; e3e| | ~6T{ kWD 02/ 06883 PCT/ US01/ 22633 PRE- FABRI CATED CORNEAL TI SSUE LE V)
AND METHOD OF CORNEAL OVERLAY TO CORRECT VISION (I1) 5 FIELD OF THE N@
| NVENTI GMoThiossssnvention is in the field of ophthalinol o@gT/Us01/22633
particularly, it relates to a MWHIMWHMIWHIMNLSU| table for use as a contact

| ens or for subepithelial inpl ! | ens is made of donor corneal

ti ssue. The invention includes netfeds* of preparing that |lens and to

techni ques of placing the lens on the eye. 10 BACKGROUND OF THE | NVENTI ON

The vi sual PRERABRMCATED CORNEAL TISSUR LENSAND METHUI OFEGORNEAL,
i mges. The nobst common probl em an opht hal nol ogi st or optonetrist wll

encounter is that of SthjVERLA?WWiC@liI@ECQ*VISﬁ@)(ﬁgiF“ on of an image by
the eye which is out of focus with acconmodati on du 0 an inproperly
shaped gl obe. The opht hal nol ogi st or optonetrist 15 determ nes the
refractive status of the eye agnd. ¢ C ical error with contact
Iensses or gl asses. Many proc@ _:,LED°8E“\V ﬁi@pﬁﬁ@ﬁ oped to correct spherical
ammet ropi a by _npdi fyi ng the shape of the cornea. Light entering the eye is
first focusedTHip inyatienindhe fplidof ophthalaoiegy. dfpreartiearlyy itzeleesto ahe eye' s
overall refractory power. The majority of 20 refractive operations involve
ei t her déeingdsispgpitble foruseasiangntabidennoreior subepithelial implagthtidh eTledemsis. The
procedures in early corneal refractive surgery such as keratophakia and

ker at om hfads b dovir @omichiisiad. | ThedavalivRerklhdes GRthGRtof PYépatiAe atch e ¥ed
removing a corneal disc fromthe patient with a mcrokeratone. The renoved

corneal di.gg; : I 3 PCT/ US01/ 22633 frozen prior to
SlcifiqHES it tne YEA: Q2R

L=A 2 -

reshapi ng t posteri ace W'th a cryolathe. After thaw ng, the disc
was,sfeturned to the eye and r g . I ker at ophaki a, as
de?gri bed in U S Pat. No 4%&@%@ gﬁp I{t t involves inserting

a precut donor corneal tissue |lens wth bevel ed edges into corresponding 5
grooves in reci ptherisuabpyiiam attopes the gxe tosfoppslight naysnaie meaningéuldwegesal bed.
The donor lens is lyophilized and requires rehydrati on before placenent on
r eci pi entlhe orosteommbe probient Am dphtbamatugidt bebptometrish wild Bscomateeisghatexfal | y
consi dered to be unsuccessful due to frequent conplications involving

i r r egul agplesichlgimehétespia, de iyfotm&iondifaalimbesby e ey6 WHIHL o8l béuRGvitand
instability of the refractive result. The problens 10 were attributed to

the techRiGalméiBh aué Eo\’ar%ﬂr&ﬁ:ﬂl}rsﬁglgeggg;lgo}f ﬁe‘(’)b%?ﬁhaﬂﬁoﬁ)gis{ &eogg&ﬁétﬁgtt fon in

architecture of the corneal "ti'sste ens nanil pulation.” For

i 11 SePrgRe e 30 RRATE s SR 35 ol lif<Ee Rl e bitB i Hasen phai 2

and keratomi | eusis al so causes severe damage to epithelial and stronal
cells anfF&f¥F¥pts the lanmellar architecture of the cornea. 15 The present
invention is a pre-fabricated | ens made of donor corneal tissue obtained
fromtissue sourMary preeeduses hayerheenodevalopedito conrentespheritad aigretropim by cor neal
disc that is preferably shaped on the posterior surface generally to

conf or m inodifimgehd shapbef theeomeanLipht entesing fhaege isHet foonsdibyy e ¢rne, may be
shaped by an ablative laser, e.g., by an exciner |aser or other suitable

laser. ThaichQioseBleslaBprlokindibly 739 bfth8yd’s §9diall FIRAIRRBoNEL THRGRRjbi92EN:

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
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20 lyophilized, or chemcally nodified, e.g., fixed wth glutaral dehyde to
crosslink corneal tissue. Pre-existing keratocytes are renoved and then
repl acedwy d2fdcgdman keratocytes to decrease antigenicity.PCAuUser2z6a3oval of
epitheliumin the central zone of the recipient's cornea, the lens is

pl aced on this zone in the sanme manner that a contact lens is placed on the
eye. 2 fr¥¥anQ# ¢ 6SA3haag HSQbsRABArAce with o eyalethe! Adied thawingy thedisowaar t  do
not use native cornea, but are fornul ated using sol uble collagen such as

col I agen Sevé Rk iuai¥et hyl met hacryl ate, or ot her
bi ocorrpae‘l éecpgrr):[klere?’a?Igi.selgor exanple, in U S Pat. No. 5,213,720, to

G verchia, soluhle collagen i SA § SAREEHRRD
artificial |ens. Hllﬁefﬁtaaﬁ%‘%ﬁs?% glbl%g’lrgg%gfg{ R%‘isé ggt]i.’ ES&@%A 715,858, to

Li ndstrom discloses | enses nmade from vari ous pol r silicone. an

cel | ul ostvabies Msertingapragut dongy qoﬁ?ag%s@% iq;gﬁgpgﬂgg%@,cﬁgegﬁgtgscogggﬂogg}n%em
tissue, the lenses are either corneal inplants or require_a separate agent
t o adher grdolves inamsiptent cdraea: SFhedans isdlen sutuged fothe cowea bsd.1 Fle danpr lens 185 hson
et al., and 5,919, 185, to Peyman, relate to a disc of corneal tissue that
10 i s pakophilizéd ahd eRjulreelely datienbefdre placetrentran retipiecoinga. | ens devi ce
disclosed in U S. Pat. Nos. 4,646,720, to Peyman et al., and 5,192,316, to
Ting, is attachedodGaiqRbLiHd (REE I8Pttt WefdibneRsly cbhadsed red i nl ay
described in U gflhéﬁat .c N(gl 4,676,790, to Ke%:é, is gonded to recipient
cornea using sutur.es er | di li:cal i o Gl Regdhesi ve or
crossli nk‘Pﬂ%%Sé fl}l%ﬁo. h? e%%&oétcag?nﬁqé‘r’]@gglgvlﬁg@l%;hsﬁ%?]gnglnlrlfven ieon does not
alter the apatom cal structure of corneal tissue. U .S Pat. No..4 346, 482,
t o Tennasurgical healinggeorng §<@§ﬂ%ga'ﬂpﬂwsr?3’%%ﬁ% g@t”ﬁ%‘ﬁ‘%’ﬁ rﬁ%‘ﬁsi ipﬁ%bl%rps donor
cornea that has been anteriorly curved for correction of visign. However,

t hi ¥ | ensversattnmgehtoghe tachnicalcostplgxitipfdhe procedurrs agmvedlas te the AEORtigndR oy
keratocyte death. U S. Pat. No. 4,793,344, to Cunimming et al., also

descr i besrehitdeaay ofdhe corheal aissiel sseatrlatyetodenshasnipwatierd | Faredaople neat ment  wi t h
a glutaral dehyde fixative that preserves the tissue and prevents |ens

swel | ng.eiklgofiaRAl BRfelidl i dafifyds Brfitéd B¢ Iydphilizatiodfoftiedsmor fenal

| enti cul gpg{% ag?é)ssl rﬁi‘fi‘i ng1 theéti sdgﬁe. Furt?}teryump)re, the cited docunents do

not sh Owﬁg%mr&g@ﬁ? f]en?lfcuhL. ?rﬂﬁcg%{oﬁﬂzﬁﬁ?{n%ﬂ&r&tﬁﬁ?ﬁ?ﬁﬁ%ﬁ@ cAlRbd ¥ReleQhalifigt td | Ssue

cells an em w s cultrvated fromhuman 25 cornea. My

inventive device |s devitaliz of tjve.epitheliumapd k tocytes to
create Wt@lﬁi F’B%@tﬁ@nﬁé? i@ﬁi&%@&ﬁ%hﬂ'&y&pﬁ“ﬁmﬁ?&‘ﬂ‘a Pﬁ@ﬁlco |e§'s ue, and then
revitalized with human epithelium and keratocytes, An attenpt t.o construct
a sbScal | ed "cor Abapreseridueention isaprerfebriced leromads of dgner cqsagal tiggpe
5,374,515, to Parenteau et al. However, the collagen used in that

