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CORNEAL ONl.A YS = .... =='=I='~ '' . .t · .. ·. ~ .. • . . ·. ~ . : ~j 
Thi$ invt.mtion relates to the field of ophthalmology, md mom particularly is dimcted to 

oomem imp!mnts. . 

Th~ cornea is a complex layered structure comprising an outer layer of epithelial cells, 
Bowmrui 's membrane posterior of the epithelial layer, the stroma posterior of the 
Bowman •s memb:nme, Descemet~s membrane posterior of the stroma, Md the cnd.o­
dnelium immediately posterior of Descemet's membnme. A number of surgical procedures 
iirnvo~ve implanting a lens structure into or ontt> one or more of these corneal components. 
fo on~ fmm of eye surgery, the epithelial ceU layer is removed and a comx:tlvc lens 
structure is placed and secured at the location where the cells are removed. In mother 
form of eye suirrgerry. a portion of the layer of epithelial cells is removed ruid a · 
wedge-shaped mumlus from Bowman's membnme and the underlying stmma is remO'\>·ed. 
An incision is tlum made from the posterior end of the resulting groove mdiating 
ounwm-dly in an mmu!ar zone to define a flap. A cor:rectivtdens structure is then attached 
by inserting the wing of the lens sttucture beneath the corneal flap and suturing it in place. 
A corrective lens structure can also be placed entirely within the stroma. This ·surgical 
procedure involves making an incision in the com~a to gain access to the stroma and also 
invo~ves diuupting the stroma by pUacing a lens structure therein. · 

The aforementioned corneal corrective sutgeries me employed for the treatment of severe 
visual disturbances such u those associated with excessive or insufficient corneal 
curvamre. mJ.umatic injury to the cornea, for contact lens intolenmt patients and the like. 
Thes~ procedures are generally known as keratopluties. 

It has previously been recognized that imphmted corneal prostheses must be effectively 
anchored. to corneal tissue, and provide penneabiRity to gas, metabolites and nutrients 
(particularly gh11cose). Apart from surgical techniques and mechanical fixation with 
sutures and the like to fix implants in place, pnwious proposals have employed attachment 
factors which coat the implant (see. for example, US Pa~ent Nos 4,715,858; 5.171,381; and 
5,R92,316). With regard to questions of pemneabUity, prior proposals have included the 

use of hydrogel forming polymers of high-water content on the basus of their permeability 
to glucose and gas exchange characteristics. We have found that hydroge~s. whilst porous 
to gilm:ose, nutrients and metabolites. are not porous toward protein. Hydrogels and like 
0'porous" polymers block the free movement of proteins and other high molecular weight 
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dssu.m fluid componeITTits and so companmcn~ize the tissue anrerior m a corneal implant 

from. that oon~m the implant. This has significant deleterious effects as will be 

hereinafter desmbcd. Hydrogds also lack tine requisite mechanical properties necessm:y 

for ~lu implmts. For exrunpl~ hydrogel ocular implants described m Ausmtlian Patent 

No 623137 shr.Wk by about 22 % (that is shrinkage ftOm imm! volume) when placed in 

physiological srumc (see page 16, lines 19 to 24 of Australian Patent No 623137). Clearly 

:mch matmirus would not be appropriate for implantation mtto the eye. Moreover, cells 

!lr.~h vm:y poorly to lb.ydrogcl polymers with the result that epithelial recolonization of 

l!lydrogcl imp!an~ would be impeded 

~ It bu ruso previously boon proposOO. to provide corneal implants with holes for the 
passage of nutrients and fluids from the lower myers of the cornea through the implant to 

me uppeir layer of the comem. "l'besc proposals suffer the disadvmmges mat the holes 

provided am too small to allow passage of proteins, or W.tematiwly, are of such a diameter 

that vismu rumity is·effectro either by direct distortion of light passing through the imphmt 

or by tissue ingrowth into dte imphmt obscuring vision. 

We have now surprisingly found that the flow of high moHecular weight tissue fluid 

compooonts such as proteins and glycoproteins (for eumplc~ growth factors, peptide and 

protei1n hmmoncs, and proteins associated with the mm.sport of essential met.als) and the 

Ililre, ~SS Ii COmW imphmt, that is, from epithelial cells to Stromal cells Md even to the 

11mootheUru layer and. beyond. is essential for long !erm maintcrumce ~d viability of tissue 

mt~rio:r and postmior to a corned implant. In the context of implants within the corneal 

~idnelium~ wherein M area of epithelial cells are dcbmdcd and an imphwt nnsetted ci!her 

withl1n the remaining epithelium or on the basement membnmc, the flow of tissue fluid 

oomponernts imecessary for the all import.mt coverage of an implant with adhered epith.elW 

cells is aitlcall. This im:luclles tissue fluid fl.owing from !he stromm tissue beneath the 

impl1nt rowmds the tissue on the anterior smface (and pamcululy the epithelial tissue) 

du11mg me pmccss of the initial coverage of the anterior smfacc with epithelial cells~ and 

th~ flow of piroteinaceous components from these epithelial ceHs ~o the stmmru tissue and 

beyond. 

Wr. h~ve surprisingly found that ilie corneal impbmu of me prior an prevent the passage 

of high mol~Mlu weight proteins and glycoproteins (such u those ruwing a molecular 

weight ~P to or greater than l0,000 daltons and up to Md in excess of 200,000 daltons or 

more), Md adversely effect the formation of an cpitheUiru !ayer over an Mterioir surface of 

illiif 
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a ~eins imp1u.t imu~rted within the epithelial layer of the cornea. Likewise, tissue posterior 

to oomel.l implants suffers from sttomru degeneration which is believed to result from the 

inability of high. molecular weight protemaceotts· oomponenu ro pass from epithelium 

tlssu~ to stromru tlssue. 

Thls mv~mtio:m is pM'ticulady directed towmrds an implant to be placed beneath, widnin, or 

~UJgh corneal epithelial dssue. or within the cornea! stroma or other tissue layers of the 

com~ For convcmence, all such impilants will be referred to h~ as comw onllays. 

In a~oo witln dne first aspect of thils ilnvoodon there is provided a corneal oruay for 

· ~ use M] smgical imphmuatlon mto or onto the oomea of a mammal, uid onlay having an 

opuicml md.s region with opticru characasdcs which provide visual acmty theretlnrough, 

smd oohly oomg comprised of a non-biodegradable n.oa~hydrogel ocumiy biocompatible 

m1.mw, and ch&mlererized in mat said on!ay has a porosity sufficient to allow passage 

thmdu"ough of ti.HU]~ f]U]id components having a molecular weight greater dum 10,000 
druto1m1iv thereby providing for a flux of tissue fluid between. cells anmm of the imphmted 

oruay and cells posterior m~f, wherein the porosity of me optical wds region is such 

thm it allows th~ flux of tissue fluid components whlls~ excluding ingrowth of ocruu 
ti.sime, amd whe:rein Hid oinUay is adapted for epithelial recolonimti.011. 

In airnother ~t of dhe invention them is provided a method for correcting the optial 

pro~s of u. e~ or altering the appearance thereof comprising. smgically imphmting 

into or o~to the oomea a corneal on.lay for use in smgical implantation into or onto the 

cornea of a mammru, said onlay having an optical axis region with optical characteristics 

which provide visanal acuity therethmugh, said onlay being comprised of a mon-biodegirad-

1.ble non~hydro~n OCUlfady biocompatiblc material, and chuacrerized in th.at said onmy 

bu a poronty sufficient to rulow passage theremrougb. of tissue fluid components having a 

moHec~w weigh~ greater dum l 0,000 daltons, thereby providmg for a flux of tisme fluid 

b~twee!iA c~Us :mtmor of the implanted onlay rund cells posterior tlnereof, wherein the 

porosity of m~ cpticail ms region is such mat it W.lows the flux of tissue fl.uiid components 

whibt ~Xd1!llding ingrowth of ocular tissue, and wherein said onEay is mllapted for epithelial 

recolmuiutioirn. 

Th~ com~an ornlay may comprise the same visuali acuity across its dimensions. u oo 
co111ventiomd collAta.ct lenses. However, as visual acv.dty is mdy required for that pomon of 

tlhe oirnil1.y wlhiclh covers me pu.npU, herea.f~er referred to as the opticail axis region. it is 
·-·-------. 
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prnf~red to provide a corneal onlay having am optical ruds region having a porosity 

sufficie~t to aUow passage themthrough of tissue fluid components having a molecular 

weigh~ up to or greater tban 10.000 daltons~ but which excludes ingrowth of ocular tissue. 

I~ such a sim~oo119 the periphmy of the oway surrounding the optical ms :region may 
define a skirt h~ving a porosity sufficient to permit ingrowth of ocular tissue so u to 

facili~tc anchmilge of the onlay to the cornea. 

The porosity of the corned onlay over the optical axis region of the eye allows me flow or 
flux of tissue fluid components comprising high molecular weight protein. as well u small 
molecwm- weight mntrients such as glucose and respimtory gases through tile onlay. The 

~ porosity of th~ on!ay allows for protein ~cies having a molecular weight of several 

mousand dmrom~ up to severnl hundred thousand daltons or.more to freely pus through 

me ooimw layas as hernmoofom described. It is the passage of high molecular weight 

pro~us components, mch u growth factors, hormones. signalling proreins, 

mol~ transmitters, Md tnmsport proteins such as tnmsfcmn which tmnsport essential 

mew iom~ whlcb provide for the maintenance, integrity and health of tissues posterior and 
anterior to an implruued corneal onlay. Om experiments have shown that the passage of 

proreim md other components having a molecular weight of at least 10,000 drutons is 

~sentiru for tissue integrity and maintenance. Having Slid tills. it is clear dm! dle passage 

of proteirro.~ous and other componen!S having a molecular weight less than 10,000 

dmlton~ is ~~o important and this invention therefore embraces the passage through a 

oomead owa.y of m.urients, metabolic gases, and particulady proteins, carbohydrates and 

~ 
U.pids having ~molecular weight up to 300,000 daltons or mom, such as 500,000 daltons, 
or even up to 1,000.000 dalrons. 

