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This invention is in the field of ophthalmology. More particularly, itrelates to a
living lens, suitable for use as a contact lens or for subepithelial implantation. The lens is
made of donor corneal tissue. The invention includes methods of preparing that lens and to
techniques of placing the lens on the eye.

BACKGROUND OF THE INVENTION

The visual system allows the eye to focus light rays into meaningfu] 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

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

moditying the shape of the cornea. Light entering the eye is first focused by the cornea,

‘which possesses approximately 75% of the eye’s overall refractory power. The majority of

refractive operations involve either decreasing or increasing the anterior curvature of the
cornea,
The procedures in early corneal refractive surgery such as keratophakia and

keratomilensis were originally developed to correct myopia and involved removing a

- corneal disc from the patient with a microkeratome. The removed corneal dise was then
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surgical healing, corneal scarring, and instability of the reftactive result. The problems

i

10 wete attributed to the technical complexity of the procedures as well as to the distortion in
architecture of the corneal tissue secondary te lens manipulation. 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 comea. 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 suitab_le 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 zone 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.
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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 sohution.

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. US 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 basie structure of
the corneal lenticule by crosslinking the tissue.

Furthermore, the cited documents do not show any methods of lens preparation
that remove ﬁative 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
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crossl i nki .solution. 15 The ocul ar |l ens device of this invention does not

al ter the amatomical structure of corneal tissue. US. Pat. No. 4, 346, 482,
to Tennant et al di sclrglses.a "livipng contact., |ens" consisting of donor

cornea that has bBBFERELATDSIUetiarsiorm aspmenvip dhet laser inpitwkesitomileusisbnever |
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| ent ilul e I5ye shasashat e iprpermey of comagionfbiythih erovmlue; mojhiee wsinhell agd@eunent s do
not show any nethods of |ens preparation that renove native corneal tissue
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U.8. Pat. No. 6,036,683, to Jean et al., shows the use of a laser to reshape the
comea. However, the laser changes the native structure of the cornea by ine\fersibly
15 coagulating collagen. Post-laser relaxation of collagen isnot possible with this treatment.
This invention, however, in some variations relates to a pre-fabricated donor contact
lens that adhe;es 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 comeal 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 ker@tocytes.
: 4
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~wll also 131«13 reduced due to the inplenmentation of a
e lens core may be variously used to correct astigmatism, myopla 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

i5 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 agenis, growth factors, or Immumosuppressive agents,

A second aspect of ‘the present invention provides a method for the preparation of an
ocular lens device comprising:
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 '

of:
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b) having replaced epitheliumcovering at |east a portion of said generally
convex anterior surface; and c) having replaced keratocytes repopul ating
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A third aspect of the present invention provides an
.. -epithelial delaminator for separating a living epithchial tissue region from an eye
having an anterior comeal surface and an epithelial tissue layer, comprising a device configured
for lifting from thie corneal surface, a substantially continuous, living epithelial layer
substantially free from corneal tissue and having at least an edge connected to the comeal
surface.

A fourth aspect of the present invention provides an epithelial delaminator for
separating a living epithelial tissue region from an eye having an anterior corneal
surface and an cpithelial tissue layer, comprising a device configured for lifting from the
corneal surface, a substantially continuous, living epithelial layer substantially free from
corneal tissue and having at least an edge connected to the corneal surface, said device
further configured to be removed from contact with the corneal surface leaving the

living epithelial layer attached.

An embodiment may provide a method of corneal overlay that can involve de-
epithelialization of a portion of the anterior surface of the recipient comea and
placement of the invention ocular lens device upon that anterior surface. Another

embodiment may involve the

ba
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configured to be_renoved fromcontact with the corneal surface |eaving the
living epitheli af'§US/eh Sgsdectrveot afpeusmgarintesrrecirdyby flageniog the antetitrod of
corneal overlay that can involve de- epithelialization of a portion of the
anteri or SHYPHEO g comEar eci pi ent cornea and placement of the invention

‘ocul ar | ens device upon that anterior surface. Another enbodi nent may
i nvol ve the 5a Figure 3Ais 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 inventivé lens in a carrier..
20 _ Figure 31 is a front view of an annular inventive lens. Figure 3] shows é 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.
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- DRAW NGS- %Fi gure 1 is a superior, cross-sectional view of the eye. Figure
2A s a sid@ U8R of the focusi ng point in nyopia. FiguPETRBIHBH side view
of a focusing point corrected by flattening the anterior curvature of the
cornea. Figure i L de; : i vi ew.of ,a pre-fapricated donor
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donor lens suitable for correcting nyopia. Figure 3Cis a side,

" cross-sectional view of a pre-fabricated donor |lens suitable for
correcting aphakia. Figure 3Dis a front view of a pre-fabricated donor

| ens suitable for bifocal use. 15 Figure 3E is a side, cross-sectional
view of the-Fig. 3C lens positi Mt e _cornea of an eye. Figure
3F is a front view of an invent =€ , a—-over l.appi ng -epi t hel i al

| ayer.. Figure SGrfzhovvs Si %S’ gros{sﬂ}secti onal view of the Fig. 3F |lens.

Fi guré 3H shows a & & COSR DR oPloshrctizedrersptosninherefimibat n a
carrier.. %%@urg_éll is a front view of an annular inventive lens. Figure
3J shows ‘a g phAght exsagy inaerve AClep Rofentinle. AF ghowain Fignd, light s we4A i s a
side, cross-sectional view of an area of de-epithelialized recipient

cornea pr ?t@cﬁ‘s‘?ﬁe‘g Heaishdhagemes pi00rof the eies The cerhen ip ransparentidue trthé on.

Figure 4B i s aside, cross-sectional view of the donor |ens after placenent
on_ 25 recﬁlghlgﬁ{ga@WQMe of its collagen fibrils. The margins of the cornea merge with a

tough fibrocollagenous sclera (102) and is referred to as the comeo-scleral layer.

10 The comea (100) is the portion of the corneo-scleral layer eﬁcloéing 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 i.s 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 comea decreases the immunogenicity of the
tissue, increasing the success rate of comeal transPIants.'

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
ﬁecrosis 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 lamellac. Between the lamellae are spindie-shaped keratécytes which can be

stimulated to synthesize components of the connective tissue. The inner surface of the
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corneo-scleral layer enclosing the anterior one-sixth of the eye. The
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the retina (104) and it provides nuc e eye's of
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which is a%}jcgéevtegf?él lﬂi tht'ﬁ(lés Failure of epithelialization results in :
necrosi s of the St SiaPealBy i ot enti al scarring of recipient cornea. The
epitheliumis 20 supported by a sgeci al i zed basenent nenbrane known as
Bownan' s nmenbrane, which gives tH€ § h optical surface. The
‘bul k of the corne&‘;193 he substantia propria _ (strop;a), consists of a highly
regul ar form of d SOBPPERTEH disdnvestinelens. vhe nhiysieal shdpoanendly it of asideanel | ae.
Between the | anell ae are spindl e-shaped keratocytes which can be stinul ated

Rl SeBssB et v : b

to syt hes weshat vprm ipsdlaiom prethe icoraen, sepnicmentithe curmeure sfithttace of t he

7
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 bas 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. Iiis within the scope
of this invention that epithelial cells be (often in the form of a discrete layer) be placed on
20 at Iegst 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. disappeérs_