"equi val esttdinédstromttmburesbufees sudhmsibmmanen doimal semeadThy lens isra @sReabdisc The
added keratocytes and epitheliumare also not from human sources. The
tissue ushiids phg&ablgehhpedwnitié poderivraatfate generatly 2 sanfoumi ireshhpatyi the eyss
excinmer laser is used to reforma cornea via the "laser in situ

ker at omi | &9@3&%@%@?% RV REEE WS maybelshhSed by A HbIR e 1458r, @5, ByRin dxafmdr | S

used to per
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 zo.ne 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.



phot oabl ation of a corneal flap or in situ photoablation of the exposed
stromal bed. Studies 10 have shown that the inaccuracy of correction by
this progefMiksdsey be as nuch as one diopter fromthe desigrasovataiz. Lenses
(contacts and spectacles), in contrast, are able to correct within 0.25
di opters of the desired value. U. S. Pat. No. 6,036,683, to Jean et al.,
shows the use ofOeaulheisgses foundds tepsridriaet doarat @se nitveronrea, iiterd faseulattdanges
the native structure of the cornea by irreversibly 15 coagul ati ng col | agen.

Post - | as %Ein%%ﬁtsﬁtéoﬂﬂgé?fsuephé SlRBen BydiOkel DRSS flghydrddyeitiylfethi@flatpoi . Thi s

i nvention, however, ih sone variations relates to a pre-fabricated donor

o2 B B, S SR S |7

I
preserveé’ ony or normal corn tissue. ens may be
obt ai ned from hynman .and imal squrces, is devitalized of native
ker at ocyﬁ@]é‘bléﬁﬁﬂéﬁntlﬂgﬁlmrﬁsﬁéf tﬁﬁr%ﬁ"@? P, Ak lcﬂﬁg‘?ﬁe?n Qcﬁ%mfrhté’n 20
optionally revitalized with at | east one of human keratocytes and
epi thel i dlydrogelssUtSo PataiNet 4i745,888,.d0 Lirdstrom;, (lisglesesdenses made §ﬁm WERUEi ty. The
inventive corneal overlay technique nmay be conpl eted under |ocal anesthesia
as wel | gvﬁlwgrsﬂicoﬁﬂeﬁlﬂheﬂﬁlase avotitd hityrateai | abi | ity of a precut lens wll
greatly decrease procedure tine, patient cost, and risk of operative

conplications. Theahddskwherédcult® ¥nseusdicoineal $8ud)ehe Relsis e iher tentdle
i npl enentation of a 25 lens already repopul ated with keratocytes. 4 WO

02/ 0G883 .PCT/ LIS 33 ' docul t my

i nventi od™g an{aéeogifécﬁélgaa egg‘real&na%feﬁ}mgﬁl% “’ﬁﬁﬁ}éﬁﬁ‘?%%%rh?’gs?ﬁggﬁ%. onis a
pre-fabricated ocular | eng deyj ing a |lens cqre jmde of nor_ cor neal
[l sue 1 romlei 8o e B0 SO T8 TR R AeBpan ko adied comed 1§8ts B8 nay
be used as a contact |lens or as an inplanted |l ens and may have a %ener ally
coniex aris partially exerttizely embeddeddpsiromal The ogulaisandevigrolisdosedin Yek-F3ke. The
stroma portion of the lens core may be repopul ated with repl aced

ker at ocytNes. 4)6d6,7De, taPepmanet aynhdsdI2.31@rteTinglid attachadtogedcip®@ntdorheaa

repl aced epithelium The | ens core adheres to recipient cornea w thout

sut ures Qgiiphlierles. 2TheEdrical iMhe Hésetibed 1h18.S| BRSNB04,676/790, b6 Kea, isthimhidgd tsed t o
correct astigmatism nyopia, aphakia, and presbyopia. The | ens core may be
made of t § ' . [ j ; ; , the

i nventi vel%ggﬁgﬂryangeahas\'f@e %‘Q%F%rklgste §Q§t& égfs%ﬁgfgg}g%rfét adl%?m?\eﬁﬁg%gw cor neal
tissue of a ﬁgl;hr.lesglondi ng thickness. The lens core is not frozen,

| yophi | i 28088 EROHIEYI 'y treated with a fixative. However, variations of
the device may contain therapeutic agents, gr owth facfors, or

i mldosuppr essi véhe geweslensdeyicraf this Amvsntipn degs nof altsrihe apateypicalstaictizs 1og
for preparing the lens device. After sharp dissection of a lenticule from
donor corofeatnesl tsue, Uth®ah dbr. 4,346,482, 1o fTgonant st 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 tissue 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



20 shaped using an ablative |aser, such as an excinmer |aser or other

sui tabl e shaping | asers. Native epitheliumand keratocytes are renoved and
then reRl@esekssps desired, with human epithelium and ker BCOUHOIER633An0t her
portion of the invention is a nethod of corneal overlay that involves de
epithelialization of a portion of the anterior surface of the recipient

cornea apcheplaaediRndal GiksudSaridthen revitalizedevitichninaan ¢pithelinio\and keatsopites.hAn
anterior surface. Another nethod involves the 5 W O 021 06883

PCT/ USOL 22633, § RaRAGS! 3b-SR0R* @rhél tisfucleq@iveiRh Ivedsishbwh s BL&: Pay Nauct i on or
ot her procedures and pl acenent of the inventive |ens beneath that

epi theli 3,!;%%@ fcgg%fg%ﬁgﬁ%s%%f e%lllw mgf"eﬁhﬁ"dfeﬁt”]is bBtafhed

superi or Vi ew 0 e eye lgure 2A I's a side view of the

focusing point,in opia. Figure 2B is sjde,vi ew of | l.Qt
correct e@mmboﬂnﬁtt?&ﬁﬁ@t?%le"f F?%Pa'cﬁﬁ?/%ddﬁﬁker ocyﬁ:g a@%%ﬁg}%ﬁ ?aéﬁfgl(ggSA i s
a side, cross-sectional view of a pre-fabrjcated donor lens. 10 Figure 3B

i s & si deot frmobemaesairessa Theitissueamsing these-oell spiterngaproersdvess 15 dSQ AL t abl e for
correcting nmyopia. Figure 3 Cis a side, cross-sectional view of a
pre-fabrfggteed donor lens suitable for correcting aphakia. Figure 3Dis a
front view of a pre-fabricated donor | ens suitable for bifocal use. 15

Figure 3Eis a W&chﬁ?%&r%@@eh%%foﬁﬁ §biita viaqhdilgser Isihekaatpnsietsished
away fromthe cornea of an eye. Figure 3F is a front view of an inventive

| ens havi.n overl appi L t.hel ial s ' | de cross
secti onah&]iﬁ/pf)‘fceflﬂ‘rg ) E’P@g 8 %gh#gﬁé’aﬂl—ﬁrg@égiﬁﬂﬁgﬁgév@ oilggi%ghg\ég?lggl: secti onal
view of an inventive lens in a carrier,.. 20 Figure 3| | ROAt ¥ of an
annul ar Pheteshlation qf@rornes] fap ar @f”é‘t?g‘ﬂg’aglag?rﬁigp@?a 8§%°S§%§?‘|§8%1§1%ﬁ'v |Sie4’{vc\;Ef é({)gf t he
Fig. 31 lens. Figure 4A is a side, cross-sectional view of an area of

de-1@pi t hbhveashowedhat sy ivaesvracysf gemegsionhyrthis preseduteanaycbe 45mighasOef | ens of

the present invention. Figure 4B is a side, cross-sectional view of the
donor | egdfppeirifiein thedesiraitahm [@nsesdcomtacin and spept@ales)sin 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 itreversibly
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 coreal 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