The c~ on!ay as ~erein described, is capable of being surgical!y associated with, and 

preferably auached to, a living cornea so u to change i~ optical pmpcmes (such u 

c0treet visio@ deficiencies of the eye) or to change the appeamnce of the eye, such u 
coloration of me plllpil. 

The porosity of the corneal on!ay may be provided by virtue of the material from which 

me On!l~y i~ formed, that is. by the inherent porosity of the material. Altematlvely' p01!C$ 

may be bu:roducoo inuo me marerial from which the onlay is formed by vmous procedures 

well knowlfi in the mt such as those described in WO 90/07575. WO 91/U1687, US Patent 

No 5,244.799, US Patent No 5,238.613, US Patent No 4,799,931 and US Parent 
No 5,213.121. ______________ -----
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P~ may be fmw.ed.afrerpmductionoftheomay shape (such u bypolymercuting), or 

!in bunlk material prior to orumy shape formation. Such procedures may involve: 

i) Usage of sparb, or lums to bum holes through tlie oruay or omay material Pores 

may oo conveniently produced by using excimcr !um, such u a pulse type laser 

under microprocessor control as described, for example, m WO 91107687; 

ii) Repetitive drawing of polymeric material as described in US Parent No 5,213.721; 

ill) Multiphas~ formation processes followed by cham poliymcrimtlon such u 
d®saibOO. m US Patent No 5,238,613. 

Alremadvcly9 porosity may be provided by an inter-penetrating ootwork of holes 

tllrormghout the onifa.y matmi.ru. prepared such u by polymerization. in the presence of an 
insoluble matteriru. Subsequent removall. of the insoluble material gives rise to mtcntioos 
throughout th~ fomro poliymer materiall. 

Regmiless of the methods of formation of the requisite porosity of the onEay of the 

mvmtloni~ the oruay must have a porosity sufficient to admit proteins of a molecular 

weight up to and grea~r trum 10,000 daltom, such u from 10,000 to 1,000,000 daltom, 

but not sufficient ro admit cells and thus tissue invasion into the optical ms region of the 

comw oiday. Wbem porosity of the on!ay is provided by pores, tine optical ms region 

comprises a plw:llity of pores, the number of which is not in any way funiting on the 

inv~m.tion, but which is sufficient to provide flow of tissue components from the anterior to 

pos~or :regions of an implm~ onlay. By way of example only, the number of porns 

provided W. the o~lay may mngc from 200 pores per square millimetre to 300,000 poms 

per sqwrre millimetre or m.om. Prefcmbly, the pores formed within the optical rods region 

am in the mngc of 5 !nanometers to 15 x 103 rumometers in diameter. Pores of this size · 

witrunl tl'm opti.cm uis region would not cause refraction of visible Dight to an extent that 

would cause any prob~m with regard to vision correction. More preferably, the pores in 

th~ optical ~ mgfon have a diameter of from l5 to 300 nanometers, and evcm. more 

prefomlbUy from 20 to l50 nanometers in diameter. It is to be understood that the term porn 

doos roiot put any geometcic limitation on the mature of the pores which may be of regular 

or mgudu mmphology. In mis con~xt the temi "average widtll'' may be preferable to the 

term ''diameter''. Wimiin the above mentioned preferred diameters, nt should be recognized 
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Outtside of the optical! mxis region. the oway may have the same porosity as ~e optical ms 
region, that is, lllowi~g passage mrough uhc onUay of small molecular weight niJltrients, 

respimtoey gu~~ and pmremaceous and other components of tissue fluid having a 

molecudu weight up to and gi"eater than 10,000 dalton.s (for example, up to 1,000.000 
dalto~s or more) wmUst being of a porosity which specifically excludes tissue ingrowth. 

A!tematively, iliis region of the omay smrounding the periphery of the optical uis region, 

which may be :mfeuro to as the skirt, may allow the ingrowth of cells of the cornea 

mereby assisting in anchorage of the onlay to the eye. In this enllbodime~t; the skirt may 

conwn a plmmiu:y of pores of mmncter of 20 microns or more, preferably SO microns to 

U>OO microns., more preferably SO to SOO-microns, and even more prefcmbly SO to 300 
microns. Pores may oo fmmed m the skin in the same manner as that described above fm­

th~ pmd~ctlon of pores m the optical mxis region of the oruay. 

Porosity i:n the slldrt may be an inherent feature of the materiaJl from whlch the skin is 

fmmcd. Ifi mis regw it is to be appreciated that the skirt may be formed of the same 

m~teriru u the opticd ms region and may be integral uherewith. In this situation, pores of 

differing dimnerer may be fo:rm.00. in the optical axis region and the skirt. Al~tively, 

th~ skirt may b~ formed in a distinct and sepuate manner to that of me opticd ms region 

(for ~:nmple~ by polymerlution in the presence of an insoluble agent such u glucose 

which is subseqnlently dissolved from a polymeri7.00. matrix ro give a highly pon'Ous 

hucrpelilletmting network), mch that whilst formed of the same material as me optical axis 
regioim, the skirt hru; a much greater porosity thereby allowing tissue ingrowth. 

Alwn~tiveiy, the skirt may be formed of a different m.awiall from the optlcru. ms :region, 
) 

which ma.reriru is of a· higher porosity man the optical axis region so u ro allow tissue 

iirngrowth. The skirt may be piroccssed in a msmncr to produce high porosity such u by 

prepmng a cohereutt mass of melt drawn fibres having m inwn::onnecti.ng network of 

pores. imch u fibres madle of a polyolefin material, which is applied to the optical ms 
region. Th~ skin may, for exampUc, be formed from a highny poro~s ceramic material 

which is fosoo ro the optical axis region such as by solvent welding, heat fusion or use of 

ru:lli~sives. Highly porous cewnics which facilitate tissue ingrowth are -well mown (see, 

for ~x~ple. J. JBiomedl. Mater. Res. Symp, No 4, pp 1~23, 1973). 

Tlhe com~! onfay may be prepared from any Olle of the known nattnirru or synthetic 

polym~ric m@.terirus with the requisite mechanical properties such as pollymers and 
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copolymers of tlm classes commonly known as acrylics, polyole&s. fluoropolymers. 

silicones9 styrenicss vinyls, polyesten, polyurethanes, polycarbonates. ccllulosics or 
proteins sunch u ooUagen based materials. Hydrogel polymeric compositions are 
specificlilly excbudoo due to their propensity of shrinkage, met of porosity to high 

moleculm- wenght species, and. poor ceUW&r attachment properties. 

Whem a mmmm of polymeric materials is used in the production of the corneal onlay, 

thes~ materials may be copolymerizcd according to techniques well known in the art to 

give a :resulum.t poUymeric ne~mk. As mentioned above. the s1drt may be formed of 

differe~t polymeric or oduer materials man the optical axis :region so u to allow tissue 

ingrowth, mis being a function of greater porosity. The skirt mgion may be formed from 

one or mom ohhe aforementioned polymers. ceramics or any other biocompatible 

rrno~~biodc~ble matcriru having pores with a diameter greater than about 20 microns so 

u to ru!ow tlssuie ingrowth. 

The corneal onlay of this invention may be produced according to standmd techniques for 

the production of oomeru oruays as me well known in the mt Clem-ly the precise 

~irniques Ulsed for the polymerization of polymers, copolymers. mixtures theroof, 

prodm:ticn of cenmdcs, md the joining of optical ms region to sldrt where necessary, 

wm depend. upon the m~rurn of the materials employed, with appropriate methodologies 

being adopted for respective ma~ according to conventional procedures. 

The comeaiLl mtlay may oo shaped during or at the conclusion of its production process 

accmdfog to sumdaro milling, polishing, and/or shaping procedures u are weU known in 

the fie~d for the production of corneal prostheses. By way of example. the com.ea! onlay 

prod@~ by poiym~tlon is formed to shape either by moulding during polymerization, 

or by failiing of a preformed b~tton. Altemative!y, the optical ms region may be first 

formed t~ shape, for example, by eimer moulding or lathing of a preformed button, 

wh~afw ai skin is attached to the periphery of the optical ms mgion by polymerization 

me~bo@~. Alternatively~ the optical axis region may be attached to a porous outer skirt, 

for ~xamp!e, by dippbhg me skin in acetone and pressing me two together. Alternatively, 

im optkaUy ~cceptab~e adhesive may be used of materials fused rogethe1· by the 

application of heat such as generated by a pulse laser. A skirt may fust be formed having 

m a1rm.u!a.r orifice, 'Within which the optical axis is formed either by polymerization of 
fixatioirn of a pre~formed button. 
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The oirulay or a portion thereof may be coloumd with one o:r more pigments or dyes as are 

wen blown in the field. Colomed onlays, and parti.culady colouration around the pupil 

areat will ms~Ut m change of eye coloration on implantation. 

The come~! oinlar.y 3.coording to this invention is adapted for epithelial recolonization. By 

this is mMnt ~at the polymeric substance from which the on!ay is fomt.ed does not inhibit 

ooll@lu at~hmerlt or motility. Additionally, the respective surfaces of the oolay may be 

mOOifi.oo u is hereinafter described to facilitate cellular attachment. 

The oa.a~er posrerior and anterior smface of the corneal onlay may be modified by die 

applicatloirn of a po[ymer having pendant groups capable of being converted to reactlve 

fumctiowtl grouips which are thereafter capable of covalently coupling to the onlay smf~. 