18 January 2005 . WO 02/06883 PCT/US01/22633 cornea is Iingg bl}/ a%éﬂ%ger of
flattened endothelial cells which are supported by Desce e ne, a
very thick elastic basenent nenbrane. As previously nentioned, the focusing
power of t‘gﬁﬂé&rﬁnea is primarily dependent on the radius of curvature of

u

its extern Yace. In nyopia, as seen in Figure 2A PCHESUASE curvature

of the cornea (200) causes the focusing point of |ight rays (202) to fall

shor{ of the e 0Rcl@n o tELINELoP ok LALA SRR LIRABILEI: gl vt ur e

of the cornea (206) correct ocal pornt ven

SLIuCt T Ottt ald &iho MR bALOBR LARMEN.LEkENTy e BN GA! Shape

L
generally 1s of a and configuration ninsta 'on on the
cornea, suppl.& {H% c f the .cqrn o _correct. abnor mal '
condi tions suc {gé B Ié)é i 6eﬁglgb:é%}rﬁg£l§6/aglqut§l}e f/t%éea%uggﬁagfbe%’rrﬁ@ﬁ‘{fgaogf%? and
aphaki a. var,at.ions of.the |e ; J,Pﬁ shaped .tq b % ced. beneat h
the-ant er "shon WU G SRk Ko a8 e iRk, P BaB lsode pecBb et oy
medi cation, Typically,.. rea | epns core.may conprise or consi st essentially of
acel | gl ar q%ﬁéfepl%lal"&lﬁﬂe :ffont‘ SesRgT dyne Rerpceugiof Aitiodegpg the fens ¢ 1 et ed
"to renove n@tt'bve tker at %égt g‘?ﬁ ﬁnd epithelium to | essen the chances of
tissue rej B PHALHING SEHSH ohihe pest cprmpmer Ip gther instanges Aeneaih ghe sugfagg of ther eat ed t o
introduce at |east_one of human keratocytes and an epithelial layer, to
al | ow andFFoRsHpHINEgHYS shmay beusst vemrslyio evrractrsiipaion (besayse akies on t he
eye. It is within the scope of this invention that epithelial cells be
(of ten i n ShHB) P10t Bitobe used Pgpheiopryvudess sourse of infiesed medicatpnge theepst a portion
of the anterior surface of the inventive lens. In sone variations of the
inventive | ensThadqnoplenticide erdensrcomrmayiref cbtainediftam btberdwmen adlogaheic) or one
variation discussed below, an epithelial layer will extend beyond the
peri phery forignitiesup Greaogrniod seunebso pppopaite wendghec benes beludarabbigboiine,a
bi odegradabl e carrier that is used during placenent in the eye and |later
di sappear goreine, or guinea pig corneal tissue. The ocular lens cores may also come from transgenic _
corneal 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 substantiafly 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 comeas or corneal tissue containing the
“comeal tissue matrix”. Additionally, in most variations of the invention, it is highly
destrable to preserve the anterior surface of the donated corneal tissue as found beneath the
native epitheliam. The donor comeal 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




18 January 2005 WO 02/ 06883 PCT/ US01/22633 The inventive Iﬁgslggy éﬁiplaced
on a host eye fromwhich at |east a major portion of t he TR4ER 2 hel i um
on that cornea, has been renoved. Preferably in this variation of the '
inventive procedure, substantially all of the epitheliumhas been renoved
fromthe r'egH¥¥3tpon which the inventive lens will be sPEBHSHIPAG3| ens may
al so be placed beneath a 5 layer of epitheliumlifted fromthe eye surface
during the . .t r ing .the lens onto the_.anterior surface of

the host coraa oAbl el B bR S et LhivF 48151 s v

“cornea. Thegl ive ns _npy.. be used, vari gusl o.correcf refraction
(because oﬁmPgé%géﬁ§ﬁg%sgfﬂgﬁmﬁ%9mﬁ%§ﬂ§3§&gﬁﬁﬁ? B Femsdiseussebbplens of

i nfused nedj.cation t he eye. The donpr. lenticule or lens core may be

obt ai ned fﬁg%ﬁ%?ﬁg?&%Uﬁ%ﬁmféﬁ?gﬁgﬁ%ﬂ?fg%?ml%ﬂ"%W%thd?ngh%d@%éﬁB ni c)

sources.'AqR&Q riate geno eg%é gources i ncl ude rabbit, bovine, porcine, or

gui nea pi g ‘COPHERTSSES €07 e0re apdleg dn sush away geresllywiflhe atdpash 8 ¥ ermsefiabln

transggenic orn tissue or corneal tissue grown in vitro. |In many

" i nst antes, qefw‘?e’é 9g‘%"s]iofoge/‘tzl apdympstprréerably atpast@%araf thet of enan spmedl tisrapér s i n

t he donated tissue, the normal corneal tissue matrix, e.g., the connective

tissue or tRECHPRERRthigbeessybstantially preserved. The "corneal tissue 15

matrix" is made up_of thin layers of collagen fibrils. The term "donor

. corneal tissue", adeayeral difseter of the nvenitve fems isfohaiidealyopproprate tagevfosh ed

. corneas or corneal tissue containing the "corneal tissue matrix".

* Addi t i onal [e desirpdrpgsrections sk geoerallyois lashibai ahoen?3 om anilimdrsplefegiblyyis desi r abl e
‘to preserve the anterior surface of the donated corneal tissue as found

" beneat h t h&etvween 1Qandeldi nime The thickfis ofithe aesubtiog healks, idags Bficligna®t t 0 under go

- harsh treatnents such as 20 Iyophiilization, freezing, or other chem cal

fixatlln. MNeprepidreiogesfporm theidssind OBREdCHBE eGE Peficdllydessii@nYod hiZ BN Y @

portion of the anterior surface of the donor lens, e.g., in those instances

where the bﬂm@gﬂ}y@mk§p§4§¢ﬁgpture-is annul ar in shape. The ocul ar l.ens
device of this invention desirably includes Bowran's nenbrane, where the

donor tissue includeggifownti F@é]ﬂta%ﬂ} 051%?3 f@tf&rvn?yo%gcrp%ﬁén% & f(?:IneQ,u Tan

preferably using the procedures discussed below, in such a way that a generally circular

région (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 6paque annular region (332) adjacent the center of the device. The open center
(334) preferably has plano-lens characteristics and an effective diameter of less tflan aboﬁt
1.5 mm, preferably between about 0.5-1.5 mm, and most preferably béetween 0.75 mm and

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

10




25 epithelium Again, it is highly desirable to harvest frgr:p dono? ('fsour ces
in such a way that 9 WO 02/ 06883 PCT/USO1/ 22633 the nati ve ey PY
- surface below the epitheliumis preserved. | have found that these native
structur es“}ba%@m%_}superi or ability, particularly after the revitalization
steps discussed below, to support and to maintain the PEPUELEISHEpithelium
al.so discussed below. The clarity of the inventive tissue lens core

handl ed i nismedam RY e BN TASianthd Qféa?a: 'all]&?lsotf X el.oEaR! Yz between
75% 100% - and nost pref erabl'j;j aafl Ieﬂelllgt 001/0 0 tﬁhgﬁgﬁeyﬁ@%ﬁh%}%%@sl tissue
- of  correspeRei NehikHLRES Stherdl ggﬁl ' - of- t Laventive lens is
functionally appgjopri ate to %rellgsflglrl%{ t eth%(g&sel?arﬁgegt%@ggrf%cgpg%ﬂgo TE’ﬁ‘a‘{ﬁeeneral |y