235 lens already repopulated with keratocytes.
4



WO 02/ 06883 PCT/ USOL/ 22633 Figure 5 show a series of steps for introducing
an inventive | ens subepithelially. DETAILED DESCRI PTION 5 The eye is

desi gned?;\l(fozf/ﬁﬁﬂés i ght onto specialized receptors in thegrUSnazsBat turn
guanta o I ght energy into nerve action potentials. As shown in Fig. 1,
light rays are first transmtted through the cornea (100) of the eye. The
cornea is tranmpabttie ditee dbourhdits iogslor soggranng oventionas deseribéd hereincol | agen
fibrils. The margins of the cornea nmerge. with a tough fibrocol |l agenous
sclera (102) and is referred to as the corneo-scleral |ayer. 10 The cornea
(100) .is the portion of the corneo-scleral |ayer enclosing the anterior
one-si xth of the eye. The snooth curvature of the cornea is the nmgjor
focusi ng power of inages on the retina (104) and it provides nuch of the
eye's 60 diopters of convergi 19 DOVe o _£0r nea i yan avascul ar structure
and is sustained by diffusion BN Rt ol YEEHT rom t he aqueous
hunor (106). Sone oxygen is also derived fromthe external 15 environnent.
The Svascul ar Thit inventish is hgre-fbricatedeerlarderssdevire hamingidgaheare Mads et ¢ he
tissue, increasing the success rate of corneal transplants. The cornea
consi st s dofiof doreeal diyie frond tissue sowtesssuch achurnan 61 angmlalgorsea: akliefderibegppyanous
epi theliumwhich is about five cells thick. Failure of epithelialization

results i das&gpi&?ﬁum 14ri3%r 84 APIRHlaRER A8 dndRiaf Rhved gaterdlly agver atedorpi ent
cor nea. e epitheliumis 20 supported by a specialized basenent nenbrane

k B : nb Wi i |

Crow 25 SO RURIENEsplOhS ol S, R0 RO bramigele
f hi ghl I f f d | | A tive. tj f ]

O s GoL PSR OB RS,

can be stinulated to synthesize conponents of the connectjive tissue. The

i nn#d  surwitice replaced epitheliuwp Tix losswae pdieresdo 1ecmient Popsa TEhqus SYHIRCS T by o
| ayer of flattened endothelial cells which are supported by Descenet's
menbr ane, other\adhyriiginatérialsast i ¢ basenent nmenbrane. As previously nentioned,
the focusing power of the cornea is primarily dependent on the radius of

curvature of 1% s &drbMayVévafibasly Lised s @Biréct aﬁﬁ%}lﬁaﬁﬁm, intyopicgupleakie, add
i ncreased curvature of thé cornea (200) causes the focusing point of |ight

i or o WE9gpfl OBAAsIcoRr e it Bftusptc of ROg Bl Sorital e, S0ay? 1

| nventive_Lens structures In first, variation. of I i ens, the
physi cal %‘Hﬁﬁ’i\v E%aﬁ%‘ﬁ UL ’?V?Igw(?ﬁer!f 3w haves ciq{gy (%lr%ﬁt gg%a{)%ﬁw%\gﬁmhpo n
installation on the cornea, supplenments the curvature of the.cornea to
corlBct atnoraltissue of gicoresponding ihigkness 1 Thangns eors 1%1%%50&?“, Wléﬁaa?r
presbyopi a," and aphakia. Qther variations of the Lens may be shaped to be
pl aced bedteatitallyHecatadt with o fixative: deweykr,tvadatienstof terdevicednay epnddlve as a
source of nedication. Typically, the lens core nay conprise or consi st
essent i al {hérapbutacaichts] srowdiofetors, or dnmuaaduppiessiveagentst has been devital i zed,
e.g., treated to renove native keratocytes and epithelium to |essen the

chances of tisaysmbRl@RbdRRAt SHfle iMiEMicH is h isthodRE biephtitig ARMbdsAdeviced,

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



e.g., treated to introduce at |east one of human keratocytes and an
epithelial layer, to allow . and to support continued use of the inventive
| ens invpﬁ)%&is?p the eye. It is within the scope of thisPCTvsei2633 t hat
epithelial cells be (often in the formof a discrete |ayer) be placed on 20
at least a portion of the anterior surface of the inventive lens. In sone
vari at i opgpSfary fpatafieaof thecepitaeisal tiasuk byfsuttion amdtheripocesurdsané placérhertse
so-covered. In one variation discussed below, an epithelial |ayer wll
extend b i ore and optionally the | ens be
carried @@g%@%ﬁ?g%@%@éﬁgétrepgﬁel{aﬁgfsuiéS used during placenent in the eye
and | ater disappears. 8 WO 02/ 0E883 PCTI USO01/22G33 The inventive | ens may
be placed on a host eye fromwhich at |east a mgjor portion of the native
epi thelium on that cornea, has bee Pr.ef i this variation
of the inventive pr oceduM@M&ﬁT ﬁ@%t;gel i um has been
renoved from the region upon which the inventive lens will be sited. The

l ens may al so b&igiraddslasepesiat.ferosstsastianabyiewiftheeyeum | i fted from the eye
surface during the procedure of introducing the lens onto the anterior
surface of the ImgireCorisaaiderview of tHedbcising pintda niyepizat h t he surface of the
host cornea. The Inventive |ens may be used variously to correct refraction
(because of its _ﬁ%ﬁe% iﬁ’é side VIBY oP% fd&?ﬂg?bﬂbda&&e@hﬁﬂa%ﬁ@ theusitetoof

i nfused nedication to the eye. The donor Tenticule or lens core nay be
obtai ned from other human (all ogeneic) or 10 foreign tissue (xenogenic)
sources.c‘){ﬁfﬁq‘{)ep i ?8°r§38"ﬁogeni c sources include rabbit, bovine, porcine, or

gui nea pi g corneal tissue. The ocular l.ens cpres I cOo from
transgeni c cor ndigure3dsisa sige, E’i?lsﬁé%ﬂtw’i‘?lé'é%og? BWﬁ{g‘Bﬁc%?cfg?Por Freﬁls‘rrany
instances, it is desired that the architecture of the corneal |ayers in the
don@t ed tissue, Fipurer3® ivalsideocroesrbectiona)véewraf # pse-fabrigated donor lens saitable, o
tissue or the stroma, be substantially preserved. The "corneal tissue 15
mat ri x" ifs Joneetingomebpiahi n | ayers of collagen fibrils. The term "donor
corneal tissue", as used here, is neant to include donor or harvested

Corneas or Cor ne@byfel S 1G SR tRsEsAGiohAliew Of # Bi-fabiiSdtedd o léns suitable
Additionally, in st variations of the invention, it is highly desirable

to preservecot he.anézlr ar surface of the donated corneal tissue as found
beneat h tf?fe HEPRER Sjuthel ium The donor corneal tissue is not to undergo

harsh treatnents_suc s 20 lyophilization, freezi 0 . Lcal
fixation. NevertﬁgP@L}gflﬁacg‘?%t Véfg’?‘rﬁ%?H@éfagﬂgqt?‘g‘gqné’r?%sﬁﬁga}b?éz@?%hf?{iﬁgg%orti on
of the anterior surface of the donor lens, e _g., .in tpose i.nst ances where

t held nventi ve | ehiguestIRistaside, crossraetionsl viey 93&'6@18-13@3 ea%m%ﬁwqeaﬁévaaevi ce of
this invention desirably includes Bowran's nenbrane, where the donor tissue
i ncl udes ftdm thHe@ormeanf anoyd.he native structure of human 25 epithelium

