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“RETI NAL“RI’GVENT ‘EPI THELL UM TRANSPLANTATI ON BACKGROUND COF THE INVEN%FQN,
This application is a continuation-in-part- of copendi ng application
Serial No. 07/566,996 filed August 5 13, 1990, which in turn is a
continuation-¥n-part of f applucatlon Serial No. 07/394 377, filed August
14, 1989, now abandéned.- oy The pFesent i nvention relates in
general to cell and tissue transplantailon techni ques. Mbore
particularly, 10 the present invention is directed to techniques for

RETINAL PIGMENT EPITHELIUM TRANSPLANTATION
BACKGCROUND OF THE INVENTION

This application is a continuation-in-part of
copending application Serial No. 07/566,996 filed August

5 13, 1990, which in turn is a continuation-in-part of
application Serial No. 07/394,377, filed August 14, 1989,
now abandoned. ‘ :

The present invention relates in general to cell
and tissue transplantation techniques. More particularly,

10 the present invention is directed to techniques for
transplanting populations of retinal pigment epithelium
(RPE) cells as a monolayer to the subretinal region of the
eye, and to methods for preparing implants comprising
monolayers of RPE cells for transplantation. '

15. The retina is the sensory epithelial surface that
lines the posterior aspect of the eye, receives the image
formed by tha lens, transduces this image inkto neural
impulses and conveys this information to the brain by the
optic nerve. The retina comprises a number of layers,

20 namely, the ganglion cell layer, inner plexiform layer,
inner muclear layer, outer plexiform layer, outer nuclear
layer, photoreceptor inner segments and outer sagments.
The outer nuclear layer comprises the cell bodies of the
photoreceptor cells with the inner and outer segments being

25 extensions of the cell bodies. The choroid is a vascular
‘membrane containing large branched pigment cells that lies
between the retina and the sclerotic coat of the vertebrate
eye. Atop the choroid is 2 membrane l-5 microns in
thickness essentially composed of collagen, known as

30 Bruch's membrane. : :

Immediately betwesen Bruch's membrane and the
retina ig the retinal pigment epithelium which forms an
intimate structural and functional relationship with the



transpl anti ng popul ations of retinal pignment epithelium (RPE) cells as

a nonol ayer to the subretinal region of the eye, and to nethods for
preparing inplants conprising nonol ayers of RPE cells for

transpl antation. 15. The retina is the sensory epithelial surface
t hat | ines the posterior aspect of the eye, receives the inmage
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In the leading causes ¢f visual impairment in

wastern industrislized countries, such as age-related
macular degeneration (AMD), both photoreceptors and the

10 underlying RPE are compromised, or have degenerated. A
further aspect of AMD is the frequent appearance of
subretinal neovascular membranes which grow through the
Bruch’'s membrane and the RPE and tend to hemorrhage and
leak £luids into the subretinal space.

18 In an effort to recover what was previously
thought to be an irreparably injured ratina, researchers
have suggested various forms of grafts and transplantation
techniques, none of which constitute an effective manner
for reconstructing a dystrophic retina. The

20 transplantation of retinal cells to the eye can be traced
to a report by Royo et al., Growth 23: 313-336 (13959) in
which embryonic retina was transplanted to the anterior
chamber of the maternal eye. A variety of cells were
reported to survive, including photoreceptors.

25 Subsequently del Cerro was able te repeat and extend these
experiments (del Cerro et al., \'A h v
Sgi. 26: 1182-1185, 1985). Soon afterward Turmer, et al.
Dev. Brain Res. 26:91-104 (1986) showed that neonatal
retinal tissue could be transplanted into retinal wounds.

30 Li and Turner, Exp, Eve Res, 47:911 (1988) have
proposed the transplanhatibn of retinal pigment epithelium
(RPE) into the subretinal space as a therapeutic approach
in the RCS dystrophic rat to replace defective mutant RPE
-cells with their healthy wild-type counterparts. According



| medi-atel y between Bruch's nenbrane and the retina is the retinal

pi gnment ‘epi thel i um which forns an I ntimte structural and functi onal
relationship with the 2

phot oreceptor cells. Anong the functions perfornmed by RPE cells is the
phagocytosis of outer segnent debris produced by the photoreceptors.

It is believed that failure of the RPE cells to properly performtheir
functions such as

to their approach, RPE were isolated from 6- to 8~day old

black eyed rats and grafted into the subretinal space by

using a lesion paradigm which penetrates through the sc¢lera
and choroid. A 1 ml bolus injection of RPE (40,000 -

] 60,000 cells) was made at the incision site into the
subretinal space by means of a 10 ml syringe to which was
attached a 30 gauge needle., However, while this technique
is marginally appropriate for immature RPE cells, with

, mature cells it leads to activation and transformation of

10 these c¢ells which damages eye and retinal tissue.

Lopez et al., Invest, Ophthalmol. Vis. Sci. 30:-
586-589, . 1989, also reported a procedure for the
transplantation of dissociated RPE cells. In this
procedure, RPE cells were obtained from'normal, congenic,

15 pigmented rat eyes by trypsin digestion. These €£freshly
harvested, dissociated RPE cells were injected into the
subretinal ares of the eyes of dystrophic RCS rats via an
incision through the sclera, choroid and neural retina.
Comparable to the Li and Turner approach discussed above,

20 this procedure destroys the organized native structure of
the transplanted RPE cells, which take the form of a
confluent monolayer in a healthy eye. Moreover, the
procedure is of questionable value for the transplantation
of mature RPE cells. When mature RPE cells axe _

25 transplanted in dissociated form, experimental results
indicate that they are likely to become activated, migrate
into the subtetinal space, and as noted by Lane, C., et
al., Eve (1989) 3, 27-32, invade the retina and vitreous.
This activation of the transplanted, mature RPE cells can

30 result in such pathologies as retinal pucker, massive
subretinal fihrosis, retinal rosette formation, retinal
detachment, and proliferative vitreoretinopathy.

The difficulties discussed above asscociated with
the transplantation of mature RPE cells is problematic for



5 digestion of outer segnent debris |eads to the eventual

degeneration and | oss of photoreceptor cells. In the | eading
causes of visual inpairnent in western industrialized countries, such
as age-rel ated macul ar degeneration (AMD), both photoreceptors and the
10 underlying RPE are conprom sed, or have degenerated. A further
aspect of AMD is the frequent appearance df subretinal neovascul ar
menbranes whi ch grow t hrough the Bruch's nmenbrane and the RPE and tend
to henorrhage and | eak fluids into the subretinal space. 15 -
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non-~autologous transplants. Since the victims of AMD are

predominantly older adults, in most cases utilizing
autolagous tissues for transplants would necessarily entail
10 the use of mature human RPE cells.

It is believed by the present inventor that it is
necessary to maintain adult human RPE cells substantially
as a monolayer to achieve their successful transplantation
and to aveid the problems associated with activation of RPE

15 cells. Although not wishing to be limited to a particular
theory, it is thought that the cell-to-cell contact
inhibition provided by an intact monolayer, supplemented by
adherence to a substrate, mitigates againgt RPE cell
activation. Moreover, & monolayer structure for the RPE

20 provides a proper foundation for the meintenance of the
photoreceptor cells in an organized outer nuclear layer
structure and for proper growth and arrangement of inner
and outer segments, believed by this inventor to be
advantagous to restore a reasonable degree of vision. The

25 requirement that the photoreceptors be maintained in an
organized structure is based on the well known optical
characteristics of photoreceptors (outer segments act as
light guides) and clinical evidence showing that folds or
similar, even minor, disruptions in the retinal geometry

30 can'severely degrade visual acuity. |

Additionally, in cases of AMD where subretinal
neovascular membranes have appeared, prior to RPE
transplantation, such membranes will need tc be removed to
prevent subretinal edemas and hemorrhaging of these



kS Subsequently del Cerro was able to repeat and extend these

experinments (del Cerro et al., Invest. Ophthal nol. Vis, Sci. 26:
1182-1185, 1985). Soon afterward Turner, et al. Dev. Brain Res.
26:91-104 (1986) showed that neonat al retinal tissue could be
transplanted into retinal wounds. 30 Li and Turner, Exp, Eye
Res, 47:911 (1988) have proposed the tgransplantation of retinal "pi gnent
epi thelium (RPE) into the subretinal space as a therapeutic approach
in the RCS dystrophic rat to replace defective nmutant RPE cells with

t hei r heal thgmbranes ype Inouptracpibees. rekevaridi af the neovascular
membrane results in removal of the native RPE and Briuch's
membrane as well.

A critical impediment to the transplantation of

5 RPE cells a3as a monolayer is the fragility of the
intercellnlar structure of RPE relative to the rigors of
manipulation during transplantation to the subretinal
area. Moreover, providing satisfactory support to the RPE
cells during this process is complicated by the fact that

10 the support must either be removed subsequent to
transplantation, to avoid compromising metabolic exchange
between the choroid and the overlying retina, or be
compatibhle with such ongoing physiclogical activity. Thus,
a method is needed wherein an implant comprising a

15 monolayer of RPE cells is prepared and transplanted in
which the component supperting the monolayer of RPE cells,
upon transplantation to the subretinal area and exposure to
a set of predetermined conditions, does not impede normal
eye tissue function, Further, a Bruch’'s-like membrane for

20 attachment of the transplanted RPE cells will be needed in
those cases where neovascularization has occurred and the
native Bruch's membrane is removed.

SUMMARY OF THE INVENTION
' Among the objects of the present invention,

25 therefore, may be noted the provision of a method for
preparation’ of a population of RPE cells as a monslayer for
use in the reconstruction of a dystrophic RDPE; the
provision of such a method which allows for use of mature,
and in particular, autologous, mature RPE cells as donor

30 tissue in the reconstruction of a dystrophic RPE; the
provision of an implant for use in the reconstruction of a
dystrophic retina; the provision of such an implant which
does not interfere with normal eye tissue function after



3 * to their approach, RPE were isolated from®6- to 8-day old bl ack
eyed rats and grafted into the subretinal space by using a |l esion

par adi gm whi ch penetrates through the sclera and choroid. A 1 m bolus
injection of RPE (40,000 - 5 60,000 cells) was nade at the incision site
into the subretinal space by neans of a 10 ml syringe to which was
attached a 30 gauge needle. However, whil® this technique is
margi nal |y appropriate for immture RPE cells, with mature cells it
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via an Bruch's membrane has bdeen removed; and the pro#ision of a
method for transplantation of such implants to the
subretinal area of an eye.

Briefly, therefore, the present invention is

10 directed to a method for the preparation of a population of
RPE cells for transplantation to the subretinal area of a
host eye. The method comprises providing donor tissue
comprising RPE cells, harvesting from that tissue RPE
cells, and apposing the harvested RPE cells as a monolayer

15 to a non-toxic, flexiblae support that, upon transplantation

. to the subretinal area and exposure to a set af
predetermined conditions, will not impede normal eye tissue
function of the host eye and the transplanted population.

The present invention is further directed to an

20 implant for transplantation to the subretinal area of a
host eye. The implant comprises a laminate of a monolayer
of retinal pigment epithelium cells and a non-toxic,
flexible support that, upon transplantation to ¢the
subretinal area and exposure to a set of predetermined

25 conditions, will not impede normal eye tissue function.

The present invention is also directed to a
method for transplanting toc the subretinal area of a host's
eye an implant comprising a monolayer of RPE cells. The
method comprises providing an implant comprising @ laminate

30 of a monolayer of retinal pigment epithelium cells and 2
non~toxic, flexible supporf, that, upon transplantation to
the subretinsl area and exposure to a set of predstermined
conditions, will not impede normal eye tissue function,
making an incision through the host’'s eye, at least



~incision through the sclera, choroid and neural retina. Conparabl e to
the Li and Turner approach di scussed above, 20 this procedure destroys the
organi zed native structure of the transplanted RPE cglls,. which.take
the formof a confl uent nonol ayer in a healthy eye. MWiSoSKEET HAS BEEN
procedure is of questionable value for the transplantati o ﬁﬂqﬁg@gwe
RPE cells. When mature RPE cells are 25 ttansplanted in B-sseetated—form
experinmental results indicate that they are likely to becone actlvated,
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V|treoret|nopathy The difficulties discussed above associ ated
W t h 7 ARt X, Hmgells is problematic for

5 ' Fig. 1 is a photoqrap’h {200X) of a cryostat
section of a normal rat retina and sub-retinal area;
Fig. 2(a, b, ¢, @ and e) is a schematic showing
the preparation and transplantation of a preferred
" embodiment of an implant comprising a monolayer of RPE
10 cells mounted to a support;

. Fig. 3 is a schematic of an alternative
embodiment of an implant comprising a monolayer of RPE
cells mounted to a support;

Fig. 4 is a horizontal section through an eye
15 illustrating a transchoreoidal and scleral surgical approach;
Fig. 5 is a horizontal section through an eye
illustrating a transcorneal surgical approach:; '
Fig. 6 is a photograph showing a view of the
transplanted implant of an intact monolayer of mature human
20 RPE cells positioned under the retina of a rodent whose
cornea, pupil and lens have been removed, 2 weeks
post-transplantation, as set forth in Example 1;
Fig. 7 is a photograph (40X) of a section of a
rat retina and sub-retinal area showing an implant of an
25 intact monolayer of a population of mature human RPE cells
14 days after trausplantation, as set forth in Example 1;
Fig. 8 is a higher magnification photograph
(400X) of a section of a rat retina and sub-retinal area
showing an implant of an intact monolayer of a population
30 of mature human RPE cells 14 days after transplantation, as
set forth in Example 1;
Fig. 9 iz a photograph {(100X) of a section of a
rat retina and sub-retinal area ‘l4 days after
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4 human transpl antation since avallable supplies
" RPE donor tissue are extremely |linited. Mreover,

mature cells effectively prevents transplantatlon
tissue, which 5 otherwi se would be desirable to avoi
i nvol ving potential immnol ogical responses faced

transplants. Since the victins of AMD are8 predom

of immature human
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in nmost cases utilizing aut ol ogous tissues for transplants woul d
necessarily entail 10 the use of mature human RPE cel

10

15

20

25

30

transplantation of dissociated mature human RPE cells, as
set forth in Example 2; and

Fig. 10 is a higher magnification photograph
(300X) of a section of a rat retina and sub-retinal area l4
days after transplantation of dissociated mature human RPE
cells, as set forth in Example 2.

DETAILED DESCRIPTION

As used herein, the term "donor* shall mean the
same or different organism re}ative to the host and the
term "donor tissue” shall mean tissue harvested from or
cultured from tissue harvested from the same or different
organism relative to the host. Autologous tissue shall
mean tissue harvested from or cultured from tissue
harvested from the host organism. Mature RPE cells shall
mean differentiated RPE cells derived from an organism that
is not a fetus.

It is believed that in age-related macular
degeneration (AMD), compromise or Qegenaration of the RPE
cells which underlie and form a ¢lose structural and
metabolic support for the photoreceptors, leads to the loss
or destruction of viable. photoreceptors. It has bheen
discovered, however, that transplantation of a population
of RPE cells as a monolayer, i.e., in essentially a
two-dimensional array of cell bodies capable of engaging in
call-to-cell contact inhibition, allows the RPE cells to
maintain largely normal characteristics of native, healthy
retinal pigment epithelia, capable of providing structural
and functional support to photoraceptor cells. Moreover,
as illustrated in Example 2 balow, it is believed that it
iz essential to transplant mature RPE c¢ells as a monolayer
in order to prevent activation of such cells. Activation
leads RPE cells to transdifferentiate into wandering
macrophages, fibroblast-like cells and other cell types,
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-1t is believed by the present inventor that it is necessary to maintain
adult human RPE cells substantially as a nonol ayer to achieve theit .
successful transplantation and to avoid the probl ens Qﬁgog;iagTeahWBHH
activation of RPE 15 cells. Although not wi shing to be ﬁlﬁ?t}
particul ar theory, it is thought that the cell-to-cel
I nhi bition provided by an intact nonol ayer?9 supplenented by adherénce to
a substrate, mtigates agai nst RPE cell actlvatlon Mor eover, a :
monol ayer structure for the RPE 20_provi des a proper foundation for the
mai nt enance W CHh £3UsS eyt et oF @léﬁ'-EoP*hl%ne ephs Zin bhe eryauandar
| ayer St regatiwae and for pr oper growth and arrangerrent of inner and
outer segnents, beli e&? t.hi S i tor Ht"eﬁg adv?nga ous,to restore a
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mai nt ai ned inexa@l radr gam:.mdasﬂr aubueé:nelbu&:w orin Rigrelll adsnesallopti cal
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("IPL"), inner nuclear layer ("INL"), outer plexiform layer
("OPL"), outer nuclear layer (*ONL"), inner segments
(“IS"), outer segments (“08%), and retinal pigment

10 epithelium ("RPE"), are shown, respectively, from top to
bottom.

Raeferring now to PFigs. 2 and 3, implants
comprising a monolayer of RPE cells are prepared, in
general, by harvesting RPE c¢ells froem donor tissue and

15 apposing the harvested RPE cells as an intact monolayer to
a non-toxic, flexible composition, or by seeding such a
composition with a monolayer of dissociated RPE c¢ells and
allowing them to grow into a confluent layer. The £flexible
composition serves as a stabilizing support for the RPE

20 cells during transplantation.

The implant constitutes a laminate of a monolayer
of RPE cells and a support composition approximately 100 to
500 microns thick, and preferably 150-250 microns thick.
The surface of the implant has a surface area greater than

25 about 1 square millimeter, preferably greater than 2 square
millimaters, and most preferahly greater than 4 sguare
millimeters, or as large as may be practically handled.
Thus constructed, the implant may subtend a considerable
extent of the sub-retinal surface.