B oo oL A RN T IR ARD (I € U EEELARY Ao BEIREN ARG g2, Tn The

t hi ckness of the re ting Tens'rs, aggaln, uncti o iate to

performth ' corr ion,.e.q, eral | ess than 300 Inn, nore

pr ef er abl yﬁ%gf[é‘%égﬁfég,_el OC%%BII%{S‘E g %\%?‘gnll%? i% .Secgé’f Ofiﬁ? aélﬁglaaﬁﬁg@n CBHBS f or
nyopi G pat | .8, f d preferably using the procedures discussed

bel ow,CS in g@é ggsﬁllgﬁl&ﬁ%%t%’a generally circular region (318) in the center
is flattened in iiﬁs terior.dcurvatur.e. In carrection of aphakia, a 15"
lens such as is shewi TIVEA§deFEosseqispalaievtdihaigraateoepsPaOishewyin hi cker
center ('SZﬁéPragg) a2 t hi Pner erineter (324). |In general, the shapes

di scussed Hel& &y IR PRRVGNYT SHESR of Hepsrea (49) fridusiistecartpip fatusesfof™  cont act
| enses and_ instruction may be had fromthat technology relating to the
“overal | f ofth VaHatione Tﬁ%ﬂ?@@@@%‘ﬁ@ of the opasue é@%ﬁ%ﬁgn%%ééliﬁgme@diul ar

mal adi es. Af shown in Figs. 3D and 3E, the inventive |lens may al so be used
to correctScieslgd s watiy issmaller thandbg dipmetpr(P38) 0 thepupit (33Pds thedps @42tine | ens
(330), is also provided with an generally opaque annul ar region (332)

adj adént tiAw ligatroaditigns. tipghigery. the eya heoropemd den twt thé BReytivpiet er abl y has

Pl ano-1 ens characteristics and an effective dianmeter of |ess than about 1.5
mm  pr ef er®@Bpsatp ét spelen wak Bt ingident 1igh passes batldthougt thpeafee nftht ypdaet vieen 0. 75
rem and

(334), but more importanly, 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 biocompatibie
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




- 1.75 mm The dianeter of that open center (334) or central area or
"pinhole" is generally. 10 18 January 2005 WO 02/ 06883 pCTPJ8D4ary 2663
formed and selected to be less than the pupillary..di ameter of the host eyeé
“in daylight I Se; Creates a "pinhole" effect, thereby |engthening the
overal | eff%gygyéx?ocal | ength of the eye and nininizinﬁcgﬁ@mﬁé@ for the
eye to accommodate. Ot her bifocal |ens designs can also be incorporated,

€.g., Concemysri(ss2y isRAsiar PAFBREEE d0kiEAGIRNEe0h gglop or ring,
"5 or progresziée giffractive. Fi g. 5% shows g-s?gg%x%%%g%?ggé P onal view of

of a cornen (Jaa) ro T Mloarravanc oo BlE i Od SEht R g b Rbrihe “The

~of a cornea (344) to1llustrate certain ures~o

“outer dia ring (332) is generally
- u ot oy o e da fthod A ARAIGLRRNEEG T N9 (338) of the pupil (340) .-

inthe iris (342) 4 . i itdons- in this way, .the eye's cornea

and | ens and the fﬁ%g%35£§%%%%%mbgggggPﬁ#g%%ﬂH%ﬁEﬁnﬁsﬁﬁ9%4ﬂﬁg“mﬁcident .

| i ght pass A he .cent e th ue ring. (334), but nore

| mpor t ant Lyt TSRS AR SRy P e s (377 Ry ot e

corrected sjght ng.low li.ght .condjtions. The annular ring (332) may be

situated on 8113&%{]@% 1%’3?083\18? f':%B?P“@%”glaé{%fé t T8 exira qurtage bavapd thedye, i.e |

by "tattooing", or | ace t of a substantially opaque bi oconpatible
nmember of , P&HBF.‘“*}”Y ‘tfé@/ ‘ES)E“‘* ﬁa%ﬁg&m?‘ﬂ%@s sympart ferthe ptberyidsetiaeile epithakisl daver t o

filter lig ays. Qher_ placenments of the annular ring (332) may be

envi si oned ?g%{)gﬁe GHE ﬁg‘%ﬂ?‘i’ﬂé P Blpcediip prfernesiin g peopeily shaped seecptastesthatTine

‘annul ar ring (332& itself preferably is quite opaque, e.g., passing |ess

t han about "BO98 e¥Ides SERREAPTr the Bpgilecatrientit4) dywing thaystepe ofrowing anepshetil a way
to be | ess opague 20 or to correct other mal adi es such as col orblindness by

shiftilhg akierEPdent 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),
anot her - 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 (348y — 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 carier is used for placement in the eye, the carrier (354) preferaﬁly
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




variation of the inventive |l ens device (346) includes a core. |lens &48) as
di scussed above but having an epithelial layer (352) thafl8dzaemyd0®eyond
t he periphery (350) of that |ens 25 core (348). The nethod for pr oduci ng
the variati on@%ﬁ%% with an extra-periphery epithelial 11 1 8 January 2005
WO 02/ 0688%OBEPYIS01/ 22633 | ayer (352) is simlar to thdCHEBHNGd3descri bed

- el sewhere herein except that the lens core (348) is desirably placed in a

carrier ( 3 nfo to the

ant cr  or <@tk el b BN BupiRRE, S5R0E A e RNl 00 o
in Fig. 3H . .des serves seve funtlons 5 First, it provides a
substrate (e)lll:%mmr\%ifh cf’p(fl%meré’ﬂm dtia A 1§yer (352) pr| or to the tine that
the core |lens | ace n.that. epi 352 This extra
surface beyond I{h al%lf)reé ?Lgﬁ‘éary %’% Seéio"flg‘ ‘éat‘f"éﬂﬁ? tBe\(ﬂ“&e&ngtﬁ‘b%’ort f or
t he ot herw se f agile e 1 el | ayer (352). The carrier (354) may be

pl aced in ?Wla‘f% 15;tppt ﬁf?eera]flif shaped receptacle that,~in turn,-

provides support for the fraglle carrier. (354) during t he st eps._of grow ng
‘an epPthelial Figyresa)and 3(@@9‘)" reaﬂ%m@&wﬁfwa&%‘ﬁ apda (e grostsriordviqnYs)
epithelial |ayer (352) -- her the _epithelial Iayer (352 extends
beyond theang@fﬁinbvfelﬁl}f 60)thméméars@1txabmen{ng&§2)@assm opghythe lophodyepi t hel i al

| ayer (352) is situated only on sone or all of the core | ens (348) - and
core |ens ngh thisilensearigiont(Beld) ispprn svithart angpiheligblaer, it svitinglh in Fig.

