit,
bovine, porcine, or guinea pig corneal tissue.
10
63. The method of claim 55 wherein said revitalization step comprises replacing

cells cultured from human corneal tissue.

64. The method of claim 63 wherein said cells are cultured from neonatal tissue,

15 fetal tissue, or tissue bank tissue.

65. The method of claim 64 further comprising the step of sterilizing said lens core

after said shaping step.

20 66. The method of claim 65 wherein said sterilization step includes the step of

contacting said lens core with glycerol.

67. The method of claim 65 wherein said sterilization step includes the step of

contacting said lens core with ethylene oxide gas.
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68. The nethod of claimb55 wherein said devitalization step conprises
renmovi ng epitheliumfromsaid anterior surface and keratocytes fromsaid

| ens cor av0690683he net hod of claim55 wherein said revitaPCrasimesst ep
conprises adding 5 epithelial cells to at | east a portion of said anterior
surface and keratocytes to said |lens core. 70. The nethod of claimb55
wher ei n sai d ra8vikhe methed ofclsinedS heleindsasd déwitabratipnstepplomyirises rsaiotiigens
core on a polyelectrolyte gel. 10 71. The method of claim55 wherein the
corneal tepihe¢léunitiond saidintsidordutfectsanddegato SytefroraIshidriets. codd)

69. The method of claim 55 wherein said revitalization step comprises adding

5 epithelial cells to at least a portion of said anterior surface and keratocytes to said lens core.

70. The method of claim 55 wherein said revitalization step includes the step of

placing said lens core on a polyelectrolyte gel.

10 71. The method of claim 55 wherein the corneal tissue matrix of said lens core is

not altered.
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