Again, it is highly desirable to harvest from donor sources in such a way

that 9 WO 0FQR89B iPehohiSEiwdE @3 Invehtvalehs havigniresvertapping fepitieliablaper. t he
epitheliumis preserved. | have found that these native structures have a

super i of abi | ifhore BRY HoGHInAdolrlslsBlridrHPvib@OF R Figath R st eps di scussed

bel ow, to suppo o maintarn the replaced epitheliumal so discussed

oo 11 bt el M AR SR en 2,
preferably at |east _90% of ,that o man corn@gs.l El ssu:gls%a Cm{ﬁﬁ:ﬁ’?‘%ﬁn I ng

t hi 2kness. TheFigweshisa fpntiaewel an iKFEHYY 199 We ¢S
appropriate to performthe desired correction, and generally is | ess than
about 25 sevticmabiviewrof the BigeBllohy i s bet ween 10 and 15 nm The thi ckness of
the resulting lens is, again, functionally 10 appropriate to performthe
- desired correaqtig@@ 4Acis@ sideg e1ves-sdctipndleday bhanars® of devepithelielizedeé@piatt] y

bet ween 5-100 Vim As shown in Fig. 3B, a lens core (316) for nyopic
patients do?l%%ﬁ{réﬁged 8L v ARk Yptis] Nhs b thelraeatinvafionl scussed bel ow, in

such a way a generally circular region (318) in the center is
flattened in it.s anteri ok, C . W j i ' 15 lens
such as is shoébﬁ"ﬁenﬁ'is&ﬂ%’ g#%ﬁ#%?%ﬁ\ggfﬁgﬁgh@gﬁaﬁpﬁ lgm%tﬁ)inc ker
center (322).and a thinner perimeter (324). In general, the shapes

di sé¥ssedepPicBl &8 nji |l ar to those found in the so-called "soft" contact

| enses and instruction may be had from fhat technology relating to the
overall formof the | enses selected for correcting specific ocul ar

mal adi es. As shown in Figs. 3D and 3E, the inventive |l ens may al so be used
to correct



* providing support for t

20 presbyopia. In particular, to treat presbyopia, the lens (330) is also
provided with an generally opaque annul ar region (332) adjacent the center
of the deyishsssine open center (334) preferably has pl anBeT/®R81/22633
characteristics and an effective dianeter of |ess than about 1.5 nm
preferably between about 0.5-1.5 nmm and nost preferably between 0.75 mm
and 1.75 mm Fihgred hNowtLterief of tegs fopimmodacingan {Bengvaentemepigiclialpa or

"pi nhole" is generally 10 WO 02/ 06883 PCT/ US01122633 forned and sel ected
to be less than the pupillary dianeter of the host eye in daylight. This
creates a "pinhole" effect, thereby | engthening the overall effective focal
| ength of the eye and mnim zing the need for the eye to accombdate. O her
bi focal |ens designs can al so be incorporated, e.g., concentric rings,
segnented or sectors of the an ro.fegl } 5 or progressive
diffractive. Fig. 3E shows a sﬂﬁgiAg‘-b,nggégggg. vi ew of the inventive

l ens (330) shown in Figure 3 D, adjacent the anterior surface of ﬁ cor nea
(348) to illustTheeye trdesigned tofoguslight pniorfpecigligedeeeptprs e sTiathai anet er
(336) of the opaque annular ring (332) is generally selected so that it is
smal | er faggudnkeoflighrenapy (@3 aprvefactidrepqiemials. (Ssihownrinthig 1 light regvary in 10
|l ow light conditions. In this way, the eye's cornea and |l ens and the

| nvent | Ve, GARAAOPREGICH he cSHEA(R0YBIE B0d. TREEaiRa s liagifaramadseto the b

t hough t center o opaque ring (334), but nore inportantly, around
t he periph of .t o] ' 1ot Jeflfat ging | ow
| i ght coﬁ@ﬁb%ﬁﬁ@?mgﬁﬁngﬁﬁﬁﬁgééQ?%gé?§§¥f'g%ghbgﬁgfgﬂggggﬁg%ﬁ$%%‘Fgﬁs core
ei ther by placenment of a 15 itable dye, .i.e.. by " hRga., or by
pl acementough fikracoHagenqps éqjl?’??g@&f}émd%’g&%%ﬁ @ngﬁgé%éliepag?%}g%_ g., Dacron
mesh or the like, on the 8o§terior.surface to filtgkgli h} rayﬁ. %Iher
pl ddenment s of t Heheanomsas(d 00 in ghe(@etion efthe prrneorseletablauer engloging thagigrior
anterior surface of the inventive | ens. The annul ar ringt(SSZ) itself
pr ef er abloye-kikthiof the ey abheesmantly cyrvpiasofithe tarpea istibsmajop lacugiogporver olci dent
visible light, but nmay be chosen in such a way to be | ess opaque 20 or to
correct %5%% oHBhSREHRS (F049 Bnd it pReVi@ishhidhdiTaBeeyeys Shiiopiergpfasoniergingent col or
into a viS|bFe range by color refraction or the like. As is shown in
Figures 3F (i n.front v i § ifRAR dTehtrieatd aadi on of
t he inveﬁPW@% e 3@%gng%ﬁg?gﬁﬁg*gﬁgépg%g§§%E?gggﬁ?%48) as di scussed
above but havi n epithelial ery (352 t
per i pherfx(%@%g[%?het oﬂlsgtﬂgu‘?'éll rgofn&?g} gérqﬁglsﬁeﬁeﬁggf?gﬁﬁggo E%?lng t he
variation (346) with an extra-periphery epjthelial 11 WO 2/$ 883
PCTI4USOL /engig38ngndy Ehe pumoylas nature,pf thercorppaideereases tRHIMYBLRGEFHIERY 8 B&wher e
herein except that the Iens core (348) is desirably placed in a carrier
(354 in Hisgue3hicreakingitipsucess agte ofjeoraca itlapspdant-or ming to the anterior
surface of the donor core lens (348). The carrier (354), as shown in Fig.
3H, desirably seTN&sorneyesmists sNfbieilayess. Hieratter sutfageisVinekby stratifiedt rat e f or
gromh of the epithelial layer (352) prior to the tine that the core |l ens
(348) i's pLAGSH Binbhh Wi 8 8bodlfive Uy thickd BuilurEltFepkidliatizationirenis ey ond
e

t he peri phiery of e cor ens (348) provides support for the otherw se

fragil i thelial layer (3 !
B S Ry L

the fragile carrier (354) during the steps of grow ng » .k hel j 10

| ayéf (3§gpp0m4é>ymmpﬁh??dg‘??sﬁl§g‘§)m%?bf ‘??ﬁ‘wé’Y“ %g‘h‘}’mg‘ég?‘ﬁ%@’% a;l/ler (352)
-- whether the epithelial layer (352) extends beyond the periphery of the
core | ensgiy@4By comemasmoethgpticalisurfags: {The bull of the gorneaydbs s:ﬁ;gtag 19 JAPEE only
on sone or all of the core lens (348) -- and core |lens (348) placed on that
© epi thel i afstrbif borlsktPdf a Righkyregular forfiof derSil collagenoust ¢oanestiveitissuedprmaingt he 15
i nvention. The construct (356) shown in Fig. 3H may, upon proper choice of

mat eri al syl o efige. Oﬁétweﬁré thetl;ﬁnﬂla%fé?@sﬁﬁdl@éhz%@gd ikBratdigtes oettictesem beher eby

epi thelial 'l ayer 52) and core lens (348), as
wel | as optiqnal i j byl & ofithe eye
Gur i ng- 1 ittt syl s Ben e R Lorr R TR, TR e e
eye, the carrier (354) preferably 20 conprises a naterial neeting two
related criteria. First, the material desirably is one that dissolves,
erodes, or otherwi se shortly clears fromthe eye to be treated after the
conbi nation {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

| ayer. Mbst desirably, the carrier (354) satisfies both criteria. 25 The
carrier (354) may conprise a material such as collagen, gelatin, starch