Fm example~ a smface modifying composition may comprise a poly amino acid, such u 

poly lysine, where, for example, about 10 mo! per cent of pew:bmt groups are capable of 

being oonv~ ro niurem~ functiomil groups. The modified surface may of itself, stimulate 

me mlli~iolll of cells acljru:ell!~ to the implanted onlay, such u epithelial cells, m cells of 

th~ sttomL Alreit1nativelyfi the modified smface may be coated 'Wim one or mom 

components which pit·mno~-the growth of tissue adjacent to the implanted omay. For 

~xample, ~mcl!i materials include fibmnectin, lamimn, chondroium sulphate, collagen, cell 

ta.Uru:hmeEht p:rotdns, anti-g~latine factor, cold-in.soluble globulin, chondronectin, 

~pi~all growth factors mussel adhesive protein, thmmbospondm, vitt-oinectin, and 

vmous proreoglycms, mud/or aerlwtives of the above and mixtures the:reof. Fibronecdn, 

~ .. • dmivauives of fibronectin, epid.ennal growth factor, derivatives of epidermal growth factor 

'1 md mixrums ili~reof ue particulady useful. Alternatively. the corneal onlay itself without: 

smfall.c~ mooifkation may be directly coated with one or mom components which promote 

the growth of tissue adjacent to the implanted onlay and/or ooll adhesion to the oolay. 

Thes~ conriponcnts may be any component or components which provide cell oobesioo 

an.d/or promote c~U growth such as growth factors and adhesion facrors. Preferred 

mat~rirus are those detailed in connection with the applicatioo to a surface modified 

«::omea! onlay • .Preferably, the coating of components which promote the growth of tissue 

adjace~t to tlte implanted onlay are covalently bonded to me onlay. without effecting tlw 

optical pm~mes thereof. As a result of smfacc modifications. or by virtue of inherent 

properties of the Ou-llay, the oruay of this invention is adopted for epnthelial recolonization. 

The corneal onlay according to the invention described. herein is distinct and superior to 

pdoir art pmpos!tls in mat it provides an effective flow of high moiecu~ar weight tissue 
----------·---
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fluid compon~nts to the anterior surface from me tissue beneath the impiant which serves 

to s~ppoo mud to stimulate the coverage of the anterior surface of the implant with corneal 

epid1eRiru cells through the processes of migration from the adjacent tissue and 

sm.tifiration, Md to ~mpport the maintenance of the epithelial tissue that covers the 

implant,, or indeed my other tissue which covers the implant. T:nmsoomcal siputlling is 

provided, for uamp!e, during the initial period after implanumon, such as during coverage 

of the imp!Mt with epithelium, and fmthenmom provides for the porosity of the implant 

towards thea-apeutic compoU!Lnds applied to the antierlor surface of the imphmt. 

The corneal bnpiJmt accoromg to this invention may be inserted mto the eye according to 

(f ~tablishoo lremtt".Ctomy procedures as are well known in the field. 

I 

·This mventloirn \1till now be described with reference to the following non°limidng Figures 

mdE~plcs. 

FIGURES 

FIGURE 1: is a histogmn which depicts the percentage (%) of animals with corneal 

ulcers for specific membrane pore sizes. Column A represents the 

membrruue materials Cuprophan I Gamb:mne. 

FIGURE3: 

is a histogram. which depicts the percentage (%) of animals with epithelial 

and mtmior stromal tldnning for specific membrane pore sizes. Column A 

represents the membrane materials Cuprophan I Gmnbnme. 

is a histogmm which shows bovine corneal epithelial cell attachment to 

tissue culmre polystyrene (TCPS) in fracti.om:tted serum after twenty four 

hours. l'he X=uis represents the medium. The Y -mds represents the 

percentage ceU number of control, wllerein the control g; DD/Fn at day 6, 

set at 100 9&. DD represents serum free culture medium Md 2()'1; (v/v) 

fibroneain and vitronectin-dcpleted serum; ''lOOk" represents semm=free 

culrurn medium, to which wu added 209' (v/v) of Fraction l, having 

serum factors of 1000 to 100,000 dalrons in size; "30k" represents 

serum-free cuhiure medium. to which was added 20% (v/v) of serum factors 

of 1000 to 30,000 dlltons in .si7..e; "10k" represents serum-free culture 

mroi~m. to which was added 20% (v/v) of scrum factors of 1000 to 10.000 

.. · 

--·----- --------------------
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dal!tons in sim; "loo+30+ lO!!c" represeni:s serum~frec cwtme medium, ro 
which wu added 20% (v/v) of scrum factors of 1000 to 100,000 daltons in 

si:r.e; "DD" is serum-free culture medium + 20% (v/v) Fibronectin~ Md 

VitronectirHiep!ered serum (not fractionated as to size); SFM is serum free 

cuinnre medium; and Fn denotes that ttie tissue culmm polystyrene surface 

was precoatcd with fibronectln. 

is a histogram which shows corneal epithelial cell outgrowth on tissue 

culture polystyrene (TCPS) in fmctionared semm after six days culture. 

Th~ X=mds represents the medium. The Y =axis represents the perecntage 

cell :mnmber 24 m/S (conttol at day 6); cen outgrowth 6 days/ 24 hr 

(wherein the !mrehcd portion of the column represents the outgrowth, and 

dte black squares represent the cell number). "DD" is sen1m-frec cW.tme 

medium + 20% (v/v) Fibronettin~ and Vitroncctm~deplctcd scrum (not 

mctionated as to size); HlOOk11 represents smum-free culture medium, to 

which wu ad00d20% (v/v) of Fraction 1, having serum factors of 1000 to 

100,000 Wtltons in size; "30k1
' represents serum-free cW!ture merlimn, to 

which. wu added 209& (v/v) of serum factors of 1000 to 30,000 daltons in 

sim; 9'10k" represents serum-free culture mediuun, to which was added 20~ 

(v/v) of serum factors of 1000 to 10,000 d.altons fo. size; "loo+3o+ lOka~ 

representts serum~iiree culture medium, to which was added 209' (v/v) of 

serum facto[S of IOOO to 100,000 daltons m size; SFM is se.mm free clllltum 

medium; and Fim denotes that the tissue culture poRystyrene smtfacc "Was 

precoated with fibronectln. 

~p~ 1: Passage gf MacnlJPOlecuUes Across the . .Q>mea,_is Essential for 

Maimemmre of Nomuru C,mpew ~tru~~nregritt 

Mem.bmnes of differing pore size were implanted into d"nc eyes of cats to determine the 

eff~ts of f~cm.tatlJng or blocldng the flux of high molecular weight tissue fluid 

compolliLems across ~he comea, both posterior and interior of a comw implant. 

fo a fmt experim~~t, mallysis membranes with a 1.4 nanometre porn size were implanted 

into me comea. of cats. These membranes, whilst allowing the passage of giucose, amino 

acids. water ~md respiratory gases. block the passage of components having a molecuiu 

wciight great~r marn 10,000 cbtlto!ls. Both the corneal epithelium and stroma of' test mimrus 

iost inregriey over the tes~ period of four weeks. This experiment shows that tissue 
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compon('.mts having a molecuilu weight greater than 10,000 dW.tons, nameily proteins and 

glycopmreins~ are essentlru for comeatl integrity. 

A. ~aseUne Merumremern~ 

BueUinc meum'ementJ of corneal integrity incb:ndin.g slit lamp evaluation were conducted. 

~mils of comeru nmnspamm:y, vessel hyperaemia and pcnet.t"atlcm, smmce ch1racb 

teristk:s, op~ti.es, ~tc, were assessed. 

.> B. Bx~C!L,00 Design 

Two cyp~ of meml!mme, Nuclepore Filter (poilycarbonate) ud diruysi.s membnme 

(po~ycubonam!PEG), wem ansro in tltls srudy (Table 1). Prim- to impilmmdon, the 

:rm~mbnmes were tmphmed to diameter of n2 mm. The membrane used for Cat l had holes 

fooocd ~t the periphery thereof of 20 ro 30 micrometres formed using a laser. The 

Nu.ncncpore Filtms were mbbed with Mimflow contact lens cleaner, then rinsed amd 

&l!UtocRaved m sreill.c isotonic saH.ne. 

The diruysis membrane was rinsOO. mndl autoclaved in sterile isotonic saline after we-r 

peribmrlon. 

Tab!~ 1: Membrane and SurgncaJ Details 
====-=-=- - ~ 

Oionlateml EJ Catt Implmuoo Membrane Membrane 
No Eye T~ Pore Sllze (µm) Eye (YIN?) ; 

' ~ - ____,,,,..,. =-..o-= --=.""fl 

1 Left~ye PoUycairbomue 0.05 No 
--

~2 Left eye Polycarbonate/PEG ~ Non-perfomted.: No 
' 

<0.0014; 

• Perforations: 20a30 
- ~ 

3 Right eye Polycmrbc:mate 0.05 Yes 
I II 

' ---- -
I 

l_ 4 _J te~t eye Poilycarbonate 0.1 Yes 
-

c. s~irgicru ~utre 

1. The cats were anaesthetised to a depm of stage 3 ~ plane 2. 
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2. A diamol!ld knife wu u500 to make a 6 mm incision just inside me superior limbus. 
3. A corneal ru5sector with a shape edge was used to form a lamelm pocket of 14 mm to 

15 mm dimneter. 
4. Using plutlc=tlpped forceps. a membrane of 12 mm in diameter wu inserted into the 

pock®t. 

5. In Cat l md Cat 2, the incision was closed with 9 to O mononyion. In Cat 3 and Cat 4, 

the i1ncision wu closed with 8 to 0 silk. 

D. FQ_!lC!,w_ ~R Em-Y!P.Jm 
Th~ eyes were assessed «W.ly until clinical signs warranted termination (Table 2). 

Tl.hie 2: Follow up Period 

! Cat Number of Days 

t= No_ Prior to Termination 

1 23 

2 28 
=-=-"'=-=:.i:-: 

3 16 

l 4 Ongoing 

Euth~ of cats was perfoimoo with an intravenous overdose of sodium pentobubirone 
~t !40 mgikg of body weight 

E.~ 

Animal ~s ey~$ wcm removed rapidly after euthanasia. During the enucleation, fixative was 
dropped mu to both eyes (2.S % glutamdehyde in 0.1 M sodium a.oodyla1C ttihydm!e& 
2 mM calcium chloride, pH adjusted to 1.2 wim lM HO, at 25°C) at a sufficient mre to 

ensu.nre timt W.e amterlor corneal surface remained moist Immediately after death 0.3 ml of 
fixative was injected into me anterior chamber of each eye to aid the fiution of the 
posreidor cornea[ surfac~. 