3H, is another variation of the 15 invention. The construct (356) shown in
Fig. 3H .nespopaniée ibveoper tochdichulede laxererial s for the carrier, be placed
"directly in the host eye thereby providing support for the epithel i al

| ayer (352) and core lens (348), as well as optionally, nedication or other
treatment materials for the eye during initial placenent. Wen the carrier
is udéd for placenment in the eyBrocefsdocShaping theImhy preferably 20 conpri ses
a material nmeeting two related criteria. First, the material desirably is
one t hat Returning to Fig. 3A, the donor core lens {300) destrably is obtained after

[

shcing 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 epithelivan (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 viaa 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




di ssol ves, erodes, or otherw se shortly clears fromthe exg' to be {)6 ated
_after the conbination (356) of the carrier (354), epithelPdp"fayé §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
epi t hel i al MOR8F833 \bst desirably, the carrier (354) satiRFTE91/Ms8h
criteria. 25 The carrier (354) may conprise a material such as col | agen,

gelatin, s . amn A8 January 2005 WO 02/ 06883 PCT/ US01/ 22633
gl ucans, p%%?%%‘%ﬁ%ﬁ%“hmy%f%’f‘%eél}“ﬂp@?%%ﬁﬁéﬁwm a@%g?{ata“s‘f“ﬁol yl acti des and

pol ygl ycol i .t hei,r. m xtures. and. ol rs, .Jpol.ydi axapngpne, .etc. The
“carrier (3?%@1%{%@@?@ (gml%gf’le :ﬁif"ﬂfé s \)ﬁﬂiﬁg’ﬁ;ﬁ%ﬁ%&&{ o Heﬂ%ﬂﬁ“ﬁé r theaddifint

mat eri al , ntiangiogenesis materials or the like. 5 Figures 31 and 3J
show, res pgféiﬁnilfé‘legl,tg lu’fnra&'rqj‘e 'toéwe%ﬂ&ﬁ?f r§f38'8§ff’raés evidEpignaPngflesale  an
inventive | ens (.360) havjng-a central opening (362) passing through the

| ens body. mhpd (ﬁ%&@%fmipzis ng thpse gjepsit uetésg?)ﬂ-i%th%malwmwd@ﬂsm :
epithelial layer, it is within the scope of the invention to so include :
the | dyer. X%y ocess for Shapi ng the Lens Returning to Fig. 3A, the donor
core lens (300) desirably is obtained after slicing corneal tissue from
the donor with a Hhespbatepufiesedsative PHSHwith antitiiativs, qpithadial @UMedia, Ade donor

| ens (300) has a structural surface, the anterior surface of the lens core,
whi ch  serkesgogyge madia stersobitiopssed duringdiesoprotdssesd Tho FPES witk altibidtissue. The

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

Bowman' s nigfisioamey(opheine t he donor | ens contains one) and epithelium
(302). The posterior surface (304) of the resulting inventive lens is
general |y concave in dhipeijthahtithaiscgh it need not be so. The anterior
surface of the lens may be shaped via a shaping step which preferably

i nvollges the use of anl.abhghdtMRid BSRIN Biofildaidalds.&1% B%al Mer | aser, to obtain
- the necessary power of the | ens. Another suitable

- 2. Penicillin (Gibco BRL) 100 IU/ml o

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/mi
5. Cholera toxin (ICN Biomedicals) 107" M
6. Adenine (Sigma-Aldrich) 1.8 x 107 M
7. Insulin (ICN Biomedicals) 5 pg/ml

8. Transferrin (ICN Biomedicals) 5 pg/ml
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20 formng step is high pressure water jet cutting. Steriljzation
Devitalization, and Revitalization Steps Al though the or d&¢ J't‘ﬁuaﬂhgo% ocess
steps outlined belowis typical, it should be understood that such steps

- may be varied as needed to produce the desired result. Generally, the |lens
cwill firstWBe¥hEped to an appropriate shape as di scuss&T2801gpGve. The
~lens core may then be subjected to processes of sterilization,

devitalization, and 1 Januag.y 20Q5.! 1) 2/306883 PCT/ USA / 22633
A S e e

revitalization. Renoval prt lialization) and

keratocytes (acellulgpization) fro .donor, lens )| be referred to as

"devitalization". Thqu.dﬁmoldgtﬁgfrogpemw@rﬁﬁ{cﬂé] fﬁi?gwd keratocytes will be
referred to as "revitalization". One desiraple_ nethod for acconplishing
those steps is found j'lsfmpépigisin & Hel Bigusdicald Ao2meembds are 5 known. 10

15 Phosphate buffered saline (PBS) with antibiotics, epithelial cell nedia,
and keratocyte nedi aldr Bendgllin(Gdee BRIQA0QIimg t hese processes. The "PBS
with antibiotics" solution nmay contain: PBS with antibiotics 1.
Anphofericin B (1 CN BildnBaentahs)n (iBREBRIGY 100 ng2nl Penicillin (G bco BRL) 100
| Um 3. Streptonycin (G bco BRL) 100 gg/m . 4. Phosphate buffered saline
(G bco BRL) Tfike cnmpeisivh bbDihe ératobge mgtlizmedyi indludeel | medi a may i ncl ude:
Epithelial cell nedia

' Keratocyte media

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

4. Amphotericin B (ICN Biomedicals) 0.625 ng/ml o

Stexilization Step

After harvesting the lens core from donor comeal 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 sqdium 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 comeal stroma and may
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1. Dul becco's Mdified Eagle Media/Hami's F12 nedia (G bco, BRL) 20_3:1 2.
10% fetal calf serum (G bco BRL) 3. Epidermal growh fact 3)?‘”("%”@&’2005

Bi onedicals) 10 ng/m 4. Hydrocortisone (Si gnma Aldrich) 0.4 g/m 5.
Cholera toxin (ICN Bi onedi cals) 10-i M 6. Adenine (Signa-Adrich) 1.8 X
10-4 M 7. MRUAANHE3(I CN Bi omedicals) 5 ug/m 8. TransferrPerfsodheess
Bionedicals) 5 ug/m 14 1 8 January 2005 WD 02/06883 5 10 9. d utam ne

i gma- | - .. Irii odoth ine (] Bi.omedicals) 2 x 10-7
T Anprstaryastod oAt pliors B aa Iy s B Spolvton Wbttt (G beo

. . L ;
BRL) 100 | S omyci.n (G bco BRL) 100 Rg/rnl  The conposition o
the)'kerat o%‘?zé"e#%éﬁ%& %ggl;l/faf ﬁe{l%e: Keratocyte nedia 1. DVEM 2. 10% neonat al