WO 02/ 0883 PCT/ USOL/ 22G33 gl ucans, proteins, carbohydrates, polyanhydrides
such as polylactides and pol yglycolides, their m xtures and copol yners,

pol ydi axgneseesgd C. The carrier (354) may al so be infusedpau/tiborreébscat i on
or other treatnent material, antiangi ogenesis materials or the |iKke.
Figures 3l and 3J show, respectively, a front view and a side cross

sect i onalcoitiea\ls ided sy @layérvfdhattene] dndbtheliFiad@)ls vhiohrge supperted by Degeenier’y ( 362)
passi ng through the | ens body. Although this lens variation (360) is shown

wi t hout - aferRiahd 6oy thid@isticbhsdnfentirclifaene scope of the invention to so
include the layer. Process for Shaping the Lens Returning to Fig. 3A, the

donor core |ens . j j L: | cl | tissue
fromthe donor WIA? g)géavmﬁf]l%@r%%gpépg’%g?%ﬁklgg%ogﬁ%&qlgﬁéﬁgggﬁ ?{15.) . The donor
| ens (30% h%§ a sfilr uct.ur surfa[%;g, t he %Ft erior surface of the.lens core,
whi ch s erdsBERdgat Qrtbe 2aqivis.of FuByatwrs of ifs extgmal prrtagen b} mygpiAcas segn iadijgure e

| ens core anterior surface is 15 harvested preferably to retain the

Bownlan' s 2feareased cuivaiuee efifbe eermes (A00heausenihg iforsisipgapind of lighi rayse(202ht0( 302) .
The posterior surface (304) of the resulting inventive lens is generally
concave ifall shurpef thalrétinay@dn)i In Fipmee 2B} fldtening. thd eedot carvature ofitheavomeal  t he

| ens may be shaped via a shaping step which preferably involves the use of

an abl at i 366) R8Rkts tifdfobalPoiff2683Ci mer | aser, to obtain the necessary power
of the Iens.” Another suitable 20 formng step is high pressure water jet

cutting. Sterilization, Devitali Zg%ﬁ)ﬂv Eg& s%e‘y&ltla!si zation Steps Although
the order of the process steps o pical, it should be
understood that such steps. may. be varjed as_needed .t roduce the,. desired
resul L. Gener al | JA 8 i VRGO G e ipvprtveignse s pBasicd SHpPegspralY fSele Sape. as
di scussed 25 above. The lens core may then be subjected to processes of

st el9 | i zandsanfigsotiomthatunongnstaliation pg the ¢qraps; suppbgentothe/cuspireottbs
revitalization. Renoval of epithelium (de-epithelialization) and

ker at ocyteetne@do ebdiredt abnoratal conditions suthhas adtigimatisne nayopia, hyperopiaf grestydpiap as
"devitalization". The addition of human epithelium and keratocytes will be
referred dnd apRakid. eOtHepvardationd bf the B Aishe sHap&l el isbell %n@qmamﬁteﬁbt ng

those steps Is found just below O her equival ent nethods are 5 known.

POSPat SuPLJ 6 6EnSAhARs GPFkrl ') Bk BiRBiofP L hel ol cel | medi o

and keratocyte nedia are solutions use uring these processes. The "PBS

wi th antibi ot i'[;ysp"ically, 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.



sol ution may contain: PBS with antibiotics 10 |. Anmphotericin B (ICN
Bi onedi cal s) 0.625 ug/m 2. Penicillin (G bco BRL) 100 ILJ/m 3.

St r ept ORyglgRodssd bco BRL) 100 p, g/ m 4. Phosphate buffer eBCHaBIMR6G beo
BRL) The conposition of the epithelial cell nedia may include: 15

Epithelial cell nedia 1. Dul becco's Mdified Eagle Medial Ham s F12 nedi a

(G bco BRL) 3ipk idvertR¥érRlrdy Weplhced ' i t d e pogi
. . y cedemuhdsCeyacomRibiclBat 1Est a evaparl pogiawt h
factor (ICN Bionedicals) 10 ng/m 20 4. Hydrocortisone (Sigma-Al (;g?ch) 0.4

ug/m 5. ol er ' ' i ; PSP :
198" Sipdhd chitiitet %ﬂ%ﬁ%@?@'&‘??gﬁ%’%@‘°ﬁ§%f§mf?ﬁﬁf‘f gﬁl?ﬁ#&rl "

Bionedicals) 5.ug/m 14 2{ 038 : . A i - ' -
M 10. _Tr‘thé‘B’GPﬂYFrHHFﬁ’é"?’|SE§/\?\?%}Q‘8M%8§F§€)ep?h@%ll@%?f%%ﬁ%ﬁﬂéﬂi{%i ﬁ B (1 PCI?Q
Bi omedi cal s) 0.625 ug/nl_ 12. Penicillin (Gbco BRL 0Q 1YW .5 13

St r ept omegion ypeh vductBRe ynveotiviplegs will ‘Pﬁ%‘t%%ﬁg‘?nf F‘??l)éf ﬂiﬁﬂqtﬁquéﬁfg PSP%%;‘/? e nedia
may include: Kerat ocyte nmedia 1. DVEM 2. 10% neonatal calf serum (G bco
BRL} 10 Ryer@fepithéliven [ifedframAhel eyecsirfage during thepropeduigof é@tmue&nﬂ%ﬂ fepN

Bi onedi cal s) 0.625 ug/nl Sterilization Step PCT/USOL/22&33 After harvesting
the | ens,u8hke ifiGiBraamace GRAERE céings ueintotherfindtinmes bepenthethe Surfeepf ithe st ep,

the lens may be sterilized, for instance, by imersion into 98% gl ycerol at
host cornea. The inventive lens may be used variously to correct refraction (because of its
shape) or it may be used simply to provide a source of infused medication to the eye.
The donor lenticule or lens core may be obtained from other human (allogeneic) or

10 foreign tissue (xenogenic) sources. Appropriate xenogenic sources include rabbit, bovine,
porcine, or guinea pig corneal tissue. The ocular lens cores may also come from transgenic
cormneal tissue or corneal tissue 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., 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



roomtenperature. Three weeks of glycerol treatnent inactivates

intracel lular viruses and any bacteria or fungi. Ethylene oxide gas
steriliagbio2ess®y al so be used, but tends to 20 i nduce vRETAISPE2243rage to
stromal tissue. Devitalization Step De-epithelialization | prefer to
de-epithelialize the donor lens by placing it in a one nolar solution of
salt {prekaatdd sntaiatisurfacchbebow te) epatheburh éspresaved. d ave foundithat 2hase nafiveer
four to eight hours of incubation, the entire epithelial |ayer generally

Wi I spl kthydhiredhdved sapéridtaibiliy, paicudity 4t tHbrevithiZati QR OB Scusist HafiH, 22633
be easily renoved. Thereafter the |l ens may be washed in a PBS solution with

ant | bl ot | cSoh8 bR aiRfHid 1RHhiAcA! dbliBeriHR bRD diloussOBLIBR! THRhRHy 8f the

renovi ng t eprthelrumis vi vacuum The epithelium nay be

split fromthe stroma b ans,of suction (-100 - 420 fter 5
fifteen HVAHY tlséuﬁgﬁ%ﬁ&?%gﬂ‘ﬂe%ﬁi %“ﬁEPi“(ﬁ%% Taﬁzr‘%%‘f @a%‘;kéégrlﬁ%g‘%“r’l m t he
stroma at the basenent nenbrane | ayer. Thereafter the | ens may .be shed in
a PBS sobetwicom75lot WOYntang mast prefaraPly abisost 99apof mogwm%ﬂm figse gl
Finally, the donor lens nay be de-epithelialized by placing it in sterile
PBS w t hcadspbnding tidckiness. f our hours and changing the solution nmany tines.
The Il ens core nmay then be 10 kept subnerged in the PBS solution at 37C for

one week to prodifervdradPdihieEbM@E invehtive Rink iefuhctionaltyl afprepridte anperfofine
epi thelium may then be renoved, e.g., by physically scraping or washing

with a | auid : I f;irFa{b% SB¥n i isepi t hel i um
by gentl g%;%glé%éé\og?ev%\}l?lﬁ%grgglg%ggﬁ%c%ﬁglﬂﬁ ari ?ggi on %‘?Eﬁh{aé%gﬁgam lﬁeloi alized

| ens may_ be th i rsed.in.a,sol ution of, detergent .(f le 0.025%to
15% sodi BWSHE@W@EW%‘[ Q’e #‘6(’1938%0%8? retsHlémﬁé?rgg c:r:'k e @Eéftﬁh%a material . A
detergent will solubilize and wash out the keratinocytic material. This can
t akid pl aeppropuate 1o perf@nhibe desiredfcomeqiions ¢ ghaeaarpily less than 889 #E1 MO%% be washed
in a buffered solution with antibiotics to renove detergent and cellul ar

mat eri al predfrablytRtviddnl X e0/umt he de-epithelialized lens may be inmersed in
sterile BBS w th antibiotics for an appropriate period, e.g., several

neeks, Pernaps si x MSRlSSni8 pLe TR EIARLONSH6) BF ARHEDaidiieisyBkhid on 1y be

changed tw ce week n so ances, € necessary to renove
keratocytes fromthe donor. lens, e. when the dongr tissue;li t ai ned
froma t rpat‘#%f@ém ysing e PEoCedHe dscussal %?w’afﬁtsflg}éﬁ ney ﬁi?.t aﬁg’%fgll}’ 8(&%?"6 2/ 06883