Corneas wem separa~ed from the remainder of the eye and immersed in f"mative for sixty 
holllirs at 4 0C. "fwo l mm wide strips were cut from ea.ch cornea; one from periphery to 

c~mtre along me superior-inferior axis; one from periphery to centre along the ___ _ 
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ililU 
RESULTS 

Tables 3 Md 4 provide a summmy of the smdy design and findings. 

l Cli@iatljlbs_~atio!ls 

o Th('} clinicru appeMS!nce of the membranes, that is, me position amd the size of the 

membnmese did not change throughout the observation period. 

0 

Deposition, ood.cma and. neovuculariution were mom severe in implantcd test eyes 

comp~ to the lltsham" control eyes. which were not membrane implanted. These 

~nons appeared to be localized anterior to the membnme/pockct. 

fu me imphmted eyes, 'deposits' were observed amterior to the membrane, 
pmticu~dy in the inferior region of the pocket two to mree days after surgeey. 

For me "shmn" eyes, the 'deposits' were mainly located in the centml mgion of the 

pocket Md appeared less dense than those observed m implanted eyes. The 

•deposits' were of similar appeuance to those for the implanted. eyes, however, tl».ey 

did not progmss to the same extent. 

. 0 

~ 
Corneal Tlloovuculmmtlon started at the si~ of incision. and oomimied. to penetrate 

into ilie stroma overlying the membrane in all cats. Howtvcr, Comt'..al 

~eov&scwmzarlon :regressed. in one eye (Cat 4) dwing me srudy. The 

noowsculmn~on observed was a complication of the surgical procedure rather 

th:m vesse[ growth due to lack of nutrients. 

~. 

o Anterior sttomru 'deposits' and oedema were observed for Cat, 1 Cat :3 and Cat 4 

tlrmughout die ob~ation period. 

o Antmoli stiromru deposits, oedema and neovasculmuti.on were observed in the 

impRMred srea overlying the non~pedorated region of me polycarbonare/PEG 

mem.bra.ine. However, oedema and noovascu~min.tlon wem not observed in the area 

overlyigug the perforated region. 
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o No cU~ically detectable changes to the sttoma posterior to the membrane or to the 

endothelium were observed for my of the implanted eyes. 

II. ~gi~d Observ~tiQns 

o Th~ epithelium over me implanted membrane was reduced both iu thiclmcss and in 

th~ mum.her of cell layas, compared to that found in the control cornea (unoperated 

amd opemt.001), in Cat 1 and Cat 3 respectively. 

o "The epi~helw cells of all the implMtcd eyes were changed, to some ex.rent, in 

monphology u evidenced by an increase in the amount of extmce:Umu swmng, 

more grrumm nuclei snd less well defined cytoplasm. 

o There wu cvidermcc of an inflmnmatory reaction in the com.eW. anterior and posterior 

to the membrane m Cat 2 and. Cat 3. It mautifesmd as swollen kemtocyms, round md 

dm'!dy staining cells, pmsmnably ncutrophils, and noovascularimtion in the posterior 

Stlt'OmL 

Thitm. was a dose association of the cellula.T changes with the implant:OO. membrane 

in Cat 2. ·nis is evidenced by: 

m~ &nsity of brntocytes increased dramatically approaching the membrane; 

th~ wu an increased number of small, round, darldy swned cells (possibly . 

neuttophlls) within the epimelium overlying me mcmbnmc and m the stroma 

Mtencr and posterior to the membrane; 

- fo ~u ova the :non-pcri'omted region of the membrane. Bowman's layer 

appeared to haw broken down; 
. 

grruun!wr ma~ was observed adjacent to the stroma/mcmbmnc mwnace; the 

anterior stroma/membrane interface accumulated. a thicker layer of granular 

mareria! than that seen posteriorly in Cat 2; 

- morphological changes in ceUuUar componcnb of the epithelium appeared more 

obvious in areas overlying the non-perfomted region of the membrane than over 

the pmomted region; 

The ~lltdomelium appeared. intact and continuous in aU the implan~d. eyes. 

In Cat 3. a mus of keratocyte-like cens pmetratt:d between Descemet's membrane 

~u-1d the anterior surface of me eindothclial cells in me implanted eye. Several red 

.· 
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blood cells ~ also observed adhering to me posterior fa.cc of the endothelium. 

Th~~ foa.t~s were ~ot observed in the "sham" eye. 

As shown above implants whlch pmvcnt the flux of high molecular weight proteimceous 

tissU]~ compon~nu across the cornea results in degcnemtlon of the stroma and bmakdown 

of th~ Bowmam's layer u well as a loss of integrity of the comeal epithelium. 
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Table 3: Summary of Study Design and Fiindmgs 

Cat Eye Pocket Pocket Membrane' Membrane -=-r=Membnne Pom Size 
No (R!L) I (YIN) Depth (YIN'; •· Type (µm) 

1 R N ~ N ~ = 

-~-

L y t sttoma y Polycarbonate 0.05 
~ 

3 R y i stroma y Polycarbonate o.os 

L y t stroma N .. .. 
4 R y t stmma N ~ 

~ 

i 

L y t stroma~ y Polycarbonate ~ 0.1 

l R N - N - ~ 

L y t sttoma y Polycarbonate/PEG o < 1.4 µmin non 
pelf orated region 

I 
o variable: 20~30 in 
perforated region 

---··· ... ·------. ·- '-· . "' - ... ···~ 

11 

Days prior to i Reuo!Th for 
Termination 1'crmi:nation 

23 

I 23 Tissue necrosis, oedema. 
neovascularlntlon 

16 Neovascularlzation 
oedema 

16 

Ongoing 

Ongoing 
! 
i 

-

28 
I 

28 ~ Intmsttomainecros~ 
1 
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Tabic 4: Summ~ o~~milings Comi!'med 

rcat I Eye I Q[lhef CHnicall 
i No (RJL)! Obseirvations 

~ === 

HISTOLOO!CAL OBSERVATIONS 
~ =-·~~~ =""' 

~~ r Membrane m~m1ce EpiW.eUl.lm &domefanm I i 

Ii~ R . Anterl~-;~~~al i No~a! . l Normal I Normru I Norro;l ~~ 
<I I scar ! a ff ;. 

I r~ ~ I Streaks i~~ma Th~;;~~~ !Anterior: normal; 
! i I "Deposits" anterior cellular changes . Posterior. normal 
I I to membrane 
~ 

I~= i=· ~ ~ ~ = ~ 
13 

4 

R I Neovascularization; Thinned: Anterior. "scar" tissue 
Oedema and haze cellular changes RBCs and inflammatory 
reocposits" anterior cells in superior 
to membrane quadrant; 

Posterior:- activated 
keratocytcs 

L ! Inflammation: i Normal Normal 
0'DepositS09 It level 
of pocket neo­
vasculmzatlon 

R ! Oedema; Flare; 
Neovucularintion; 
lF.B at level of 
endothelium; 
Bright endothelium 

* I * 

Anterior: lined with 
granular material; 
Posterior: RBCs, 
debris lined with epi cells 

Normal 

~ o::::i. ~ ~- -=:::i·-== =a::zl ... ~ "'"'~ 

Anterior: lined with 
granular material; 
Posterior: lined with 
epi cells and granular 
material 

'Nonna! 

* 

Keratocyte~Uke cells 
between Descemet•s 
membrane and. 
endothelium 

Normal 

* 

* 
i L !Membrane I I r ~~ * ! * * decreasing in 

translucency 
=c=-:.=-:.L~~~~-= "='!"1:::lott:::1 ~~c::::.··._ =:::..~~¥ .,! "C:::a--~-==-=w= 'l::li ·~·b-::::.~~~~=~==:::d 
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Cat j Eye Other Clinics! HISTOLOGICAL OBSERVATIONS 

No l(R/L) Observations 
Epithelium Sttoma Membrane Interface 

2 lR ~ Normal Normal Normal 

L Noovascularlution; Normal thick~ Normal, except for region Activated kemtocytes 
Oedema and hue . ?W; Cellular of neova.~culmution lined anterior and 
anterior to changesand ! 1 hlsterior surfaces and 
membrane; breakdown of ~ l!ed perforations 
Deposits posterior Bowmmn's I fl 

to ccntml !ayer overlying . · I membrane intact I 
·membrane i I 

~ 1"::::11;;= 

! 
Endothelium 

-· 

Normal 

Norma! -co 
3 

I 
i 

Q. 

$ 

,, 
~ 

" 0 ... ";\ ... 

., !1 :)II\ 
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Example 2: OnRav: P~itIJ~ . .@.Y~ for Maintenance of B_nithelw and Strom~ Health 

In this ~umpl~ onl1,ys of vmying porosity were surgically inserted into the eyes of adult 

cats (n ~so). All cats were free of ocular or systemic disease. The details and 
chamcreristics of die membranes used in this study are set forth in Table S. 