30 In selecting donor tissue for the harvesting of
RPE cells, it is noted that previously, ti:ansplantation of
RPE cells was effectively limited to immature cells,
Mature RPE cells transplanted according to prior art
methods have been shown to undergo activation resulting in
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Additionally, in cases of AMD where subretinal neovascul ar nenbr anes

have appeared, prior to RPE transpl antation, such nmenbranes will need to
be renoved to prevent subretinal edenmas and henorrhagi ng of these
menbranes. |In practice, renoval of the neovascul ar menbrane results
in renoval of the native RPE and Bruch's 10 menbrane as wel |.

retinal pucker, sub-retinal fibrosis and proliferative

vitreoretinopathy. However, by utilizing the'brocédures
for implanting a monolayer of RPE c¢ells according to this
invention, transplanted mature RPE cells have successfully

5 maintained essentially normal structure and function.
Thus, the subject invention makes mature RPE cells
available for transplantation, significantly increasing the
supply of usable donor tissue beyond the narrowly limited
supply of immature human donor tissue.

10 It is also noted that the RPE forms part of the
blood-retinal barrier and is thus exposed to lymphocytic
attack. Accordingly, use of autologous RPE cells, now
possible even for mature RPE cells, is preferable, since it
will avoid immunological complications in clinical

15 applications. 1If non—autolggous tissue is utiiized. tissue
typing and/or use of an immunosuppression regimen will
generally be necessary to avoid rejection upon
transplantation.

Donor tissue may be provided, for non-autologous,

20 human RPE tissue, from eye banks, which make the RPE tissue
available in connection with conducting corneal
transplants. Harvesting donated tissue comprising
non-autologous RPE cells can be accomplished by any
suitable methed. In general, harvesting of RPE cells may

25 Dbe carried out as set farth in Pfeffer, B.A., Chapter 10,
“Improved Methodology for Cell Culture of Human and Monkey
Retinal Pigment Epithelium®, Progress jin Retinal Research,
Vvol. 10 (1931); Ed. by Osborn, N, and Chader, J., or
Mayerson, P.L., et al., "An Improved Method for Isolation

30 and Cul_tu.re.. of Rat Retinal Pigment Epithelial Cells”,
Investigative Ophthalmology & Vigual Scisnce, Nov., 1985,
26; 1599-1609, which are incorporated herein by reference.
Specifically, to harvest non-autologous RPE cells, a donor
eye is pinned by the optic nerve stump into an eye cage and



~Acriti'cal inmpedinment to the transplantation of 5 RPE cells as a

nonol ayer is the fragility of the intercel lular structure of RPE
relative to the rigors of mani pul ati on during transplantation to the
subr et i nal area. Moreover, providing satisfactory support to the RPE
cells during this process is conpllcated by the fact that 10 the support
nmust either be renoved subsequent to t¥anspl antation, to avoid
conpron15|ng nmet abol i ¢ exchange between the choroid and the overlying
retina, or conmpatible wth such_pngoj ng si ol ogi cal activity
Thus, 61?&R¢E% 1% RBeYS etHmedia ?Bt%ﬁpFPERﬁglar§§°ﬁﬁﬁolayer
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: the adherent vitreous is lifted out of the eye cup. The
neural retina is separated at the optic disc and removed.
The shell is then washed with Hanks’ balanced salt

10 solution, Ca++ and Mg++ free, and treated with 0.25%
trypsin for 30 min. at 37* C. The trypsin solution is
aspirated from the shell and DMEM (GIBCO) is added. The
RPE cells are released from Bruch's membrana by gently
pipetting the culture medium in the shell.

15 For implants containing autologous tissue, RPE
cells may be harvested by performing a biopéy following the
procedures disclosed by Lane, C., et al. in Eye (1989%) 3,
27-32.

The implant also comprises a support for the RPE

20 cells so that the monolayer of RPE cells is less likely to
be damaged and is more easily manipulated during the
transplantation process. The support consists of a
substrate, an overlayer or both, comprising a sheet or
sheets of a non-toxic, flexihle composition selected to

25 provide mechanical strength and stability to the easily
damaged monclayer of RPE cells. Because the support
compogition will be inserted into the eye as a laminate
with the monolayer of RPE cells, the support is also
comprised so that, upon transplantation to the subretinal

30 area and exposure to a set of predetermined conditions,
described'herein. the support composition will not impede
normal eye tissue function of the host eye or the
population of transplanted RPE cells. If the harvested RPE
cells are to be cultured before transplantation, the



SUMVARY OF THE | NVENTI ON Anong the objects of the present

I nvention, 25 therefore, may be noted the provision of a nethod for
preparation of a population of RPE cells as a nonol ayer for use in the
reconstruction of a dystrophic RPE, the provi sion of such a nethod which
all ows for use of mature, and in partigglar, aut ol ogous, mature RPE
cells as donor 30 tissue in the reconstructi on of a dystrophic RPE; the
provi sion of an inplant for use in the reconstruction of a dyst rophic

retina; the fndsdeq8n0braYEl1A9 SHRAGHE WA GHe morftAGYdiolod et fELAYM LN
normal eye %&%%%% l%g%gbggn%aigén may optionally be capable of servin
g
as the attachment substrate for the RPE cells Jduring
culturing.

5 A variety of compositions may be used as the
support for the population of RPE cells, depending upon the
specific set of conditions to which the composition will be
exposed after transplantation. In short, the composition
is selected either because any portion remaining within the

1l0 subretinal area for more than approximately one week after
transplantation is compatible with normal eye tissue
function upon exposure to bodily £luids within the
sub-retinal area, or for its susceptibility to elimination
upon exposure to prescribed conditions.

15 An additional factor to consider in determining
the make-up of compositions for support of the monolayer of
"RPE cells is whether Bruch's membrane has been or will be
removed from the host eye prior to transplantation of the
monolayet'of RPE cells, Bruch's membrane sarves to anchor

20 the RPE cells in a healthy sye. Removal of Bruch's
membrane may occur in cases of AMD where a subretinal
neovascular membrane has formed and Bruch's membrane is
removaed as a consequence of the removal of the neovascular
membrane. _

25 In cases where Bruch's membrane is removed, the
support composition will comprise a layer of collagen less
than 100 microns in thickness, and preferably between 1 and
10 microns in thickness. The basal surfaces of the RPE
cells attach readily to the collagen layer, which serves to

30 anchor the RPE cells to the choroid in place of the removed
Bruch‘'s membrane. The layer of collagen also serves to
inhibit the occurrence or reoccurrence of subretinal
neovascularization through and around the transplanted
RPE. Such a collagen layer is retained indefinitely in the



) "*transplantation and mai ntai ns photoreceptors and. their I nner

;and outer segnments by allow ng for maintenance of thd in rViens BEEN
organi zati on of the photoreceptor; the provision of %u a}g}bonant
whi ch provides a nenbrane for attachment of 5 the pdpul ati BLAYEDRDE cdi s
especially when the native Bruch's nme ane has been renoved; and the
provi sion of a nmet hod for transplantatron of such inplants to the
subretinal area of an eye. Briefly, therefore, the present

‘Lovention i s bl dekehhed 4a MhBAvES! e RECAMGIN ot B:pBRVLA!I ON Of
RPE cells for transplantation to the subrefinal area_of a ost eye.
The nmethod cBEMPEIBe [Flo8SHaRfigddyr Fomprised ofoRpLianan. RPRAcSych

harvesting fpa@rbiatint 1998esRBE collagehs arah$edidasl ad enbaghatyeatgdaRPE
cellS 25 2 MRRReRiSh A3rhe1 P8 el EAE eldIdls® SURPYL ehid ot BOYsc
: 5 exchangae betwgen the choroid and the retina. However,
collagen compositions of such a minimal thickness are not
strong enough to prevent buckling or distortion of the
monclayer of RPE cells during transplantation. Thus, such
microthin collagen materials need to be used in combination
10 with additional supporting materials which will be
eliminated after transplantation, if they are toc form part
of the support for the transplanted RPE cells.
If transplantation is carried out with the native
Bruch‘'s membrane intact, the host's RPE cells covering the
15 area to receive the transplant of RPE cells may be
physically and/ox chemically debrided from the Bruch's
membrane, for example, by applying collagenase to the
native Bruch's membrane to loosen the host's RPE cells in
order to permit their removal. The trangsplanted RPE cells
20 may then anchor themselves directly to the Bruch's membrane.
Either to supplement a layer of collagen, as
discussed above, or in cases where inclusion of a collagen
anchor is not required, a support composition may be
selected which is dissipated, for example, by exposure to a
25 sufficient amount of heat, selected enzymes, or bodily
£fluids, Gelatin is an example of a preferred support
material which is flexible, lacks toxicity to neural tissue
and has the ability to dissolve at body temperature. The
support composition may also comprise a matarial such as
30 activated low gelling temperature agarose (Type VII, #A
4018 Sigma Chemical Co., St. Louis) or fibrin, which are
known to _éissipate when exposed to selective enzymes which
will not attack other compositions. For example, agarase
is an enzyme known to specifically attack agarose, and

-\\\
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i to the:'subretinal area and exposure to a set of pr edet er m ned
conditions, wll not inpede nornmal eye tissue function of the host eye

and the transpl ant ed popul ati on. The present vent-+-atT BEEN
further directed to an 20 inplant for transplantation to ﬁisﬁt&rﬁgth I

area of a host eye. The inplant conprises a | am nate a rREFLAGKES

of retinal pignent epitheliumcells and a &én-t oxi c, Hextbf & Support
that, upon transplantation to the subretinal area and exposure to a set
of predet ermned 25 conditions, will not inpede norpml _eye tissue function.
The present M¥OBANASR 1% ARsBRAYRRt SRECifly Lo nEiREADF or Anthad ant i ng

to the subrefilggbnatedeofisft RestusSe bieMegRAAaBDEaARo1OMERE Ssutth aggonol ayer

f RPE |

"ari nate 30 GEPXIABRGY A oA TEEIACERUNTERE oRFEeE | i) TBERRE L °
non-t oxi c, fCbﬁmbbelsﬂpporDethuarehpwplr(ﬂmfﬂrit@)t iagidt 0 t he sub_retl nal
area and 5exps%qwntqaét§a& €b- anfésiﬂ@)miao 9999&51%3 pM*'ItILDOtor' mpede

normal eye t ing .an_.iRncisio rou host' s
eye, at |yeasbi 3Ct1° 'acids (q%w mo1 2wt ?Pofyscienc inc.,

Warrington, PA., Data BSheet #365, 1990), which are
flexible, non~-toxic materials that slowly dissipate upon
implantation and exposure to bodily fluids. See, e.q.,
10 Powell, E.M., Brain Regearch, 515 (1990) 309-311 and
~ references cited in Polysciences, Inc. Data Sheet $#365.
Advantageously. the gelatin or other support
composition may additionally serve as a carrier for any of
a number of trophic factors such as pharmacologic agents
15 including immunosuppressants such as cyclosporin A,
anti-inflammation agents such as ' dexamethasone,
anti-angiogenic factors, anti-glial agents and anti-mitotic
factors. Upon dissolution of the support composition, the
factor or agent becomes available to impart the desired
20 effect upon the surrounding tissue. The dosage can he
determined by established experimental techmiques.
With appropriate enzymatic digestion, using
techniques disclosed by Pfeffer, B.A,, Chapter 10,
*Improved Methodology for Cell Culture of Human and Monkey
23 Retinal Pigment Epithelium®, Progress in Rekinal Research,
Vol. 10 (1991), at p.264, RPE cells are removed fxrom the
Bruch's membrane as intact sheets rather than as
dissociated cells. Such a freshly harvested intact
nmonolayer of RPE cells may be immediately apposed as an
30 intact monclayer to a support, such as a thin collagen
sheet, supplemented with an overlayer ar substrate of
gelatin, allowing several hours for adhesion prior ¢o
transplantation. This procedure may be useful for
tzansplantation of RPE cells obtained in a biopsy, provided
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7 " partially detaching the retina to pernit access to the

subretinal area, and positioning the inplant in the accessed subreti nal
ar ea. BRI EF DESCRI PTI ON OF THE DRAW NGS 5 ——Fi.g (S

- phot ograph (200X) of a cryostat section of a normal | THIS SHEENAASNBEEN

- sub-retinal area; Fig. 2(a, b,_c, dand e} is aRsmhAcpmtic
show ng 15

sufficient RPE tissue is obtained from the biopsy as an
intact monolayer,

In most cases, however, it is preferable to
culture the harvested RPE cells on an attachment substrate

5 so that a monolayer of RPE c¢ells may be prepared,
Culturing the RPE cells before harvesting is also preferred
both to allow for the production of larger populations of
RPE cells from a small amount of harvested tissue and to
allow for a period of observation to ensure that the RPE

10 cells to be transplanted are healthy and functional,

For proper culturing, harvested RPE cells
contained are apposed to a substrate to which they will
attach and grow, and which is capable of being maintained
in culture conditions appropriate for efficient growth of

15 RPE cells. Apposition of RPE cells may be accomplished by
pipetting a solution containing a population of RPE cells
onto the substrate. Intact sheets of harvested RPE cells
in a physiological solution may also be physically released
via a wide-bore pipette onto the substrate and@ manipulated

20 with a fine camel-~-hair brush if neceséary. S8ince RPE cell
cultures grow best at around 37° C, appropriate substrates
are solids at this temperature. Attachment substrates
which are suitable for growth of RPE cell cultures include
plastic culture ware or glass culture chamber slides coated

25 with collagen , laminin or £ibronectin for cell
attachment. <Coatings such as collagen may be applied to a
substratum such as fibrin or activated agarose.

Culturing harvested RPE cells can be accomplished
by any suitable method for obtaining a confluent monolayer

30 of RPE cells. Appropriate culturing technigques are
described in Pfeffer, B.A., Chapter 10, "Improved
Megthodology for Cell Culture of Human and Monkey Retinal

Pigment Epithelium®, Progress in Retinal Regearch, Vol. 10
{19%1); Ed. by Osborn, N. and Chader, J., ¢r Mayerson,
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the preparation and transplantation of a preferred enbodi nent of
an i nplant conprising a nonolayer of RPE 10 cells nounted to a support;
Fig. 3is a schematic of an alternative enbodi mrent of an inplant .
conprising a nonolayer of RPE cells nmounted to a support;

Fig.34 is a horizontal section through an eye 15 illustrating a
transchoroi dal and scleral surgical approdéh; Fig.45 is a
hori zontal section through an eye iIIustrating a transcor neal surglcal

approach; ' h t ogr ap Vi ew o

transpl ant ed ‘il &kt ads 'anAPnFQBF" oﬁﬁglg?g ?" fﬁ‘?% ‘b%ﬁ |'s
posi tioned wfderat h@etdhada Rﬁgm@@ﬂth&h&d Cebmhﬁawigﬂ]_ﬂ_vg ens
have been r , gk t ti S Sat It Exanple
1 2 v Bl LA, WEvL) et ' pedsieo,

retina and sub-reti naFlar ed 4pBirky anschemakic At dih@&’feimr@@twmnodayer

of a popyl atamsgfzamwwnhum‘ara Rifefeided embotiimitt a6 cknkr AnpRaakt ation,

as set forthc'c%r@i ng to lthe invention. An implant laminate 1 is
formed as depicted in Figs, 2a and 2b, Gelatin 3 is
preferred for use to provide monolayer support during
transplantation because it is flexible, non-toxic to neural

10 tissues, and because it dissolves away after exposure to
body temperature (37®* C). HRowever, since RPE grows too
slowly at temperatures below 37° C, gelatin is not an
appropriate substrate for use in culturing RPE cells.
Thus,. a monglayer of RPE cells 5 is first cultured on a

15 suitable substrate for growth. RPE cells will qrow on
plastic culture ware A. However, to aid in removal of the
monolayer of RPE cells 5 from the culture ware A, the
culture ware A may be coated with a suhstrate 9 for the RPE
cells, such as agarose or fibrin. See Fig. 2b. The

20 substrate 9 is in turn coated with a thin (& 2-4 microns)
layer of collagen 7, to which the monolayer of RPE cells 5
readily attach, and which will serve as an anchor for the
RPE cells in the post-transplantation pericd. If agarose
is used as tha subatrate 9, the agarose is activated so

25 that the collagen 7 will adhere to it by treating the
surface of the agarxose with an activator such as cyanogen
bromide, as disclosed by Axen, R. et al., Nature (1967)
214: 1302-1304, or p-nitrophenyl chloroformate as disclosed
by Wilchek, M. and Miron, T., Bioghemigtry Internationsl

30 (1982) 4: 629-635.