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



Revitalization Step Preparation of cells PCT/USOL/ 22633 Human epitheli al
cells and keratocytes are used in the revitalization process. Epithelial
cell's meywoapweszai ned froma tissue bank, but are prefer@onusobtmsned from
fetal 5 or neonatal tissue. Fetal cells are nost preferable, since the
properties of fetal tissue mnimze scarring during any wound healing

process. fdrmedaid §a1€déd tof Hedlasy! thiar the lpapiidryedimbiet ofthe hodtleye imddydighe ATty
trypsini zation of corneal tissue, nmay be seeded onto a precoated feeder

| ayer of c,{e%_bgl; ;y,hi,llreﬁ @ﬂ'&%} glgﬁ%ﬁed{ggm |{RS bverhil effdchive ocal RintheIfHtRd exee! |

medi a. Ce culture changed every 10 three days until the
cells are 80%.confl yent bout 7-9 days. i . M€ W th
0.02% E %@&%&ﬂegﬁfmﬁﬁ B0 AR ploé%]%§| |8g1%¥ P:‘éf?%l?egrg ggsdéfs ?(%ﬁggmusi ng
trypsin (1 CN Bi onedi cal s). Another nethod, of re%repr}e at i n%h% i.t hel i,um

i nvol ves b incornorated, £ SOBEREC BpES, pegmenied Q) secto ﬁ%‘?ﬁm‘“ 201 & Hrbr ane

as described in Tsai et al. {2000). "Reconstruction of Damaged Corneas by

Tr asspl aot pogressie¢ diffraddivegous Li nbal Epithelial 15 Cells," New Engl and

Journal of Medicine 343:86-93. Keratocytes nay be extracted fromthe

remai ni ng st romagigt 35 shtRvs aldide, SidseRectionalwiskef therinWinfive 1éns€330) showemth  and

placed in 0.5% COF| agenase A (ICN Bionedicals) at 37C for 16 hours.

Ker at oc ' ' i i ' Igfured in
y?%%:ﬁéé%%)gz_ﬁd}%%n{ #he H}lﬁ.ﬁbﬁ b BFa goes {343} & 1108 FatS 6driah fektusd du

ker at ocy e epithelia s and keratocytes generated in the

nd L%"r L?E%%%?%@kgﬁ&%‘éaﬁ 'sijr%?e;klﬁ%%fﬁ delréa%aﬁeiaﬁﬁ?llga‘?%@éﬁ?i;)%ﬁ?é%%ﬁ%ffl ene core
Thi 1 o-vistapthd i el Bmbabedansies 613061 b pebd S mRing (RLR | - °

sul fate, hyaluronic acid, and polyacryl am de. Mst preferred is polyacrylic
17 10 WO 0@ OigB8nEitibhsShuthizx g3 thecdye’s cpmealand dens and thedneRIdive letRer at ocyt e
medi a and i ncubated with approximately 3 x |05 keratocytes for 48 hours at

37C. Approgpaiat @i suchhevsediet incidentlight pessés buth thwlgls del center of thhepaquetdet t o
the anterior stronmal surface. Tissue culture incubation continues for

anot her %@%ﬂtﬁnorgﬁgxgé&ﬁm CarfBil helperifitay 8L theRpadue ﬁrégelﬁsgg)r, tdlRsy days. Once

the epit umis genef ated, the polyelectrolyte aws wat er out of

e s e Ba o, 1 U1 L Lhe originel en

aced epitheliumcovers at |east a portion of

the anterior surf e(:: z(iann0 artnqllgs(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



variation of the inventive |l ens and replaced keratocytes repopul ate the
stroma of the lens core after revitalization. 10 As noted above, another
vari ati ogyé2/debgs i nventive lens includes an epithelial | aBE/U$BB263BN Fig.
3G that extends fromthe periphery of the |ens core (348). The sane
procedure as just outlined nmay be used to prepare the epithelial cell |ayer
in the cadyel 52§ Aoskhilartoake inethpli desoribed elséwhdre herirsexsoptshit3higlens pers t he
pre-prepared epithelial cell layer. It may be beneficial in sone instances

also to i @Affsgri?&’ésﬁﬁﬁl y%%&!ﬁ?h'%xﬁeﬁ@@miﬁﬁglﬁ{)g havihp afshapeogeheratly conforming
[Spl’ 5 nt

i mmunosu ssive a s into the lens core further to decrease the risk of
rejectio r renedy disease st I nt of the lens on the eye One
procedurgoﬁﬁr“'geﬂﬁffl‘lm cetoﬁghq (gorll@}g et‘ﬁsza ﬂi/enti on is depicted in Figures 4A

and 4B. During the praqcedure, the donor (300 as_shg ipn Fig. 3A is
pl aced on a 20 phe F%ﬂero(f%f")eéﬁ ﬁhoé?mmg:gg'r#égrb?ﬂéﬁ’%%@?&@ﬁ“&%ﬁ??ﬁéI ialized
(308). The result is the placenent and construct (312) sho in Figure 4B.
The 3§ ens'Firsgt providespsubistratefor grawth efkthe epithelipl laken (G mﬁ%&ﬂwﬂ bet o
forma continuous, water-tight layer (310). | have found that the inventive
| ens bondprélena3a8) Bpliced bhehatepitiliahlyerdBhizda This exiea susface beyondtheadhesi ves,
but can al so be renoved w thout substantial difficulty. 18 WO 02/ 06883
PCT/ USQL/ ;?efi?ﬁéy%%{ét%&e Iéhé‘@ﬁmzPfov&fe@@@béﬁefov&felommmagﬂbrepmeual Bye 5. In
atfon era

this vari it 1s pref e to use a core lens that has been only

partially, vit.al i zed 14 that, t the
Eoi thol | 4P SPhyHE RS (i Wi betgfe B REHER R PP SHhpbaR Bbale e, T
covered with a seed | ayer of i.t hel j al lLIs is also accepta <l ny
event, st proyidegsuppogt 1[05 ¢ garmier (}ﬁé?@gxgng%@@&epﬁgggw ‘%%éﬁ"%‘ﬁ@i‘?m
| ayer (602) and a corneal stroma (604). Step b. of fig. S shows the

pl ate@nentlapdr (A52ucti on devi ce (606) on the anterior surface of the eye
(600). The suction device (606) applies a nodest vacuumto the epithelial
| ayer (602), €Tl comsthationr(35)mftcarricd (B dtdpithelinl layesB5MHgyhatkeritke se a
section of the epithelial layer {602) as shown in step c. This blister
(608) typée}%leiiai ayer {332} ket Beyand thelparishey 00t dokdileds (3A8Y bonct] ¢.g., thee
suction device (606) has a foofprint on the surface of the cornea simlar

e Y S A o o o, i

opened ep‘f‘f1 placenent of the l'ens towards the

corneal stroma rgi.n. (612). bene t hat epi.t hel i,a) . . %tf?lge c. of
Fig. 5 shce) P&QP&M%@%&@@W%%fastsﬁilgwgéﬂgl%'é%)‘g%ﬁﬂlelgggg%lroﬁea eneat h
the native epithelial nenbrane. This Ppr ocifdure has a nqu.er .

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
12



15 of benefits including that of being |less traumatic to the surface of the
eye than sinple renoval of the epithelium It is also wthin the scope of

t he i nverRd enogsss use the preparation procedure for the LAREKusr@eedure in
this invention for the step of exposing the corneal surface for application
of the inventive lens. The | ASEK procedure is known and , unlike the LASIK
20 pr oceg@iicans, pRR&inSWarbohydiates, pelyaiyaridesrsactoaspolplactidesand polyglycblides, of
corneal tissue with a surgical tool but rather only utilizes an ethanol

wash a”dtﬁeiltsﬁﬁﬁ&reéﬁﬂd WdichéealoltliatdaengRid hel i al |ayer for a |aser

treatment. Such a prelimary ‘'step, the washing with ethanol to perturb the
junction bet n the eal stromacand t epl thel | ' 110

provi de a | ay eggngﬁfi?%ﬁmamﬁﬁoo © nﬁ‘g?”i\tpgn eﬁ@é/ag%gr?k ngﬁéﬁfﬁglgr |(£)t§n%)lf t he

i nventive | ens on the 25 cornea), surface. 19 WO 02/ 06883 PCT/ USO1/ 22633 |
have des@RHHEIOZERESIS Ml Oéflth"alﬁléF-physi ol ogi c properties and benefits of
this donor ocular lens. This manner of describing the invention should not,
however, be t dligmes3l dnidAtshoyy, rehpectivelpea Hontview iand a sidesross seciopalyagw of 0

WO 02/ 06883 PCT/ US01/ 22633 | CLAIM AS MY I NVENTION: 1. An ocul ar |lens

devi ce cQAPveERtiNGlend (36D)haliapa centisl operipg (362) passinpothraugh isslend balyue havi ng
a generally convex anterior surface and a posterior surface, and conprising

at | east a@“@’gﬁf' s len§ %B}i&tfo@fb{s@ri%m itholt aﬁ%#aﬂhél?&l‘?ay%ﬂfitei_s%ﬂhxpthk repl aced

epit hel i s covering at |[€ast a portion of said anterior surface. 2.

