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SURGICAL INSTRUMENT AND CELL ISOLATION AND TRANSPLANTATION
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BACKGROUND OF THE INVENTION REPLACED EEN

The present invention relates in general to
surgical instruments, surgical techniques, and cell and
tissue isolation techniques. More particularly, the
present invention is directed to a surgical tool for
transplanting retinal cells, epithelium and choroidea
within their normal planar configuration, a graft for
transplantation to the subretinal region of the eye, a
method for preparing such grafts for transplantation, and a
method for reconstructing dysfrdphic ret;nas, retinal
pigment epithelial layers and choroids.

The retina is the sensory epithelial surface that
lines the posterior aspect of the—eye, receives the image
formed by the 1lens, transduces this image into neural
impulses and conveys this information to the brain by the
optic nerve. The retina comprises a number of layers,
namely, the ganglion cell layer, inner plexiform layer,
inner nuclear layer, outer plexiform layer, outer nuclear
layer, photoreceptor inner segments and outer segments.
The outer nuclear layer comprises the cell bodies of the
photoreceptor cells with the inner and outer segments being
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. Immediately
between the choroid and the retina is the retinal pigment
epithelium which forms an intimate structural and
functional relationship with the photoreceptor cells.
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present invention is directed to a surgical tool for transplanting retinal
‘cells, epitheliumand choroidea within their normal planar configuration, a
graft for transplantation to the subretinal region of the eye, a nethod for
Prepwig #Jesdeeh grafts for transplantation, and a method pef, (isyppeussslct i ng
dystrophic retinas, retinal pignment epithelial |ayers and chor0|ds
The retina is the sensory epithelial s&face that |ines the posterior
aspect of the-eye, receives the imge formed by the |ens, transduces
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photorece %el Suter ‘segnen
other factors (e.g. 1ntense light, ret1nal detachment,

5 intraocular bleeding). In several retinal degenerative
diseases select populations of cells are 1lost.
Specifically, in macular degeneration and retinitis
pigmentosa retinal photoreceptors degenerate while other
cells in the retina as well as the retina’'s central

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

15 The transplantation of retinal cells to the eye
can be traced to a report by Royo et al., Growth 23:
313-336 (1959) in which embryonic retina was transplanted .
to the anterior chamber of the maternal eye. A variety of
cells were reported to survive, including photoreceptors.

20 Subsequently del Cerro was able to-repeat and extend these
experiments (del Cerro et al., Invest. Ophthalmol. Vis.
Sci. 26: 1182;1185, 1985). Soon afterward Turner, et al.
Dev. Brain Res. 26:91-104 (1986) showed that neonatal
retinal tissue could be transplanted into retinal wounds.

25 In related studies, Simmons et al., Soc.
Neurosci. Abstr. 10: 668 (1984) demonstrated that embryonic
retina could be transplanted intracranially, survive, show
considerable normal development, be able to innervate
central structures, and activate these structures in a

30 1light-dependent fashion. Furthermore, these intracranial
transplants "could elicit 1light-dependent behavioral
responses (pupillary reflex) that were mediated through the
host's nervous system. Klassen et al., Exp. Neurol. 102:
102-108 (1988) and Klassen et al. Proc., Natl. Acad., Sci.

35 USA 84:6958-6960 (1987).
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extensions of the cell bodies. The choroid is a vascul ar nenbrane
-containing |arge branched pigment cells that |ies between the retlna and
thWQEV&E‘%P@ c coat of the vertebrate eye. |Inmediately ‘fﬁ[’\k@@ﬂ;@ﬁé{'choroi d
and the retina is the retinal pignmentzepitheliumwhich fornms an intinate
structural and functional relationship with the phot
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Li and Turner, Exp. Eye Res. 47:911 (1988) have
proposed the-transplantation of retinal pigment epithelium

(RPE) into the subretinal spacé as a therapeutic approach
in the RCS dystrophic rat to replace defective mutant RPE

5 cells with their healthy wild-type counterparts; According
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 sclera
and choroid. A 1 pl injection of RPE (40,000 - 60,000

10 cells) was made at the incision site into the subretinal
space by means of a 10 pl syringe to which was attached a
30 gauge needle. However, this method destroys the
cellular polarity and native organization of the donor
retinal pigment epithelium which is desirable for

15 transplants. '

del Cerro, (del Cerro et al., Invest. Ophthalmol.

Vis. Sci. 26: 1182-1185, 1985) reported a method for . the
transplantation of tissue strips into the anterior chamber
or into the host retina. The strips were prepared by

20 excising the neural retina from the donor eye. The retina
was then cut into suitable tissue strips which were then
injected into the appropriate location by means of a 30
gauge needle or micropipette with the width of the strip
limited to the inner diameter of the needle (250

25 micrometers) and the length of the strip being less than 1
millimeter. While del Cerro reports that the intraocular
transplantation of retinal strips can survive, he notes
that the procedure has some definite limitations. -“For
instance, his techniques do not allow for the replacement

30 of just the missing cells (e.g. photoreceptors) but always
include a mixture of retinal cells. Thus, with such a
transplant appropriate reconstruction of the dystrophic
retina that lacks a specific population of cells (e.g.,
photoreceptors) is not possible. o
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2 -Several forns of blindness are primarily related to the |oss
- of photoreceptor cells caused by defects in the retina, retinal pignment
epithelium choroid or possibly other factors (e.g. intense light, retinal
detw@wpoide9i ntraocul ar bleeding). In several retinal pgepgssn/eissec

di seases select populations of «cells are lost. Specifically, in
macul ar degeneration and retinitis prghentosa retin
degenerate while other cells in the retina as well éﬂﬂﬁéhﬁé¥ﬁﬁﬁ‘§ te1tral
connections are maintained. In an effort to recovel_wh

t hought to be an ifreparabl nj ured rlgtlnaE re53aﬁ5her hav gested

various forms of %ftgeé'ﬁ et * EZ zelw
1988, also reported a procedure for the transplantation of
dissociated neuroretinal cells. In this procedure, the

donor retina is cut into small pieces, incubated in trypsin

5 for 15 minutes, and triturated into a single cell
suspension by aspirating it through a fine pulled pipette.
Comparable to the Li and Turner approach discussed above,
this procedure destroys the organized native structure of
the transplant, including the donor outer nuclear layer;

10 the strict orgahization of the photoreceptors with the
outer segments directed toward the pigment epithelium and
the synaptic terminals facing the outer plexiform layer are
lost. Furthermore, no means of isolating and purifying any
given population of retinal cells (é.g. photoreceptors)

15 from other retinal cells was demonstrated.

It is believed by the present inventor that it is
necessary to maintain the photoreceptors in an organized
outer nuclear layer structure in order to restore a
reasonable degree of vision. This conclusion is based on

20 the well known optical characteristics of photoreceptor
(outer segments act as light guides) and clinical evidence
showing that folds or similar, even minor disruptions in
the retinal geometry can severely degrade visual acuity.

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

therefore, may be noted the provision of a method for
preparation of a graft for use in the reconstruction of a
dystrophic retina; the provision of such a method which
conserves relatively large expanses of the tissue harvested
30 from a donor eye; the provision of such a method in which
the polarity and organization of the cells at the time of
harvest are maintained in the graft; the provision of a
graft for use in the reconstruction of a dystrophic retina;
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tranmspl antation techni ques, none of which constitute an effective nmanner
: for reconstructing a dystrophic retina. The transpl antation of

T etWRA/Q4PPs to the eye can be traced to a report by RBGE/ESIUP4SS0G owt h
23: 313-336 (1959) in which enbryonicsretina was transplanted to the
anterior chanber of the maternal eye. A variety of celllsiswHeET eparimes {0
survive, including photoreceptors. Subsequently del Cefro wasermlCEDt O
repeat and extend these experinents (del Cerro et al., Tnvest. OnNtnarmno
- Vis. Scthe2pro¢i8iohl®F sifidb)a gSabh uhuehvvefractfm;rhad:rqs exegtowbBhvofBr ai n
Res. 2 8 oped éggqﬁga. e t be
transpl tr’1t8‘<1a: }lgﬁfgﬁ:r%z |@x i Bﬁ rid e Lhé }da ecf séﬁ?j?lgéggglhﬂ’r% ns et
al ., Soef N&# oBRptoxpseptory: 3368 '-'(hﬂ)8§)1°§§ntihfs<t¥’d?b'éﬁ’tlﬁ>£t gheiyoni c

reti na peytdyhept&@n%ﬁlr@@t@ witH aEK&Nadl h¥entUbutee, pllay raaimei der abl e

nor evel opnent, E E i,nnervate central, stru tures and ?ctlvate
t he e S Fggqugpqntﬁansp antation; e provision o surgica

tool for use in the transplantation method which allows

appropriate retinotopic positioning and which protects
photoreceptors or other grafted tissue from damage prior to
and as the surgical device is positioned in the eye; and

10 the provision of a method for transplantation of grafts to
the subretinal area of an eye.