Z?rlpL Ots 2: Iugnl (n%r?c%\tﬁeé%l%%o&?z mn?og?r%%&%@élﬁé% ]rr%B‘.{-l 'f\ tlhg L;.ecorll)vaczuug. ]T(l)l;a gpil\l/lleﬁum
- 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 materia).
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
7 10 kept submerged in the PBS solution at 37°C for one week to produce a split between the
~ epithelium and the stroma. The epitheliom 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. 111 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 L
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PCT/ USO /22633 Sterilization Step After harvesting the Iegg core f6&¥1donor
corneal tissue and follow ng the 15 shaping step, the |len Hﬁ?u 2
sterilized, for instance, by imersion into 98% glycerol at room
tenperature. Three weeks of glycerol treatnent inactivates intracellular
viruses anO %% bacteria or fungi. Ethyl ene oxide gas $EBUSH2E8i on nay

al so be used, but tends to induce variable danage to stronmal tissue. 20

Devitalization Step Ee-epithelialiﬁegﬁﬁg“kngﬁgfer to de-epithelialize the

donor lens by placing it in a one of salt (preferably -

- sodi um chl ori de) rgiure from4 to 25C. After four to eight hours
of i ncubation, tﬁ%mgﬁﬁﬁggﬁgp%thelial | ayer generally will split fromthe

corneal stroma a Ry 1 nu 2005 WO 02/ 06883. PCC/.US01/ 22633 be

easi |y renoved. ereaIigéﬁgﬁégﬁgﬁgéﬁﬁ?gﬁﬁuﬂﬁ? Eﬂg?ﬁwgﬂﬁggnﬁﬁPﬁ§?on with

anti bioti ,04- T ve .salt.a cel J.ul ar terial. ot her t hod of
Tenoving t l%hg%?ltcﬁglorf‘ﬂrﬁeioi’%a\lﬂea%to 3 B‘fwﬂﬁﬁ‘&ﬁ‘ﬁﬂefe\fﬁ ye rf‘l-“ﬁ‘@%i"&rfﬁ%y be

split .fromthe r.ona means of suction (-100nm'Hg to - 450mm Hg). After
5 fiffeen ?ﬁnﬁm@ e ﬁ%ﬂﬁ?ﬁ%%‘ém@f}ﬂ?@ﬂ?l&nﬁm%H}edﬁ?ﬂewﬂﬁpffe%gﬁa? ate fromthe
stroma at the . basepent nenbrane | ayer. Thereafter the | ens nmay be washed
in a PBS SBIPYRIGrameringypygnd beiling presesve salt and cel lul ar nateri al
Finally, the donor lens nmay be de-epithelialized by placing it in sterile
PBS with anti bi ofieBEeYH: ieghly isplaisd spighelialosbin ghipiged hietrasinigatiomofrany ti nes.
The lens core may then be 10 kept subnerged in the PBS solution at 37C for
~ one week tTERUHHCemaY Bpieededmmtaypmedated feeder layer of lethally irradiated 3T3

fibroblasts (1.3T3) 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 Jourﬁal 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 ye-vitalization. The preferred polyelectrolytes are

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




epi-thelium and the stroma. The epitheliummmay then be remgyed, e. by
physically scraping or washing with a liquid stream Smrﬁgﬂﬂw gOQﬁ ' _
| enses may be stripped. of epitheliumby gentle .scraping with forceps.

~ Acel lularization 15 The de-epithelialized lens may be then imrersed in a
sol ution ofWQiE{EMSdent (for exanple 0.025%to 15% sodi unrgotsitsssul f at e)

~ to wash out the keratocyte cellular material. A detergent will solubilize

and wash out, .t eratinocytic material, This can take place from1l to 8
oo o i Bhn B ERLR oGt ey e oo g e B PP b

solution with antibiotics to renove detergent and cellular material 20

Al t er nat i vépptocyipafondt bosws #8777l Apreximaisly tha saneanowmbpapithélial edlerie] e PBS
with antibiotics for an appropriate period, e.g., several weeks, perhaps
si x weeks thsnpadirdiethegntefigestioprhinobee. d§ssud btusoinottiaton ocayinke falmoged tw ce.
weekly. In sone instances, it may not be necessary to renove keratocytes
from t he ddBbeurk.cheatoeytgmediatiechabged esemowo td theddayss Omebtiaicpriklibmam . a
transgeni c source and has mninmal antigenicity. 25 16 18 January 2005 WO:

02/ 06883 PEELhBEL, 2RGBY cRetrdly@igeldtwvonatGt @p oPthe Rak at 4 Possafe of@bdus 208GTEN
epithelial cells and keratocytes are used in the revitalization process.

. Epithel i al meeHgsutieye tpinidicak datknkibRaréolitiselle bank, but are preferably
obtained fromfetal .. 5 or neonatal tissue. Fetal cells are nost

preferabl e, sinceRepleceflepiiRlitinesveaf aflehed pdriSSsrandidibii 26 rRE 8 fitng during
any wound heal ing process. In any event, ?reshl y isolated epithelial cells,

L1 YSLMES 0 040 eSS SRR 001

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 pléced ona
| 20 portion of recipient comea that has been de-epithelialized (308). The result is the
placemenf 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




fibroblasts (i.3T3) in epithelial cell nmedia. Cells are cyltured and nedia
changed ever3(/ 10 t%]ree dgys until the cells are 80% confl @n’@f‘“%%ﬂ&_?&
days. Residual i.3T3 are renoved with 0.02% EDTA (Si gma- Al drich) before
the epithelial cells are detached using trypsin (ICN Bi onedicals). Another
net hod. of V&J&WEPhti ng epitheliuminvolves culturing alCalsHRIss3epithel i al
cells on human ammi oti ¢ nenbrane as described in Tsai et al. (2000).

"R truction Corneas_by Transpl ant ati of. Aut ol ogous Li nbal
epi theltal 15 CAT R IREA RIS b M PR fan i ites ;

i.ni i T troma
s washed TR X LERCAGS mal ko e evI00 Bobd: By HRETRS (1| N
- Bi onedi cal t  37C far. 16 haur.s- Keratocytes obtained fromthis enzyne

di gest ar e%ﬁ%%%%?‘%&?ﬁ}“%ﬁ@%@é Iaii’eﬂ LW&F?E?%S;???FSFZMZ%‘@W%' ] 2|
iz

cells and ker.altlyc')c%t Eagg{ ner%itle ip the revita P

referred t 8744 a Seadileee Pt epithelial pellsdngiskeacanteis tlagny Preodsfepi on of
t he dopor Ier}%. ']Z? acel lylar donor lens core may then be placed on a
ol e

hydr ophi | i &° W& ePrBYSAYE (QP8) hyvine aasmihadial lobierdp02) land » eorndal a:fdnz:at i on.
The preferr olyelectrolytes are 25 chondroitin sulfate, hyal uronic
aci dl,o and @%géﬁ% Patfifige> S‘K%@ttheml@?feé}eh@faisydpmldpam (Ao roulthic derdanuary 2005
WO 02/ 06883 PCT/ US01/ 22633 acid. The lens is imersed in keratocyte nedia
and i ncubaf&HcsRithe afs PN e Bicijorpdevice (6)6) kpnlims emypiles viamnm48thaour s at 37C.
Approxi mately the same amount of epithelial cells are then added to the
anterior sﬁl?lé’ﬁlﬂﬂl layer G8Dec-c Theswern aboutt-Uleminiiziand t HSMmatR, tntiesa fefio@not her
48 hours. Keratocyte nmedia is changed every two to three days. Once the
epi t hel i unpfthe epithelisd hper(662) as thvevngo bigp ke This bliytte(608) tyseamss MRdergout of the
lens at a pressure of about 20-30 min Hg until the original lens
di men¥l onsplsieloglstibiiche@bviRely, te subtiepidtvied (606) 0% Esprait oh BRShriRe BOMET ON Of
the anterior surface of this

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 swface for

application of the inventive lens. The IASEK 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 fo

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.
19




variation of the inventive |l ens and replaced keratocytes repo uIa
stroma of the lens core after revitalization. 10 As noteagdB&#§V&§w%ther
variation of the inventive lens includes an epithelial layer (352 in Fig:
3G that extends fron1the peri phery of the lens core (348). The sane
“procedure %0 Pﬂ?? outlined may be used to prepare the epPEREStIgte3zel | | ayer
in the carrier (354) prior to placenent of the |lens core (348) onto the