After a gatisfactory culture of RPE cells has
been grown, a 5 to 30% solution of molten gelatin is
applied to the apical surface of the monolayer of RPE cells
5 in the culture. The culture ware containing the RPE



Fig. 78 is a higher magnification photograph (400X) of a section of a

rat retina and sub-retinal area showi ng an inplant of an intact

". nonol ayer of a population 30 of mature human RPE cells 14 days after
transpl antation, as set forth in Exanple 1; Fig.89 is a
phot ograph (100X) of a section of a rat,retina and sub-retinal area 14
days after transpl antati on of di ssoci ated mature human RPE
cells, as

cells and gelatin solution is then cooled so that the

gelatin 3 is solidified into a sheet of preferably about

150-250 mm in thickness, attached to the apical surface of

the RPE cgells 5. The implant laminats 1 comprising a

5 monolayer of RPE c¢ells 5, attached to the collagen anchor 7
and an overlayer of gelatin 3, may then be physically
rempved from the culture ware A by slicing between the
culture ware A surface and the collagean 7 with a razor C,
as depicted in Fig. 2a. |

10 The implant laminate 1 may also be removed from
the culture ware and substrate 9 enzymatically, as depicted
in Fig. 2b. The underlying substrate 9 may be removed from
the implant laminate 1 Dy application of an enzyme specific
to the material comprising the substrate 9. If the

15 substrate is agarose, agarase, an enzyme specific to
agarose, may be used to dissipate the agarose. A

"concentration of 1 mg agarases5 ml of culture medium will
suffice to dJdigsipste the agarose substrate. If the
substrate consists of a fibrin coating, enzymes such as

20 wurokinase (2 activity units urokinases/ml of culture media)
may be used to break apart the fibrin. To gid in
dissipation of the substrate 9, the culture ware A may
comprise a cell culture insert membrane, containing an
inner membrane A-l with a porous bottom, and an outer,

25 s0lid membrane A-2. An example of such ar insert membrane
is the Falcon® Cyclopore™ membrane. The porous. (e.g., pore
gize of .45 mm) innexr membrane A-1 is coated with the
substrate 9 during growth of tha monolayer of RPE cells 5.
These pores facilitate penetration of the solution B

30 containing the enzyme into the substrate 9 so that it may

be bhroken apart, and the implant laminate 1 removed from

the cultﬁ:e ware A.

' As depicted in Pig. 2c, the implant laminate 1 is
cut to create an implant la sized so that it will f£it into



set forth in Exanple 2; and Fig. 910 1is a higher
“magni fication photograph (300X) of a section of a rat retina and
‘'sub-retinal area 14 5 days after transplantation of Cﬁ?g@

- human RPE cells, as set forth in Exanple 2. I ‘%’% TI|ON
As used herein, the term"donor" shall nean the me _or ent
.organismrelative to the host and the 10 t®tm "donor tissue" shall nean

ti ssue harvested from or cultured fromtissue harvested fromthe sane
or different ur&i&@i"?ﬁ%éf&:ﬁ’éﬂ ezé owﬁ{@aheéﬁmﬂwlegpmpésuane§ha"
nmean tissue %arvested from or omt]ssue harvested fromthe

_host organlsﬁ?rNBfQﬁ%FQEQFc%flgh%rkﬂ?IQEF *ﬂ%ﬂ?%ﬁQFféP@nﬁFéﬂéalRPEaEéPPs
. derived fronpacedges smrhbatmplams Nat 4sfetosnsplanted to thet is

Coener ot or Pl ARSI SIS Kimrpr 1 oHoPERE 75,80 (Al BogEogpiom =° o
structursl amfter detachment of the ret:na, as portrayed in F:g. 24,

- using surgical technigues more fully disclosed below. The
gelatin ovarlayer dissolves within hours after insertion of
the implant la into the host eye. After transplantation,
the retina reattaches, and the mgnolayet of RPE cells,

10 anchored to the layer of co}lagen, is sandwiched between
the choroid and the retina. BSee Fig. 2e.

Fig. 3 depicts a schematic of an alternative
embodiment of the implant according to the invention. As
described in relationship to Fig. 2 above. a monolayer of

15 RPE cells 5 is grown on culture ware coated with a
substrate 9. However, in this embodiment, the substrate 9
remains laminated to and comprises part of the implant la
during transplantation. The substrate § used for
transplantation may comprise agarose, which is biologically

20 inert and as discussed previously, may be dissipated by
exposure to agarase, an énzyme which selectively attacks
agarose. In this embodiment, activated agarose is coated
with a thin layer of collagen 7, about 2-4 microns in
thickness, which binds strongly to the activated agarose.

25 A monolayer of RPE cells 5 is then apposed to the collagen
7 and attaches readily to form a laminate of the RPE cells
5 and the support composition (collagen 7 and substrate 9)
to be used as an implant la for transplantation. Rather
than adding an overlayer of gelatin as discussed in

30 refereance to Fig. 2, a razor is used to slice a sheet of
the material comprising the substrate 9 about 150-250 mm
thick to serve as a stabilizing support for the monolayer
of RPE cells 5 and the collagen 7 during transplantation.

—_—
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20 netabolic support for the photoreceptors, leads to the |oss or
destruction of viable photoreceptors. It has been - di scover ed,
however, that transplantation of a popul ation of RPE _cells..as-a

nonol ayer, i.e., in essentially a t wo- di mensi onal aif IS GHEERIHASHBHIN:
capabl e of engaging in 25 cell-to-cell contact inhibitijon, aRfpwgEDhe RP
calls to mai ntain | argely normal char eristics of natve—heatthy
retinal pignent epithelia, capable of providing structural and

functional support tg Ot9&§§§B?ﬁé%9?%$§o*ﬂ?g%ﬁéﬁgeted aanhllgﬁérated in

Exanmple 2 below, it is_ believ >ssential o transpl ant
mat ur e RPE ®ulavar pHpRBEayed 15n hgsddeeny stakidigedc diny ditisoprevesuch

cells. Actippdition, ad ehlriiful®t | SnjectioMsSOEf 3ar aiidyies sy y@ndering
macrophagesag;liabsreokilla%tg-)si lfrﬁ %%Ill.soimgig;__ggi. 8§£ll\béypeisf an agarose
5 substrate is used may be administered to break down the
substrate. Alternatively, the enzyme nay be incorporated
into a slow-release agent 11 such as ethylene-vinyl acetate
copolymer (Elvax 40W, DuPont Chemical Co., Del.), which is
added to the substrate 9 prior to transplantation. Methods
10 for using bhiodegradable polymers as slow-release matrices
for enzymes are known in the art, such as disclesed by
Powell, E.M., Brain Resesrch (1590) 5H15:309~311; Wise, et
al.; Chapter 12, “Lactic/Glycolic aAcida Polymers,"™ Drug
Carriers in Biologv and Medjcine (Ed., Gregoriades), 19879;
15 Kitchell, J. and Wise, D., "Poly(lactic/glycalic acid)
Biodegradable Drug - Polymer Matrix Systems,” Methods in
Enzymology, 112:436-448 (1985). Slow release of the enzyme
causes gradual break up of the substrate support. The
collagen 7 remaining after dissipation of the substrate 9
20 is physiologically permeable to and does not impede normal
tissue function, and serves to anchor ths monolayer of RPE
cells 5, as well as to inhibit neovascularization in the
subretinal area of the host eye.
Fibrin, discussed in connection with Fig. 2, may
25 also be used as the substrate 9 in the embodiment depictea
in Fig, 3. Fibrin is the fibrous, insoluble protein that
forms the structural component for blood clots. Fibrin may
be pressed to add tensile strength and is a material which
provides a flexible, non-toxic support to which RPE cells
30 will attach and grow as a monolayer. To prepare fibrin,
fibrin clot suitable for substrate use is made by
catalyzing the polymerization of €fibrinogen into fibrin by
the addition of thrombin. After transplantation, €£ibrin
will dissipate upon exposure to natutally produced enzymes

7
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9 ~whi ch cause a nunber of dystrophic effects in the eye and retina.

Fig. 1 is a photograph of a cryostat section of a normal rat retina and
subretinal area. In Fig. 1 as well 5 as subsequent figures, the reti.na,or

| ayers thereof, e.g., the ganglion cell |ayer ("Gmlsrn%}?.r 5%&305@_@“

| ayer ("I'PL"), inner nuclear layer ("INL"), outer eX| R%pr¢Eﬁy
("OPL"), outer nuclear layer ("ONL"), ..ner seg nts

segnents ("0S"), and retinal pignent 10 e&qﬂmﬂlun1("RPS"), are shown
respectively, fromtop to bottom Referring now. to Figs.
2.and 3, AN 33550 HIPHIRORT AdEol ayer e b BFEs sphLioR" BePraRAT ed, 11
general , by harvestlng cell's from donor t[ssue and

£ibrin support composition is to be accelerated, enzymes
which are specific for fibrin, such as tissue plasminogen
activator (TPA), urokinase or streptokinase may be
5 administered using one of the methods for application of
enzymes discussed above.
To transplant the implant, the host eye is
-prepared sa as to reduce bleeding and surgical trauma. A

transcleral/transchoroidal surgical approach to the

10 subretinal space is an example of a suitable approach and
it will be understood that other surgical- approaches, such
as a transcorneal approach, may also be used. The
preferred surgical approach in the human, Fig. 4, includes
making a transverse incision 70 in a sclera and choroid 78

15 of sufficient size so as to allow insertion of a surgicail
instrument 20. The instrument 20 is advancsd through the
sclera and choroid 78 and to the ora serrata 74 as
illustrated in Fig. 4. The instrument detaches the retina
as it is advanced under the retina and into the sub-retinél

20 space to the posterior pole 76 of the'eye.

Preferably, an instrument comprising an elongate
tube having a flat, wide cross-section may be used so that
the implant may be drawn into the elongate tube for
protection as it is transported through an appropriste

28 8ized incision in the sclera or choroid. The instrument is
advanced to tha ora serrata 74 of the host eye and if the
instrument -includes a lumen, the retina is detached by the
gentle force of a perfusate such as a saline-like £luid,
carboxymethylcellulose, or 1-2% hyluronic acid ejected from

30 the lumen. Advantageously, the fluid may adgditionally
contain anti-oxidants, anti-inflammation agents.
anesthetics or agents that slow the metabolic demand of the
host retina. '

If the instrument daes nat include a lumen, the

35 retina is detached by subretinal irrigation or by the walls
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15 apposing the harvested RPE cells as an intact nonol ayer to a

non-toxic, flexible conposition, or by seeding such a. conposition with
-a nonol ayer of dissociated RPE cells and al | owi ngyiikegutry HADVBEENtO a
confluent layer. The flexible . conposition serves as aﬂEﬁﬁ@Ed I Zi ng
support for the RPE 20 cells during transplantation.

i npl ant constitutes a | am nate of a nonol &fer of RPE cells and a support
conposi tion approxinately 100 to 500 microns thick, and preferably

150- 250 n1cro hi ck rface of thei fac ar ea
greater t han® 5t ﬁo&turff&;garlé‘ ruf“eﬁ"ét ears Jp'f e?g %@Banggga a'feﬁhi square
m | limeters, rewtharoand pidfeerdis supnedtianall rpace fpudihe posﬂeuuqmtmlsg or

as large as gy ghe gHACkLEa! yerinthsthnt 1EhUndpneringdEsheddierypl ant

may subtend a consi derab he su&mretlnal ace

In sel ecti ngr#BFRFE %qgmﬁﬁﬁfQHbQIﬁgnﬁéﬁ9é§ﬁlﬁﬂeo Plappbrf E@h | &he (§Ye s not ed
that prewi oushiylet saRaptanéaiisDn géntly REFeceihg- the tibpishtVekyml kRt ed to

mature cel g, U i EEmER, £  FRORPLARBENIAGCRIIHATAMR B o

net hods have een S mn er go ac vatron res
the eye. Retxnal reattachment cceurs rapzdly and the

monolayer of RPE cells is held in place in a sandwich-like
arrangement between the retina and the choroid. The
10 1incision may require suturing.

Fig. 5 depicts a transcorneal surgical approach
as an alternative to the transscleral and choroidal
approaches described above. Except for the point of entry,
the surgical technique is essentially the same as outlined

15 for the tfansscleral or éhnroidal approaches. A transverse -
incision 70 is made in a cornea 72 and the instrument 20
containing the implant is advanced under the iris, through
the cornea 72 and to the ora serrata 74 as lllustrated in
Fig. 5. The iris should be dilated for example, with

20 topical atropine. The edges of the corneal incision are
abutted and sutured if necessary to allow healing. The
transcorneal approach is preferred for rodents because it
has been found to reduce bleeding and surgical trauma.
Nevertheless, a transscleral or choroidal approach is

25 preferred for humans to avoid scarring of the cornea which
may interfere with visual acuity.

A. further surgical approach is to diathermize in
the pars planna region to eliminate bleeding. The sclera
is then incised and the choroidal and any native epithelial

30 tissue is diathermized. The surgical tool is then inserted
through the incision, the retina is intercepted at the ora
serrata and the implant is deposited in the subretinal area
otherwise as cutlined elsewhere herein.

. In yet a further surgical approach, entry is
35 gained through the pars planna area as outlined above and
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10 . retinal pucker, sub-retinal fibrosis and proliferative

vitreoretinopathy. However, by utilizing the procedures for inplanting
a nonol ayer of RPE cells according to this i nvention, transplanted

mat ure RPE cells have successfully 5 maintained essentially norm
structure and function. Thus, the subject inv=mﬂFngmﬂkﬂ§5m§§wre
RPE cel | s avail able for transplantati ag significant y ﬁﬁﬁﬁgg?lng the
supply of usabl e donor tissue beyond the narrowy |

an incision is made in the retina adjacent to the retinal
macula. The surgical tool is then inserted through the
retinotomy and into the macular area.
As discussed previously in connection with the
5 make up of the support compogitions used in accoxdance with
the invention, after transplantaﬁion, the implant is
exposed to a predetermined set of cconditions, such as
exposure to heat, selected enzymes or bodily fluids. Upon
the appropriats amount of exposure, the support camposition
10 is dissipated or will not otherwise impede normal eye
tissue function of the host eye and the transplantad
population of RPE cells. _
The following examples illustrates the invention.

EXAMPLE 1
15 Ezperimen imal and M
' RPE cells were taken from the sub-ratinal area of
donated human .eyes (obtained from the Missouri Lions and
St. Louis Eye Banks) following corneal removal. Hosts wera
adult albinc rats immune-suppressed with cyclosbcrin A 10
20 mg/kg/day IP injection).

Harv 1
Immediately after corneal removal, the eye was
pinned by the optic nerve stump into an eye cage and placed
into an eye jar. The jar was flooded to capacity with cold
25 Delbacco's modified essential medium (DMEM), supplemented
with 5% fetal bovine serum. The eye was processed in a
sterile environment. After loose connective tissue and
muscle were carefully trimmed from the eye, it was placed
upright on a sterile plate and the anterior segment with
30 . the adherent vitreous was lifted out of the eye cup. Four
slits were cut radially toward the optic disc with the eye
lying flat in a petri dish. The neural retina was then
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suppl y.of inmmuature human donor "tissue. 10 - It is also noted that

the RPE forns part of the bl ood-retinal barrier and is thus exposed to
| ynphocytic attack. Accordingly, use of autol ogous RPE cells, now
possi ble even for mature RPE cells, is preferable, since it will avoid
I mmunol ogi cal conplications in clinical 15 applications. |If

non- aut ol ogous tissue is utilized, tissue gz typing and/or use of an

I mmunosuppression regi nen wl | general ly be necessary to avoid
rejection upon transpl ant ati on. Donor tissue nay- be

provi ded, fosepsnated okbgolve, opbichdian RRE ttamayed.f r Theyshe®bhkwaswhi ch

{mke tlhe tRPEtaeﬁsuesnea aieh! am:ﬁ;sl'n EOHRGEd W b 1IRAGHG! I« Yrideal
ranspl ants

donat ed t ol
RPE col o caM9be EEsempindnetonged yith BoabE Erabnttreor BR siferat
har vesti ng 037RRE.ce¢He;ﬁuzpsmh sadutdon edsoasphsated f:mmrtheléﬁ&¥F6H
B. A, Chapt - I f I I H d
ey 8" chpd Oy, (OLBROE68 5 ERBRHC! OB’ 80158 ey LHiGagha YIRR °"
Vol . 10 (199&)‘%&# WWI\HSMW@&%@? ng. th%rsurtace of the RPE

cells with the polished tip of a pasteur pipette and
pipetting the culture medium in the shell.

ri aof R 1

10 Glass culture chaﬁber slides were prepared by
coating them with liguid collagen obtained from Sigma
Chemical Co., St. Louis. The collagen was allowed to
solidify to about 150 microns in thickness. 3X10° RPE
cells were plated onto the prepared slides using a pasteur

15 pipette. The RPE cells were then incubated in DMEM + Fl2
(l:1. GIBCO) supplemented with 20% fetal bovine serun
{Sigma Chemical Co., St. Louis). The culture medium was
changaed every 3-4 days until a confluent monolayer of RPE
cells had been cultivated. Implants comprising monolayers

20 of RPE cells laminated to c¢ollagen were removed from the
culture chamber slides and sheets of approximately 2 mm X &
mn were cut out for transplantation.

Surgical Proceduyre
A transverse incision was made in the cornea
25 sufficient to allow insertion of a suxgical instrument that
is 2.5 mm wide with a lumen 0.5 mm high. The instrument
was advanced under the iris (dilated with topical atropine)
- to the ora serrata, detaching the retima. The carrier was
then advanced under the retina into the subretinal space to
30 the yposterior pole of the éye. The instrument allowed an
implant compriszing a monolayer of RPE cells apposed to a
150 mm collagen substrate (up to 2.5 X 4 mm) to be quided



Mayerson, P.L., et al., "An Inproved Method for Isolation 30 and Culture
of. Rat Retinal Pigment Epithelial Cells", | nvesticative Qpht hal nol ogy &
Vi sual Science, Nov., 1985, 25; 1599- 1609, which are i ncor por at ed

herein by reference. Specifically, to harvest nq l's,
a donor eye is pinned by the optic nerve stunp |riﬁi-leaEHE§ d‘|l\:5a§55'\§ d
placed in an eye jar imediately after cor2feal renpJja REPIROEDj ar "i $ t hen

fl ooded to capacity with cold Del becco's

into the retinal space by advancament of the plunger with
simultaneous retraction of the surgical instrument. The
instrument was then removed. Following removal of the
instrument, the edges of the corneal incision were abutted
5 te allaw rapid, sutureless healing. 'The eye was patched
during recovery and a prophylactic dose of penicillin was
administered. Upon removal of the patch, a veterinary
ophthalmic antibiotic ointment was applied.
Transplant recipients were maintained on a 12
10 hr/12 hr light/dark cycle with an average light intensity
of 50 lux. Following appropriate survival times, the
animal was overdosed with peatobarbital.
Fig. 6 shows a view of the transplanted monolayer
of RPE gells positioned under the retina, with the cornea,
15 pupil and lens removed, two weeks post-transplantation.
The arrows designate the edges of the implant.