Briefly, therefore, the present invention is
directed to a method for the preparation of a graft for
transplantation to the subretinal area of a host eye. The

15 method comprises providing donor tissue and harvesting from
that tissue a population of cells selected from retinal
cells, epithelial tissue or choroidal tissue, the
population of cells having the same organization and
cellular polarity as is present in normal tissue of that

20 type. The population of cells is laminated to a non-toxie'
and flexible composition which'substantially dissolves at
body temperature.

The present invention is further directed to a
method for the preparation of a graft comprising

25 photoreceptor cell bodies for transplantation to the
subretinal area of a host eye. The method comprises
providing a donor  retina containing a 1layer of
photoreceptor cells bodies. The layer of photoreceptor
cell bodies is isolated from at least one other layer of

30 cells of the donor retina in a manner that maintains the
layer of photoreceptor cell bodies in the same organization
and cellular polarity as-is present in normal tissue of
that type.

The present invention is further directed to a

35 graft for transplantation to the subretinal area of a host
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| i ght - dependent fashion. Furthernmore, these intracranial transplants
-could elicit light-dependent behavioral responses (pupillary reflex) that
were medi ated through the host's nervous system Kl assen et al., Exp.

Neurwp 9170499102- 108 (1988) and Kl assen et al . Proc. Nat PCTAOS90/045801 . USA
84: 6958- 6960 (1987). 6 3
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eye. . The -graft comprises a laminéte of a non-toxic and
flexible composition which substantially dissolves at body
temperature and a population of cells harvested from a
donor eye, the population of cells being selected from

5 retinal cells, epithelial tissue and choroidal tissue. The
population of cells has the same organization and cellular
polarity as is present in normal tissue of that type.

The present invention is further directed to a
graft for transplantation to the subretinal area of a host

10 eye. The graft comprises a population of photoreceptor
cells bodies harvested from a donor retina, the population
of photoreceptor cell bodies having the same organization
and cellular polarity as is present in normal tissue of
that type, the graft having'an essential absence of at

15 least one layer of cells present in the donor retina.

The present invention is further directed to a
method for transplanting to the subretinal area of a host’'s
eye a graft comprising a population of cells. The method
comprises providing a graft comprising a population of .

20 cells selected from retinal cells isolated from at least
one other layer of cells within the retina, epithelial
tissue and choroidal tissue, the population of cells being
maintained in the same organization and cellular polarity
as is present in normal tissue of that type. An incision

25 is made through the host's eye, the retina is at 1least
partially detached to permit access to the subretinal area
and the graft is bositioned in the accessed subretinal area.

The present invention is further directed to an

" instrument for the implantation of an intact planar

30 cellular structure between the retina and supporting
tissues in an eye. The instrument comprises an elongate
supporting platform for holding the planar cellular
structure. The platform has a distal end for insertion
into an eye, and a proximal end. The distal edge of the
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Li and Turner, Exp. Eve Res. 47:911 (1988) have proposed
t he-tfranspl antation of retinal pignment epithelium (RPE) into the subretinal
'spi¥e@ 9dé°£9? her apeuti c approach in the RCS dystrophic rBET{YSI0£04550¢
defective mutant RPE cells with theirghealthy wild-type counterparts
According to their approach, RPE were isolated from 6- {oHs dAFEDHAS HEGYK
eyed rats and grafted into the subretinal space by using a | eRERMACERr adi gi
‘which penetrates through the sclera and choroid. A1 [erT]JT T1Tnjection of
RPE (40pD8bforn0 ic0@asiex)y wesrvede falr tferi hict st img sthe insertien
subretial a n r SVl g | ched a 30
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gauge needl| e. | estroys e cellular polarity and
nati ve B3RP EB: ikatvgen hhgorkating i ARA JihpeRureprtiag Uk s#ues.is
desirabtref dhsteameRkahias a side raidelofcsson &98k 68r tfeCplaltformvest.

(1ﬁ§hangL. retaining the planar cellular structure on the
platform, the distal ends of the side rails being rounded,
and the distal portions of the side rails tapering toward

the distal end of the platform to facilitate the insertion
of the instrument between the retina and the supporting
10 tissue.

The present invention is further directed to an
instrument for the implantation of an intact planar
cellular structure between the retina and supporting
tissues in an eye. The instrument comprises an elongate

15 tube, having a flat, wide cross-section, with a top, a
bottom for supporting the planar cellular structure, and
opposing sides. The tube’ has a beveled distal edge
facilitating the insertion of the tube into the eye and the
advancement of the tube between the retina and the

20 supporting tissues. The instrument also comprises plunger'
means for ejecting a planar cellular structure from the
distal end of the tube.

The present invention is further directed to a
kit for transplantation of a graft to the subretinal area

25 of a host eye. The kit contains a graft comprising a
population of cells selected from retinal cells, epithelial
tissue and choroidal tissue, the population of cells being
maintained in the same organization and cellular polarity
as is present in normal tissue of that type. The kit

30 additionally contains a surgical instrument comprising an
elongate tube, having a flat, wide cross-section, with a
top, a bottom for supporting the planar cellular structure,
‘and opposing sides. The tube has a beveled distal edge
facilitating the insertion of the tube into the eye and the
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s. Sci. 26: 1182-1185, 1985) reported a nethod for the transplantation of
tissue strips into the anterior chanber or into the host retina. The -
strips were prepared by excising the neural retina fromthe donor eye. The
retiwe 9%g2499en cut into suitable tissue strips whi ch WapETAUS0/0485¢Ct ed
into the appropriate |ocation by neansaof a 30 gauge needl e or n1crop|pette
with the width of the strip limted to the inner dianeter of t need
ASEqi6 RET HiiS| Bkt er .

While del Cerro reports that the intraocul ar transpla tatlonEEEAG%ﬁlru

Strips cgh,sHEuhMRE Nor U il |BECRBBRCKS MRt

linitations. i nst ance, nlques
repIacenEHPPBFt}BQttﬂﬁéuﬁﬁsmlifﬁxﬁqEQ{@ﬁb 1@%5?8W€8§p?é§9)q&mP%ﬂW%Ws

i ncl ude p1hyk¥r Aedhs' %Irn@;ae.uxﬁg dhpFandtiBeliilag StIUTLAYE from
approprlaﬁe reconstru %nt f the dystrophic retina that- | acks a specific

populat|5 figERLsepE. e tube.
Other objects and features of the invention will

be in part apparent and in part pointed out hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS
' Fig. 1 is a photograph of a cryostat section of
normal rat retina as set forth in Example 1;

10 Fig. 2 is a photograph of a blinded rat retina

following constant illumination as set forth in Example 1;
Fig. 3 is a schematic of a donor retina; '
Fig. 4 is a schematic of a flattened retina;
Fig. 5 is a schematic of a flattened retina

15 mounted to a substrate;

Fig. 6 is a. schematic of a sectioned retina
mounted to a substrate;

Fig. 7 is a schematic of a laminate comprising a
retina section on a supporting, stabilizing substrate;

20 Fig. 8 is a schematic top plan view of the
laminate of Fig. 7, showing a graft (dashed lines)
comprising a photoreceptor cell layer and a supporting,
stabilizing substrate;

Fig. 9 is a perspective view of a first

25 embodiment of an instrument adapted for implanting an
intact planar cellular structure between the retina and
supporting tissues in an eye;

Fig. 10 is a side elevation view of a second
embodiment of an instrument adapted for implanting an

30 intact planar cellular structure between the retina and
supporting tissues in an eye, with the plunger in its
retracted position, and with portions broken away to show
detail;

Fig. 11 is a top plan view of the 1nstrument
35 shown in Figure 10;
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Fig. 12 is a side ele?ation view of the
instrument of the second embodiment, with the plunger in
its extended position, and with portions broken away to
show detail; .

Fig. 13 is a top plan view of the instrument
shown in Figure 12;

Fig. 14 is a partial longitudinal cross-sectional
view of the instrument, showing part of a planar cellular
structure loaded therein;

Fig. 15 is a top plan view of a first alternative
construction of the second embodiment;

Fig. 16 is a top plan view of a second
alternative construction of the second embodiment;

Fig. 17 is a top plan view of a third alternative
construction of the second embodiment; and

Fig. 18 is a top plan view of the second
embodiment, showing an alternative plunger means.