S S, S M TR Rt 7

also to |ncorporate erapeu I c ag
core o decrease the risk

I mrunosuppr nts i t he

of rejecti oﬁ&ga!rrye(%s% Ené’ml %aggesgfllélfl%gle “ﬂ’ieﬁté ﬂ't‘1 (S‘Pt PEEVFR RS 165 #he eye One
procedure fﬁﬁx Hmy éfg]%rlen of this invention is depicted in Figures 4A
‘and 4B: Durlng he ok %Fe R SYY1 ens (3.00), as shown in Fig. 3A .
is placed 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 lens' replaced epitheliumand the host epithelium
eventuall'y grow to forma continuous, water-tight layer (310)_ | have
- found that the inventive | ens bonds or adheres to the recipient cornea

W t hout sutures or adhesives, but can also be renoved wi thout substanti al
difficulty. 18 18 January 2005 WO 02/ {16883 PCT/ USOL /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 replaced but the epithelial |ayer has not.
‘Of course, a core lens that has been partially covered with a seed |ayer
of epithelial cells is also acceptable. In-any event, step 5 a. of fig. '5
shows a native eye (600) haV|ng an epithelial |ayer (602) and a corneal
stroma '

20




(604). Step b. of fig. 5 shows the placenent of a suction g Vi ce 2606) on
the anterior surface of the eye (600). The suction devicd ?@Bﬁﬁy ies a
nodest vacuuimto the epithelial layer (602), e.g., between about -100 mtg
and - 450 mmHg, to raise a section of the epithelial l|ayer (602) as shown
in step¥@.02A%i88 blister (608) typically is filled wth-gudQnriysi ol ogic
fluid. Cbviously, the suction device (606) has a footprint on the surface
of the cornea simlar to the size of the lens to be placed on that cornea.
Step d_ gli;vmis he opened epithelial flap (608) and the placenent of the

| ens towards the corneal stromal margin (612) beneath that epithelial flap
(608). Step c. of Fig. 5 shows the finished placenent of the lens (610) on
the cornea bqugth the native epithelial nmenbrane. This procedure has a
nug_ber 15 of efeierdeasidadreenmriisitgat of being |ess traumatic to the
surface of the eye than sinple renoval of the epithelium It is also within
the scope of thED AYERePRsiterongecartral fivsepbavitg agengulicatvteani@ior t Ne  LASEK
procedure in this invention for the step of exposing the corneal surface
for apBrireand gmoseriensarficey anddomprisiog st leddh end ASRlepiicod Rehutbeytéssn known and
unli ke the LASEK-20 procedure, does not involve tenporary renoval of an

ant er | rdiengsorstanddrmeriiced epithelialwielihoaverisg it ghasal pottivalof BAMd afdidier only
utilizes an ethanol wash and a tenporary w thdrawal of the epithelial

| ayer FBHacg | aser treatment. Such a preliminary step, the washing with

et hanol to perturb the junction between the corneal stroma and the

el theliumis adequate to provide a layer of epitheliumfor tenporary
‘nmovenent and insertion of the inventive |lens on the 25 corneal surface. 19
18 January 200be 02k 168830 RETh USHIAR 638 pdsididy & HESE &Rﬁﬂlthe structura
and physi ol ogic properties and benefits of this donor cul'ar lens. This
manner cafcadescri bi ng the invention shoul d-not, however, be taken as
limting the scope of the invention in any way. ‘

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

i5 corneal tissue,

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

accllq[ax corneal tissue.

20 5. The ocular lens device of claim 1 wherein said postertor 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.

21




20 18 January 2005 WO 02/06883 CLAIMS |- An ocular lens device co r|5|ng
PCT/ US01/ 22633 a [ens core conprising donor corneal tissudSHaWany2 :
general |y convex anterior surface and a posterior surface, and conprising
at least one of a.) replaced keratocytes in said lens core and b.)

- repl aced epl?ﬁgwwﬁl cells covering at |east a portion of PERIUSMZAERr i or
surface. 10 2. The ocular lens device of claiml| wherein said posterior

surface is genergawoal%@&gaﬁmﬁ%ofﬁ@ AL DTSRG, Sl sl A md wherein

said l'ens core conprises ace fheal T1&8d

“device of ¢fs 2GQL8. O essentlally of acel lular
cor neal tlgi%% 5%1§@ 5H8§ﬁ]qms end 8H$W@5H%¥%%§§?ﬁ1l wherei n said

posterior surface is concave. 6_ . The ocular |ens device of claiml
wherein said posterior surface has been subjected to a shaping step. 25 7.

The ocul ar | ens d ice o cl.ai. her.ei.n sai d. po t rior surface i s shaped
by an ablative 12&%? uba:[ ?]Vé?ﬁpg,ﬁ 15 4 Jehetiy W‘?‘}“ %‘ s pesty BBy betyess 8. The

ocular Iens d f. cl in said ocular lens has a clarity at
| east ?\% o any 8 about %O% of that of uman corneal tissue of a corresponding thickness. Y

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 2 corresponding thickness.

10 1. 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 Whérein said lens core comprises human
corneal tissue,
15
13. The oculer lens device of claim 1 wherein said Tens 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




85% of that of human corneal tissue of a corresponding thickness. 9. The
ocul ar lens device of claim 1 wherein said ocul ar | ens had8daryags2q0p
between 5 about 75% and. about 100% of that of human corneal tissue of a
correspondj ng thi ckness. '10. The ocul ar | ens device of claim9 wherein said
| ens core‘%%gmﬁmglarity at least 90%of that of human E6FNEHIZ2GPssue of 4
correspondi ng thickness. 10 11. The ocular |lens device of claiml wherein-

sai d l.ens core 1goRpsd -1 alel y- rneal tissue. 12. The ocul ar
| ens device oflg]ggaé%ﬁaﬁéggﬁﬁkggfﬁnﬁi%gﬂggﬁgﬁggﬁ%?P?@? CRE RS el
tissue. 13134 g ocular l'ens device of claiml wherein said lens core
conprises allogenic corneal tissue. 14. The ocular |ens device of claim 11
wherein said | ens core conprises xenogenic 20 corneal tissue. 15. The
ocul ar I ens device of claim 14 wherein said xenogenic | ens core conprises

o oo, e TR O Bl Py SRR gl i sqiR Hs3igE W 02/ 06883
PCT/ US01/ 22633 16.. The .ocyl ar | ens device qf claim11l wherein said | ens
core gonpfﬁgé%mﬁ$gﬁﬁﬁﬁ?is Hk@ﬁfﬂ@&Wﬂ?Fé?ﬁ@?liﬁﬁsﬁﬁgmék%ﬂﬁﬁeQﬂﬁﬁ§w@@Vice of

claim 11 %peréin sai d donor corneal tissue has a 5 structural surface and
sai d | ens “COFE BSWPerior surface is the structural surface of the donor
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
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18. The ocul ar lens device of claim1 wherein said size and configuration’
is selected to be corrective for at |east one sel ected fr8sARYaSY gP@Rp
~consisting of astigmatism 10 nyopi a, aphakia, and presbyopia. 19. The
ocul ar lens device of claim 18 wherein said size“and configuration is