Histelogigc Preparation
For histologic evaluation, rat eyes with RPE cell

implants were immersion-fixed in Bouin’'s solution for 5

20 hrs., then dehydrated in a graded ethanol series. The eyes
were trimmed with a razor blade to include the transplanted
area for implanted retinas, then processed through xylene
and embedded in paraffin. Sections were cut at 8mm and
gstained with hematoxylin and eosin.

25 Results -

By using the transcorneal approach, it was found
that the positioning of the monolayer of RPE cells betwsen
the. host's retina and the adjacent choroidal tissue laver
of the eye could be accomplished while minimizing the

30 wvascular damage and subsequent bleeding into the eye. In
addition, it was found that this approach does not appear
to disrupt the integrity of the retina, which reattaches to
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nodi fi ed essential nmedi um (DMEM supplenmented with 5% fetal bovi ne
serum After |oose connective tissue and nuscle 5 have been carefully

~trimred fromthe eye, it is placed upright on a _st(ir-rgyb gfgé%ﬁg‘%@

3%

anterior segnent with t he adherent vitreous is |iff
cup. The neural retina is seperated at the optic disc_an
The shell is then washed with Hanks' bal @ahced salt 10 solution, Ca++ and
My++ free, and treated with 0.25% trypsin for 30 mn. at 37[err] C.

e VPS D2 M0k e, STRLIERE 16 T Boes ot oA RV P00 1o
pi petting uheecpbsadebaedeen1thethetshelandlshe choroid. FoUsin@Iahis
o oy TSGR Rt e pesgTRLP Bl AL Bl e
(1989) 3, benegth3ghe posterior pokm %uﬁe ) @Bﬁprlées a support for
the RPE 20 cells so mbatdetthemaolmeervﬁbﬂaliyceu Sthé kesfispiuntedto
rocoss  TREE gsafy BaRRRErY FROLESRE'GF iy ' Rerd aae cliR"ERLQHE! O
receiving the RPE c¢ell transplant at 2 weeks, 4 weeks, and
'3 months after transplantation. It was found that the
monolayer of RPE cells survived transplantation at all
10 times tested (10 out of 12 transplants).
with immune-suppression, Bsuccessful transplants
were seen at all survival times so far examined (2 weeks to
3 months), showing apparent physical integration with the
host eye and meintaining morphological features of the RPE
15 as illustrated in PFig. 7 which shows a transplant of a
monclayer of human RPE cells from adult deonor to adult rat
host. (T, transplant)}. 40X,
Paraffin sections made at 2 weeks post-
transplantation are shown in Figs. 7 and 8. Fig. 7 is a
20 low-power photomicrograph showing the location of the RPE
monolayer transplant (T) between arrowheads at the
posterior pole of th host eye. Note the maintenance of
normal retinal configuration as well as the normal
appearance of the RPE cells, maintained in substantially a
25 monolayer between the choroid and the outer segments of the
photoreceptor c¢ells. FPigure 8 is a higher—power
photomicrograph showing in detail the interface between the
transplant and the adjacent retina. As shown in Fig, 8,
the photoreceptor outer segments are shown to be in normal
30 apposition to the apical microvillar processes (A) of
transplanted RPE cells.
The functional capabilities of the transplanted
RPE cells and reconstructed retina were ascertained by
their maintenance 0f photoreceptor bodies, and the presence
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substrate, an overlayer or both, conprising a sheet or sheets of a
nan-toxic, flexible conposition selected to 25 provide mechani cal _strength
and stablllty to the easily damaged nonol ayer of ‘ -SHAS BBEE use
the support conposition will be inserted into t}h am ngt e

wi th the nonol ayer of RPE cells, the support is als t hat ,
upon transplantation to the subretinal 30 %f ea and exposure to a set” of

pr edet er mi ned conditions described herein, the support conp05|t|on\MII

not inpede eng( ﬁ*f ug MF 1.0, :Qfy, T e

popul ati on o? transpl an eé’%%E Hes Q*q{the&ﬁo rvesteﬁﬁ%ﬁﬁq tq Itheare to
be cul tured %ﬁﬁ?ﬁk&E?Qﬁﬁﬁﬁ%ﬁu%ﬁ|Eﬁﬁnﬁﬂﬁ?“t3d RPE cells, The success of

: these procedures for transplanting monolayers of RPE cells

are reflacted in Figs. 7 and 8.

B

5 EXAMPLE 2
As 3 comparison, mature human RPE cells were
transplanted in dissociated form using the bolus injection
method as set forth by Li and Turner in Exp, Fve Res.,
47:911 (1988). RPE cells from the same donor tissue used

10 for the transplants conductad as set forth in Example 1
were harvested snd cultured as set forth in Example 1.
After culturing, the RPE cells were trypsonized to form
dxssociateﬂ RPE cells for transplantation by bolus
injectxon accnzd1ng to the method of Li and Turner. Hosts

15 were adult albino rats immune-suppressed with cyclosporin A
10 mgs/kgrsday IP injection) as set forth in Example 1.

Tzansﬁlant recipients were maintained on a 12
hr/12 hr light/dark ¢ycle with an average light intensity
of 50 lux. Pollowing appropriate survival times, the

20 animal was cverdosed with pentoharbital. Paraffin sections
of the eve receiving the RPE cell implant were then cut (8
mm) . )

Paraffin sections made at 2 weeks post-
transplantation are shown in Figs. 9 and 10. Fig. 8 is a

25 low-power photomicrograph showing the location of the
injection of dissociated RPE cells at the posterior pole of
the host eye. Note the pathological configurations,
including retinal detachment (RD), retinal pucker (RP),
subretinal fibhrosis (SF) and retinal rosette (RR)

30 formation. Figure 10 is a higher-power photomicrograph
showing in detail the pathological invasion of RPE cells
into the adjacent retina, subretinal fibrosis and retinal
pucker,
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conposition providing support to the nonol ayer of RPE cells during

transpl antation may optionally be capable of serving as the attachnent
substrate for the RPE cells during . culturing. 5 A variety of
conpositions may be used as the support for the popul ati on of RPE’
cells, dependi ng upon the specific set of conditions to which the
conposition wll be exposed after trahkplantation. |In short, the
conposition is selected either because any portion remaining within the

10 subretinal area for nore than approxinately .one ek afte Lo,
transpl antation is cdPRithe ’i??‘f?d?%a e%“fe’%?é‘uet%”ef%’ch%‘ﬁ aPon
exposure tcimdaty Widildsppirediatehcehat 3l1bh- aspects af ebheopreeenkts
suscepti bi l 4 e ' u ] ri : i.}4 ons.
15 {ied QL U0 Vo4 nen . DAL TR SR s (R
make-up of PRER%ed WHESicHl dnpiant Shathdsnadapted torprovide cell

5 organization during transplantation of the RPE calls. With
the implant of this invention c¢ell organization is
maintained during and after RPE transplantation.

~ In view of the above, it will be sean that the
saveral objects of the invention are achieved and other

10 advantages attained.

As various changes could be made in the above
compositions and methods without departing from the scope
of the invention, it is intended that all matter contained
in the above description or shown in the accompanying

15 drawings shall be interpreted as illustrative and not in a
limiting sense.



RPE cells is whether Bruch's nenbrane has been or will be renoved from

t he h?iiﬂgﬁgpgaggL,LﬂzkranspIantation of the nnnolayer of RPE cells.
Bruch's serves,to anchor 20 the RPE cells in a e ) ¥
Renovdl - of Br mbrane may occur in cases of AI\/DT% *&E HAS BEEN
subretl m r menbrane has forrred and Bruch'is memBEBLACEDs
rennved sequénce of the renoval t he neovascul ar nenbt ane. 2
I n cases ﬁhere Bruch's nenbrane is renova£ t he support conposition
will conprise a layer of collagen |ess than 100 microns in thickness,
and pr ef er alWHXT bes WEisRIMEDA N 10 microns in thickness. The basal
surfaces of the RPE cells attach readily to the collagen |ayer, which
serves to 30 anchor the RPE cells to the choroid in place of the renoved
Bruch's nenbrane. Thi. | &y aetdodc flaradihe fzaparabien of a pathilsitiomhe
occurrence &g n:ncaunnsnﬁerotrsubﬁe&nﬂation B8 0¥RE CatiBFd ¥iid 0 el @¥gh and
. around the ransg f“‘ﬂkost com gch a collagen layer is retained
ipris

i ndefinitel ng:
{a) providing donor tissue comprising RPE cells,
5 (b) harvesting RPE cells from the donor tissaue,

and
{c) apposing the harvested RPE cells as a
monclayer to a non-toxic flexible support that, upon
transplantation to the subretinal area and exposure to a
10 set of predetermined conditions, will not impede normal eye
tissue function of the eye of the host sand the transplanted
population.

2. A method as set forth in claim 1 further
comprising culturing the harvested RPE cells.

3. A method as set forth in claim 1 wherein the
donor tissue comprises mature RPE cells.

4. A method as set forth in claim 1 wherein the
donor tissue is sutologous to the host.

5. A method as set férth in claim 1 wherein the
support comprises a layer of collagen less than about 100
microns in thickness.

6. A method as set forth in claim ! wharein the
harvested RPE cells have apical and basal surfaces, the
support further comprises a substrate of collagen and an
overlayer of gelatin, and the basal surfaces of the

5 harvested RPE cells are apposed to the collagen and the
apical surfaces of the harvested RPE cells are appdsed to
the gelatin.
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13 © sub- retlnal ar ea. However, it is known that Bruch's menbrane i s

essentially conprised—of collagen and such m crothin Iayers of collagen
are perneable enou to avoid i npedi ng normal eye tiBste—dupretons—stgh
as t “M“U“Hﬂmxchange between the choroid and t THIStSHEE] HATREGR ,
col | of such a mnimal thickness are rot REPLADEG enough
to préveht‘bu&kllng or distortion of the 2% nonol ayer of "RPECEITS during

transplantation. Thus, such mcrothin collagen materials need to be used
in conbination 10 mntp aqglt gﬂaé supportlngtgag%r §L n '3He¥£££ Eﬁ%
harvested RPE cells have an apical surface and apposition
of the RPE cells to the support further comprises
contacting the apical surface of the RPE cells to the
5 support,

8. A method as set forth in claim 1 wherein said
support conmprises a material degradable by exposure to
heat, bodily fluids or enzymatic action.

5. A method as set forth in claim 1 wherein the
support further comprises an enzyme adapted to break down
at least a portion of the support after positioning of the
implant in the subretinal area.

10. A method as set forth in ¢laim 9 wherein the
enzyme is incoxporated into a slow release agent.

| 1lJ. A method as set forth in ¢laim 10 wherein
the siow release agent is a biodegradable polymer,

12. A method as set forth in claim 10 wherein
tha slow release aqgent 1is selected from the group
consisting of polylactic acid, polyglyecolie acid,
polylactide-co-glycolide and ethylene-vinyl acetate
5 copolymer.

13. A method as set forth in claim 1 wherein the
support comprises a sheet of agarose coated with a layer of
collagen between about 1 and about 100 microns in thickness
and wherein the harvested RPE cells are apposad to the

S collagen prior teo transplantation.
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elimnated after transplantation, if they are to form part of the
suppor anspl anted RPE cells. If transplantation is
carrie with the native Bruch's nenbrane intact, the host's RPF
cells H mﬂm rea to receive the transpl ant of 1€ SHEST THAS BEEN
physi caiTVe mcal |y debrided from the Bruch's nme %EDf or
exanpl e, by appfyiﬁg tol | agenase to the 30native Bruch' '
| oosen the host's RPE cells in order to permt their renoval. The

transpl anted RPE cells 20 may then anchor, thenselves directly to the
Bruch's nenbr ane. 140 R metgoghas o Ak rI'(‘-if}ns’rﬁ ﬁgi’h?elmof"&tecﬂelqé‘gen, as
di scussed almee, sioport ciseshabecempriiesi ayapise tmtdbeperated hwedod i s

not required,- I sition may be sel ected which is
" di ssi pat ed, d%‘(?r% 3@%&%‘, gggggkposure to a 25 sufficient anobunt of heat,

sel ected enzynes, or bodily fluids. Gelatin is an exanple of a
preferred support 1381 el MetNdaCcus st oirltheinl 224Smt QX yREEYiAOLREUr al
ti ssue and has the ahilit 0.di ssolve at body tenmperature. The
suppor t comﬁﬁﬁﬁﬂé%wqﬁm§réﬁgg %8 tPse a material such as 30 activated | ow

gelling tenperature agarose (Type VII, #A
16. A method as set forth in claim 15 wherein
the support further comprises an enzyme selected from the
group of tissue plasmincgen activator, urokinase or
streptokinase.

17. A method as set forth in claim 1 wherein the
support comprised one or more of a trophic factor, an
immunosuppressant, an anti-inflammation agent, an
ant-angiogenic factor, an anti-glial agent or an

5 anti-mitotic factor. '

18. A method for the preparation of a population
of RPE cells for transplantation to the subratinal area of
an aeye of a host comprising: |

{a) providing donor tissue comprising RPE cells,

5 {b} harvesting RPE cells from the donor tissue,

{c) culturing the harvested RPE cells on a
substrate suitable for attachment and growth of a monolayer
0of RPE cells,

(d) removing the monolayer of cultured RPE cells

10 from the substrate, and

{(e) apposing the monolayer of cultured RPE cells
to a non-toxic flexible support that, upon transplantation
to the subretinal area and exposure to a set of
predetermined conditions, will not impede normal eye tissue

15 function of the eye of the host and the transplanted
population.
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: 4018 Sigma Chem cal Co., St. Louis) or fibrin, which are known to
dissipate to selective enzynes which w Il not attack other

' xanpl e, agarase is an enzyme known to.
m“mmm" mﬂmagar ose, and ur oki nsf § sHEHhtM&BBEEN
spec& o ™ I odeg

I bsin* Anot her alternative is to use ﬂﬁﬁgbt@
pol yners such as et hyl ene-vi nyl acet at¥ copol yner ( Elyax-48W—baPortt
Chem cal Co., Delaware); poly(glycolic) acid,

19. A method as set Eorth in claim 18 wherein
the subafrate is comprised of agarose, vremoving the
monolayer from the substrate comprises contacting the
agarose with agarase, the support comprises gelatin and

) apposing the monolayer to the support comprises contacting
the monolayer with a molten solution of gelatin and cooling
the gelatin so that the galatin solidifies.

20. An implant for transplantation to the
subretinal area of an eye of a host comprising a laminate
of a monolayer of RPE cells and a non-toxic, flexible
support that, upon transplantation to the subretinal area

5 and exposure to a set of predetermined conditions, will not
impede normal eye tissue function.

21, An implant as set forth in claim 16 wherein
the RPE cells further comprise mature RPE cells.

22. An implant as set forth in c¢claim 16 wherein
the RPE cells are autologous to the host.

23. An implant as set forth in c¢laim 20 wherein
the predetermined conditions comprise exposure to heat,
bodily fluids or enzymatic action to break down at least a
poxtion of the composition.

24. An implant as set forth in claim 20 wherein
the support comprises a material degradable by exposure to
heat, bodily fluids or enzymatic action.

25, An implant as set forkth in claim 20 wherein
the support further comprises an enzyme adapted to break
down at least a portion of the support after positioning of
the implant in the subretinal area.

-
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5 poly(L-lactide-co-glycolide)(70:30 ratio) or poly(L- or DL-1 actic)
acggi_%ggﬂLﬂgL_,mL_;_@Polysciences, I nc., Warrington, PA., Data Sheet
whi ch are flexible, non-toxic materials that slowy )
dISSI | antati on and exposure.to bodi |l ywfturd ,
j’mm“‘“‘““llml“\ ain Research, 515 (1990) 309-31}] .&hg éﬁnﬁgseragﬂge's
C|te 4 n cPoltysti ehces, Inc. Data Sheet #383. ARERAGE e Gus|
" the gelatin or other support conposition may additionally serve as a

. carrier for any of nber hi¢c factprs, suc co .0gi C
agents 15 including 2 8563 ?ggé gssggugﬂ:géslncﬁgﬁ ng ?&el“

anti-iananﬂ&@isnzymgenﬁslnsgchorateddbnhﬂenra&nnuxeleaseamaﬁnanglogenlc

factors, anti-glial agents and anti-mtotic factors. Upon dissolution

of the support conposition, t factor or agent becones available to

i mpart the desired 2027 effé@tIGBBﬂthéssﬁﬁFoﬁHthglﬂl§§Eém 26h¥h@reide can

be det eniengd.oby relkabbl agedteipesi PRoASY radsYIN GlSmer. Wth
appropriate enzymati c digestion, using t echni ques di scl osed by Pfeffer,

B. A, Chapter 10, "I'mproved Methodol ogy for Cell Culture of Human and
© Monkey 28. An implant as set forth in claim 26 wherein

the slow release agent is selected from the group
consisting of polylactic acid, polygliycolie acig,
polylactide-co-glycolide and ethylsne-vinyl acetate

) copolymer,

29, An implant as set forth in claim 20 wherein
the support comprises a layer of collagen less than about
100 microns in thickness.