Fig. 19 is a horizontal section through an eye
illustrating a trans-corneal surgical approach;

Fig. 20 is a horizontal section through an eye
illustrating 'a trans-choroidal” and scleral surgical
approach; '

Fig. 21 is a photograph of transplanted
photoreceptors as set forth in Example 1;

Fig. 22 is a photograph of donor photoreceptors
transplanted at the posterior pole of the recipient eye as
set forth in Example 1;

Fig. 23 shows the interface between the
transplant and the adjacent retina devoid of outer nuclear
layer as set forth in Example 1;

Fig. 24 is a photograph illustrating FITC
fluorescent micrograph of antibody Ret P-1 specific for
opsin as set forth in Example 1;

.-,':
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di ssoci ated neuroretinal cells. In this procedure, the donor retina is cut
.into small pieces, incubated in trypsin for 15 mnutes, and triturated into
a single cell suspension by aspirating it through a fine pulled pipette.
ConpeD AbI0249D t he Li and Turner approach di scussed abovePCTAUSS0{0488:dur e
destroys the organized native structurg of the transplant, including the
donor outer nuclear layer; the strict organization of{ thg $HEHIO8€TBPEOr{S
with the outer segnents directed toward the pignent ejpithelrReepaceEm t he

synaptic ternmnals facing the outer plexiformlayer a YOS, Furt her nore,
no nmeans of isol atppg. angs purd i ngeiuusgl ggn ﬂﬂ@%é‘i‘hﬁﬂ og,a,r,gignal cells
(e.g. photoreceptors) fromother retinal denonstrat ed

It is bett Ry ingeips é‘serﬁr??ﬁ/@rﬂ%\’e@h8P°tPrIe§e|?é"@é'§saﬁ'§/t§‘bh%| kPain the
phot or ecsgd D Benth @F OHi@ewi et ivid,erinud caflubaeetentr Usicifégraphorder to

restore G defi9 ePiSs g79he8aCke 13 owie® XY F 1Rl Ak dSndsSed ON
5 identifying them as transplanted tissue, and in C, a
micrograph illustrating FITC fluorescence of antibody
specific for opsin as set forth in Example 1;
Fig. 26 comprises two micrograph panels, in A,
transplant of mature rat photoreceptors to adult light
10 damaged recipient or host, and in B, transplant of human
photoreceptor from adult donor to adult light damaged rat
host or recipient as set forth in Example 4;
Fig. 27 is 14c 2~deoxyglucose (2DG)
autoradiographs, DYSTsdystrophic, TﬁANS-transplant as set
15 forth in Example 5; and
' Fig. 28 is series of photographs showing
pupillary reflex to light'as set forth in Example 9.

DETAILED DESCRIPTION .
As used herein,. the term "donor” shall mean the
20 same or different organism relative to the host and the
term "donor tissue* shall mean tissue harvested from the
same or different organism relative to the host.
Several forms of blindness such as retinitis
pigmentosa, retinal detachment, macular degeneration, and
25 1light exposure-related blindness, are primarily related to
the loss of the photoreceptors in the eye. However,
destruction of the photoreceptors does not necessarily lead
to the loss of the remaining retina or axons that connect
the retina to the brain. Surprisingly, it has been
30 discovered that some degree of vision can be restored by
replacing damaged photoreceptors with photoreceptors
harvested from a donor and which are maintained in their
original organization and cellular polarity.
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thewel |l known optical characteristics of photoreceptor (outer segnents act
.-as light guides) and clinical evidence showing that folds or simlar, even
mi WO 91024t i ons in the retinal geonetry can severel y RGHIUS96/04580 al
acuity. SUMMARY OF THE | NVENTION - 44 Among the objects of the
present invention, therefore, may be noted the provisi }gqf éF%RQ%EEQr
preparation of a graft for use in the reconstruction of f THS
retina;, the provision of such a nmethod which conserves U.Mt.Vb!y Har-ge
expanses of the tgigpuel h@BV%St;ﬂibtfdﬁYéﬂhdeﬂora Wos e pseutsoﬁnoazf such a
met hod i n anah t he olaritﬁ.and anlzathv?of t he gel fﬁ #hettlne of
har vesPOF % el 3 aTﬁ 4P n t Bl r of t ISt Re BRBRALTIRR 0PEa 35 S X°F %  Use in
t he re(smsmrwctof)naofratdyetummlf:olbowimg constant illumination

which destroys the photoreceptor (outer nuclear) layer

5 while leaving other retinal layers and cells largely
intact. In these and subsequent figures, the retina or
layers thereof, e.g., the ganglion cell layer ("G"), inner
plexiform layer ("IPL"), inner nuclear layer ("INL"), outer
plexiform layer ("OPL"), outer nuclear layer ("ONL"), inner

10 segments ("IS"), outer segments ("0OS"), and retinal pigment
epithelium ("RPE"), are shown, respectively, from top to
bottom.

Referring now to Fig. 3, a graft comprising
photoreceptor cells is prepared in accordance with a method

15 of the present invention by removing a donor retina 50
comprising inner retiha layers 52 and photoreceptor layer
54 from a donor eye. The donor retina 50 is flattened
(Fig. 4) by making a plurality of cuts through the retina
from locations near the center of the retina to the outer

20 edges thereof (see Fig. 8).  Cuts can be made in other
directions if necessary. -

As shown in Fig. 5, the flattened retina 56 is
placed with the photoreceptor side 54 down on a gelatin
slab 58 which has been surfaced so as to provide a flat

25 surface 60 that is parallel to the blade of a vibratome
apparatus. The gelatin slab 58 is secured to a
conventional vibratome chuck of the vibratome apparatus.
Molten four to five per cent gelatin solution is deposited
adjacent the flattened retina/gelatin surface interface 61

30 and is drawn by capillary action under the flattened retina
causing the flattened retina to float upon the gelatin slab
58. Excess molten gelatin is promptly removed and the
floating flattened retina is then cooled ‘to approximately
4°C with ice-cold Ringer's: solution that surrounds the

—~¢#—___~__-—______

Has Been ReplaCEd

"



REPLACEMENT SHEET t he provision of such a graft which facilitates
regromﬂh of photoreceptor axons by maintaining the polar organization of
the phot oreceptor and the close proximty of their postsynaptic targets

wi t hwos/eadpecent outer plexiformlayer upon transpl ant apCBHAUSIHOMESS® ovi si on
of a surgical tool for use in the transPQantatlon met hod whi

gelatin -block to cause the molten gelatin to gel and
thereby coat the bottom surface of the flattened retina and
adhere it to the gelatin block.
As shown in Fig. 6, the inner retina portion 52
5 is sectioned from the top down at approximately 20 to 50
millimicrons until the photoreceptor layer 54 1is reached,
thereby isolating the photoreceptor layer from the inner
layers of the retina, i.e., the ganglion cell layer, inner
plexiform layer, inner nuclear layer, and outer plexiform
10 layer. When the photoreceptor layer is reached, the
vibratome stage is advanced and a section from
approximatély 200 to 300 millimicrons thick obtained as
shown in Fig. 7. The thickness of this section is
sufficient to undercut the photoréceptor and form a
15 laminate 62 consisting of a layer of photoreceptor cells
and the gelatin adhered thereto.
As shown in Fig. 8, the laminate 62 is cut
vertically along the dashed lines to create a graft 63
having a size appropriate for transplantation. The surfaée
20 of the graft should have 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 graft may subtend a considerable
25 extent of the retinal surface.
The gelatin substrate adds mechanical strength
and stability to the easily damaged photoreceptor layer.
As a result, the flattened retinal tissue is less likely to
be damaged and is more easily manipulated during the
30 transplantation procedure.
~ Gelatin is presently preferred as a substrate
because of its flexibility, apparent lack of toxicity to
neural tissue and ability to dissolve at body temperature.
However, other compositions such as auger or agarose which

This Sheet Has Been Replaced

[T




appropriate retinotopic positioning and which protects photoreceptors or
X ot her grafted tissue fromdamage prior to and as the surgica

" poYOIRM249n the eye; and the provision of a net hod f oP ‘q-T
grafts to the subretinal area of an eyqa S
present invention is directed to a nmethod for the p eparq&ygmcmﬁ a gnaft
for transplantation to the subretinal area of a hos
conpri ses providing donor tissue and harvesting fromthat tissue a

pﬁpul agl lcal] el !@ﬂréStael emiseicta‘umn tebraaketdsiticsemf hpelatini maye he
chor oi da

S ula on_of. _ce h t d
el ul ar it feeed”, BBURTEABaRRLYGT a1 {¥HA (flaby R OB OPOUAA! BN an
aﬁpulhat | amuﬁrﬁmzlté sw:thl awssaeearmtdl o - P@atctanaspﬂ-éﬂtbllé!t@dr%% on

ich su
invention| %ﬁﬂ Héd%??ggrggd?ghgoq“d@%ﬂyyﬁglgé%lnal pigmerdBe present
5 ep1the11um. : '

Gelatin is presently preferred as an adhesive to
laminate the retinal tissue to the substrate. However,
other compositions, including lectins such as concanavalin
A, wheat germ agglutin, or photo reactive reagents which

10 gel or solidify upon exposure to light and which also have
the desirable characteristics of gelatin may be substituted.

Advantageously, the gelatin or other substrate
may additionally serve as a carrier for any of a number of
trophic factors such as fibroblast growth factor,

"15 pharmacologic agents including immunosuppressants such as
cyclosporin A, anti-inflamation agents such as
dexamethasone, anti-angiogenic factors, anti-glial agents,
and anti-mifotic factors. Upon dissolution of the
substrate, the factor or agent becomes available to impart

20 the desired effect upon the surrounding tissue. The dosage
can be determined by established experimental techniques.
The substrate may contain biodegradable polymers to act as
slow release-agents for pharmacologic substances that may
be included in the substrate.