The ocul ar le device of cl.ai In said posterior surface is
gener al | fc@%?ncr{}jbeel.nv itige o S8éﬁ?1§¢elﬁh\éﬁa§;e§evi ce of claim1 wherein said |ens

core conprises acellular 15 corneal tissue. 4. The ocul ar | ens devi ce of
claiml1 wherein said |l ens core consists essentially of acellular corneal
tissue. 20 5. The ocular lens device of claiml1 wherein said posterior
suritace i s concave. 6. The ocul drocessdoriShaping the bens m 1 wherein said
posterior surface has been

Returning to Fig. 3A, the donor core lens (300) desirably is obtained after

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



subjected to a shaping step. . 25 7. The ocular lens device of claim®6
wherein said posterior surface is shaped by an ablative laser. 21 WO

02/ 0GB883 Wi§-d7/0d885L/ 22633 8. The ocul ar | ens device of cl ai pgiyushieneisn said
ocular lens has a clarity at |east 85% of that of human corneal tissue of a
correspondi ng thickness. 9. The ocular |lens device of claim1l wherein said

ocul ar | eagtaliastich. Redidvay oPGiitheRiin (dSepittRUbliZnYN piill lak@béytdd0% of that of
human corneal tissue of a corresponding thickness. 10. The ocul ar | ens

devi f .M. ' ' : keady b f th
evice o (a&hlﬁlaﬁ’n}z tl(iﬁ@?fo?ﬁ g%e%%hgr S ﬁfg‘?etaht? 3 @é\’ltra}iﬁﬁcfoill..e?ﬁ%a&ﬂt% that

of hunan ‘cor nea sue a correspondi n ness. e ocul ar

| ens devi of claim1l wherein said.J.ens.core consists essentially .qf donor
cor neal ﬂ%S‘E{E@‘} eggf}erp%a%ﬁfﬁrgpcﬁ%sn‘gﬂmegeg cgio af aﬁe?ﬂ%@zﬂ/ﬁ@? eirtﬁl"es‘iﬁsﬁatﬁ% ns

core conprises human corneal tissue._ 15 13. The ocul ar |ens device of claim
1 wher ei mefbedifor ageomplishingsheseisteps isfopad st belewy (Uher aqnivalgat methodsigre ocul ar
| ens device of claim1ll wherein said | ens core conprises xenogenic 20
corrfeal tknesme. ' 15. The ocul ar | ens device of claim 14 wherein said
xenogeni ¢ | ens core conprises corneal tissue selected fromthe group

consi sting of raphbdphatRButferRd sPIRKIPBS) withthn@ibioties, cpitbel celbmledia] aRlue. 25 22
W O 02/ 06883 PCT/ USOL/ 22633 16. The ocul ar | ens device of claim1ll wherein

0 0: . he ns devic m 11\
devi ce o Lo BB e e AR e Broqes 3L The s Wi AENI Ry 00

surface anFI said lens.core anterior surface is the structural surface of
t he donors® ution may confain:

PBS with antibiotics

10 1. Amphotericin B (ICN Biomedicals) 0.625 pg/ml
2. Penicillin (Gibco BRL) 100 TU/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 pg/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



corneal tissue. 18. The ocular lens device of claim1 wherein said size and
configuration is selected to be corrective for at |east one selected from
the groypoeon@esti ng of astigmatism 10 nyopia, aphakia, penaispraeisyopi a.

19. The ocular lens device of claim18 wherein said size and configuration
is selected to be corrective for nmyopia and said device has a generally

circular, flat |ens 9oRuaRME(SidtgAtdrich) 3 x> Nlhe ocul ar | ens device of
claim 18 wherein said size and configuration is selected to be corrective

for aphakia and said gp%ﬁﬁo?@;%ﬁggggﬁgioﬁéd{dagggw perineter. 21. The

ocul ar lens device of clarm in sard sizé and configuration is 20
selected to be bifocal. 22. The.o rJl.ens..dewvi f claim18 wherein said
size and configurati dh ip’énlél’é’lteéﬁrb}gﬂ(g\lgéorﬁﬁql?ag\%/)t(ﬁ@esolf%fnlpresbyopi a and has
a generally circular lens core central region without correction. 25 23

WO 02/ 06883 PCT/ USO1/122®8gicilin (Gibbeo BRL) 400 [Efm! devi ce of claim 22 wherein
said lens core further conprises an opaque annul ar ring having a central

opeg region and peri pheSephioBt (@ibcoBRLY 10 pg/ullar | ens device of claim 23
wherein said ring is forned by tatooing or 5 placenent of opaque nmateri al

on sai d postef or [ e r vice of claim 23 wherein
said central ee%or&goﬁitg’%%&%es%er%?&ngﬁ%bﬁl%sﬁﬁ%wgﬁ about 1.5 mm 10 26. The
ocul ar lens device of_ claim?25 wherein said central open region has a

di aneter between aboltCr#oeytemedidy aphout 1.5 nm 27. The ocul ar |ens device
of claim25 wherein said central open region has a di aneter between about
0.75 nm and about 1.25 IMEM5 28. The ocul ar | ens device of claim 24
wherein said ring conprises a Dacron nesh. 29. The ocul ar | ens device of
cl ai m 23 wherei n sai @. d@44ueomtah valfseram(GilwerBREr al di aneter is between
3-5 nm 20

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



30. The ocul ar | ens device of claim29 wherein said ring peripheral

dianeter is ' selected to be less than the pupillary dianeter of a selected
reci pi entw@yeodsgs ! ow |l ight. 31. The ocul ar | ens devi ce of petaisikeyherein
said lens core further contains a 25 therapeutic agent, i nmmunosuppressive
agent, or gromh factors. 24 WD 02/06883 PCT/ USOL/ 22G33 32. The ocul ar

| ens devileeeasily winzivied.1 Thereaférrthe kensimlagbe washed inasPB® sologemwith @&EBiotics to

| yophilized, or chemcally treated by a fixative. S 33. The ocular |ens

devi ce ofremogat salfldndMdrfiuRk fatetial | ens core is conprised of corneal tissue
grown in vitro. 34. The ocular lens device of claim1l wherein said

epithelial qg) : bSes r eld:s. 10 35 The
ocul ar | ens dggﬁégﬁg}dﬂﬁfg%@n%hg%ﬁe@ ﬁhglglﬁ(}iggﬁlﬁglo?gg&gélthea dlt?‘e um

ker at ocyt onntL.i.se peonatal, fetal, or, ti e bank corneal cells. 36. The
. ocul ar Ielﬁ%' %ﬂe‘%ﬁig?o&ﬁ’flsﬁPWlafy\ﬁﬁeé’P%f’%S‘?HP’a('ﬁgbll'?ﬂ'bggéo mmiHg)c Mists and 15
sai d_thi gﬁ]ess is less than 300 um 37. The ocular |ens device of claim36
wher®i n dHfsenmERateds d dopnthgepithsling typieallyewillsepaetevrom tixost@®a afttle ocul ar
| ens device of claim1l wherein said |lens core includes repl aced

ker at ocythagemay menhyanciayen Thenaftal¢hd lens mhy bk avasheld inadIBS solawordwitens core
I ncl udes replaced epithelial cells covering at | east a portion of said

ant eri or antibfoticeto rémove Vit &l RABBBnRteHa/S01/ 22G33 40. The ocul ar | ens
device of claim1l wherein said | ens core has a periphery and further