Table 5: Mcm.bnne Materials and Specifications 

t~am~=~~ M~~= Pore size (mm Porosity (ca CJ&);-;::--:;-~) 
0.Upmphm .1nemred < 15 10 

lose 

1.4 12md8 
=. --==- ----·== ·=~=-ir--~-~-ll--~~=~ 

Poretlcs ~lycarbon~te 25 · 
. - -~- ~=-=-=-i---~~~ ...... -~ 

100 

1.50 8 
~~~-==- -- - _·o: 

2.36 12and8 

1.20 lland8 

0.10 8 
~· 

Prior ro impfamsrlon, the membrMes were ttephlned to a diameter of 12 mm, 10 mm or 
8mm. 

Sm~cm procedure md follow up evaluation wu cm:rled out according m Eumple 1. TI1e 

mumbm' of animals which were implanted with specific membmues are set forth in 
Table 6. 

Table 6: Su.mmmy of Animal Status for Each Membrane Type 

~ 
:::::&i.=s::::c.. 

Nucleopom i N~moor Cuprophan Gamb:mne Poretics 25 nm ··= 

~ 
100nm SO nm 50mn 

= ~ 

tlJ 
2 3 8 15 16 ~implanted 6 

-

Of the luge anunmt of clinical obseu'Vations mid histonogiail data asscmbned, the most 
~mirn~itnt WiUJ. for an ass~sment of cpimelial and stromal health following oniay 

membrMe iEtseniolll is corneal ulceration. and cpimelia! and mnterior stromal thinning. 

-
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Figmc l shows a .histogram which sets out the percentage of animals in each implanted 

group with oomeal ulcers. Forty three percent of animals implanted with a mcmbmne 
having a porosity of 25 nm showed corneal ulceration. Eighty percent of animals 
implmted with a membmne have a pore size of 15 nm exhibited corned ulceration. 
Bffectlwly the smne result was observed for the cupmpium and pmbrane membranes 
which baw a pore me of approximately less than 1.S nm. No wcemtioo WU seen in 
ruilinais imphmted with membranes having porn sizes of SO nm md 100 nm. 

Figure 2 shows a histogram which sets out the pereenttige of Mimms with epithelial and 
miterior stromru thimllng following ocular imphmtations of membranes of vmying pcm 

~im. Figmre 2 de~:dy shows that as the pore size of the implanted memimme decreases, 
the number of mimW.s with epithelial and anterior stromal thinning in~. AU amma!s 
impbmted with membmncs having a pore size of 15 nm m· lcss exhibited epithelial and 
anrerior stromml thinning. Membranes having a pom size of 25 nm resulted in 75 9& of 
wmru~ showing epithelial and anterior stmmal thinning. This figure fell to 31 % and 
21 9' m~tlvcly for membranes having a pcm mm of SO run and 100 nm. 

Figures 1 and 2 clearly show that the pore size of corneal onlays for the inSC11ion into the 
~y~s of animal should be greater than about 15 nm. 

&L,:umple 3: Corneal Epiti\ejigl_T~~g_uires TrQR,hic Factors of a Molecular Weigl!! 

Qgm~r Than 10J2QQ_ Q_rutQ,ns for CellA._~.£hmcrn~Mjgrf!iQn an~ E;.njthe~Qmmwth 
fo this experiment the requirement for access to tissue fluid factors, as exemplified by 
smum11 to enable the optimal proliferative and migratory responses of com.cal epidteliru 
oolls wu determined .Corneal epithelial cells were maint:lined in a culture medium 
(serum~~) which provided for the requirements of the cells for glucose, nutrients, 

metabolites md small physiological molecules. The pw:pose of the experiment was to 

dcremninc the requirement of these ceUs for tissue trophic factors, in ~r to permit 
cenmn cellular functions that would enable the colonisation of a corneal imphmt \\>ith 
comw epithelium and for me maintenance of that epithelial tissue. This was 

demomtnred by examining the effect of the addition to the culture medium of serum. as 
an example of such tissue fluids. upon migratory and outgro\Vt.h activities of corneal 
~pi~heHa] cells. 

' -~ . r .. . 
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cells for factors wim a trophic effect, the experiments were designed in! a manner to 

remove the possibility that any stimulatory effcc~ of scrum facrors could arise solely due 

to dfurect stlmubuio~ of cell attachment following adsorptioirn of dle serum factors onto the 

polym~ smfa~. Two tissue and serum facton, fibronectin or vittonectinl, can be foood m 
a soluble form :1md czm also adsorb onto smfaces, and :in this msolubie form can serve to 

promot~ cdlruu ~em.t In order to distinguish between nutrient or trophic support 

from ~m f~u:torss u distinct from stimulation of ccllwar adhesion to the culture surface 

as 1. result of worprlon onto that surface of serum fibroncctin md/or vitronectin, the 

scmm used m these experiments WU exhaustively depleted of the adhesive proteins 

fibron~ti.n amd vitroncctin prlor to use in the cell assays. 

n1e cell culw:re use.y system used for the detcnninatlon of the effect of tissue trophic 

f~toa was chosen ro repmsc!!lt the corneal onlay material of the prior art, in bewg 

:mpportive of th~ processes of initial cell attachment. The corneal epithelial cells were 

c'l!llltmro o:rn th(: syndnenc polymer smface called tissue culture polystyrene, which is an 

oximzoo polystynme smfacc that hu been optimized for support of cellular attaclunen.t. In 

having a smfa.cc chemistzy mat is supportive of the attachment of corneal epithcliW. cells, 

thls polymer smface resembles that of an example of a corneal omay described in the prior 

mt, wsofm- u cell adhesion is concerned. 

It bu previoimdy been proposed uhat exuacellular matrix components such. u fibrooectin, 

limnmm or col!agerois ~ay stimulate the cellular attachment activity of corneal epithelial 

cells. m prelimllw'y experiments, different extm.cellular matrix componenrs were 

compm-00 for their ability to support the initial attachment amd outgTOwth of corneal 

epithelial ~lls when the fru:ton were adsorbed onU> a culture surface, in order to 

f dletamm~ an optlmai. surface for the stimulation of corneal epimeliru ceU migratory 
t 

t ru.:tivity. fu m~e preliminmy experimenu, the culture medium u.soo was serum-fNC 

~ m«liu.nm comumng 20% (v/v) fooml calf serum depleted of bod! Fibronectin mud 

J Vitroneetfo., in order chat the effectiveness of me different extmcellulwr matrix components 

may be determined without any contribution from vitronectin or fibronectln adsorbed from 

the serum compom~lllt of the cuitme mediinm. 

fo order to i«tvestigam the migratory response of bovine corneal cputhclial. ccUs to ilie 

vmio\l!s extraceUulm.- mattix components. it was appropiate to determine the rate of 

outgrowm of eeli.s from a cell island. This was achieved by seeding cells onto a d.cflKled 

central rngkm of the culture smface (tissue culture polystyrene) of a lmown diru:neter at a. 
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pireOOrerminoo cell concentration, sufficient to produce a confluent monoiayer of epithelial 

cells at th~ commc~~ent of the cultmre period. The restricted mu was established ~Y 

using smml~ss stecl (sis) rillgs that have a v-profilc silicone 0-ring at the base, which 

~ti~ly provickd a sealed chamber into which the cells cu be loadOO. Aftu seeding 

mid cwmre for st~fficlent time for the cells to attach (four hours culture). the rinp wem 

removed Md f.msb. c:ulmre medium applied. The cells in the epithelial islmd were then 

fme to grow out over the smface, at a mtc that oowd be detemined in part by the 

cxtmoollruu mam oomponent that had been pmadsorbed onto the polymer sm:face. m 
d1as assay, two diffenmt formats wae possible. Cells may be seeded either within the 

region of me central chamber duereby effectively creating a circular island of cells" or 
alternatively outside me chamber and so leaviug a central region of the smface devoid of 

cells. Using th~ assay formats, the extracellular matrix components were compared for 

their influence upollA the outgrowth of epithelial cells. 

EXPERIMENTAL 

Preparation of Su:rfaces of Extracellular Matrix Compo1u1na: Five diffemnt defined 

ma.trices hav~ boon tested for tllclr ability to support awr.chment of corneal epimclial cells, 

by pIC:Hldsorbmg me followmg proteins onto tissue culture polystyrene and then blocking 

ooy resid~al pro~in binding sites with l ,;, (w/v) solution of bovine serum albumin: 

1. Bovine serum vitronectm. at S µg/ml (Isolated u previously described); 

2. Bovine s~m fibronectin sit 10 µ.glml. (from Sigma); 

3. Mmme lmnmm at 50 µ,g/ml. (Purified from EHS sarcoma. provided from 

Colliiborntlvc Biomedical); 

4. Mmine Collagen Type JIV sit 40 µgi'ml. (Purified from EHS sarcoma, provided from 

Collaborative Biomedical); 

S. Bovine Collagen Type I at 1.S mg/ml. (Purified from bovine calf stm, •aQillagen~· 

fromICN). 

These prnooa.ting oom::entratlons were chosen to be levels that wou~d offer maximal 

stimu~atlon of cell adhesion. SO µl of matrix solution were added at the predetermined 

ooncentm.tloOCAs to replica.re tissue culture polystyrene wells (96-wcll culwm trays} and 

incubated for one how.- at 37°C. The matrix solutions were then removed. zmd tllc smfaa:s 
"blocked' with a solutiorn of 1., (w/v) bovine serum albumin in scrum~frce culture 

medium md fo.cubated for one hour at 37°C. This 'blocking• step ensures that Wl 

m:m-mamx SUl!ppllied cell binding sites m-e effectively neutralized prior to ceU seeding. The 

blocked ti$S1Ue culrure polystyrene surface was also included in tmch assay and, u a result 
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Cell Attachment Assay: One hundred ~l aliquots of 0.7 ~ 1.0 x 10S cells/ml for cultured 

celist or 3.0 .. 5.0 x lcP cells/ml for primary cells in 1 If> (w/v) bovine semm albwnin in 

smumQfre~ cul~ medium, w~ added to each well and incubated for ninety minutes at 