25 The thickness of the graft comprising the
sectioned flattened retinal tissue and the substrate as
discussed above is only approximate and will vary as donor
material varies. In addition, sectioning may "be
facilitated and vibratome thickness further calibrated from

30 histological measurements of the thickness of the retina,
thereby providing further guides to sectioning depth.
Appropriate sectioning thicknesses or depth'may be further
determined by microscopic’ examination and observation of
the sections.
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met hod for the preparation of a graft conprising photoreceptor cel

‘bodies for transplantation to the subretinal area of a host eye. ‘The
‘met hod conprises providing a donor retina containing a |ayer of :
photWO=1#Q2499 cel | s bodies. The |l ayer of photoreceptor BPETIUSHSAO4580i S

i solated fromat |east one other layer ¢f cells of the donor retinain a

manner that maintains the |ayer of photoreceptor cell quLe°_}_ . BAE
organi zation and cellular polarity as is present in norjnBHSt3s: { tha
t ype. The present invention is further directe

transplantation to W s ptéPRAt #v8atef meditical, e.g., microtome,
sectioning, the donor retina may be chemically sectioned.
Specifically it is known that neurotoxic agents such as
kainic acid is toxic to cells in all retinal layer except

5 to photoreceptor layer (i.e., kainic acid does not damage
photoreceptor cells). Therefore if the donor retina is
treated with an appropriate neurotoxic agent the
photoreceptor layer can be isolated. This technique has
the advantage of maintaining the retinal Miiller cells

10 (which are not killed by  kainic treatment) with the
photoreceptor cells. Since it is known that Miiller cells
help maintain photoreceptor cells (both biochemically and
structurally) the isolation of Miiller cells along with the
photoreceptor cells could be advantageous.

15 - I1f desired, the graft may additionally contain
the retinal pigment epithelial cells. Because the RPE is
tenuously aaherent to the-retina, mechanical detachment oﬁ
the retina from a donor eye ordinarily will cause the RPE
to separate from the retina and remain attached to the

20 choroid. However, through the use of enzymatic techniques
such as those described in Mayerson et al., Invest.
Opthalmol, Vis. Sci. 25: 1599-1609, 1985, the retina can be
separated from the donor eye with the RPE attached.

In accordance with the present invention, grafts

25 comprising the choroid may additionally be prepared. To do
so, the choroid is stripped off of the scleral lining of
the eye (with or without the RPE attached), and flattened
by making radial cuts. The donor choroid may then be
adhered to a substrate as previously described for the

30 photoreceptor cells and/or combined with a photoreceptor
layer which has been prepared as described above to form a
laminate comprising a photoreceptor layer adhered to a
substrate, a RPE layer and a choroidal layer.

S
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“eye. The -graft conprises a |anminate of a non-toxic and flexible
whi ch substantially dissolves at body tenper '
pom{’ﬁg%f cells harvested froma donor eye, the popt@pgﬁ&)&gsg’el S
being selected fromretinal cells, epit¥elial tissue and ¢horoidal tissue

The popul ation of cells has the sanme organi zation and cel | UltH$ SHEERHAS\BEES
Is present rn normal tissue of that type. The present RERLAGEDON i s

further directed to a -
Referring again to the Figures there is shown

preferred. embodiments for the surgical instruments of this
invention. The surgical instruments are described in
connection with a photoreceptor isolation and

5 transplantation method. The surgical instruments and
methods of this invention are particularly adapted for
isolation and transplantation of an intact sheet of cells
from a donor retina to a recipient retina and are
characterized by the maintenance of cell organization of

10 the transplanted tissue layer.

A first embodiment of an instrument for
implanting an intact planar cellular structure between the
retina and supporting tissues in an eye is indicated
generally as 10 in Figure 9. The instrument 10 may be made

15 from acrylic, or some other suitable material that is

. flexible and sterilizable. The instrument 10 comprises an
elongate platform 11 for holding the planar cellular
structure. The platform 11 has a distal end 16 for
insertion into the eye of the recipient, and a proximal end

20 18. As shown and described herein the platform 11 is -
approximately 2 to 10 centimeters 1long, which is an
appropriate length for making implants in rodents and lower
primates. The platform 11 must be sufficiently 1long to
extend into the eye, between the retina and the supporting

25 tissue, and thus different platform lengths may be used,
depending upon the procedure being employed and upon the
recipient. As shown and described herein the platform is
approximately 2.5 millimeters wide, which is sufficiently"
wide for making implants in rodents and lower primates.

30 The platform 11 must be sufficiently wide to carry and
intact cellular structure for implanting, and thus
different platform widths may be used, depending upon the
recipient. _

As shown in Figure 9, the edge 1lla of the

35 platform 11 at the distal end 16 is preferably convexly

—_
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graft for transplantation to the subretinal area of a host eye. The graft
‘conpfises a popul ati on of photoreceptor cells bodies harvested froma donor
retina, the popul ati on of photoreceptor cell bodies having the sane

or gawigref/oggv9and cel lular polarity as is present in nor nRCTYUS20/045%0 t hat
type, the graft having an essential absepce of at |east one |ayer of cells
present in the donor retina. The present inventy gpid sufam HARBEEN {
directed to a nethod for transplanting to the subretinal} area rREPLACHDSt' S |
eye a graft conprising a population of cells. The methot—ToOMprises

provi di ng t,. COBRLLESI: Qﬁﬂﬂ{ L QN ls1 € dy kna
cells i solcg)ftg'_r r%%'gPEPZégtgtgne ot Z%ﬁga;grgegglgg % \iﬁ )i hatéﬁgmrhggiitna,
epi thel i all® i irte &he ceweoi @ad ththesuadvepeepepl Rf okhsf IS {LuNRnt, g

mai nt ai negdenddi SEerot YA aall eRed o)ty PDiSA Yo aGeinpopaEIgRt N

normal tissue of that type. An.incision.is nade .t hrough e hqst,'s eye, the
‘retina isdatachghe reg{)na, with a m:?nimum o% traumag. t‘l‘r}ne P at?ornY

5 11 is preferably concavely curved (with respect to the top

surface of the platform 11) along its longitudinal axis
from the distal end 16 to the proximal end 18. The
curvature of the platform 11 facilitates the manipulation
of the instrument 10 within the eye, particularly the

10 manipulation of the instrument between the retina and the
supporting tissue on the curved walls of the eye. The
radius of the curvature of the platform 11 will depend upon
the procedure and the recipient. _

. The platform 11 has side rails 12 and 14 on

15 opposite sides for retaining the planar cellular.structure
on the platform. As shown in Figure 9, the distal portions
12a and l4a of the side rails taper from a point _
intermediate the distal and proximal ends of the side rails
toward their distal ends. The distal ends of the side .

20 rails terminate in smoothly curved ends 12b and 14b, which
are proximal of the distal end 16 of the platform. The
offset of the distal ends of the rails, together with their
rounded configuration facilitates the inseption of the
instrument into the eye and the advancement of the

25 instrument between the retina and the supporting tissue.
As shown and described herein, the proximal portions of the
side rails 12 and 14 are approximately 1 millimeter high,
while the distal portions 12a and 1l4a taper to about 0.5
millimeters. The height of the side rails is made as small

30 as possible, but they muét be slightly greater than the
thickness of the planar cell structure and the supporting
substrate, and thus may vary depending on the donor_and the
type of implantation being made (i.e., how many cell layers
are being implanted and thickness of the substrate).
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partially detached to pernmit access to the subretinal area and the graft is
~positioned in the accessed subretinal area. ~ The present invention
| SWO@91/0249%i rected to an instrunment for the inplantat ipry/e/S90/04580 act

pl anar cellular structure between the ygtina and supporting tissues in an

eye.

The instrunent conprises an eloﬁggte supporting platform for hol di ng

t he planar .cellular structure. The platformhas a diska}H$sﬂEEDHASmaaﬂtf0n

into an eye, and a proximal end. The distal edge of the REPLACED

10

15

20

25

30

A second embodiment of an instrument for
implanting ‘an intact planar cellular structure between the
retina and supporting tissues in an eye is indicated
generally as 30 in Figures 10-14, and 18. The instrument
30 may be made from polyethylene, or some other suitable
material that is flexible and sterilizable. For example,
the instrument might be made of silicone rubber or
silastic. The instrument 30 comprises an.elongate tube 32
having a flat, wide cross-section, with a top 32a, a bottom
32b for supporting the planar cellular structure, and
opposing sides 32c and 32d. The tube 32 has a distal end
34 for insertion into the eye, and a proximal end 36. The
distal end 34 of the tube 32 is open for the discharge of
the planar cellular structure. The instrument 30 of the
second embodiment is preferable to the instrument 10 of the
first embodiment in at least one respect because the tube
32 has a top 32a which provides better protection for the
planar cellular structure to 'be implanted than the open
platform 11.