sel ected t ¥ HE0eHPrecti ve for nyopia and sai d devi ce haspargsnersad | y
circular, flat lens core center region. 15 20. The ocul ar | ens device of

cl ai m 18 wherei id sjze and. confjguration is _selected to be corrective
. for aphakia and&szﬂﬁ"&\(ﬂ @83 ficydee ?Qf@%?%wh?emlSé&dﬂ@ﬁéare;f@ftheﬁ@rmrisesz@. The
: ocul ar lens _device, of clai.m 18 wherein said size and configuration is 20
sel ected t SPFHES BERURL Bipg having g rentiglonen regionypad peninberl diameleni m 18 wher ei n sai d
size and configuration is selected to be corrective for presbyopia and has
a generally circular lens core central region wthout correction. 25 23 18
January 2005 WD 02/06883 PCT/ US01/ 22633 23. The ocul ar | ens device of claim
22 wher ei n sai d?4- ehis osplprlens daviceof elaimp?d whaeianaid oipg feramtiryltaivoing dg havi ng
a central oPen regi on and peripheral diameter. 24. The ocular |ens device:
of cl & m 2BlagERanbehippaaiednteta) op saif postaridr yrfacat ooi ng or 5 pl acenent of
opaque material on said posterior surface. 25. The ocul ar | ens devi ce of
claim 23 wherein said central open region has a dianmeter |ess than about
1.5 mm 10 26. The ocul ar | ens device of claim25 wherein said central open
region has a dSarfibt erullpdenslenica bbDelaimR35wieRia Bdd adidwl opkn SegifMhas a

diameter fess 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 1o 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 '




27. The ocul ar lens device of claim25 wherein said central open region has
a dianeter between about 0.75 nun and about 1.25 nun. 151§§?'#ﬁ%2g%hYar

| ens device of claim 24 wherein said ring conprises a Dacron nmesh. 29. The
ocul ar lens_device of claim23 wherein said opaque annul ar ring peripheral
di amet er i%EOPEH¥en 3-5 nm 20 30. The ocular |ens devi EETHFIIEEE M 29 '
wherein said ring peripheral dianmeter is selected to be |ess than the
pupillary dianeter of a selected recipient eye in low.light. 3 1. The
ocul-ar lens device of claiml wherein said |l ens core further contains a 25

- therapeutic agept LSS QoL ain Qg QW D, factors. 24 1 8
January 2005 V@.03?%@%@%q%%%%6§%%%%§€g3 gng%%ﬁﬁ%ﬁf%?mvgg%mﬁng?é of claim
-1 wherein 1 Gh: r ) n.frozen, lyophilized, or chemcally
treated b¢§§%gﬁ%§$§&g§ngﬁﬁﬁ?ﬁ%8%@E&%@leéns device of claim 11l wherein said
| ens core is conprised of corneal tissue grown in vitro 34. The ocul ar |ens
device of claiml wherein said epithelial cells and keratocytes conprise
human_cor neal lls. 1 5. Therocular | ens.deyjce of claim34 wherein said
epithdlial cel e gﬁ‘c‘i"%@?i@ﬁéﬁ‘f*&%"fgﬁaﬁ‘ﬂﬂﬂé‘ée @b%%ﬁi‘avﬁc"-’feelﬁa@{lpfﬁﬁd?ﬁ ssue bank
corneal cells. 36. The ocular | ens device of claim1 wherein said | ens core

has a t hi CRFEASSREASR EL¥01 hi ckness is | ess than 300 pm 37. The ocul ar
"l ens device of claim36 wherein said | ens core thickness is between

~ 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 corpeal 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.

25




5-100 m 20 38. The ocular |ens device of claim1 wherein 3id le%ﬁ core
i ncl udes repl aced keratocytes. 39. The ocul ar |ens devi ce 18~2gYafy #f@>
wherein said | ens core includes replaced epithelial cells covering at
| east a portion of said anterior surface. 25 18 January 2005 WO 02/ 06883
PCT/ US01/ 226830883 The ocul ar | ens device of clai m1 whepermssaizessl ens core
has a periphery and further conprising an epithelial cell |ayer extendihg
beyond t he periphery of said |ens core.. 5 41. The ocul ar | ens device of
claim1l wherein said |l ens core conprises replaced epithelial cells
- covering at |lea ortion of. t anterjor, surface and further conprises a
carrier support ?‘%&ﬁ? E%UI"Féﬁsélﬁ%‘ﬁe {4 d) hareip g lengerae haren pgiREeE 8RE. 42, The
“ocular len evice of clai, 4% wﬁg&ein sajd_ | ens core has a periphery and
10 further ?qf@%fﬁ&g&ﬁelégge’é &FY Lereatanding peyond gheaieriphrgy BEspishigns gpse. _
peri phery of said lens core. 43. The ocul ar | ens device of claimd4l wherein
the carrier conprises a material that 1is bioerodible or -bi odegradable. 15
44. The ocul ar | ens device of claim43 wherein the carrier is of a size and
shape ? sui t abl etl-fibg ogular lesg devticeor ctimd wheeeir eid lensbcord premprises wplabehs devi ce
of claim43 wherein the carrier conprises a material selected fromthe
group consFrithchy celfs coptringgeleast g@brion of the aatedtr, sugfhercod firttvecghprisans, 20
proteins, carbohydrates, polyanhydrides such as polylactides and
pol ygl ycol Faiger,suppoaiing thevieplacadespitealll cdiped/te fens caad pol ydi axanone. 46. The
ocul ar lens device of claim1l. wherein said |l ens core is annular and has an
openi ng between the anterior surface and the posterior surface. 25

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

10 turther 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

1s 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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26 18 January 2005 WD 02/06883 PCT/ US01/ 22633 47_ The ociégr Ienitggvice
of claim1l wherein said |lens core conprises replaced Kker EWF%% 9 sai d

| ens core. 48. The ocular |lens device of claim1 -wherein said |ens core
conpri sggolhgpkaced . 5 epithelial cells covering at least a portion of said
anterior surface. 49. The ocular lens device of clai m4F8HAEPEh said lens
core conprises replaced epithelial cells covering substantially all of

sai d ant eri or47%uhd @8R 1a0deviremEthns 1-fvmeretirh§aicpreﬁP@Jr@E$rﬁﬁh%£ re%&c&?u' ar |ens
“device conprising: a) harvesting a | ens core conprising donor corneal
‘tissue apgdabaidsnPsad BeN@r&al |y convex anterior surface and a posterior
surface; and b) having replaced epitheliumcovering at |east a portion of
said generally convex anterior surface; and c) having replaced keratocytes
repopul ating said | ens core, conprising the steps of i) devitalizing said

| ens core; a (o1 Qi I . .. The .net hod of claimb50
further conpgﬁéﬁﬁé°§ﬁ§l%?&%aggggﬁgﬁﬁdg%gg?gﬁggﬁ?géFS?“’H? 53%¥e 2. °- The
met hod of..; j i id.. i t C ri ses applying an abl ative
Iasgf t0&?ﬁgﬁ%§2§$?%%§£?ﬁ%F%%@Qﬁ§?3@%ﬂ%%%ﬁ§?§“§gg5 53. The nethod of claim
52 -wherein said shaping step conprises applying an exciner |aser or other
sui tabl e shaping | aser to the posterior surface.