30. An implant as set forth in claim 20 wherein
the monolayer of RPE cells have apical and basal surfaces,
the support further comprises & substrate of collagen and
an overlayer of gelatin, and the basal surfaces of the

5 wmonolayer of RPE cells are laminated to the collagen and
the apical surfaces of the monolayer of RPE cells are
laminated to the gelatin.

31. An implant as set forth in claim 20 wherein
the support comprises a sheet ¢of agarose coated with a
layer of collagen between about 1 and about 100 microns in
thickness.

32. An implant as set forth in c¢laim 31 wherein
the support further comprises agarase incorporated into a
slow release agent.

J e
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25 Rétinal Pignment Epitheliunt, Progress in Retinal Research, Vol . 10

(1991)  atp-—264—RPE ceIIs are renoved fromthe Bruch's nenbrane as
- intact sheets ratrﬂm t han di ssociated cells. Such a freshly

harmﬂlﬁmw: ~ monol ayer of RPE cells may be i mregi-at

-el-y—appased. as
er to a support, such as a thin col | HénSHEETS HARIREEN
suppl enented wi th an overlayer or substra®?® o gel atj n, alAEMEED severjal
hours for adhesion prior to transplantatlon Thi s procedure—nay—be

useful - for —transplgntal]opndlafl egsbt 28bEh"SH adn"b0RoHer 8L O
the support comprises fibrin.

34. An implant as set forth in claim 33 wherein
the support further comprises an enzyme selected from the
group of tissue plasminogen activator, urokinase oz
streptokinase.

35, An implant as set forth in claim 20 wherein
the support comprigzes one or more ¢f a trophic factor, an
immunosuppresant, an anti-inflamation agent, an
anti-angiogenic factor, an anti-glial agent or an

5 anti-mitotic factor.

36. A method for transplanting a monalayer of
RPE cells to the subretinal area of an eye of a host
comprising: .
(a) providing an implant compriring a laminate
5 of a monolayer of RPE cells and a non-toxic, £flexible
support that, upon transplantation to the subretinal area
and exposure to a set of predetermined conditions, will not
impede normal eye tissue function,
(b) making an incision through the eye¢ of the
10 host, .
{c) at least partially detaching the retina to
permit access to the subretinal area, and
(d) positioning the implant in the accessed
subretinal area.

37. A method for transplantirng as set forth in
claim 36 in which the pregetermined conditions comprise
exposing the support to heat, bodily fluids, or enzymatic
action.
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suff.i cient RPE tissue is obtained fromthe biopsy as an i ntact

nonol ayer In nost cases, however, it is preferable to
culture the harvested RPE cel|'s on an attachment substrat 5..50 that a
rmnol may be prepared. Cul turing the ” '
har ve: “émm ﬂf erred both to allow for the pr %Cﬁ@ﬁfw
popul at'i ohs bf RPE cells froma small adbunt of harve EBnd t o
allow for a period of observation to ensure that the RPE 10 cells to be
transpl anted are heal t 38 andaf HaehsN roper culturing,
harvest ed RPE=C£4h 336 FufY,Al ned %«?e@gr 3§533F5ant§ﬁ%si‘?agéttSO\KA#Pchnt hey
will attach and grow, - and Wpcfl’rmé‘gcéﬁgﬁﬁénlf thei aybretinal ngdea ofi N
cul ture condi %n%y%lp‘bﬁobheahes{:oniﬂifa:clarﬁyﬁQge.,t Brefakl RoRREage LS

Apposi tion ofpdiceldss vRY s Epggq:onpl i shed by pipetting a séPﬁFFoﬂ
contai ning a popul ation of RPE cells onto the substrate. Intact sheets
of harvested RPE cells in a physiological solution nay al so be

physi cal ly rel eased
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via a wide-bore pipette onto the substrate and nmani pulated 20 with a fine
canel -hair brush if necessary. Simncel RPE cell cul tures grow best at
around 37[err] C, appropriate substrates are solids at this

tenperature. Attachnent substrates which are suit S@ Wﬁ%ﬁﬁEﬂﬁ
RPE cell cultures include pl astic culture ware or g% ég!@%ﬁ chanper
|

slides coated 25 wth collagen, |amnB& or fibrone t|n fB
attachment. Coatings such as collagen may be applied t0 a

substratum such as fibrin or actlvated %g?ros 't uring
har vest ed RPE cel | sSRERRNNe B Iq%/@ﬁﬁpsgﬁﬁﬁgﬁpéoﬁethod f or
obt ai ni ng a confl uent nonol ayer 30 of RPE cells. Appropriate culturing

t echni ques described in Pfeffer, B. A, Chapter 10, "Inproved
thhodolog%ggégé%gll Cul ture of Human and Monkey Reti nal Pi gnent

Epit hel i unt, Progresaniimplaninals Ruseekdsd fogl tramsplanteGipn; ted.they
Gsborn, N. g3RdetVAIE arda 0£Ma MY S comprising a laminate of a
5 monolayer of retinal pigment epithalium {(RPE) cells and a
non-toxic, flexible support that, upon exposure to a set of
predetermined conditions, will not impede normal eye tissue
function. A method for preparing a population of RPE cells
for'transplantation to the subretinal area of a host eye is
10 also provided. The method includes the steps of providing
donor tissue comprising RPE cells, harvesting from that
tissue RPE cells, and apposing the harvasted RPE cells as a
monolayer to a non-toxic, flexible support that, upon
transplantation to the subretinal area and exposure to a
15 set of predetermined conditions, will not impede normal eye
tissue function of the host eye and the transplanted
population. A method for transplanting the above implant
is als¢o provided, comprising providing the implant, making
an incision through a host‘'s eye, at laast partially
20 detaching the retina to permit access to the subretinal
area, and positioning the implant in the accessed area.

(Eigurg_Zd)
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P.L.,—et_al._ "An |noproved Met hod for Isolation and Culture of Rat

Reti nal | ment Epit hel | al Cells", Investigative Opht hal nol ogy & Vi sual
Sci ence™ ‘Ha Repiaged  1599- 1609. Fig. 2 depi

scherratl tlon and 5 transpl ant atd 2

enbodi rre according to the | Thibemti n i npl ant

Iamnatells formed as depicted in Figs. 2a andzﬂf-. T3 i S
preferred for use to provide nonol ayeldSupport dbri - transpl antation
because it is flexible, non-toxic to neural 10 tissues, and because it

di ssol ves a r exposure tq body- terrperat Whe . 3 ] O.
However , \r,:?’g?Ef < W IF¥[err] C

gelatin |s not an

IPL

gr ows to ‘M%&W-




appropriate substrate for use in culturing RPE cells. Thus, a

nonel ayer of RPE cells 5 is first cultured on a 15 suitable substrate for
‘growth. RPE cells will grow on plastic culture ware A. However, to aid

i n renmoval of the monol ayer of RPE cells 5 fromthe cul trgre—ware—A—the—
culture ware A may be coated with a gybstrate 9 for the RPE THIS §§§EE,,HA§UBEEN
as agarose or fafrin..» Se G 20-substrate 9 is ifn turRERISEEB
thhathin(Gé%ﬁZﬁos . T cokldgen 7, to i ch Tt he nonol ayer
of RRE cells 5 reagh L g7 at Jach, dgnd whNEbglui | | /serve - for

t he RPE ceII§| @ pos>t r afépl a HEN pgf odA=d T /a0ar is
used as the substrare ¥ the ar ose _j Il va - col l agen 7
‘wi |l adhere to it Dy treatin S acegof th aros& with an
activator such cyano ; ehe=r /adNdi‘scl ose, by Axen\ R et al.
Nature (1967) : 1304, - =ni t r Orhenyl rof ordele as

di scl osed chek, d Mroni T., BINQC st r/ﬂ-l nt grnati onal 30
(11982) 4: 629-635. s 7 \=After a sat1stackory culture of RPE cells
has been grown, a 5 to 30% solution of nolten gelatin is

Been Replaced
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applied: to the apical surface of the nonolayer of RPE cells . 5 in the

cul ture—he—culture ware containing the RPE | THIS SHEET HAS BEEN |
17 ThisShbe: B30 g€l atin solution is then cooled so that ghe ﬁEﬂﬂC@b' n
3 is solj T e cedheet of preferably about 150- 250m
t hi cknes!s J ﬂ" the apical 3g7face of the RPE cells 5. The
I mpl ant rising a b ﬁrg}ﬁgr of RPE cells 5, attached to
t he col | agen anchor 7 and an o of -gerat i:n "F =yt
physical |y /,- R R I
’ J o
\9"0 < *

Fl&q

20
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Fles — 70




renoved fromthe culture ware A by slicing between the culture ware A

surface and the collagen 7 with a razor C, as depicted in Fig. 2a. 10
The-inmplant lamnate 1 nay al so be renoved from the cultp

substrate 9 enzymatically, as depicted in Fig. 2b. The Jﬁﬁgﬁﬁgﬁﬁaﬂﬂs BEEN
substrata 9 may be renoved from the inplant lamnate 1 b appl GB% of
an enzyne specific to the material conprising the substrate 9. If the 15
substrate i s agarose, agarase, an enaympe specific to agar ose, may be
used to dissipate the agarose. A concentration of 1 ng agarase/5
m of culture nmediumw || suffice to dissipate the agarose

substrate. |If the substrate consists of a fibrin coating, enzymes such
as 20 wurokinase (2 activity units urokinase/nm of culture nedia) may be
used to break apart the fibrin. To aid in di ssipation of the substrate
9, the culture ware A may conprise a cell culture insert nenbrane,
cont ai ni ng an ] nner menbrane A-1 with a porous bottom and an outer, 25
sol id nmenbrane )¥1 exanpl e of such an insert nmenbrane is the

Fal con[err] Cycl opore[™r] nenbrane. The porous (e.g., pore
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'size.of .45 mm) inner menbrane A-1 is coated with the substrate 9 during
groew h of the nonol ayer of RPE cells 5. These pores facilfp+eate

penetration of the solution B 30 containing the enzyne into t HHS SSHEET r A% BEEN
so that it may be broken apart, and the inplant |amnate |1 remREBGAGEDOM

the culture ware A As depicted in Fig. 2c, the Tmprant
|lam nate 1 is cut to create an inplant la sized so that it wll fit into
18 5/7

ald
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a surgical instrument 20 which contains a carrier channel for

pratection of the inplant la during the transplantation ' Feee o
The inplant- la is transplanted to the subr et | THIS SHEET AASt BEEN
posterior pole 76 of the host eye 5 after detachnent [of thBERLACEDA,

as portrayed Zd- i
di scl osed ? ! /F
insertion YR

transpl ant :
cells, ST, ST S S ORI
t he choroid - Y eld Nak T Fir N A © £ SOMPITAERE of an

F S92, 6/M§i ng surgical techniques more Turty-
5 — agl Y gbyes Within Dol s after

~ -

al ternati ngm

As ' 15
RPE cells f L % G SN N S B ) " :
However, i muhiai autuec i ENE BRERCOEE g § 88t ed to
and conpri g SN AP o W Y 7 A AR IAL, The
substrate @B R X ¢ P %) AL ST AP f EONDSN whi ch

i s biol ogi $ak¥
di ssi pat ed by
O]

RE SF R ep
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exposure to agarase, an enzynme which selectively attacks agar ose.

In this enbodi nent :acti vated agarose i s coated with a thin | ayer of ,
col agen 7, about 2-4 microns in t hi ckness, which bi t I :
t he activated agarose. 25 A nonol ayer of RPE cells 5 LFW?% SIEEY MAS ?EEN‘
to the coll agen 7 and attaches readily to forma |angipate

RPE cel | s 5 and the support conposition (collagen 7 and substrate

9) to be used a an inplaff7la for transplantatlon Rat her

t han addi ng an overl ayer of gelatin as discussed in . 30 reference to-

Fig. 2. arazor is used to slice a sheet of the material conprising

the substrate 9 about 150-250 nm thick to serveras a stabilizing
support for the nonol ayer of RPE cells 5 and the collagen 7 during

transpl ant ati on.
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— : BUESE o)y X~
19 &‘ | GEPLACEMENT SHE Tation I's conpleted and the
monol ayer of RPE cells |h been.stabilijzgd in its proper position, an
i ntraocul ar injection df an1§19ﬁﬁe19gac as agarase (1 ng/5 m vol. of -
vitreal chanber) if an Jagarose 5 substirdte is used nay be adm nistered to
break down the subsgtrate. AlternatiJely, the enzynme may be
I ncor por at ed i nto ad-slevkrelease agedt 11 such as ethyl ene-vinyl
acetate copol ymer (El vax 40N DuPont Chem cal Co. ,Del.), which is

added to the galisida Bl GepatRindO theansgt ind ato Operibt hadzet8 Hoorersi ng

bi odegr adabl e a ow- e kGES nzynes are known
in the art, s%%%gﬁﬁlsc?(r)ééd bd;'/ﬁa(i BEE%&EHABE I\’Il'heBr gﬁﬁlﬁggeaﬁrﬁh Pf990)
515: 309-311; agcerssed subreliinalCiegg@er 12, "Lactic/d ycolic Acid Polyners,"

Dr ug Carriers in Biology and Medicine (Ed., Gegoriades), 1979;
RIEF DESCR OF THE DRAWIN '
5 Fig. 1 is a photograph (200X) of a cryostat

section of a normal rat retina and sub-retinal area;

Pig. 2(a, b, ¢, 4 and e) is a schematic showing
the preparation and transplantation of a preferred
embodiment of an implant comprising a monolayer of RPE

10 cells mounted to a support:

ad—to—a—suppozrt;
Fig.34 is a horizontal section through an eye i
15 illustrating a transchoroidal and scleral surgical approéch;
Fig.4% is a horizontal section through an eye
illustrating a transcorneal surgical approach; '
Fig.5§ is a photograph showing a view of the
transplanted implant of an intact monolayer of mature human
20 RPE cells positioned under the retina of a rodent whose
cornea, pupil and lens have been removed, 2 weeks
post-transplantation, as set forth in Example 1;
Fig.67 is a photograph (40X) of a section of a
rat retina and sub-retinal ares showing an implant of an
25 intact monolayer of a population of mature human RPE cells
14 days after transplantation, as set forth in Example 1;
Pig. 78 is a higher magnification photograph
(400X) of a section of a rat retina and sub-retinal area
showing an implant of an intact monolayer of a population
30 of mature human RPE cells 14 days after transplantation, as
set forth .in Example 1; .
Fig.89 iz a photograph (100X) of a section of a
rat retina and sub-retinal area 14 days after




15 Kitchell, J. and w;eBEHbACEMEm WHEBEtj c/ gl ycolic acid)

Bi odegradabl e Drug - Po}vy] ns, " Methods in Enzynol ogy

112: 436-448 (1985). Slpwr enzyme causes gradual break up

of the substrate supporf. n 7 remai ning after dissipation

of the substrate 9 20 St ; pgrneable to and does not i npede

nor mal tissue functjon, and serves t anchor the nonol ayer of RPE

cells 5, as well as to rmnrprr—TeEUvascutdri zation in the subr et-i nal

gr ea of 2t5 he P@ﬁérésymntano:% hof dlstEbatﬁhaedi ﬁefﬁeedg%mgﬁomtzc?equs\toﬁ ;afs Fig.
, may al so e e ra in e enbodi nen epicte

in Fig. 3. Fi B?an?gafh%nfgwge %S’ bl e protein that fornms the

structural conponent fdfidd 838 dta. H—’mﬁhﬂrn magnificald g epbetiogoaphld

tensile strengifoR Fg;dof Sa %é@éﬁfﬂ %Jf WhixGlt: reuaaoxhdeﬁus-%e%h?ieargsen joxic

support to which E cel wi |l attach ag %grOM/as a nonol ayer
prepare f¥brifays ‘fFﬁFlﬁrEPﬁPlgﬁF?%&ﬂ% PHr iy 4%&%FLE%3?§enhH%36yRPE
catal yzi ng t heepbsyn®es | ekt ifoxtd ifn Bxanpden2i.nto fibrin by the addition

of thrombin. After transplantation, fibrin will dissipate to naturally
pr oduced enzynes
DETAI D N

As used herein, the term “donor™ shall mean the

same or different organism te}ative to the host and the

10 term "donor tissue” shall mean tissue harvested from or
cultured from tissue harvested from the same or different
organism relative to the host. Autologous tissue shall
maan tissue harvested from or cultured £rom tissue
harvested fxom the host organism. Mature RPE cells shall

15 mean differentiated RPE cells derived from an organism that
is not a fetus.