As shown and described herein the tube 32 is
approximately 3.5 centimeters long, which is an appropriate
length for making implants in rodents and lower primates.
The tube 32 must be sufficiently long to extend into the
eye, between the retina and the supporting tissue, and thus
the different tube lengths may be used, depending upon the

- procedure being employed and upon the recipient. As shown

and described herein the tube is approximately 2.5
centimeters wide, which is sufficiently wide for making
implants in rodents and lower primates. The tube must be
sufficiently wide to carry an intact cellular structure for
implanting, and thus different tube widths may be used,
depending upon the recipient. As shown and described
herein, the sides 32c and 324 are approximately 0.75
millimeters high. The height of the sides is made as small

i
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7 platformis convexly curved for facilitating the insertion of the
.platforminto the eye and the advancenent of the platform between the
retina and the supporting tissues. The instrunment has a side rail on each
si dAVOII/®9B| at form for retaining the planar cellul ar RELHSHOL4SH0 ¢ he
platform the distal ends of the side rpgls being rounded, and the dlstal
portions of the side rails tapering toward the distal en aEIUIH
to facilitate the insertion of the instrunent between th 'ﬁﬁﬁﬁ"g? dﬁ Q%ENaL
supporting tissue. The present invention is further SOEER ¢ o

I nst r umrenasf possidblgp| bat athey clusin bet a&dti glittnergreatet athsir ucherr e

between tBg;Lehe33 YE SWEPPP1LRIY cell structure and substrate, and
thus may vary depending on the donor and the type of
implantation being made (i.e. how many cell layers are
5 being implanted and thickness of the substrate).

The distal end 34 of the tube can be beveled to
facilitate both the insertion of the tube into the eye, and
the advancement of the tube between the retina and the
supporting tissues, with a minimum of trauma. The end is

10 preferably beveled at about 45°, from the top 32a to the
bottom 32b. As shown in Figures 10 and 12, the distal end
34 of the tube 32 is also preferably raked transversely

N\

across the tube (i.e. from side 32¢c to 324) toward the
proximal end. The rake angle is preferably about 45°. The

15 raked distal end also facilitates the insertion of the tube
into the eye, and the advancement of the tube between the
retina and the supporting tissue. Moreover, raking the
distal end eliminates a sharp corner that could damage
tissue. _

20 The tube 32 is preferably concavely curved along
_its longitudinal axis from the .distal end 34 to the
proximal end 36, so that the top 32a is on the inside of
the curve, and the bottom 32b is on the outside of the
curve. The curvature of the tube facilitates the

25 manipulation of the instrument 30 within the eye,
particularly the manipulation of the instrument between the
retina and the supporting tissue on the curved walls of the
eye. The radius of the curvature of the tube will depend
on the procedure and on the recipient.

30 The instrument 30 also comprises plunger means.
As shown in Figures 10-14, the plunger means is preferably
a flat plunger 40 slidably received in the tube so that
relative sliding motion between the tube 32 and the plunger
40 urges a planar cellular .structure that is in the tube -

is Sheet Has Been Replaced

||I| T




tissues in an eye. The instrument conprises an elongate tube, having a
.- flat, wide cross-section, with a top, a bottom for supportin | anar
ceMQIHP249r uct ure, and opposing sides.  The tube hadCT, éuﬁg @ﬂpdlsta

edge facilitating the insertion of thggtube into the ey u
advancenent of the tube between the retina and the supp #@Eiﬁ%@ﬁ%§~hNThe
i nstrument al so conprises plunger neans for ejecting a f

structure fromthe distal end of the tube. The present invention
is furtbat dweﬁﬁfxtél)éh&ibffehettabeplamhﬁigiundea gOahaytbetmade

Sopul at P PR TR AREla CiF o5 d T hie BUBAI Bl Rof, ERBPPIBRGRL
chor oi d4l mnnnﬁ;tshe p@ﬁ@kﬂhﬁﬂto¢m9%htsfmﬂmufMQlHFQFA@GMlﬁﬂqmpgane

or gani Z@hbo'%u%édéﬁelﬂﬁﬁ rtrPé"é‘ﬁﬂté‘faEhéspEﬁﬁé@i‘t dah B TRinipehaeedfl that
type The kit additiona Ig contains a sur%‘ I ns§ rupent conpr|5|n an
even when the distal portion of e tu

preferred method of operating the instrument 30 is that
once the distal end of the tube is properly located within
the subretinal area, the plunger 40 is held in place as the

be is 1n an eye.

tube 32 is gradually withdrawn to eject the cellular
10 structure.

Alternatively, as shown in Figure 18, the plunger
means may comprise means for applying hydraulic pressure on
the contents of the tube. 1In this case the proximal end 36
of the tube 32 is connected to a line 41 connected to a

15 source of fluid under pressure. Fluid can be selectively
supplied via the line 41 to the proximal end of the tube,
to displace the contents of the tube. The fluid may be
viscous, for example a 2% carboxymethylcellulose, or
non-viscous. Particularly in the later case, it may be

20 desirable to have a block 43 of gelatin or some other
substance in the tube to act as a mechanical plunger and to
separate the fluid from the cell structure being
implanted. Gelatin is satisfactory because it is a
simi-solid, and because it will dissolve harmlessly if it

25 is ejected from the tube. '

As shown in Figures 10-13, the instrument 30
preferably also includes a lumen 42, extending generally
parallel with the tube 32. As used herein, lumen refers to
any tube-like vessel, whether separately provided or formed

30 as a passageway in another structure. The lumen 42 is
attached to one of the sides of the tube 32,'and preferably
side 32c so that the distal end of the tube rakes away from
the lumen. The lumen 42 has a distal end 44 generally
adjacent the distal ‘end 'of ' the tube, and preferably

-
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el ongate tube, having a flat, w de cross-section, mﬁtH a top, a bottomfor

. suEporflggdthe Flagar cellrlar structure, and opposing sides. The tube has
a bevel e i stal edge facilitating the insertion of the_t

andWi0-21/02499 ) : A pCiGsddlbdss™e Ve

20

THIS SHEET HAS BEEN
REPLACED .

slightly advanced relative to the distal end of the tube.
The proximal end 46 is remote from the distal end, and may
be provided with a connector 48 for connection with a
source of fluid under pressure. Thus the lumen 42 can

5 eject a stream of fluid from its distal end 44 which
creates a fluid space ahead of the instrument,'which helps
separate or detach the retina from the supporting tissue as
the instrument is advanced. The fluid may be a saline
solution, or some other fluid that will not harm the

10 delicate eye tissues. Various substances, such as
anti-oxidants, anti-inflammatories, anti-mitotic agents and
local anesthetics can be provided in the fluid for
treatment of the eye or implanted tissue.

The raked distal end of the tube 32 follows

15 generally in the path opened by the fluid, thus minimizing
direct contact of the instrument and the eye tissue. The
distal end of the lumen may be beveled to facilitate the
advancement of the instrument, particularly at times when
fluid is not being ejected from the lumen. The end is

20 preferably beveled at about 45°. Of course, rather than
provide a separate lumen 42, the lumen could be formed
integrally im the walls of the tube 32.

A first alternate construction of instrument 30

is indicated as 30A in Figure 15. The instrument 30A is

25 very similar in construction to instrument 30, and
corresponding parts are ideptified with corresponding
reference numerals. However, unlike instrument 30, the
instrument 30A includes a fiber optic filament 64 extending
generally parallei with lumen 42, and positioned between

30 the lumen 42 and the tube 32. The fiber optic filament 64
facilitates the manipulation of the instrument and the
proper placement of the implant in two ways: a light source
can be provided at the ptoximal end of the fiber optic
filament so that the filament provides light at the distal

-
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advapcenent of the tube between the retina and the supporting tissues.
The surgical instrunent also conpri ses plunger neans for ejecting a planar

" celWQI91/02499 uct ure fromthe distal end of the tube. PCT/US90/048500bj ect s
and features of the invention will be,in part apparent and in part pointed
out hereinafter. BRI EF DESCRI PTI ON THE DRAW NGS Fi g. lis a
photograph of a cryostat section of normal rat retina ay mes shegt MASTBEEN
Exanpl e 1; Fig. 2 is a photograph of a blindedjrat rREMAEED
fol | owi agdces e 1d§&¥ﬂﬁ§ﬁﬁOntQSEEEEIEQ%E@'Ehéagﬂgﬂéi bse vat1?n"'g
I's a schemati,c of éhd nor retina; schematic o

f1 at t enBGOFEAPRS. through thegpupils %%%ﬁ%@‘:bv%h’a | dierheaouddi na
be provided at the proximal end of the fiber optic filament

so that the filament can also be used for direct

5 observation at the distal end of the instrument.
Additionally, the fiber optic filament could allow for
laser-light cautery to control subretinal bleeding. Of
course, rather than provide a separate fiber optic filament
64, fiber optic filaments could be incorporated into the

10 walls of the tube 32 or the lumen 42.