31°C. Cell adhesion wu detamin~ by methylene blue staining and absorbances mad at 

650 :«tm Olil a plate=mader. Collagen Type I was used u the reference substrate for each 

rell origin type md ~ll amchment set at 100 CJ>, and so for the pmposcs of reporting, cell 

adhesioun to all! oilier matrices wu expressed. as a percentage of that on the Collagen 
Type I in the smne ~xperlment 

Cell Outgrowth Assay: On~ hoo.dred µ1 aliquots of cwtured bovine com.cal epithelial cells 

(passage numbcrs 5 to 7) of limbal origin were seeded at 5 x lOS cells/ml into the centre of 

the sUiiW~s sted migmtioirn fences, or 0.45 ml aliquots of ccll suspension at 

l x 106 ceUls/mU soodro around the outside of the fences. These concentrations were 

su.d:licielfflt to give ~ uruform monolayer of attached cells after four houn mcubad.on. Cells 

were illcubrur.d for four homs at 37°C before removal of the fences. The ·cultme medium 

usoo was 20 % (v/v) footd bovine serum. depleted offibronectin md vitmnectin. m 40% 

(v/v) Da.ibccoo's Minimal Essential Medium, 40 % (v/v) Ham's F12 medium. 

Each tt-M.mum.t wa~ oonducted in triplicate using the following swfmce coatings: 
a) Fibronectln = fibro:rnectnn, precoated. at 10 Jl,gfml; 
b) l~ Q bmninbn, prncoated at 25 µglml 

c) CI a collhg~n-n type i, precoated at 187.5 µgfml 

The pmooaoogs were ~cubared for one hom at 37°C prior to use. During the culture 

pm~ the cultum medium was changed every third day. 

tr -

.• .-

--··-------------------

Th~tmWtrm~·~ index was cmculated as: 
Ou.utgrowili Index ~ fivcilm: s~v~dn__seU_ Q_Y.,tgmj\lth area ~JQ 

initlai. foW" hour cell area 

RESULTS 

iiiiiT 
L Response of Cultured Celli - Initial Cell Attachment. For cells that had boon in 

cu.nlture for a shon period (pasHge :rmmbers 2 - 3). each of the cxtmceUulair matrix 

molecid~s fibminectin, vinunectin. coi_lagcn I. collagen IV. mTid. la.minnn. were stimulatory 
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of iirnitial cell atmchmcnt The results with cells that were freshly prepared from tissue. 

primmy cell s~sioos, wme similar but me responsiveness of these cells to viuonectin 
wu reiatlv~ly poor. In tii1'M experiments purified extracellular matrix components were 

compared for th~ attachment. dming the first ninety minutes of culture, of bovine corneal 

epithelial cells which were used immediately &fter isolation from the cornea. Collagen I, 

!aminin and wllqen IV each stimulated attachment of corneal epithelial cells. Taken over 
a series of eight ®xperiments, fibmnectin was also stimulatmy of attachment of oolls from 

each regioti, but for each cell origin the response of these primary isolates towards 

fibro~~tin wu vuiable from experiment to experiment (mean response varying over a 
2.3 to 2.8 fold mige). Vittoocctin, although stimulatory~ was oonsistcnldy much less 

effectlv~ mm lmnmin, the oollagens or fibro100etin m promoting cell attachment of each of 

th~ primmy isolate cells. This is a swrprising finding insofar as· vitronectin is ooncemOO. 

2. Bffecu of Bxtrm:ellul• Mllirix Components on the Migmtion of Cultund Corneal 

Cells 

i) Cell outgmwthfmm a ctmtmlly seeded area. Table 1 shows the comparison of 
diffen~ut extmoollwar matrix treatments for cell outgrowth from the epithelial cell is~ 
over ®.five to seven day crutmc period. m view of the poor peifmmance of vitmnedin for 
the stimumtiomi of attachment of primary corneal epithelial cells to vitmncctm, drls facto: 

was not mcbnded m the compmson. Some interesting differences between the different 

ex~llulm' matrix tmltments are apparent. In the presence 9f serum. depleted of both 

fibroooctin and vi~tin. surfaces coated with either fibmnedin or Collagen type I 

:;, pafomu~d \WU in terms of area covered by cells moving out from a ccnttal island. The 
luninin co1.tM. smfw:es, however. performed poorly mlatlvc to the other mri'aces. 

I 
! 
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Table 1: P.ffecu of Exncellwar Mattix Components on the Migration of Cultured 
~Cells .. Cell Outgrowth from a Centmlly Seeded Island 

~""""""-=>!!""' 

Sm:facc llldex 
medium (Mean±SD) 

CWtm-c period five days: ··TCPS/NS 3.4 ± 0.0 

FD/DD. 3.2 ± 0.0 
. - . =~~ 

Lo/DD 1.6 ± 0.8 
~· ~~~~ 

Col I/DD 2.2 ± 0.3 
~""\!:!""""~~--=--~ 

Culrure period ~ven days: TCPS/NS 5.4 ± 0.5 
..... ~~ ~~ 

Fn/DD 4.7 ± 0.3 
>=== ~ . ~~~ 

Lo/DD 2.3 ± 0.3 .., - ~~~ 

Col I/DD 4.2 ± 0.4 
= ~ ~""'S!'~~~ .............. """!:1::5:>.-..:---~ 

Iirn Tab~ 1 the following abbreviations are used: 

TCPS ~ ~ cultu:m polystyrene 
NS ~ f~ calf serum (not depleted of fibronectin or vitronectin) 

Fn gg fibron~ 

L~ ~ !amimn 

Col I ~ collagen I 
DD ~ footd Cllf semm, depleted of both fibronectin and vitroimemn 

.· 
I' ,. 
.• 

ii) C~U lnfl'OWthfmm a Periplutrally Seeded Ring. Corneal epithelial cells seOOed 

m"OUOO the outside of.the fences wcm monitored, until one mplic* of any tma.tment had 

completely oowmd the ccntml ma of the well. The effectl\-eness of eacli tteatment was 

calculated Md expressed u a percentage of the centml area tlult was oovered at me end of 
due ~xperimootai period. Table 8 shows the comparison of different extmcclluW' matrix 

~ents for ooll outgrowth from the epithelial cdl isbmds over a seven day culture 

period. This format gave similar results to those found on the central seeding method. 

L&nmm apjn proved to be a poor swface for tbe promotion of migratory activity, but 

Fnbroooodn ud oollapn I were effectivtdn stimulating ccll migration. 

------
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Table S: Eff~ts of &maceUIJUu Matrix Components on due Migration of Culrurnd 
Corneal 01fils ~ CeH Ingrowth from a Seeded Ring of Cclb; 

TCPSINS 94.4 ± 5.7 

Fn/DD 95.6 ± S.1 
-~~--~= ==--==-===~~=-~· ===-~~--~=~ 

52.9 ± 1.9 

Col lf/DD 95.4 ± 4.8 

In Tabli~ 8 the following ~bbmmtions are used: 

TCPS ~ tissue cUJltum polystyrene 
NS g foot.al emf serum (not depleted of fibroncdin or vitronectin) 

Fn :§: fibmrin~ctln 

Lr! § lmnmm 
Col I § oollilge1!1 I 
DD ~ foo~ ca.Uf serum, deplered of both fibronecW1 and vitroncctin 

!Bl Mean of four IN.ms initial uncovered. ama ~,!even dax amco!._emd m"Ca.JC 10 

Mem four hour initial uncovered area 

Th~ prellinimuy experiments showed mat both fibroncctin and collagen I are stimulauy 

of both th~ initt:iru cell attachment of comeall epithelial cells to polymer smfaces and also 

the outpnwm md migration of the ccns from cell islands. For the expmiments m which 

th~ effect of smum trophic factors was to be determined, the fibroncctln.~ooared polymer 

stm~cc wu included u being representative of a smface containing a biological adhesive 

factor. 

Determination of the momecufilar weight of serum trophic factor(s) that support the 

migration amt outgrowth of corneal epitheUam cells 

EXPERTMEN'f AL 
Fnac;ionlsid.oirn of serum 
Footru. bovine s~rum was dlepUeted of the cell-adhesive molecules vitronectil!l (Vitronectiirn) 

and fibronectl!Th (Fibrom~ctin) by the methods we have previously described. This depleted 

Fibmncctin Mdl Vitrormectin-deplleted serum wu then passed through a series of 

1iiiif 
T 
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lll!ltta~fihmtion membranes, in order to separate the serum components buo fractions 

conwmng compoimeruts of defined nmges of moUecular weights. 11U'ee different non= ionic 

Amicon ubrafint-ratloirn membnmes were used: 

1. Amico_n PMlO membmnc, with a molecular weight cut--0ff at 10,000 daltom; 

2. Amioon PM30 with r. molecular weight cut-off of 30,000 d&Utons; 

3. Amioon :D..UOO with s. molecular weight cut~off at 100,000 daltons. 

The 11-nembr~ w~ cleaned prior to use as per me manufactme:r's reoommendatlons. 

Th~ membmn~ w~re each prettMted wim a solution of l 9& (w/v) bovine scrum albumin 

in PBSw followed by a wash with sterile PBS, in order to reduce nonspecific bincling of 

prot~ms onto the membrane smface and comequental loss of serum components, dwing 

the subsequ.nent ftlttmtion step. The various membnm.es were held in an ulttafiltmtion 

assembly (Amicon) and the Fibronectln and. VitmnecwH!epletcd serum or fmction thereof 

wu stil'md with ai. magnetic stirrer and fil~d at im air pressure of 400 kPa. 

The tncrlonation of the serum was perform~ by the foU!owjng !lllethmk The Fibmnectin 

end Vitn)nedinodeplered serum was diluted with two volumes of sterile 

phosphate=buft"ered srume (PBS) and put through 1. series of sequential filttatloruc. All of 

the Fibroimectlirn Md Vitroirnecdn--0.eplered and diluted serum was firstly passed through a 

43 mm dimnettt XMlOO m~mbume and the filtrate collected. The retenmte from this 

membnme wu discarded. Two aliquots of the filtrate from the XMlOO membnme w.ere 
taken and pusr.d through either a PM10 or a. PM30 25 mm diame~ membrane. The 

mtrares froim th~e two membranes scpamrely collected and the retentates of these 

membranes ~ruse~. Low nnolecular weight components were removed from these 

filtrate fractions am:!" ~c remainder of the components in me fmcti.ons wem concentm~ 

back dowirn to a vo~umc that ms calcumted to be equal to the volume if they had not been. 

diluttld (and ruumming full recovery), by treatment upon a 43 m.m diameter Am.icon UM2 

membnm~ with 1m exclusion cutoff of 1,000 daltons. Them were, therefore, the following 