_ It is believed that in age-ralated macular
degenerstion (AMD), compromise or degeneration of the RPE
cells which underlie and form a close structural and

20 metabolic support for the photoreceptors, leads to the loss
or destruction of viable photoreceptors. It has been
discovered, however, that transplantation of a population
aof RPE cells as a monolayer, i.e,, in essentially a
two-dimensional array of cell bodies capable of engaging ir

25 cell-=to-cell contact inhibition, allows the RPE cells to
maintain largely normal characteristics of native, healthy
retinal pigment epithelia, capable of providing structural
and functional support to photoraeceptor cells. Moreover,
as illustrated in Example 2 below, it is believed that it

30 is essential to transplant mature RPE cells as a monolayer
in order -to prevent activation of such cells. Activation
leads RPE cells to transdifferentiate into wandering
macrophages, fibroblast-like cellszs and other cell types,




whi ch di ssol ve bl ood d ®E LAdEfMENWeSNﬁHS' pation of the fibrin support
conposition is to be dc ngs whi ch are specific for

fibrin, such as tissue
strept oki nase nay be 5
appkication of

10

15

20

25

30

| as e dctivator (TPA), urokinase or
ﬂgﬁngéﬁgé Usitng one of the nethods for
Tg tra plantgthe I mpl ant, the host eye.is

which cause a numbexy of dystrophic effects in the eye and
retina,

Pig. 1 is a photograph of a coryostat section of a
normal rat retina and subretinal area. In Fig. 1 as well
as subsequent figures, the retina or layers tﬁereof, e.qg.,
the ganglion cell layer (“G"), inner plexiform layer
("IPL"), inner nuclear layer {("INL"), outer plexiform layer
("OPL"), outer nuclear layer ("ONL"), inner segments
{"IS"), outer segments {("08"), and retinal pigment
epithelium ("RPE"), are shown, respectively, from top to
bottom.

Referring now to Figs. 2 and—3-, implants
comprising a monolayer of RPE cells are prepared, in
general, by harvesting RPE cells from donor tissue and
apposing the harvested RPE cells as an intact monolayer to
a non-toxic, £flexible composition, or by seeding such a
comyos;tion with a monolayer of dissociated RPE cells and
allowing them to grow into a confluent layer. The flexible _
composition serves as a stabilizing support for the RPE
cells during transplantation.

The implant constitutes a laminate ¢f a monolaver
of RPE cells and a support composition approximately 100 to
500 microns thick, and preferably 150-250 microns thick.
The surface of the implant has a surface area greater than
about 1 square millimeter, preferably greater than 2 square
millimeters, and most preferably greater than 4 square
millimeters, or as large as may be practically handled.
Thus constructed, the implant may subtend a considerable
extent of the sub-retinal surface.

In selecting donor tissue for the harvesting of
RPE cells, it is noted that previously, transplantation of
RPE cells -was effectively limited to immature cells,
Mature RPE cells transplanted according to prior art
methods have been shown to undergo activation resulting in




pr epar ed so as to reduc MM&EMQNB@‘EEDr..gi cal trauma. A

transcl eral / transchoroi flaf—surgical appfopch to the 10 subretinal space is
an exanpl e of a suitabl 1ppfgebcétqdjgy it will be understood that other
surgi cal approaches, sug¢h as a trankcbrneal approach, may also be

used. The preferreq surgieatl—appreach i¥8the human, Fig. 4, includes

maki ng a transverse incijsion 70 in a sclefa and choroid 78 15 of

sufficient size so as, tg-attow-imsertion of .,a surgjcal iLNSg I nt 20.
The i nst rument3gRrietpRhngg82rnr JRIE Y 2° <@ elr‘éo‘w%lné"hé’ﬁ"ors%’f‘g‘£§8g and to

the ora serratmembidams is esbknsindlydcomprEiged4 of Rollagan,unand aachches

the retina

20 space to tH%la% é‘%heir'?oﬁ%o ee&;%uggf%%%&gy&e%iBérﬁ&&i@t&%‘?@?%ﬁ%imal

- , an
“nstrument corkmpeding pmiaingye: E1ssuR, EERREIPRG BUEH @S Whedmetabolic

Cross-sectd on &pyn DodiSBdte8ehNaine chébeid Mahantthenyrdid th.aWHwévet e

el ongate tube foy protectjon as it is tran n

appropriate 25°0L}3GeR | COUMEISHE IR RF STCh agoﬁ%g@%%?gi @i%gngf?uﬁgﬁt
advanced to thetosmg Senvagh b cpreventobucklinanari disgertion; ok rthent
includes a | ungR, . i Ge £ ¢ WoE ScdFiACHEELRAY tPonsplantation. Thus, such

10
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microthin collagen materials need to be used in combination
with additional supporting materials which will be
eliminated after transplantaéion, if they are to form past
of the support for the transplanted RPE cells.

1f transplantation is carried out with the native
Bruch’'s membrane intact, the host's RPE cells covering the
area to receive the transplant of RPE cells may be
physically and/or chemically debrided from the Bruch's
membrane, for example, by applying collagenase to the
native Bruch's membrane to loosen the host's RPE cells in
order to permit their removal. The trangplanted RPE cells
may then anchor themselves directly to the Bruch's membrane.

Either tc szupplement a layer of conageh. as
discussed above, or in cases where inclusion of a collagen
anchor is not required, a support composition may be
selected which is dissipated, for example, by exposure to a
sufficient amount of heat, selected enzymes, or bodily
fluids, Gelatin is an example of a preferred support
material which is flexible, lacks toxicity to neural tissue
and has the ability to dissolve at body temperature. -The-

et R tes = 3w - 1+ Spiig T < -

activated low gelling temperature agarose (f¥pe VII, #A
4018 Sigma Chemical Co., St. Lowi®) or fibrin, which are
known to dissipate whem€xXposed to selective enzymes which
will not atta6k other compositions. For example, agarase
‘s o and
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gentle force of a per f umlnqumzlmm SHEETl ilne-1i ke fluid,
car boxynet hyl cel | ul ose, - 2€Lhy.u1un.c acid ejected from 30 the |unen..

Advant ageously, the f|UId naxqpﬁgé.hg 1y contain anti-oxidants,
anti-inflammuation  agentis, t g¢s {or agents that slow the netabolic

demand of the host rqtiin EL t he i nstrunent does not.
i ncl ude a lunen, the 35 retlna IS detachec y subreti nal |rr|gat|on or by

the wall s 21

weokinabo—is—an—ensyme—specific—to—£ibrin. Another

alternative is to use biodegradable polymers such as
ethylene-vinyl acetate copolymer (Elvax 40W, DuPont
Chemical Co., Delaware); poly(glycolic) acid,

5 poly(L-lactide-co-glycolide)(70:30 ratio) or poly(L- or
DL-lactic) acids (low mol., wt.,) (Polysciences, 1Inc.,
Warrington, PA., Data Sheet #365, 1990), which are
flexible, non-toxic materials that slowly dissipate upon

_ implantation and exposure to bedily f£luids. See, e.qg.,
10 Powell, E.M., Brain Research, 515 (1950) 309-311 and
references cited in Polysciences, Inc. Data Sheet #365.
Advantageously, the gelatin cr other support
composition may additionally serve as a carrier for any of
a number of trophic factors such as pharmacologic agents

15 " including immunosuppressants such as cyclosporin A,
anti-inflammation agents such as 'dexamethasone,
anti-angiogenic factors, anti-glial agents and anti-mitotic
factors. Upon dissolution of the support composition, the

_ factor or agent becomes available to impart the desired

20 effect upon the surrounding tissue. The dosage can be
determined by established experimental techniques.

With appropriate enzymatic digestion, wusing
technigques disclosed by Pfeffer, B.A., Chapter 10,
“Improved Methodology for Cell Culture of Human and Monkey

25 Retinal Pigment Epithelium”, Progress in Retinal Research,
Vol. 10 (1991), at p.264, RPE cells are removed frxom the
Bruch's membrane as intact sheets rather than as
dissociated cells. Such a freshly harvested intact
monolayer of RPE cells may be immediately apposed a3 an

30 intact monolayer to a support, such as a thin collagen
sheet, supplemented with an overlayer or substrate of
gelatin, allowing several hours for adhesion prior to
transplantation. This procedure may be useful for
transplantation of RPE' cells obtained in a biopsy, provided
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of the sur gi cal inStrU1EHENa£LMENY§H&EDa ced under the retina and into
t he subretinal space t¢ the—posterior pole 76 of the eye. The inplant

is then transplanted by r }yng the tube containing the inplant
fromthe eye 5 while :irmligdg%;q?¢7gan ly ejecting the inplant fromthe

tube. The instrunment i9g tlhen carefullydwjthge awn out of t he eye. .
Retinal reattachnment oqcurs rapidly and the nonol ayer of RPE cells is
held in place in a sandw-eh—tike arTangenent between the retina and the

choroi d. The &OFficientONRPBY tigguier dssuscd ipd from the biopbygas 2n
depicts a tra{ﬁ%ﬁ’étﬂ%n&(f#ﬁfal approach as an alternative to the

transscl eral or oi approaches described above. Except for the
poi nt of entry t he Bur gpekl qasesni gheweverssafit il | preferabie 4o

outlined 15 f@iitdes tﬁwwxﬁéﬁe@rnw%qwabnaaar aeebeﬁmeﬁtt 5@PSVELEE
incision 70 is made in a cornea 72 and the |niarunen containing the

inplant i3 adffind&@tunBer™ qYﬁ%,"Fhr%hce 5¢ H?—?lf:opﬁeaf"r??aaﬁ‘r’ﬂ"to t he
ora serrata uBRsuridtqstheatReE igells Héﬁ@réShaﬁhstﬁnqs ishaldlsd lpredidratedd

;f; exanpl e, ¥ &9 L9Philkop! tRB' BeoalBeisA98E harbBE HOPUIALiLAG FeOn
RPE cells from a small amount of harvested tissue and to
allow for a pericd of observation to ensure that the RPE

10 cells to be transplanted are healthy and functional,

For propexr culturing, harvested RPE cells
contained are apposed to a substrate to which they will
attach and grow, and which is capable of being maintained
in culture conditions appropriate for efficient growth of

15 RPE cells. Apposition of RPE cells may be accomplished by
pipetting a solution containing a population of RPE cells
onto the substrate. Intact sheets of harvested RPE cells
in a physiological solution may also be physically released

_ via a wide-bore pipette onto the substrate and manipulated '

20 with a fine camel~hair brush if neces&ary. 8ince RPE cell
cultures grow best at around 37°® C, appropriate substrates
are solids at this temperature. Attachment substrates

. which are suitable for growth of RPE cell cultures include
plastic culture ware or glass culture chamber slides coated

25 with collagen , laminin—os—£ibroneetin for cell
attachment. -Ceatings—such—as—collagen—nmay—he-—appliad to-a

Culturing harvested RPE cells can be accomplished
by any suitable method for obtaining a confluent monolayer
30 of RPE cells, Appropriate culturing techniques are
described in Pfeffer, B.A., Chapter 10, "Improved
Methodology for Cell Culture of Human and Monkey Retinal
Pigment Epithelium®, Progress in Retinal Research, Vol. 10
(1991); Ed. hy-OSborn.'N. and Chader, J., ¢r Mayerson,




abutted and sutured if EBE%ISA&IEMENB SﬂEEEW heal i ng. The t ranscor neal
approach is preferred f¢r {rodents becal It has been found to reduce
bl eedi ng and surgical tyayneg pgc Meyer hél ess, a transscleral or choroidal
approach is 25 preferregl for humans to avpid scarring of the cornea which

may interfere with visugl —acorty- A. further surgical approach
Is to diathermze in t he pars planna reb?on to elimnate bl eeding. The
sclera is then incised and the cnorotdal and any native apithelial 30
tissue is di aghgrphzeds 1ARE AHEALCEL bACLn! SohRERabN3CLhEdiar dHlildgn the
incision, the retinha Is Int epte Serrata and the |nplant

i s deposited fﬂrtHEOEEBFE?PnSf &P@alm?laﬁthl?mﬂ%ﬁﬁ%% e Yo edandatd

herein. - procedurél yeathed implist Sle giisal t2PABPESHte®@Nity ithe35 gal ned

through the paig REERNP &S &° il 'SbANY 9% 76 of the host eye

5 after detachment of the retina, as portrayed in Fig. 24,
using surgical technigques more fully disclosed below. The
gelatin overlayer dissolves within hours after insertion of
the implant la into the host sye. After transplantation,
the retina reattaches, and the monolayer of RPE cells,

10 anchored to the layer of co}laqen, is sandwiched between
the choroid and the retina. _See Fig. 2e.

4
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embodiment of the implant according to the invention/ As
described in relationship to Fig. 2 above, 2 monolagyer of

15 RPE cells 5 is grown on culture ware coated #ith a
substrate 9. However, in this embodiment, gﬁffsubst:ate o
remains laminated to and comprises part of/the implant la
during transplantation. The substratg” 5 used for

. transplantation may comprise agarose, Mhich is biologically

20 inert and as discussed previously,/ may be dissipated by
exposure to agarase, an enzyme which selectively attacks
agarose. In this embodiment, activated agarose is coated
with a thin layer of collafen 7, about 2-4 microns in

) thickness, which binds spfongly to the activated agarose.
@;} 25 A monolayer of RPE c¢nlds 5 is then apposed to the collagen

7 and attaches reagdfly to Form a laminate of the RPE cells
5 and the suppor¥ composition (collagen 7 and substrate 9)
to be used ag/ an implant la for transplantation. Rather
than adding/an overlayer of gelatin as discussed in

30 reference to FPig. 2, a razor is used to slice a sheset of
the maferial comprising the substrate 9 about 150-250 mm
tﬁ};” ﬁo serve as a stabilizing support for the monolayer

Y 3
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22 . an incision i Enr b1 jna adj acent to the retina

macul a. The surgi cal th@ﬁﬁﬂC M“ﬁh%Hﬁgrt d through the retinotony and
into the nmacul ar area. As| di scussed previously in connection
with the 5 make up of|the XUPES #%onposi ti ons used in accordance with

the invention, after tfahspl antation, e inplant is exposed to a
predeterm ned set of cpnditions, such a 19 exposure to heat, selected
enzyme or bodily fl ui ds—LUpon t he agpropriate anount of exposurh; t he
support conposition 10 is dissipated or mnll not othermnse | npede .nor ma

eye ti ssue functi coneb-tbeahigslamtytizndtil ~e8nd gopul ati on

of RPE Cellsmonolayer of Rﬂ@ecg?ﬁ§Oﬂﬁggbgéﬂngtgﬁ1iiég§tiﬁte§s -’éper

i nventi on.

position, an intraocular injection of an enzyme spch as
agarase (1 ng/5 ml vol. of vitreal chamber) if anAgarose

5 substrate is used may be administered to break/down the
substrate. Alternatively, the enzyme may be Ancorporated
into a slow-release agent 11 such as ethylen:~viny1'acetate
copolymer (Elvax 40W, DuPont Chemical Co.,/Del.), which is
added to the substrate 9 prior to transplanhtation. Methods

10 for using biodegradable polymers as slofi-release matricas
for enzymes are known in the art, sugh as disclosed by

Powell, E.M., Brain Resesrch (1590) £309-311; Wise, et
al.; Chapter 12, “Lactic/Glycolic/Acid Polymers,"™ Drug
r i i jicine (Ed., Gregoriades), 1579;

15 Kitchell, J. and Wise, D., "Pdly(lactic/glycolic acid)
Biodegradable Drug - Polymer Matrix Systems,” Methods in
Enzymology, 112:436-448 (1985). Slow release of the enzyme
causes gradual break up ¢of the substrate support. The '
collagen 7 remaining aftef dissipation of the substrate ¢

20 is physiologically persméable to and Aoes not impede normal
tissue function, and gerves to anchor the monolayer of RPE
cells 5, as well ay to inhibit neovascularization in the
subretinal area of/the host eye.

Fibrin/ discussed in connection with Fig., 2, may

25 also be used ag’ the substrate 9 in the embodiment depicted
in Fig, 3. Pibrin is the fibrous, insoluble protein that

‘forms the sy¥ructural component for blood clots. Fibrin may
be pressed to add tensile strength and is a material which
provides/a flexible, non-~toxic support to which RPE cells

30 will aftach and grow as a monolayer. To prepare fibrin,
EibrifAi clot suitable for substrate use is made by
cat@lyzing the polymerization of fibrinogen into fibrin by
thé addition of thrombin. After transplantation, €ibrin




EXAMPLE 1 15 Experi nment §l | uetefial s RPE cells were
takeén fromthe sub-reti FﬁQA%EME ﬁq&M%Eo1ated human eyes (obtained from
the M ssouri Lions and . Louis Eyp Banks) follow ng corneal renoval.
Hosts were adul t al bi ho T1AREE ﬁ?ﬁ?ne-suppressed with cyclosporin A 10 20
ng/ kg/ day | P injection) Harvestihgtof RPE Cel |s

| medi ately after cornehl renoval, the eyg S pi nned by the optlc
nerve st unp i nto an eye' ':\gn and nla(‘ed . into an eye Jar The Jar was

fl ooded to cagggb;"_“yHQA .al 25,4 Debhacco' s mdlicf iad Assqntial  pedigm
(DVEM supplenen s Wth 5% fetal bovine serum The eye was=ptrocessed
in a steri FAPBLO| FURERAE °°ﬂPP§FtFBBsé5cdﬁhé%Q|%%E%.- EEANdenzy®asc| e

wer e careful | ynichmard fspemitie €pe, ﬁxtbr\ms [

pl ate and theaggiggtgr

5

prepared so as to reduce bleeding and surgical trauma.
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getds tisyudBiduhihodei il e
gyntuxgg s8¢~ 0r streptokinase may be
administered—us ng one of the methods for applzcation of
To transplant the implant, the host eye is
A
transcleral/transchoroidal surgical approach to the
subretinal space is an example of a suitable approach and
it will be understood that other surgical-approaches, such
a5 a transcorneal approach, may also be used. The
preferred surgical approach in the human, Fig. 4, includes
making a transverse incision 70 in a sclera and choroid 78
of sufficient size so as to allow ingertion of a surgicai
instrument 20. The instrument 20 is advanced through the
sclera and choroid 78 and tc the ora serrata 74 as
iliustrated in Fig. 4. The instrument detaches the retina
as it is advanced under the retina and into the sub-retinal
space to the posterior pole 76 ¢f the eye.