A second alternative construction of instrument

30 is indicated as 30B in Figure 16. The instrument 30B is
very similar in construction to instrumént 30, and
corresponding parts are identified with corresponding

15 reference numerals. However, unlike instrument 30, the
instrument 30B includes a lumen 66 extending generally
parallel with lumen 42, and positioned between the lumen 42
and the tube 32. The lumen 66 allows for the aspiration of
material from the distal end of the instrument. The _

20 proximal end of the lumen 66 can be connected to a source
of suction, to remove excess fluid and debris. It is
possible to incorporate the lumen 66 into the wall of the
tube 32. )

A third alternative construction of the

25 instrument 30 is indicated as 30C in Figure 17. The
instrument 30C is very similar in construction to
instrument 30, and corresponding parts are identified with
corresponding reference numerals. However, unlike
instrument 30, the instrument 30C includes a pair of lead

30 wires 65, terminating in an electrode 67 at their distal
ends. The electrode 67 allows for cauterization of blood
vessels. The proximal ends of the leads 65 can be
connected to a source of electrical power to seal broken
blood vessels. It is possible to incorporate the leads 65

35 into the wall of the tube 32.
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mounted to a substrate; Fig. 6 is a schematic of a sectioned
retina nounted to a substrate; Fig. 7 i1s a schematic of a |am nate
conprising a retina section on a supporting, stabilizing substrate;

Fi gW@ 9140249%chenatic top plan view of the |aninate of PCQI/USIOMHSAN ng a

graft (dashed lines) conprising a photpyeceptor cell Iayer and a
supporting, stabilizing substrate; Fig. 9is 5 iefuhyqﬁgkeN of
a first enbodi nent of an instrunent adapted for |npla1t| % LAé?ééf“blanar
cellular structure between the retina and supporting Lissues—i-A—ahR—eye;
Fldg tlg }S a si Iole téke\é%h'r%'é ;"tﬁ% Oéraméﬁéolafé iﬂi@@éﬁ’\%ré’é %e?easbétarrent
adapted fo anting an.in | anar cel | ul ar ur, et wee e
retina aﬁﬁtguggﬁPFFﬁ %Pl§gﬁb§ &S com 9?%Hm?ﬂ5 p geP%P 30

could be combined, if desired.
To transplant the retinal cells, including

5 photoreceptors, the host eye is prepared so as to reduce
bleeding and surgical trauma. A transcorneal surgical
approach to the subretinal space is one such approach and
it will be understood that other surgical approaches, such
as transscleral and choroidal may also be used. The

10 preferred surgical approach in the rodent, Fig. 19,
includes making a transverse incision 70 in a cornea 72 of
sufficient size so as to allow insertion of a surgical
instrument illustrated schematically by reference
characters 10 or 30. The instrument 10 is advanced under

15 the iris, through the cornea 72 and to the ora serrata 74
as illustrated in Fig. 19. The iris should be dilated for
example, with topical atropine. When the instrument 10 is.
used, it detaches the retina as it is advanced under the
retina and into the sub-retinal space to the posterior pole

20 76 of the eye.

The channel defined by the side rails 12, 14 and
the intermediate cell supporting platform provides for the
graft comprising a photoreceptor layer 54 attached to the
gelatin substrate to be placed on the instrument 10 and

25 guided into the sub-retinal space, preferably with forceps
or other suitable instruments. After positioning the
photoreceptor layer at the desired transplant site, the
gelatin is held in position with the forceps while the
carrier is removed. The edges of the corneal incision are -

30 abutted after removal of the forceps to allow rapid,

" sutureless healing. The eye should be patched during
recovery. ‘

If the surgical instrument 30 (Figures 10-14, and
18) is used instead of the instrument 10, the graft
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retracted position, and with portions broken away to show detail;
".Fi owoldli/eze99 top plan view of the instrunent shown in" Fipggres96Y04550
9

¢ 23
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comprising intact generally planér sheet 54 of donor
photoreceptors attached to the gelatin substrate 62 is
drawn into the elongate tube 32. The instrument 30 is then
inserted through an appropriate sized incision in the

5 cornea and advanced under the iris. The iris will have
been dilated, for example, with topical atropine. The
instrument 30 is advanced to the ora serrata 74 of the host

.eye. If the instrument 30 includes a lumen 42, the retina
is detached by the gentle force of a perfusate such as a

10 saline-like fluid, carboxymethylcellulose, or 1-2%
hyluronic acid ejected from the lumen 42. Advantageously,
the £fluid may additionally contain anti-oxidants,
anti-inflammation agents, anesthetics or agents that slow
the metabolic demand of the host retina.

15 If the instrument 30 does not include a lumen 42,
the retina is detached by the walls of the surgical
instrument as it is advanced under the retina and into the
subretinal space to the posterior pole 76 of the eye. The
graft comprising a photoreceptor layer attached to the

20 gelatin substrate is then transplanted by moving the tube
32 in a direction away from the eye while keeping the
plunger 40 stationary. "~The plunger 40 is carefully
withdrawn out of the eye and the edges of the corneal
incision are abutted after removal to allow rapid,

25 sutureless healing. Retinal reattachment occurs rapidly
and the photoreceptor sheet is held in place in a
sandwich-like arrangement between the retina and the
underlying eye tissues. The incision may require suturing.

Fig. 20 depicts a trans-choroidal and scleral

30 surgical approach as an alternative to the transcorneal
approached described above. Except for the point of entry,
th2 surgical technique is essentially the same as outlined
above. Nevertheless, - the transcorneal approach is
preferred because it has been found to reduce bleeding and
surgical trauma. ’
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Fig, 12 is a side elevation t he instrunent of the second

- enbodi nent, with the plunger in its extended position, and with portions
br oken away to show detail; Fig. 13 is a top plan view of the

i NSWOLI0249%hown i n Figure 12; Fig. 14 is a paPCTHDSﬂWOudl naI
cross-sectional view of the |nstrunen5 showi ng part of a :

structure | oaded therein; Flg 15 is a top plan vﬂ%ﬂﬁ&ﬁ%ﬁ? $$§%EV f

alternative construction of the second enbodi nent; Fi
top plan view of a second alternative construction of the second

enbodi ment ; A fJ?Eheﬁ7sh§8§cbqpd@ﬁ%bd&ﬁW&thé BfakHediticenal ve
constructlon of thf%second enbodi nen

t |
vi ew of RBBJrSIien éﬁbmﬁibméﬂaEPt@9ﬁ59¥ﬂ§ pIJﬁS%ISﬁZQ g” P An

is then incised and the choroidal and epithelial tissue is
diathermized. The surgical tool is then inserted through

5 the incision, the retina is intercepted at the ora serrata
and the graft 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

10 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.

It is known that the retina does not necessarily
undergo glial scar formation when it is damaged, unlike the

15 adult central nervous system as disclosed by Bigami et al.,
Exp. Eve Res, 28:63-69, (1979), and McConnel et al., Brain
Res. 241:362-365 (1982). McConnel et al. suggest that this
characteristic lack of scar tissue contribute to a
potential of retinal cells to regrow severed axons within

20 the eye.

In accordance with the present invention, it has
recognized'thét regrowth of photoreceptor axons may be
facilitated by the proximity of the post-synaptic targets
‘of the photoreceptor within the adjacent outer plexiform

25 1layer. In addition, growth across substantial intervening
neural or glial scar tissue is not necessary in order for
transplanted photoreceptors to make appropriate connections
with the recipient retina including neural connections.

The following examples illustrates the invention.

30 : EXAMPLE 1
E - ! ] E * ] .
Adult albino rats (Sprague-Dawley) were exposed
to constant illumination averaging 1900 lux for 2 to 4
weeks as described in O'Steen, Exp. Neurol. 27:194 (1970).
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Fig..19 is a horizontal section through an eye illustrating a trans-corneal
Sur gwarb1/epeygoach; Fig. 20 is a horizontal sectipgy/{js901d850" eye
illustrating a trans-choroidal and scleral surgical approach; )

Fig. 21 is a photograph of transm%ﬁned phot or ecept-oF5—as5—set—iort-h i N
Exampl e 1; Fig. 22 is a photograph of .donor pﬁH{SofPf‘ef%é" 1A} BEEN

n

transpl anted at the posterior pole of the recipient e as REFLACED b |

Exanpl e Iag recfl » c{l:vm c?2 s_.lhovv%hl@e 'e g}erslflgce taeetsvtere %O(;q%gtanspl ant and

t he adjacent ‘of "dut er nucl do set I n Exanpl e
1; photgrecephors, a ghigninptiphg i [deisks apifngtiFe TOutleror sBucdenr

T Crogr apfaér 2ButPOt¥aRehgP-thé Peenlainidy AR 12Sr&€inkOlidk ddt Fxanmpl e

Photoreceptors for transplantation were taken from

_5 8-day-o0ld normal rats of the same strain that had been
maintained under colony room illumination (10--20 lux) on a
12 hr/12 hr light/dark cycle. Experimental animals were
anesthesized with ketamine and sodium pentobarbital. A
preoperative dose of dexamethasone (10 mg/kg IP) was also
10 administered. ' '

Photoreceptor Preparation
The retina from the anesthetized 8-day-old rat
was removed, flattened with radial cuts and placed with the
receptor side down on a gelatin slab secured to the
15 _vibratome chuck. Molten gelatin (4-5% solution) was
deposited adjacent the retina at the retina/gelatin
interface and then cooled to 4°C with ice-cold Ringer's
solution. The retina was sectioned at 20 to 50 um until -
_ the photoreceptor layer was reached. When the )
20 photoreceptor layer was reached, the stage was advanced and
a thick (200 to 300 um) section was taken, undercutting the
photoreceptor ‘layer secured to the gelatin base.