fmctiom!!, as :itlso cmtlined in the awached Scheme 1: 

Fraction 1: 

FractioITTi 2: 

The filtrate of the XM100 membrane that was subsequently retained 

upon the UM2 membrane - this preparation wouHd conwirn components 

in the l,000 - 100.000 dalltons range. 

The filurate from the XMlOO memb:rane mat was also a fihnte of me 

' ' ~ .. 
fl f· fl. 

PM30 mc:mubinwe b1llt was subsequendy mm.ined tllpon. me UM2--- -----------
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mem~ p this prepamtlon would contain components in the 
1,000 = 30,000 daltons range. 

The filtn.te from the XMlOO membnmc that wu also a filtrate of the 
PM10 membrane but was subsequently mwned upon the UMl 
membrane a this preparation \\"OUld COllWn componOOU :in the 

1,000 = 10,000 ddtons range. 

SCHEMEl 

Serum fractionation strategy 

(depleted of Fn and Vn) 
D1luted 1:3 with PBS 

100 KD MW cut-off 
filter 

30 KD cut-off 
· filter 

30KD filtrate 

10 KD cut-of/ 
filter 

10 KD fHtn.te 

Each of ili~ fmctlom wem sterilized after preparation by passage through a Gelman 

'Acrodisc'™ 0.22 µm ru~r. The serum fractions were mn on a l:LS CJ; polyaaylami& 
mi~i~ge[ (BioR.ad Protean II) under non~reducing conditions, to confirm the efficacy of the 

fih:ira.tlon procOO.ums. md the protein concenttadon for each mctlorn was d.etcmdned . · 

acieoroiing to sU!mdm'd procoom:es. --------­~~~----~--~-

iliiif 
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Assay of Effects of Serum andl Serum Fractions upon Comal EpitheUam CeU Growth 
and Migration 

The Fibmn~ttin a:md Vittonoctin:"'depletcd serum mnd depleted serum f.m.ctlons, prepared. u 

described aoove, wern added to the culture medium (1:1 Dulbecco's Modified Essential 

Medium/Ham's F12 serum~~ culture medium) at a concentration of 20 % (v/v) m order 

to swdy me effects of the various fractions upon the attachment md growth of bovine 
comw epimefud cells 1md the assays wem conducted over a cmtm:e period of six days. 

Culimre wells wern set up with sterile sWnless steel nnfences" which were coirntained within 

th~ wells ad rentmlly located. Aliquots (100 ill) of a cell suspension of corneal epithelial 

cells (prepared from bovine corneal dssue) were each seeded into stainless steel "fence" 

encRosl® a!lt a density of S x HP cellls/mt This cell loading wu sufficient to give a 
conflue:mt monoB.myer twenty fow hours after seeding the cells into the culture amm defined 

by the l@mlfm of me fence, in a1. culrure medium that contained intact scrum. In these 

cxperimcimu: m~ ~nccs were removed from the culrurc wells after twenty fom- ho11.n 

culmrn. then the c1111lrure mOOimn volume adjusted md the culture allowed to continue. 

Eru'.:h ~t sampl~ of Fibronccru1 and Vi1tronectin-depleted! scmm fraction was assayed m 
tripRicm~ wells. with_ om~ well being for qumtiw.tlon of the a:rea of the culture containing 

oolls a&ir a tw~mty four hour culn:me period. and two wells being used for measuring the 

~a afrer ~veirn days culrure. At me appropriate time~poinn:. the cei.ls were fixed with 

fmmol=swmc md stored in sreriUe PBS at 4°C 1mti! required. The cell density wu 

~rermmoo lby stainmg with Methylene Blue af~r OUiver et al .• imd due amount of bound 

swn measunm co!ou.rimemcruly an: 655 nm on a plate-reader. Methylene blue sWning was 
usro to determme both oonl outgrowm areas (by image analysis using a Qu:mdmet 510 

image Mruyser. oo~ting celb by dne increased colour foUoVl-ing upullre of the blue stain). 

:md to meas~ th~ extenlt of ceUl proliferation (determined colomimctrlcaUy at 655 nm, on 

am immnnrrnoossay pUare rea00r). 

The cunrurn moo.ii. combmatlons were: 

n) serum~me c1UhU1re m~dium. to which was added 20 % (v/v) of Fracti.on 3, having 

serum fa.ctoni of 1000 to rn.ooo daltons in size; 

ii) s~rum~free culrure mec.lium, to which wu ®.dded 20 % (v/v) ofFrnction 2 having 

serum factors of 1000 to 30,000 dmltons in size; 

iii) serumbfree cuhure medium, to which was added 20 % (v/v) of Fmction l, having 
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serum factors of 1000 to 100,000 ddtons in sim; 
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iv) SeJrum0 fmC tu!ture medium, to Which. WU added 2() 90 (v/v) Of a combination of 

Fnctions l, 2 and 3, having serum factors of 1000 to 100,000 daltons in si7.e; 

v) semm=fmc culmre medium + 20 '*> (v/v) Fibronedin Q and Vitronectinadepleted 

serum (not fmctionated as to size). 

vi) serum0 free medium I.lone. 

-. . 

AJA described a.bow, two cultum surfaces were used: firstly, tissue culture polystyrene. md 

seoondlly, tlss~ culrure polystyrene that had boon precoatcd with bovine semm 

Fibronectin at 10 µglml and incubated for one hom· at 37°C prior to cell loading. 

RESULTS 

By seplmUing Fibronectln and Vitronccdn-depleted serum mto fmcdons conWning known 

moleculaw weight mnges, it wu possible to assess the effects of serum components, withln 

s~ mol~lm-weight nmges, upon oomeal epithelial c~U attachmen~ migration and 

onngrowth. 

Figmc 3 shows the effect of the different frictions prepared from Fibronedin and 

Vitto~ectm~dqlleted serum upoI1 the attachment of corneal epithelial ceUs during the first 

twMty four hour of culture. In the manner in which this cxperime~t was conducted, the 

nmmber of cells present on me surfaces in the different ttea.tmenltS were close ro being the 

same for cmch tteattnent after twenty fom: hour of culture. The different tmatments oowd 

therefore oo compm.'Cd for the rares of cell outgrowth and increase in cell number beyond 

the mitiW. twenty fom hour cultum period, having a similar population of cells m the usay 
~t ilie tweni~ fomr .hom time point. 

Figure 4 shows dle effects of these various fractions upon the area of the culture surface 

cove~ with cells dwiing m six day cwmm period, expressed u the cell outgrowth index 

(catlcuia~d u ~scriboo above). Figure 4 llso compares these results in a manner that 

refa.res th~ in~se in cell culture area over due six day culture period (expressed as a :ratio 

of th~t at twenty four homs) to the cell attachment data. (at twenty four hows). 

Cenl migration and outgrowth of the island WU evident 0!1 rul the memum/smface 

comlbi:m1tio1rts. b~t to markedly different extents. On avenge. in the treatments conwmng 
Fibm~~ctin° md Vitrom~crl1rMieplcted. foeud ca!f serum (the positive comrol} or the 

treatment coirawnialg 20 % (v/v) of serum F:racrion 1 having serum factors of 1000 to 

.\:. 
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100,000 daltorut in Ii~. the ccUs migrated out to covc:r am area approximately tea times 

l~ger maw those oovemd by the cells in me treatments containing Fmdions 2 or 3. 

Fwthmnorn, com~ epithelial cells cultured in the treatment containing irecombined 

Fractions 1, 2 tmd 3 migrated out to cover about 33'1; of the mm of!he positive control 

combination on both tissue cultml'} polystyrene and fibronectin coated tissue culture 

polystyrene. 

Figure 4 m~ tm interesting oomparlson between the different scrum fractions. Similar 

level~ of cell atw:hmcnt after twenty four hours culture were seen with the tireatments 

having either smun~free medium alone, or serum-free medium conwmng 20 CJ& (v/v} 

Fraction 3 (having se.mm factors of 1000 to 10,000 dalrons in sim) or 20 % (v/v) of 

Fmcti.on 2 (having scrum factors of 1000 to 30,000 daltons in size) or 20 %i (v/v) of 

Fractio1n 1 (having scrum factors of 1000 to 100,000 daltons m size) or the recombination 

of Fractions 1, 2 Md 3. No1Mthstanding the mirld cell attachment being equivalent for 

these different ~tments, them was a marked difference in the increase in cell m"ea. Oruy 

[he treatment OO!ilwmng 20 % (v/v) of Fmction l (senun facton of 1000 to 10011000 

Wtlton$ m size) ud the tmatment containing the recombim.tiou of Fractions 1, 2 Md 3, 

provided for m~cd cell &rea over the six day culture oo tissue culture polystyrene. The 

same result wu seen for these t:reattnents with the smface of Fibrooectin=coatcd tissue 

ct1tloom polystyrene. 

!ID! using these two examples of culnJJre substrata as well as in using a culture medium that 

provi~s foa· the small molecular weight requirements of the cells, the experimental format 

used in ~.experiments is representati:ve of corneal onlays pmviously described, 

providmg for both celluhu- ~ccess to nutrients and other small molecules md also 

providing for a smfaec chemistty that suppons corneal epithelial cell attachment Taken 

together, these results indicate that there is/are tissue trophic factors, u exemplified by 

facror(s) m serum, that uc requmxl for optimal cpithelw cell coverage of a synthetic 

polymer snllrfaoo such u the tissue culture po~ystyrenc surface. These factor (s) are greater 

th:m 1000 ~tons in sim and are also retain~ on ftltcn that exclude molecules of 10,000 

and grna~. These results indicate that the activity, or a portion thereof, cm be identified 

as filling within the monecunu weight range of 10,000 to 75.000 daltons (determined from 

being excluded by .the Amicon PMlO membrane filter and included by the Amicon 

XM100 membrane filter). These serum factors arc not the adhesion factoa Fibmnectln or 

Vittonecdn. 
·------·---------
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Th~ rnswlu indicate mat there is a requirement of cornea!. epithelial cells for trophic 