Preferably, an instrument comprising an elongate
tube having a flat, wide cross-section may be used so that
the implant may be drawn into the elongate tube for
protection as it is trangported through an appropriate
sized incision in the sclera or choroid. The instrument is
advanced to the orxra serrata 74 of the host eye and if the
instrument -includes a lumen, the retina is detached by the
gentle force of a perfusate such as a saline-like £1luid,
carboxymethylcellulose, or 1-2% hyluronic acid ejected f£rom
the lumen. Advantageously, the fluid may additionally
contain  anti-oxidants, anti-inflammation  agents,
anesthetics or agents that slow the metabolic demand of the
host retiné.

If the instrument does not include a lumen, the
retina is detached by subretinal icrigation or by the walls
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30 the adherent vitrﬁoﬁﬁﬁwﬁs»EMTﬁ%ﬁcbut of the eye cup. Four slits
were cut radially tow with the eye lying flat in a
petri dish. The neura

23 separ at ed at renoved. The shell was t he
washed w th Hanks' ba} abcec Lipn, ,£at++ and My++ free, and
treated with 0.25% trypsin for 30 mn. jat 37[err] C The trypsin
sol uti on was aspirat edfromthe—shett—>5 and DMEM (Gd BCO was added.
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retina and into the subretinal space to the posterior pole
76 of the eye. The implant is then transplanted by
retracting the tube contalning the implant from the eye
while simultaneously gently ejecting thae implént from the
tube., Thae instrument is then carefully withdrawn out of
the eye. Retinal reattachmeat occurs rapidly and the
monolayer of RPE cells is held in place in a sandwich-like
arrangement between the retina and the choroid. The
incision may require suturing.

Fig.j;? depicts a transcorneal surgical approach
as an alternative to the transscleral .and choroidal
approaches described above. Except for the point of entry,

the surgical technique is essentially the same as outlined

n

The

for the transscleral or choroidal approachas. A transverse -

incision 70 is made in a cornesa 72 and the instrument 20

- containing the implant is advanced under the iris, through

the cornea 72 and to the ora serrata 74 as illustrated in
Figﬁgﬁﬁ The iris should be dilated for example, with
topical étropine. The edges of the corneal incision are
abutted and sutured if necessary to allow healing. The
transcorneal approach is preferred for codents because it
has been found to reduce bleeding and surgical trauma.
Nevertheless, a transscleral or choroidal approach is
preferred for humans to avoid scarring of the cornea which
may interfere with visual acuity. '

A, further surgical approach is to diathermize in
the pars planna region to eliminate bleeding. The sclera
is then incised and the choroidal and any native epithelial
tissue is diathermized. The surgical tool is then inserted
through the incision, the retina is intercepted at the ora
serrata énd the implant is deposited in the subretinal area
otherwise as outlined elsewhere herein.

In yet a further surgical approach, entry is
gained through the pars planna area as outlined above and
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gxposure to heat,

or bodily fluids. Upon

the appropriate amount of exposure, the support composition
is dissipated or will not otherwise impede normal eye
tissue function of the host eye and the traasplanted

population of RPE cells.

The following examples illustrates the invention.

EXAMPLE 1

Experimen imal and Materi

RPE cells were taken from the sub-~retinal area of
donated human .eyes (obtained from the Missouri Lions and
St. Louis Eye Banks) Eollo#inq corneal removal. Hosts were
adult albino rats immune-suppressed with cyclosperin A 10

mg/kg/day IP injection).

Harvesting of RPE Cells

Immediately after corneal removal, the eye was
pinned by the optic nerve stump into an eye cage and placed
into an aye jar. The jar was flooded to capacity with cold
Delbecco's modified essential medium (DMEM), supplemented
with 5% fetal bovine serum. The eye was processed in a
sterile environment. After loose comnnective tissue and
muscle were carefully trimmed from the eye, it was placed
uprighﬁ on a sterile plate and the anterior segment with
the adherent vitreous was lifted cut of the eye cup. Four
slits were cut radially toward the optic disc with the eye
lying flat in a petri dish. The neural retina was then
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?? gnded under the retina into the
he po r|or polie of the eye. The instrunent
I mpl ant} choprisirg—a—wongl ayer of RPE cells apposed to a

150 nm col | agen substrhte (up to 2 5 X4 nm4 to be guided

into the retinal space by advancament of the plunger with
simultaneous retraction of the surgical instzument. The
instrument was then removed. Following removal of the
instrument, the edges of the corneal incision were abutted
te allow rapid, sutureless healing. The eye was patched
during recovery and a prophylactic dose of penicillin was
administered. Upon removal of the patch, a veterinary
ophthalmic antibiotic ointment was applied.

Transplant recipients were maintained on a 12
hr/12 hr light/dark cycle with an average light intensity
of 50 lux. Following appropriate survival times, the
animal was overdosed with pentobarbital.

Fig.5f shows a view of the transplanted monolayer
of RPE cells positioned under the retina, with the cornea,
pupil and lens removed, two weeks post-transplantation.
The arrows designate the edges of the implant.

Histeologig Preparation

For histologic evaluation, rat eyes with RPE cell'
implants were immersion-fixed in Bouin’s solution for 5
hrs., then dehydrated in a gréded ethanol series. The eyes
waere trimmed with a razor blade to include the transplanted
area for implanted retinas, then processed through xylene
and embedded in paraffin. Sections were cut at 8mm and
stained with hematoxylin and eosin.

Results -
By using the transcorneal approach, it was found
that the positioning of the monoclayer of RPE cells between
tha.host‘s.retina and the adjacent choroidal tissue layer
of the eye -could be accomplished while minimizing the
vascular damage and subseguent bleeding into the eye. In
addition, it was found that this approach does not appear
to disrupt the integrity of the retina, which reattaches to

i
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RPE cells, paraffin sections (8 mm) were made from the eye
receiving the RPE cell transplant at 2 weeks, 4 weeks, and

3 months after transplantation. It was found that the
monolayer of RPE cells survived transplantation at all

timaes tested (10 out of 12 transplants).

With immune-suppression, successful transplants
were seen at all survival times so far examined (2 weasks to
3 months), showing apparent physical integration with the
host eye and maintaining morphological features of the RPE
as illustrated in Fig.67 which shows a transplant of a
monclayer of human RPE cells from adult donor to adult rat
host. (T, transplant). 40X. ' :

Paraffin sections made at 2 weeks post-
transplantation are shown in Figs.67 and #7. Fig.67 is a
low-power photomicrograph showing the location of the RPE
monolayer transplant (T) between arrowheads at the
postarior pole of th host eye. Note the maintenance of
normal retinal configuration as well as the normal
appearance of the RPE cells, maintained in substantially a
monolayer between the choroid and the outer segments of the
photoreceptor cells. Pigure7 & is a higher-power
photomicrograph showing in detail the interface between the
transplant and the adjacent retina. As shown in Fig.78,
the photoreceptor outer segments are shown te be in normal
apposition to the apical microvillar processes (A) of
transplanted RPE cells.

' The functional capabilities of the transplanted
RPE cells and reconstructed retina were ascertained by
their maintenance of photoreceptor bodies, and the presence
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Fo}.histologic eval ua iqmpLAGEMENJeSHEEH RPE cel | i npl ants were
I mrer sion-fixed in Bodi n~s—sotttTom qr |5 20 hrs., then dehydrated in a

graded et hanol seri es. Th%qpéﬁg.w 7 ne trimmed with a razor blade to

i ncl ude the transpl antjed a ?or i pl anted retinas, then processed

t hrough xyl ene and] e : | aflff i néé Sections were cut at 8nmm and
stained with hematoxyljn and eosin. 2 Results By using the
transcor neal apptoach, Lit—was—found that the positioning of the

monol ayer of REELBBEFs2BAiqRESE seopepts Eith ?E?Bﬁﬁ ARHERRRLIRY akenthe
choroi dal tisspéchdyprocesses blicteunspdahtedecREBEceapls sherthavwsdotess of

o th >harne vt |
i ¢ Endfe, VESEHNBERLIOFROC PRlisP IBREME Thald FHLY of) Bek"Ee£YF
di srupt the i AtegFeEYested nn (B 96X \#d ¥ Zeat t aches to

5 _ EXAMPLE 2
As a comparison, mature human RPE c¢ells were
transplanted in dissociated form using the bolus injection
method as set forth by Li and Turner in Exp. Eve Res..
47:911 (1988). RPE cells from the same donor tissue used

10 for the transplants conducted as set forth in Example 1
were harvested and cultured as set forth in Example 1.
After culturing, the RPE cells were trypsonized to form
dissociated RPE cells for transplantation by bolus
injection'éccording to the method of Li and Turner. Hosts

15 were adult albino rats immune-suppressed with cyclosporin A
10 mgskg/day IP injection) as set forth in Example 1,

Transblant recipients were maintained on a 12
hr/12 hr light/dark cycle with an average light intensity
of 50 lux. Following appropriate survival times, the

20 animal was cverdosed with pentobarbital. Paraffin sections
of the e?e receiving the RPE cell implant were then cut (8
mm) . .

Paraffin seactions made at 2 weeks post-
transblantation are shown in Figs.84 and Lﬂg. Fig.g89 is a

25 low-power photomicrograph showing the location of the
injection of dissociated RPE cells at the posterior pole of
the host eye. Note the pathological configurations,
including retinal detachment (RD), retinal pucker (RP),
subretinal fibrosis (SF) and retinal rosette (RR)

30 formation. Figqure 109 is a higher-power photomicrogyraph
showing'in detail the pathological invasion of RPE cells
into the deacent retina, subretinal fibrosis and retinal
pucker.
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recei ving the RPE ce¢l | TTansprart 1 weeks, 4 weeks, and nfbntshs *

after transplantati'

n. 1t was found tihat t he monol ayer of RPE cells

survived trepgpggntatron at art 1o trines tested (10 out of 12 transplants).
W th i mune-suppr essi on, successful transplants

1. A method for the preparation of a population of retinal pigment

epithelial cells for transplantation to the subretinal area of a host’s eye comprising:

providing donor tissue comprising retinal pigment epithelial cells;

harvesting retinal pigment epithelial cells from the donor tissue; and

apposing the harvested retinal pigment epithelial cells as a monolayer
to a non-toxic flexible support comprising gelatin that, upon taﬁsplantation to the subretinal
area, will not impede normal eye tissue function of the host’s eye and of the transplanted
retinal pigment epithelial cells.

2. The method as set forth in claim 1 further comprising, prior to said

apposing step and after said step of harvesting, culturing said retinal epithelial cells to form a

monolayer.
3. The method as set forth in claim 1 wherein the donor tissue comprises
mature RPE cells.
4, The method as set forth in claim 1 wherein the donor tissue is
autologous to the host.

5. The method as set forth in claim 1, wherein the support further

comprises a layer of collagen between about 1 micron and about 100 microns in thickness.

6. The method as set forth in claim 1 wherein the harvested RPE cells
have apical and basal surfaces, the support further comprises a substrate of collagen and an
overlayer of gelatin, and the basal surfaces of the harvested RPE cells are apposed to the
collagen and the aplcal surfaces of the harvested RPE cells are apposed to the gelatin.

is Sheet Has Been Replaced
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Not e t he mai nt enance of normal retinal configuration as wel
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showing in detail the interface between the transpl ant and the adj acent
retina. As shown in Fig.7% t he phot oreceptor outer segnents are shown
to be in normal 30 adposi {Themettwdtdssetfpitls il claiimcl whereingthe suppoxt furtier ( A) of

E cells
transpl ant edmgﬁses one of more of a trophic factor, an immunosuppressant, an anti-inflammation

ceo1 o PRI

agent, an anti-angiogenic factor, an anti-glial agent or an anti-mitotic factor.

9. A method for the preparation of a population of retinal pigment
epithelial cells for transplantation to the subretinal area of a host’s eye comprising:
providing donor tissue comprising retinal pigment epithelial cells;
~ harvesting retinal pigment epithelial cells from the donor tissue;
5 culturing the harvested retinal pigment epithelial cells on a substrate to
attach and grow a monolayer of retinal pigment epithelial cells on the substrate;
removing the monolayer of cultured retinal pigment epithelial cells
from the substrate; and
apposing the monolayer of cultured retinal pigment epithelial cells to a
10 non-toxic flexible support comprising gelatin that, upon transplantation to the subretinal area,
will not impede normal eye tissue function of the host’s eye and of the transplanted retinal
pigment epithelial cells.

10.  Animplant for transplantation to the subretinal area of a host’s eye
comprising a laminate of a monolayer of retinal pigment epithelial cells and a non-toxic,
flexible support comprising gelatin that, upon transplantation to the subretinal area, will not
impede normal eye tissue function of the host’s eye and of the transplanted retinal pigment

5 epithelial cells. N
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11.  The implant as set forth in claim 10 wherein the retinal pigment
epithelial cells further comprise mature retinal pigment epithelial cells.

12.  The implant as set forth in claim 10 wherein the retinal pigment
epithelial cells are autologous to the host.

13.  The implant as set forth in claim 10 wherein the support further
comprises an enzyme which breaks down at least a portion of the support after positioning of

the implant in the subretinal area.

14.  The implant as set forth in claim 10 wherein the support further

comprises a layer of collagen between about 1 micron and about 100 microns in thickness.

15.  The implant as set forth in claim 10 wherein the monolayer of RPE
cells has apical and basal surfaces, the support comprises a substrate of collagen and an
overlayer of gelatin, and the basal surfaces of the monolayer of RPE cells are laminated to the

collagen and the apical surfaces of the monolayer of RPE cells are laminated to the gelatin.

16.  The implant as set forth in claim 10 wherein the support further
comprises one or more of a trophic factor, an immunosuppresant, an anti-angiogenic factor,

an anti-glial agent or an anti-mitotic factor.

is Sheet Has Been Replaced -
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5 As a conparison, mature
human RPE cells werqg . dlin dissociated formusing the bol us

i njection met hod UfEU %997byl L and Turner in Exp Eye Res.,

47:911 (1988). RPE c omthe sajre{ donor tissue used 10 for the

transpl ants conducted § f H3hpl e 1 wer e harvested and
cultured as set fort After culturing, the RPE cells were
trypsonized to form ocl ated RPE cells for transplantation by bol us

i nj ection accordi ng t RETINALPIGMENTEPLTHELIAMTTRANSPLANTATION were adul t

al bino rats i mune-suppressed with cyclosporin A 10 ng/ kg/day IP

I njection) as set forth in Exanple 1. Transpl ant recipients
wer e mai nt aiABSTRACR 12 hr/12 hr light/dark cycle with an average |i ght
intensity of 50 lux. Follow ng appropriate survival times, the 20

ani mal was overdosed with pentobarbital. Paraffin sections of the eye

receiving the RPE\r?Qllnlpldn'irnEa&BviﬂﬁHefoF heshspldntdtn to the subretinal ared &ff 4N
sections nade at weeks post -

host’s eye comprising a laminate of a monolayer of retinal pigment epithelium
(RPE) cells and a non-toxic, flexible support that, upon exposure to a set of
predetermined conditions, will not impede normal eye tissue function. A method
for preparing a population of RPE cells for transplantation to the subretinal area
of a host’s eye is also provided. The method includes the steps of providing
donor tissue comprising RPE cells, harvesting from that tissue RPE cells, and
apposing the harvested RPE cells as a monolayer to a non-toxic, flexible support
that, upon transplantation to the subretinal area and exposure. to a set of
predetermined conditions, will not impede normal eye tissue function of the
host’s eye and the transplanted population. A method for transplanting the
above implant is also provided, comprising providing the implant, making an
incision through a host’s eye, at least partially detaching the retina to permit

access to the subretinal area, and positioning the implant in the accessed area.

(Figure 2d)
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Fron1the fore90|ng descrlptlon those skilled in the art

that all aspects of the present I nvention are realized.
i nvention provides an i nproved surgical inplant that is
provide cell 5 organization during transplantation of the
the inplant of this invention cell organization is mai n
after RPE transpl antation. In view of the abo
seen that the several objects agf7the invention are ach

advant ages att ai ned. As various changes could
above conposi tions and methods without departing fromt

the invention, it is intended that all matter contai ned
description or shown in the acconpanying 15 draw ngs shal
as illustrative and not in a limting sense.
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1. A nethod for the preparation of a population of RPE cells for

area of an eye
(a) providing donor tissue conprising RPE cells,
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(c) apposing the harvested RPE cells as a nonol ayer t o | 'REPLACEMENTX SREET
flexible support that, upon transplantation to thg subretina
area and exposure to conditions which result in a brealfjddwn gfn%t
| east a portion of the non-toxic flexible support, wll} not 1997
i npede nornal eye tissue function of the eye of the hogt the
transpl ant ed popul ati on. 2. A nethod ags_set forth in claifpl further

conprising culturing the harvested RPE 841 s.
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3. A nethod™s set forth in claimi1 wherein the donor tissue conprises

mat ure RPE cell s. 4. A nethod as set forth in claim1l MherehﬁptgﬁﬁﬁﬁiaD%HEEr

tissue is autol ogous to the host. 5. A nethod as set forth i
wherein the support conprises a |ayer of collagen |ess than jabput 100
mcrons in thickness. 6. A method as set forth in d a|nff % DEC 1997

wherein the harvested RPE cells have apical and basal surfégcep, the’
177
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support further‘t Oﬁﬁdﬁ@gﬁ”ﬁfgﬁ ecte of collagen and gg overl ayer of

gelatin, and 4 of the har vest ed RPE
cells are apposed §o the collagep gnd the apical surfaces of the harvested

RPE cel | s are appoged BoJil 1998 5 .
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1. A method for the preparation of a population of retinal pigment

epithelial cells for transplantation to the subretinal area of a host’s eye
comprising:

providing donor tissue comprising retinal pigment epithelial cells;

harvesting retinal pigment epithelial cells from the donor tissue; and

apposing _the harvested retinal pigment epithelial cells as a
monolayer to a non-toxic flexible support comprising gelatin that, upon
fransplantation to the subretinal area, will not impede normal eye tissue
function of the host’s eye and of the transplanted retinal pigment
epitheliél'cells, and the support including an enzyme which breaks down
at least a portion of the support after positioning of the implant in the

- subretinal area.