Dil Labeli
The isolated outer nuclear layer was cultured

25 overnight with 40 pg/ml of diI (1,1'-dioctadecyl-3,3,3',3'-
tetramethylindocarbocyanine perchlorate in Earle's MEM
containing 10% fetal calf serum, incubated under 95%/5%
oxygen/carbon dioxide mixture at room temperature.
Labeling techniques and fluorescent microscopy were

30 otherwise as outlined by Honig et al., J. Cell. Biol.
103:17, 1986. Dil was removed from sections that were to
be counterstained with FITC-labeled RET-P1 opsin antibody
by prior washing in acetone. :
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-F-ig. 25 is a series of photograph panels illustrating

in A transplanted photoreceptors attached to recipient or host retina,
B, fluorescent mcrograph showi ng transplanted cells showi ng Dl
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A transverse incision was made in the cornea o
sufficient to allow insertion of a surgical instrument 10
that is 2.5 mm wide with side rails 0.5 mm high or surgical
instrument 30. The instrument was advanced under the iris
(dilated with topical atropine) to the ora serrata,
detaching the retina. The carrier was then advanced under
the retina into the subretinal space to the posterior pole
of the eye. The instrument allowed a graft comprising a
piece of the photoreceptor layer attached to the gelatin
substrate (up to 2.5 X 4 mm) to be guided into the retinal
space by fine forceps. The instrument was then removed
while the gelatin was held in position by the forceps.
Following removal of the forceps, ghe edges of the corneal
incision were abutted to allow rapid, sutureless healing.
The eye was patched during recovery and a prophylactic dose
of penicillin was administered. Upon removal of the patch,
a verterinary ophthalmic antibiotic ointment was applied.

Transplant recipients were maintained on a 12
hrs/12 hr light/dark cycle with an average light intensity
of 50 lux. Following appropriate survival times, the
animal was overdosed with pentobarbital and perfused
transcardially with phosphate buffered 3%
paraformaldehyde-2% gluteraldehyde solution. Cryostat
sections of both the light-blinded eye (control) and the
eye receiving the photoreceptor transplant were then cut

(20 um).

L histochemist
Antibody labeling for opsin was performed on
retinas fixed with 3% paraformaldehyde and cryosectioned at
20 um. Immunohistochemical methods were otherwise as
described in Hicks, et al., J, Histochem Cytochem 35:1317
(1987). Elimination of the primary antibody eliminated
specific labeling for opsin. o
heet Has Been Replaced
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I dent,i fying themas transplanted tissue, and in C, a m crograph
illustrating FITC fluorescence of antibody specific for opsin as set forth
i n EWEng1/82499 Fig. 26 conprises two mcrograph pPaméUS90/04554,
transplant of mature rat photoreceptors;4o adult |ight damaged recipient or
host, and in B, transplant of human photoreceptor fromadult donor to adult
Ilght damaged rat host or recipient as set forth in Ekagmgy S Br

Fig. 27 is 14C 2-deoxyglucose (2DG) aut or adi ogr pphs, Iggﬁﬁﬂegstﬁﬁ hi c,

WW%4r%ﬁ%ﬂﬁL§ﬂEMﬁ@thinB@mﬂ65 and
series of photogr showi n |IIaraydreerxOJo II% as set forth I n

Exanple 9.  DETAIL Blg PP As Wsed hdfeTHe tB-Starm " donor”

shal | neabréhsplantation are shown in Figs. 22-24. Fig. 22 is a
| low-power photomicrograph showing the location of the
5 photoreceptor transplant (between arrowheads) at the
posterior pole of th host eye Bar « 0.5 mm. Figure 23 is a

higher-power photomicrograph showing the interface between
the transplant and the adjacent retina devoid of outer
nuclear layer. Arrows indicate the extent of the

10 transplant (T). Arrowheads indicate three possible
residual photoreceptors that survived constant
illumination. Note their fusiform shape contrasts with the
rounder, more normal shape of the transplanted
photoreceptors. H & E stain. Bar = 100 um. Figure 24 is

15 a FITC fluorescent micrograph of antibody Ret P-1 specific
for opsin in a section adjacent to that shown in Fig. 23.
Arrows indicate the extent of the transplant. Transplanted
cells are 1labeled for opsin indicating they are
photoreceptors. Some nonspecific fluorescence is evident

20 adjacent to the transplant. Bar = 100 pm.

Cryostat sections made at 3 weeks
post-transplantation are shown in Figs 25A-C. Fig. 25A is
aH & E-staiﬁed photomicrograph of ‘a transplant and host
ret.na. Note the cell-sparse layer that resembles the

25 outer plexiform layer interposed between the host retina
and the transplant. Fig. 25B is a diI fluorescent
photomicrograph of adjacent section. Transplanted
photoreceptors show dil fluorescence, identifying them as

_ donor tissue. Fig. 25C is a FITC fluorescent micrograph of

30 antibody RET-P1l in a section adjacent to that shown in Fig.
25A. Transplanted cells are labeled for opsin, indicating
that they are photoreceptors. Bar = 50 pum.
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sanme or different organismrelative to the host and the term"donor tissue"
- shall nean tissue harvested fromthe sane or different organismrelative to
t he host. Several fornms of blindness such as retinitis pigmentosa,
ret WAP1O24%¥ hnent, nacul ar degeneration, and |ight exp®CIVUSP¢04550d
blindness, are primarily related to-thggloss of the photoreceptors in the
eye. However, destruction of the photoreceptors does.ﬂﬂgsn‘t ssar+y- ead
to the loss -of the renmaining retina or axons that connect 't T ASnBERN [ t he
brain. Surprisingly, it has been discovered that sone ucgrcc'%A Psion_tan
be rest orgagbuyiM g epl.aci ng danaged phot oreceptors w th photoreceptors

harvested from a dqpor, and w@bch are maintained int eir.gr%@ m% a
organi zati on and cety ufatPPofFdF (yFanscorneal approach, 1 S toun
that the positioning of the photoreceptor layer between the

host's retina and the adjacent epithelial and choroidal
5 tissue layers of the eye could be accomplished while
minimizing the vascular damage and subsequent bleeding into
the eye. 1In addition, it was found that this approach does
not appear to disrupt the integrity of the retina, which
. reattaches to the back of the eye with the transplanted
10 photoreceptors interposed between the retina and the RPE.
As shown in Figures 21-24, retinal reattachment appears to
be facilitated in the immediate area of the transplant.
(The "T" indicates transplanted sheets of photoreceptor
cells).. Using this insertion method, it was possible to
15 position the photoreceptors at the posterior pole of the
-tetina (Fig. 22). | |
To determine the viability of the transplanted
photoreceptors, cryostat sections (20um) were made from
both the blinded eye (control) and the eye receiving the
20 photoreceptor transplant at 2, 4, or 6 weeks after
transplantation. It was .found that the photoreceptors
survived trarisplantation at all times tested (36 out of 54
transplants). In most instances, the surviving transplant

approximated its size at the time of transplantation. More
25 importantly, there was no apparent reduction in transplant
size with longer survival times, suggesting that the
transplants were stable. '
As a control, the contralateral eyes that did not
receive a photoreceptor transplant were examined. 1In these
30 eyes, the retinas possessed. very few residual
photoreceptors located adjacent to the outer plexiform
layer and the RPE. However, these residual cells were
abnormal in their appearance, having flattened, pyknotic
cell bodies instead of the rounded cell bodies of normal

This Sheet Has Been Replaced

(AR



11 +° Fig. 1 is a photograph of a cryostat section of naor mal

1ot EOMBAN 1 constant 111 um nati on i oh dest r oy SeHUSIRSSECept or

(outer nuclear) layer 5 while |leaving9other retinal layers and cells
| ar gel y intact. In these and subsequent figures, the—eti+Ha—ot e
| ayers thereof, e.g., the ganglion cell layer ("G'), fﬂﬁﬁﬁgﬁg&gggBE

photoreceptors. Furthermore, thé residual photoreceptors

did not form an outer nuclear layer composed of columnarly

stacked cell bodies, but instead were found in isolation,

or at most appear as a single or double layer of cells (see
5 Fig. 23) located mainly in the peripheral retina.