factors from tissue. for the ru::tlvities of cell outgrowth and migmtlon onto a smface. 

Tisime factors such u serum stimulate epithelial cell outgrowth from epithelial islands, 

and this eff~t is InOt dependent upon the serum adhesive proteins fibronectin and 

vitmn~. By mo~cullU' weight fradionation of the serum, this activity hu been shown 

to oo greater than 10,000 cWrom in size. Hence, the comeru onlays according to this 

mventlo~1 have a·porosity sufficient to allow passage themthmugh of tlssue fluid 

components havmg a monecular weight grea~ thlw 10,000 daltons. 

Comeltl oruays may be prepared from a polymer comprising crosslmked macrocyclcs that 

ue made up of umts of the following formula 

whcmi~ A is ~kylcne or rubmymne each having from 3 to 10 carbon atoms aud each of 

which may be ~mbstituted. by one or more R3 mdicws, each of R i and R2, independently of 

the other9 is hymogen or lower alkyl. and R3 is lower alkyl. fluorlnmted lower llkyl or a 

siloxame mdiclll. Such poRymen are described in EP-A-501,917 whlch is mcorpomted 

herein by reference in i~ entirety. 

In a fust experiment, 5 "tert-tnutylper-2-ethylhexanoate is added ro poly(l--0eteneQl,8~ 

diy!) (naoo mm~ Vestcrumae:r®> and the crosslinking agent is incorporated. in a customary 

commercial J!mcader .under reduced pressure a.t a temperature of 3S°C. Comal oruays are 

compression molded from me resulting mass at 160°C and a pressure of 5 to 20 bm for a 

period of five m.mutes using suitable dyes. The corneal cmlays so obudned have am oxygen 

pmn~bility (Dk) of 106 Md a tem" strength of 2.1 MPa. Pores am formed in the onlays 

u.using ~ microprocessor controlled pulse laser. In the optical axis mgion of each onmy a 

pbmili.ty of pores having a diameter of about 200 nm are formOO. Outside of due optical 

ms regiol!1! of each oruay a plurality of pores having a diameter of about 200 microns am 

fomned. 

[Jrn a second experiment on.lays are prepared from copolymers of the formula K as described 

iirn EP=A=538,18S, which is incorporated herein by reference in its entirety. Specifically~ 
------------ ------·--
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100 mmol of mcyclo[!.l.L01.3]penwie and 150 mmol of ethyl acryla~ are copolymerized 
for two days m mc~1yl ether at room temperature, excluding oxygen. A sheet with a glass 
tmnsidon ~mpemmre of 100°C is obwncd. The sheet is compression molded to give 
com~ru oways. Pores am formed in me onlay as descdbcd u above. 

Patent mid omm- teclmica! so~ :referred to herein am incmpomted by reference into this 
~ficatloo. 

·fh~ inven~cm bereiim &scribed is subject to wriatlon, as will be apprecla~ by the skilled 
~soo, without departing from its spirit or scope. All such variations am embraced by 
this mvootion. 

-------· 
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Cll.aims: 

L A corned onlay for use iin surgical imp!antatlon into or onto the cornea of a. mammal, 

Hid onl~y h~ving ru:1 opticru ws region with optical cha:mcteristics which provide visual 

acuity thereilimugh, said onlay being comprised of a non=biodegrndable non=hydrogcl 

ocu!~dy biocompatible matmial, and characterized in that said oruay hu a porosity 

sufficient to !ill.ow passage merethrough of tissue fluid components having a molecular 

~ght greate:r thM 10.000 daltons, thereby providing for a flux of tissue fluid between 

cells anterior of the implmted oolay and cells posterior thereof, wherein me porosity of 

me optical uis region is such that it allows the flux of tissue fluid components whilst 

excluding ingrowth of ocwa.t tissue, and wherein said onUay is adapted for epithelial 

:recolommnion. 

2. A corned oirnb.y accoroing to claim 1 wherein ?he periphery of th~ onlay surrounding 

the optlcru uis region oofmes a skin having a porosity sufficient to permit ingrowth of 

ocular tissue so M to facilitate anchoring of the onlay to the com.ea. 

3. A c~nw onmy according to claim 1 or 2 wherein the smface of the on!ay is modified 

so u ro stbmlR~~ me adhesion of cells adjacent to the imphmred onlay. 

4. A comeru oway ru:commg any one of claims l to 3 wherein the onlay is coattd with 

one or more components which promote the growth of tissue wijacent to die implanted 

oirnlay. ud/or ctU adhesion to the onlay. 

5. A corned o~ay aecommg to claim 1 wherein porosity of the onlay is provided by m 

:iplu.mility of pores having a size sufficient to allow passage through the onlay of 

proteim1cooUJ!s tissue fluid components having a molecular weight greater than 10,000 

ddtons b11Jt which exchndes tissue ingrowth. 

6. A oom~~ onlay according to claim 2 wherein porosity of the vnsuru optical axis is 

provided by a plurality of pores having a size sufficient to allow passage through the onlay 

of proteinaceo@s tissue fluid components having a molecular weight greater tlum 10,000 

da!teimi but which cxchndes tissUllc ingrowth. 

1. A com~! Olffilay according to claims S or 6 wherein Hid pilumlity of pores comprise a 
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diameter from 15 immometrcs to 0.5 micrometres. 

8. A cmnw oirn!my acoording to cwm 7 wherein said plwrality of pores comprise a 

diruneter from 15 rutnomettes to 300 nanometres. 

9. A oomeru oruay according to claim 8 wherein said plamillty of pores comprise a 

dilmerer ftom 20 ro 150 mt.nometres. 

10. A ro:mcru o~lay accmrung to claim 2 wherein· said porosity of the smt is defined by a 

plmltli~ of pores having a diameter of at least 20 microns so as to allow tissue ingrowth 

Md anchoiragc of tim oruay. 

11. A cm~ omay acoording to claim 10 wherein the skirt is formed of a diffenmt 

biocompatible non-biodegmdable marerial man the optical rods region, and whcmin said 

~mt is eidi!er integral with the optical axis region or seemed to the periphery thereof. 

12. A method for comcting me optical pi'Openies of m eye or altering the appearance 

iliaoof comprising smgicruly implanting into or onto tthc cornea a cornea! omay having 

opticall ch.Mru:tmstics which provide visual acuity therethrough, said oruay being 

r.omprisoo of a corneal oniay for use in surgical implantation mto or onto the cornea of a 

manunai~ said oruay him.ving an opdcW. ms region with opticru characteristics which 

provide visual acuity thereilirough~ said onlay being comprised of a non=biodegra:dable 

non~hydrogel oculady biocompatible material, and characterized in that said onlay has a 

porosity sufficient ro allow passage therethrough of !tissue fluid compo111ents having a 

molecu~m:- weight greater than 10,000 dllto~1s, thereby providing for a flux of tissue fluid 

between cells runcrio~ of the implamted onlay and cells pos~rior thereof, wherein due 

porosiey of the opdcd axis region is _such that it W.lows me flux of tissue fluid. components 
whilst excluding ingrowth of ocular tissue, and. wherein said oniay is adapted for epithelial 

reco~oni~tioin. 

13. A m~tbod according to claim 12 wherein the periphery of the onlay surrounding the 

op[icall ub: region defines a skirt having a porosity sufficient to permit ingrowth of ocular 

tissue so u to facilita~ anchoring of the onnay ro the cornea. 

14. A method accordillg to claim 12 wherein the surface of the onllay is modified so as to 

sililrnuhtt~ tlhe adhesion of cells adjacent to the implanted orday. 

f fllll 111111111111 
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15. A m~ilioo mc~oroi«ng claim 12 wherein me on!ay is coated with one or mom 

compo~eints which promote me growth of tissue adjacent to the implanted. onlay, md/or 
cell ru:ilmsiolIT! to ~e on!ay. 

16. A method according to claim 12 wherein porosity of the omay is provided by a 

plm"'ality of pores having a sim sufficient to allow passage through the onlay of 

pmtew1.ceoius tlssu~ fluid components having a molecular weight greater man 10,000 

drutons b~t whlclh ~xcludes tissue ingrowth. 

11. A method acoo:rding to claim 13 wherein porosity of the visual optlcal axis is 

providl.00 by a plm-dity of pores having a size sufficient to allow passage through the on!my 

of pmtein~ous tissue fluid components having a molecular w~ight greater trum 10,000 

d~Jtons but which excludes tissue ingrowth. 

18. A method ru:conling to claims 16 or 17 wherein said pUuntlity of pores comprise a 

mmncrer ootwrelll 15 mmometres to 0.5 micrometres. 

19. A m~moo according ro claim 18 wherein said plurality of~ comprise a mamemr 
b~tween 15 nmtometres to 300 mmometll."eS. 

20. A mcmoo accoroing to claim 18 wherein said piurality of pores comprise a diameter 

b~twceltl 20 to 150 nanometres. 

21. A method according to claim 13 wherein said porosity of the skirt is defined by a 

piumlity of pores having a diameter of at least 20 mietons so u to allow tissue ingrowth 

wrud anclno:rag~ of tbe on!ay. 

22. A memoo according to claim 13 wherein the skirt is formed of a different 

biocompatible nonn~biodegrad.able material than the optical axis region, md wherein said 

skirt is either imepal v1.,.ith the optical ruds :region or secured to me periphery thereof. 

23. A memoo siccordbig to drum 12 wherein said onb.y is tnmsplamted into me epithelium 

of me cornea. 
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25. A method according ro c!mm. 13 wherein the optical ms region iis ooloun.%L 

26. A oomw oway u clmmtd in claim 1 for use in a method u clmmed in claim 12. 

• ! . 