2. The method as set forth in claim 1 further comprising, prior to said
apposing step and after said step of harvesting, culturing said retinal

epithelial cells to form a monolayer.

3. The method as set forth in claim 1 wherein the donor, tissue

comprises mature RPE cells.

4, The method as set forth in claim 1 wherein the donor tissue is
autologous to the host.

- b. The method as set forth in claim 1, wherein the support further
comprises a layer of collagen between about 1 micron and about 100

microns in thickness.

6. The method as set forth in claim 1 wherein the harvest'ed RPE cells

have apical and ba_sal surfaces, the support further comprises a substrate

of collagen and an overlayer of gelatin, and the basal surfaces of the

is' Sheet Has Been Replaced
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the gel atin, 7. | REPHACEMBNT 8HEESel} forth in claim 1 wherein the
harvested RPE cel |5 pave—en apteaty shrface and WE cells
to the support furthgr 1cs)rrmj' i\% coptacting the apical sur t he RPE

cells to the suppprt. 8. nmethofl as set fortm ei n said
support conpri ses| a-materrat—degradhbl gaby expo W ’mm’ ' bOdi 'y
fluids.

harvested RPE cells are opposed to the collagen and the apical surfaces of

the harvested RPE cells are opposed to the gelatin.

7. The method as set forth in claim 1 wherein the harvested RPE cells
have an apical surface and apposition of the RPE cells to the support

comprises contacting the apical surface of the RPE cells to the support.

8. The method as set forth in claim 1 wherein the support further
comprises one or more of a trophic factor, an immunosuppressant, an
anti-inflammation agent, an anti-angiogenic factor, an anti-glial agent or an

anti-mitotic factor.

9. A method for the preparation of a population of retinal pigment
epithelial cells for transplantation to the subretinal area of a host’s eye
comprising: |

providing donor tissue comprising retinal pigment epithelial cells;

harvesting retinal pigment epithelial cells from the donor tissue;

culturing the harvested retinal pigment epithelial cells on a substrate
to attach and grow a monolayer of retinal pigment epithelial cells on the
substrate;

removing the monolayer of cultured retinal pigment epithelial cells
from the substrate; and

apposing the monolayer of cultured retinal pigment epithelial cells to
a non-toxic_ flexible support comprising gelatin that, upon transplantation
to the subretinal area, will not impede normal eye tissue function of the
host’s eye and of the transplanted retinal pigment epithelial cell, and the
support including an enzyme which breaks down ét least a portion of the

support after positioning of the implant in the subretinal area.

10. An implant for transplantation to the subretinal area of a host’s eye

comprising a laminate of a monolayer of retinal pigment epithelial cells and

This Sheet Has Been Replaced
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9. A nethod of ORE’PMEE%NQ}—Q%HQEE! d support conprises a material which
degr ades upon trjangplantatiq 1p. A nethod as
wherein the'supppr aﬁnﬂ“ 515933

png  or nore fact or,
i munosuppressan}, Lan_anti-infl ahmhti on agent, HH"JM@ Uﬂﬂﬂm fact or
an anti-glial agpnt or an anti-mtptic 30actor. 't he
preparation of alretinal pignent epithelial cell graft- for
transpl ant & in@R-toxic flé¥iBle support comprising gelatin that, upon transplantation

to the subretinal area, will not impede normal eye tissue function of the

host’s eye and of the transplanted retinal pigment epithelial cells.

11. The implant as set forth in claim 10 wherein the retinal pigment

epithelial cells further comprise mature retinal pigment epithelial cells.

12. The implant as set forth in claim 10 wherein the retinal pigment

epithelial cells are autologous to the host.

13. The implant as set forth in claim 10 ‘wherein the support further
comprises a layer of collagen between about 1 micron and about 100

microns in thickness.

14. The implant as set forth in claim 10 wherein the monolayer of RPE
cells has apical and basal surfaces, the support comprises a substrate of
collagen and an overlayer of gelatin, and the basal surfaces of the
monolayer of RPE cells are laminated to the collagen and the apical

surfaces of the monolayer of RPE cells are laminated to the gelatin.

15, The implant as set forth in claim 10 wherein the support further
- comprises one or more of a trophic factor, an immunosuppressant, an

anti-angiogenic factor, an anti-glial agent or an anti-mitotic factor.
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subretinal space o rising the steps of: a)
providi ng donor ?I &WWSHW retinal pi gnent epi t heli al

cells; b) hanfvdsting retinal gnent eplthpllﬂI ceHs—from: t he

B St BT T T

1. A method for the preparation of a population of retinal pigment

epithelial cells for transplantation to the subretinal area of a host’s eye
comprising: | _

providing donor tissue comprising retinal pigment epithelial cells;

harvesting retinal pigment epithelial cells from the donor tissue; and

apposing the harvested retinal pigment epithelial cells as a
monolayer to a non-toxic flexible support comprising gelatin that, upon
transplantation to the subretinal area, will not impede normal eye tissue
function of the host’'s eye and of the transplanted retinal pigment
epithelial cells, and the support including an enzyme which breaks down
at least a portion of the support after positioning of the implant in the

subretinal area.

2. The method as set forth in claim 1 further compriéing, prior to said
apposing step and after said step of harvesting, culturing said retinal

epithelial cells to form a monolayer.

3. The method as set forth in claim 1 wherein the donor tissue

comprises mature RPE cells.

4, The method as set forth in claim 1 wherein the donor tissue is

autologous to the host.

5. The method as set forth in claim 1, wherein the support further
comprises a layer of collagen between about 1 micron and about 100

microns in thickness.

6. The method as set forth in claim 1 wherein the harvested RPE cells
have apical and basal surfaces, the support further compriSes a substrate

of collagen and an overlayer of gelatin, and the basal surfaces of the
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space and upon tran &EQMQ%MBW\I%EIET Dt i npede nor nal eye tissue
function; and pposing thel cphl tured retimat——prgment epithelial

cel | fonol ayer to a n)n2t£xﬁﬁ'{ﬂﬁ ibl B support t

transplantation to fhe_subretinal s ate, wll Bi‘lm m '“Emmm host' s
normal eye tissue flinction nor will 29 inped @ tissue
function of the transplanted retihal epithelial cells. 12. An

i mpl ant  capédrtvestedf RPEIGNIs Rira ipplosed to the cdllagendtidtha'apicapaafates Bed by
the nmethod of O aiml. 13. An inplant capable of transplantation to

t he subreti rdle hyryestachRREFellg areappesaddodhe @adatin.11.

7. The method as set forth in claim 1 wherein the harvested RPE cells
have an apical surface and apposition of the RPE cells to the support

comprises contacting the apical surface of the RPE cells to the support.

8. The method as set forth in claim 1 wherein the support further
comprises one or more of a trophic factor, an immunosuppressant, an
anti-inflammation agent, an anti-angiogenic factor, an anti-glial agent or an

anti-mitotic factor.

9. A method for the preparation of a population of retinal pigment
epithelial cells for transplantation to the subretinal area of a host’s eye
comprising:

providing donor tissue comprising retinal pigment epithelial cells;

harvesting retinal pigment epithelial cells from the donor tissue;

culturing the harvested retinal pigment epithelial cells on a substrate
to attach and grow a monolayer of retinal pigment epithelial cells on the
substrate;

removing the monolayer of cultured retinal pigment epithelial cells
from the substrate; and

apposing the monolayer of cultured retinal pigment epithelial cells to
a non-toxic flexible support comprising gelatin that, upon transplantation
to the subretinal area, will not impede normal eye tissue function of the
host’s eye and of the transplanted retinal pigment epithelial cell, and the
support including an enzyme which breaks down at least a portion of the

support after positioning of the implant in the subretinal area.

10. An implant for transplantation to the subretinal area of a host’s eye

comprising a laminate of a monolayer of retinal pigment epithelial cells and
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14. An inpl ant for trarﬁsELg" nﬁl\gw%rwﬁﬂt e subretinal area of an eye of a
host tonprising a | anf nE:j of a nonoljayfr of RPE ceI I s—&nd—a—nen——t—e*r—c——
D :

flexi bl e support that], upd tHeEn$Bart aki on

exposure to conditiorjs hhich result iln breakdovvn of eHll 'I"”“r
the non-toxic, flexiljle support, wll £0i npede nor nal f
functi on. 15. An inmplant _as.set forthin claimi14 V\/ner el. n ceI | s

further conpairm-toticy Hekdbie sabbert cornfiprising gelfptinrthatsupen tfarrs{pllantatlo
14 wherein the RPE cell s are aut; gtous to the hopst. 17. rn) ?
set forth intethe subietipgl, anea, Wi impede normal eye tissue functlo o

host’'s eye and of the transplanted retinal pigment epithelial cells, the

—

as

support including an enzyme which breaks down at least a portion of the

support after positioning of the implant in the subretinal area.

11. The implant as set forth in claim 10 wherein the retinal pigment

epithelial cells further comprise mature retinal pigment epithelial cells.

12. The implant as set forth in claim 10 wherein the retinal pigment

epithelial cells are autologous to the host.

13. The implant as set forth in claim 10 wherein the support further
comprises a layer of collagen between about 1 micron and about 100

microns in thickness.

14. The implant as set forth in claim 10 wherein the monolayer of RPE
cells has apical and basal surfaces, the support comprises a substrate of
collagen and an overlayer of gelatin, and the basal surfaces of the
monolayer of RPE cells are laminated to the collagen and the apical

surfaces of the monolayer of RPE cells are laminated to the gelatin.

15. The implant as set forth in claim 10 wherein the support further
comprises one or more of a trophic factor, an immunosuppressant, an

anti-angiogenic factor, an anti-glial agent or an anti-mitotic factor.
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support conprises @ I%PMGEWEME@-E&M e by exposure to heat or bodily
1 ui ds. ATTeR set.forth in claim 14 wherein the

support conprises § aygelg (Afm;c;gglgace Iess_than about 100 mcrons in
t'hi ckness. : .
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1. A method for the preparation of a populétion of RPE
cells for transplantation to the subretinal area of an eye
of a host comprising: |
(a) providing donor tissue comprising RPE cells,
(b) harvesting RPE cells from the donor tissue, and
(c) apposing the harvested RPE cells as a monolayer
to a non-toxic flexible support that, upon
transplantation to the subretinal area and exposure
to conditions which result in a breakdown of at least
a portion of the non-toxic flexible support, will not
impede normal eye tissue function of the eye of the

host and the transplanted population.

2. A method as set forth in claim 1 further comprising

culturing the harvested RPE cells.

3. A method as set forth in claim 1 wherein the donor

tissue comprises mature RPE cells.

4, A method as set forth in claim 1 wherein the donor

tissue is autologous to the host.

5. A method as set forth in claim 1, wherein the support
comprises a layer of collagen less than about 100 microns

in thickness.

6. A method as set forth in claim 1 wherein the
harvested RPE cells have apical and basal surfaces, the
support further comprises a substrate of collagen and an

overlayer of gelatin, and the basal surfaces of the
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19. An i.rrpl ant R |m14 wher ei n t he—mpnolayer of RPE ceIIs
have api cal and EPEACEJﬂEIgaCé@E?

f 2l ; support further conprises a substra
of collagen an e g Iatin and the b Hlm E lljﬂl he
nonol ayer of RHE eﬁés Aé%%% ifnated to the coll ag l II II
surfaces of the ' E jcel | s arzglamnatedtothe gelatln
A method for trlansplanting a m)n | ayer of RPE cells to the subretlnal area

of an eye of,a- # V|tq,| NgL&N bk ccgm)rltgbng a

| am nate of a fono ayer o0 a non-toxic, flexib
support thatapiipal guiFddentct Iﬂﬂetnai'hesﬁabr RPEN&ells axes eappmdeéxposure
to conditions which result in a breakdown of at |east a portion of the

non-toxi c, the gedatdne support, will not inpede normal eye tissue

7. A method as set forth in claim 1 wherein the
harvested RPE cells have an apical surface and apposition
of the RPE cells to the support further comprises
contacting the apical surface of the RPE cells to the

support.

8. A method as set forth in claim 1 wherein said support
comprises a material degradable by exposure to heat, or

bodily fluids.

9. A method of Claim 1 wherein said support comprises a

.material which degrades upon transplantation.

10. A method as set forth in claim 1 wherein the support
comprises one .or more of a trophic factor, an
immunosuppressant, an anti-inflammation agent, aﬁ anti-
angiogenic factor, an anti-glial agent or an anti-mitotic

factor.

11. A method for the preparation of a retinal pigment
.epithelial cell graft for transplantation to the
subretinal space of a host;s eye comprising the steps of:
a) providing donor tissue comprising retinal
pigment epithelial cells;
b) harvesting retinal pigment epithelial cells from

the donor tissue;

-
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function, REMQ%E%B SHEET sf on t hr ough the eye of the host, c)'

at Ieasst parti I+y detachirng] tjhe retina petrnit—access to the
S

subretinal area, d2 3 AUR 999 gos|i ti oni ng the
accessed ubretinal arda. 21. A nethod WB HIHHI Hl ms set
forth in clai méo in which the conditions 3onpri se rt to

heat or bodily filuids
space and upon transplantation w111 not impede normal

eye tissue function; and

d) ;pposing the cultured retinal pigment epithelial
cell monolayer to a non-toxic flexible support that,
upon transplantation to the subretinal space, will
not impede the host’s normal eye tissue function nor
will it impeded the normal eye tissue function of the

transplanted retinal epithelial cells.

12, An implant capable of transplantation to the
subretinal space formed by the method of Claim 1.

13. An implant capable of <transplantation to the
subretinal space formed by the method of Claim 11l.

14. An implant for transplantation to the subretinal area
of an eye of a host comprising a laminate of a monolayer
of RPE cells and a non-toxic, flexible support that, upon
transplantation -‘I:o the subretinal area and exposure to
conditions which resuit in a breakdown of at least a
portion of the non-toxic, flexible support, will not

impede normal eye tissue funt_:tion.

15. An implant as set forth in claim 14 wherein the RPE

cells further comprise mature RPE cells.

" 16. An implant as set forth in claim 14 wherein the RPE

cells are autologous to the host.

17. An implant as set forth in claim 14 wherein the
support comprises a material degradable by exposure to

heat or bodily fluids.
/
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22.

An

+

apabpl

' ranspl antati on to the subretinal
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transplantation tofthe subreiinal prga of an eye a host conprising
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cultured RPE cellp
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18. An implant as set forth in claim 14 wherein the
support comprises a layer of collagen less than about 100

microns in thickness.

19. An implant as set forth in claim 14 wheréin the
monolayer of RPE cells have apical and basal surfaces, the
support further comprises a substrate of collagen and an
overlayer of gelatin, and the basal surfaces of the
monolayer of RPE cells are laminated to the collagen and
the apical surfaces of the monolayer of RPE cells are

laminated to the gelatin.

20._ A method for transplanting a monolayer of RPE cells
to the subretinal area of an eye of a host comprising:
a) providing an implant comprising a laminate of a
monolayer of RPE cells and a non-toxic, £flexible
support that, upon transplantation to the subretinal
area and exposure to conditions whiéh result in a
breakdown of at least a portion of the non-toxic,
flexible support, will not impede normal eye tissue
function,
b) making an incision through the eye of the host,
- c) at leasst partially detaching the retina to
permit access to the subretinal area, and
d) positioning the implant in the accessed

subretinal area.

21. A method for transplanting as set forth in claim 20
in which the conditions comprise exposing the support to

heat or bodily fluids.
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22. An implant capable of transplantation to the
subretinal space formed by the method of Claim 21.

23. An implant for transplantation to the subretinal area
of an eye of a host comprising a monolayer of RPE cells,
characterized in that said RPE cells comprise cultured RPE

cells.




~
- -

|

< 51') apposing the cultured retinal pigment epithelial
cell monolayer to a non-toxic flexible support that,
upon transplantation to the subretinal space, will
not impede the host’s normal eye tissue function nor
will it t%%-the normal eye tissue function of the

transplanted retinal epithelial cells.

12. An implant capable of transplantation to the
subretinal space formed by the method of Claim 1.

13. An implant capable of transplantation to the
subretinal space formed by the method of Claim 11.

14. An implant for tranéplantation to the subretinal area
of an eye of a host comprising a laminate of a monolayer
of RPE cells and a non-toxic, flexible support that, upon
transplantation to the subretinal area and exposure to
conditions which result in a breakdown of at least a
portion of the non-toxic, f£flexible support, will not

impede normal eye tissue function.

15. An implant as set forth in claim 14 wherein the RPE

cells further comprise mature RPE cells.

16. An implant as set forth in claim 14 wherein the RPE

cells are autologous to the host.

17. An implant as set forth in claim 14 wherein the
support comprises a material degradable by exposure to

heat or bodily fluids.
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