conpri sing an AL Bld dbhof Rhi mag velde CHRRIMIAM BPYARH: {1 SRERL PREAOT Sai d

lens core. 5 41. The ocul ar evi . erei :
ant or i or SlFRYEERS sGRiAoNR And opffaing 4830 o o ik, poe iR goreTBy i e
epithelial cells and the |ens core. 42. The ocul ar | ens device of claim4l
whel®i n ksptsubriszgeddp gheRRS golpéon y13IPG famehe 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 dodecy] 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
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10 further conprising an epithelial cell |ayer extending beyond the

peri phery of said |lens core. 43. The ocul ar | ens device of claim4l wherein
the carrgyoxReeari ses a material that is bioerodible or higdegiasabl e. 15
44. The ocul ar | ens device of claim43 wherein the carrier is of a size and
shape suitable for introduction onto the eye. 45. The ocul ar | ens device of
claim 43 wherein the carrier conpriRedtalizaibeSteg) sel ected from the group
consi sting of collagen, gelatin, starch, glucosam ne glucans, 20 proteins,

car bohydr at es, go,lﬁgmyﬂ;&f@ﬁssuch as polylactides and pol yglycolides,
their m xtures and copol yners, and pol ydi axanone. 46. The ocul ar |ens

device of claim er eln:sal d .| re.l n . I ng

bet ween ¢ he. ant iR eaLER el Y Rt ties ooy s BV 3R broGR 05 o6
PCT/ US01/ 22633.47, The, ocul ar .| ens device .of claim er.ei.n id]lens core
conpr i seEprbeliahedlls may by obtyingd from 2 Hssye Pas bubite .Prét%r.a%t%e‘zﬂs fpmfetal
device of claim1l wherein said | ens core conprises replaced 5 epithelial

cel 155 coeen¢amgtahtissueaEetabceilsrare mostgirefrable, aince theqroparti¢ésafdetaiissudhe ocul ar

| ens device of claim49 wherein said | ens core conprises replaced .

epi t hel i alin@sikd scafriipeduring aayveduddibealing/pradessof sai d anterior surface. 10
50. A nethod for correcting the vision of a human eye having a cornea with

an anterior surfgcg eeaﬁpgé%;mofa% e?ﬁtﬁﬂ?al e&ns’:}))bﬁ;n%e tRpsinbatsnber | ]9r

surface of the cornéa; an I ntroduci ng the ocular device of any o

| ai 1- 49 id d ' f . The. mathgd of cl ai

50" wher eF e Bk s EERH G E8 b Bbd Rt TPl i on of
i theli al | ] t teri f ...52. Th t hod of

a1 4 m 50 BopRasts (3o imspupaal ) Tl SmpAre e R Goin HIEEEARE | ol

| ayer fromthe anterior surface. 53. The nethod of claim52 wherein said

| i f¥0 ng ¢hrepdaysmptil theseclsipie BPPnepnilient, abaud 7+9 dayst ResidpaltiddBiaze repyed fr om

the anterior surface. 27 _
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



WO 021 06883 PCT/ USOL/ 22G33 54. The nethod of claim52 wherein said lifting
step conprises applying ethanol to the epithelial layer to lift the

epi t hel i ayolawegsfromthe anterior surface. 55. A nethod por/uste22633
preparation of an ocular |ens device conprising: 5 a) harvesting a | ens
core conprising donor corneal tissue and having a generally convex anterior

surface afgl. arRASHSS iimhleiidéﬂfi@ﬁ&ato%?ﬁ mhddidand Meubiasl witk dpspkintaedly 3m pdveri ng
at least a portion of said general y convex anterior surface and c) having

repl aced ke%tggﬁgsggogash egapé%’. "B a{%&ﬂ?ﬁa%%fn% lmgheg*eguss&%ps 10

of -. E,‘VI ens CO revi IZI n sal ens core.

56. The met hod_ of clalmSS further co risin te of sha

post er i orthemaddedsie the anterior fiemalesugfage. o isgefu %ﬁ’é?g? ﬁorgglpasptoﬁgﬁ?tﬁgr step
conprises applying an ablative laser to the posterl or surface. 20 58. The

. nmet hod of4&hairsn Serataepteanedis isi changedisivary t3vodtp tlreerdayss &3ncg e spithglivm iexci mer
| aser or other suitable shaping |aser to the posterior surface. 59. The

met hed of regérirdteq Ghorputyelediraite gebdvams ngtes oapoftthefens aes prpqiry ofaboat MBBer | et
cutter to said posterior surface. 2S 28 WO 021 06883 PCT/ USOL/ 22633 60.

The et hogl,pfy ﬁhﬁlﬂﬁk%ﬁgﬂ(ﬁ%ﬁé&xﬁéﬁbﬁn%@%ﬁmﬂt ep conprises shaping said

posterior surface to correct at |east one selected fromthe group
consi sting of ny The
method of cl ai m E%P%u#ﬁé‘?@%%ﬁ%’? ALRRid ngPlifh SR BTBIORE e Sis| o
core. 62. The rretL)B_1 od of claim 6& V\/? ‘ﬂﬂn sai d I ens core is har%%s ed from
human, raysiationg eﬁ@z"enb‘bi‘? f and iplask ggto‘gy@s EssoRuate the & OHBeAHS The
met hod of claim 55 wherein said revitalization step conprises replacing
cel I s cul ¢are efferfrevitalizatiem cor neal tissue.
10 As noted above, another variation of the inventive lens includes an epithelial layer
(352 in Fig. 3G) 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.

18



64. The nethod of claim®63 wherein said cells are cultured from neonat al
tissue, 15 fetal tissue, or tissue bank tissue. 65. The nethod of claim 64
further GqegBIbH@RENY the step of sterilizing said | ens corepefisi/Reid

shapi ng step. 20 66. The nethod of claim65 wherein said sterilization step
i ncludes the step of contacting said lens core with glycerol. 67. The

met hod of cl ai mnGthenplcahentpeocddaressatibiigmisishows rePigl HICInthesvdrfatdosies of
contacting said lens core with ethylene oxide gas. 25 29 WO 021 06883

PCT/ USO1/ 22433b16% usU%icdfswﬁe%a@ha&ﬂ)&hmg%Mﬂﬂem&eé ingl 4k g@:}dg@d step

conprises ' renoving epitheliumfromsaid anteri'or surface an cytes

. fromsaid t cl ai 5 wherein sai evi.talization
tep compriaiet e dut huZpIEANTayBl gt 2 (OF ottt 5Bt BR fhal iy
anterior surf ﬁce and, keratocytes to said. | eggs core. 70, The nethod of claim

. 55 wher ei Radially covered with 2seedlayeniof spithglial aells it Rlso agceptable. dpaBy RYediep | ens

core on a polyel ectrolyte gel. 10 71. The method of claim55 wherein the

cornéal t insefiftg. Ashows aontivedye (FeHhavingeni epithelial lyee(6d3) arBba coxheal stroma

As. L. A" . AsA9. A" A {L.As9. A.s. AsUL. As9. AA". A 9. A . Asy. A'y. AL. . AsU . AA" . AL.
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a lens core comprising donor corneal tissue having a generally convex anterior

surface and a posterior surface, and comprising at least one of a.) replaced keratocytes in
said lens core and b.) replaced epithelial cells covering at least a portion of said anterior
surface.
10
2. The ocular lens device of claim 1 wherein said posterior surface is generally

concave.

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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about 75% and about 100% of that of human corneal tissue of a corresponding thickness.

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.

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.

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

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.
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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.
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25. The ocular lens device of claim 23 wherein said central open region has a

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.
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5 33. The ocular lens device of claim 11 wherein said lens core is comprised of

corneal tissue grown in vitro.

34. The ocular 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 pm.

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

carrier supporting the replaced epithelial cells and the lens core.

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.
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Y The ocular lens device of claim 1 wherein said lens core comprises replaced

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

49. The ocular lens device of claim 49 wherein said lens core comprises 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 Sé.lid 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.
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5 a) harvesting a lens core comprising donor corneal tissue and having a generally

convex anterior surface and a posterior surface; and
b) having replaced epithelium covering at least a portion of said generally
convex anterior surface; and

¢) 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. I

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.
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5 61. The method of claim 55 further comprising the step of harvesting said lens

Ccore.

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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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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