49. The ocular lens device of claim 49 wherein said lens core éomprises replaced

epithelial cells covering substantially all of said anterior surface.

50, 7_ A method for the preparation of an ocular lens device comprising:
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

of:
1) devitalizing said lens core; and -
ii) revitalizing said lens core. '
51. :The method of claim 50 further coinpn'sing the step of shaping said posterior
surface.

52." The method of claim' 51 wherein said shaping step comprises applying an

ablative laser to the posterior surface.
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54. The nethod of claimb51 wherein said shaping step conpréﬁes apgé ing a
water jet cutter to said posterior surface. 55-. The net hdd~Bfuay Si
wherein said shaping step conprises shaping said posterior surface to
correct at |east one selected fromthe group consisting of nyopia; _
aphaki a, presbyopia, and astigmatism 56. The nethod of claim50 .further
conprising the step of harvesting said |l ens core. 57: The nmethod of claim
56 wherein said |l ens core is harvested from human, rabbit, bovine,

porci ne, or @di nEg mithpdaiareml S2twisstiesaidhapiip stepretthpibeofippdfiag an 50. wher ei n
said revitalization step conprises-replacing cells cultured from human
corneal tkawerdasebér offhreuitdtihddpiaf latab thegdsehiqrsaifcesai d cel s are cul tured
fromneonatal tissue, fetal tissue, or tissue bank tissue. 60. The nethod
“of claim59 further conprising the step of sterilizing said lens core
after said shaping step. 28 18 January 2005 61. The nethod of claim 60.
wher ei n sai d 58! eftielnictiadd NelahSP WHEMSRBsHPR %ﬁ&:@ﬁﬁﬁ@ﬁ}&@ﬁﬁ%%&é@i‘d I ens
core with glycerol. 62. Thenethod of clain16% erein said sterilization
st ep i ncjdieeer toheidJoserief suefagd acting said lens core with ethyl ene oxide
gas. 63. The nethod of claim50 wherein said devitalization step conprises
renmovi ng epitheliumfromsaid anterior surface and keratocytes fromsaid

| ens core 64,_The n%¥Q£d(§t cl ai 50_wh%{ejn said revitaljzation step
conpr i ses” adth niPIPrPAL P chpimeeh Vergip s shaping step commprises shapiogsaifid ant er i or
surface and.keratocytes to said |lens core. 65. The nethod of claim50

wher ei nPESiFIpr FE?%GF foreret Fileast s selgetpd ere therpgowy qepsiging of myopia,

aphakia, presbyopia, and astigmatism.

K ' 56. . The method of claim 50 further comprising the step of harvesting said lens

COre.

57 The method of claim 56 wherein said lens core is harvested from human, rabbit,

bovine, porcine, or guinea pig corneal tissue.

- 58. The method of claim 50. wherein said revitalization step comprisesreplacing

cells cultured from human corneal tissue.

59. The method of claim 58 wherein said cells are cultured from neonatal tissue, -

fetal tissue, or tissue bank fissue.

60. The method of claim 59 further comprising the step of sterilizing said lens core

after said shaping step.




pl acing said 1ens core on a polyelectrolyte gel. 66. The thod og &%a|n150
wherein the corneal tissue matrix of said |lens core is not 3??%?% 00%7. An
epithelial delam nator for separating a living epithelial tissue region
froman eye having an anterior corneal surface and an epithelial tissue
| ayer, conprising a device configured for lifting fromthe cornea

surface, a substantially continuous, living epithelial |ayer substantially
free fromcorneal tissue and having at |east an edge connected to the
coneal -surdijacene metBSd ofldkamoR Widrdlakd stexilizatiat sebifclbertsd sieptdfe del ami nat or'-
is configured so that the lifted epithelial |ayer conprises an epithelial
flap. 28ntdBind 34 ALY ca@QMitbyceddle del ami nator of claim67 wherein the

‘delam nator 1s configured so that the lifted epithelial layer is of
sufficient size for placenent of a vision corrective lens on the anterior
corneal surface conpletely beneath the epithelial layer. 70. The

del ani ”atorGﬁthférﬁétﬁbfoém Qs siehaiAab i MohBS SRR ses a vacuum

Source. 71. An epit nlnator for separating a living epithelia

tissue e t? s&ﬁ @&quguﬁ Viengi@Ranterior corneal surface and an

epithelra ssue ayer, nsi ng device configured for lifting fromthe
corneal surface, a substantlally continuous, living epithelial |ayer
substantially free fromcorneal tissue_ and haV|ng at | east an_ edge

connect ed t %t His mghoseed|claim gp mherin @i devializatien fich ¢HRISEHIRIOYHed to be
renoved fromcontact with the corneal surface_ |eaving the Iiving
epi t heFpithelinmyfom spd aptarioq surface aikeptpyigs drnbiaidlentsose-m 71 wherein t he

‘del ami nator .is configured so that .the lifted

64. The method of claim 50 wherein said revitalization step comprises adding

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

65. The method of claim 50 wherein said revitalization stép includes the step of

placing said lens core on a polyelectrolyte gel.

66. The method of claim 50 wherein the corneal tissue matrix of said lens core 1s

not altered.

67. An epithelial delaminator for separating a hvmg ep;thehal tlssue regon from an eye
o ' havmg an anterior comeal surface and an epithefial tissue layer comprising a device conﬁgured
for lifting from the corneal surface, a substantially continuous, Hving epithelial layer
substantially ﬁ'ee from comeal tissue and having at least an edge connected to the corneal
surface.

68. - The delammator of clmm 67 whcrcm the delammator is conﬁgured so that the hﬁed
epithelial Iayer comprises an eplthellal ﬂap
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~epithelial |ayer conprises an epithelial dap. 73. The del nator _of _claim
71 wherein the delam nator is cgnfigured sopthat t he Iiftzgua@ﬁﬁyﬁﬁ?ﬁal

| ayer is of sufficient size for placenent of a vision corrective |lens on
the anterior corneal surface conpletely beneath the epithelial |ayer. 74.
The del ami nator of claim 71 wherein the delam nator further conprises a
vacuum Source. 30

69. The delaminator of claim 67 wherein the delaminator is configured so that the lifted
ei)ithelial layer is of sufficient size for placement of a vision corrective lens on the anterior

comeal surface completely beneath the epithelial layer.

70. The déi;aminamr of claim 67 wherein the delaminator further comprises a vacuum

source,

71. An opithelial delaminator for separating a living cpithc]ial tissne region from an eye
having an anterior corneal surface and an epithelial tissue layer, comprising a device configured
for lifting from the comeal surface, a substantially continnous, living epithelial layer
substantiaily free from corneal tissue and having at least an edge comnected to the corneal
surface, said device further configured to be removed from contact with the comeal surface
leaving the living epithelial layer attached.

72 The delaminator of claim 71 wherein the delaminator is configured so that the lifted
epithelial }ayer comprises an epithé]iéi flap.

73. The delaminator of claim 71 wherein the delaminator is configured so that the lifted
gpithelial Iay;e.r is of sufficient size for placement of a vision comrective lens on the anterior
comeal surface completely beneath the epithelial layer.

74. The delaminator of claim 71 wherein the delaminator further comprises a vacuum

O sovce.
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