The transplanted cells were easily distinguished
from the residual photoreceptors by a number of
parameters. First, they were found in discrete patches and
have the characteristic columnar stacking arrangement of ué

10 to about 12 cell bodies that is characteristic of
photoreceptor cells in the outer nuclear layer of the
normal retina. They did not have the flattened appearancé
of the residual native photoreceptors, but instead have the
round, nonpyknotic cell body typical of normal transplanted

15 cells. Furthermore, the transplanted photoreceptors can
form rosette <configurations, a characteristic of
transplanted and cultured retina while residual
photoreceptors were not found in these configura:ions.

To eliminate the possibility that the surgical .

20 procedure in some manner induced the regeneration of native
photoreceptors, sham operations were performed. All
procedures were performed as with the photoreceptor
transplants ékcept that no photoreceptors were attached to
the inserted gelatin slab. While the retina reattached to

25 the back of the eye, in no instance were patches of
photoreceptors found.

To positively identify the photoreceptor patches
in experimental animals as transplanted tissue, the donor
outer nuclear layer was labeled with the fluorescent marker

30 4diI prior to the transplantation. As shown in Fig. 25B,
the photoreceptor patches were fluorescently labeled while
the host retina did not show dil fluorescence.

To confirm that the transplants consisted of
photoreceptors, a monoclonal antibody specific for opsin,

35 RET-Pl was used. As opsin is found only in photoreceptors,
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plexiformlayer ("IPL"), inner nuclear layer ("INL"), outer pl exi f orm

~layer ("OPL"), outer nuclear layer ("ONL"), inner segnents ("I'S"), outer
segnments ("0OS"), and retinal pignment epi thelium ("RPE"), are shomm

res oy )Rldp fromtop to bottom Referr# ig. 3,
a graft conprising phot oreceptor cells is prepared in accor ance with a
nmet hod of the present invention by B®mwving a donor retina 50

conprising inner retina |layers 52 and photoreceptor |a 54 froma
donor eye. The donor retina 50 is flattened (Fig. ¢ g a7
plurality of cuts throu%h the retina  fromlocations ear kepe .cent er” df
the reti rBP¥ o G8Hd o§hering oLabeling, c£9r QRS gWas), - %®rbe-rwadg in

]9|t her iemel £ Do aé aecpexlsmmece ptor. Ash cafsbehewen NiMigd. e
(LAt ened Lt 4B, Ot sr afhs Bkt P08 RO EoPiRtePhCEQE, o th O °
whereas other retinal cells are unstained. Positive

5 staining for opsin not only identifiés these cells as
photoreceptors but indicates that these cells are still
capable of producing the protein moiety of visual pigment.
Retina adjacent to the region of the transplant shows only
a few isolated photoreceptor cell bodies (Fig. 23) that do

10 not stain for opsin (Fig. 24) suggesting that they are
‘cones. Their lack of opsin staining, as well as their
location and appearance in H & E-stained material, confirms
that these cells are the host's residual photoreceptors
(Fig. 23). .

15 - . Harvesting the photoreceptor 1layer from the
neonatal retina does not appear to disrupt tissue
organization. Once transplanted, the photoreceptor layer .
maintained its characteristic columnar arrangement of cell
bodies for all survival times examined, thus forming a new

20 outer nuclear. layer within the host's retina. In some
cases, strict polarity was lost and the rosettes were
formed. By light microscopy, the new layer appeared to be
attached to the host's outerplexiform layer (Figs 22 and
25A). This layer normally is the site of synaptic contact

25 between the photoreceptors and the retina.

EXAMPLE 2
The procedures of Example 1 were repeated except

as noted. Substituted for the Sprague-Dawley rats were the
Ird mouse and the RCS rat which are afflicted with inherited
30 retinal degeneration. In the rd mouse it is thought that
"the deficit resides in the photoreceptor whereas in the RCS
it is thought that the deficit resides in the pigment
epithelium. 'In these animals, almost all photoreceptors
,,;//
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surface 60 that is parallel to the blade of a vibratone appar at us. The
gelatln slab 58 is secured to a conventi onal- vi bratone chuck

t hAVQ9W024%he appar at us. Ml ten four to five per cerRCHASHIOISIB| ut | on .
i s deposited adj acent the flattenedgyetinal/gelatin syr ﬁhﬁ
and is drawn by capillary action under the flattened reqlﬁﬁg%§§§%$#8 fh%

flattened retina to float upon the gelatin slab 58
gelatin is pronptly renoved and the floating flattened retina is then

cool ed toreppldmimaiteld/ whileéertheC 1 t hintagcaletiRiangks' presdenverd; t hat
surroum%higﬁér the rd mouse or th. RCS rat were blinded by
constant illumination as set forth in Example 1. The rd

mouse and the RCS respectively received transplants of
] immature (7-8 day old mouse or rat) and mature rat
photoreceptors.

rd mouse
The transplantation technique was adapted to the

smaller size of the mouse eye. This modification allowed

10 sheets of intact outernuclear laye; to be transplanted to
the subretinal space of the mouse eye. Neonatal (8 days
old) photoreceptors were transplanted from rd control mice
to the subretinal space of adult rd mice. Survival times
were for 2 weeks to 3 monthé. At all survival times, it

15 was found that the transplanted photoreceptors survived,
becoming physically attached to the outer portion of the
host retina and stained positive for opsin. 1In addition,
the host retina became reattached to the pigment epithelium.

In the rd mouse almost all photoreceptors are

20 eliminated by day 21. It was found that photoreceptors
from a non-dystrophic congenic control mouse can be
transplanted to their appropriate site within the adult rd
mouse eye that 1lacks photoreceptbrs. These transplanted
photoreceptors were found to survive for as long as tested

25 (3 months). This 1length of time is significant since
photoreceptors of the rd mouse show signs of degeneration
after about 2 weeks and are almost completely eliminated
after 3 weeks. The survival of transplanted photoreceptors
from congenic normal donors to the adult rd mouse within

30 the rd mouse supports findings that indicate that the
deficit within the rd mouse which causes the degeneration
of photoreceptors is ‘endogenous :to the rd photoreceptors
themselves. ot e )
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12 *, gelatin -block to cause the nolten gelatin to gel and thereby coat
.the bottom surface of the flattened retina and adhere it to the gelatin

bl ock. As shown in Fig. 6, the inner retina portion 52 is
secWQAbLO249%m t he top down at approximately 20 to 50 nmPIOTYUS20/04850unt i-

the photoreceptor layer 54 is reached, ghhereby isolating the photoreceptor

| ayer fromthe inner layers of the retina, i.e., the ganqllon cel

i nner plexiformlayer, inner nuclear |ayer, and outer pg§HBHnH%§/FE“ en
t he photoreceptor layer is reached, the vibratonme sta i s aeYnCEd _and ja

section fRc®NRat o , i —

' Photoreceptors from 7 :to 8 day old RCS controls
(normal) were transplanted to the subretinal space in the
eye of adult (3 month o0ld) RCS rats. A two month survival

5 period was allowed because in this time period almost all
host photoréceptors degenerate in the RCS rat. It was
found that the grafted photoreceptors survive
transplantation to the subretinal space of the RCS rat and

show histotypic as well as immunological characteristics of

10 normal photoreceptors. 1In addition, it was found that
transplanted photoreceptors survive within their homotopic
location in the RCS rat whereas the RCS's own
photoreceptors do not.

Results . - e te -

15 _ While it has been found that the transplanted
photoreceptors survive, produce opsin, and apparently
integrate with the recipient retina, they do not appear
completely normal in that the number of outer segments is
reduced. However, photoreceptors lacking outer segments

20 are still capable of phototransduction as indicated in Pu
et al., J, Neorosci., 4:1559-1576, 1984. The relative
scarcity of outer segments has also been noted in retina
transplanted to the tecum. These retina have been shown to

~ be functional as indicated in Simon et al., Soc. Neorosci.

25 Abstr., 10:668, (1984).

_ Conventional reasoning attributes the observed
deficiency in outer segments to be the possible consequence
of the lack of appropriate apposition of the RPE to the
photoreceptors as indicated in LaVail et al., (1971), noted

30 above. However, it has been found that RPE is present and
in apparently normal apposition to the photoreéeptors,
thus, the scarcity of outer segments here would not appear
to be related to inadequate contact between photoreceptor

aced
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apptoximately 200 to 300 mllimcrons thick obtained as-shown in Fig. 7.

*The thickness of this section is sufficient to undercut the photoreceéptor
andwio91702499ani nate 62 consisting of a layer of photor e®gIVUS90484550 and t he
gel atin adhered thereto. As s gqwn in Fig. 8, thedtampate 62 is ;-
cut vertically along the dashed lines f0 create a graft| GFhaUEFGHAS SEEN |
appropriate-for transplantation. The surface of the grhft sHEFL4CHAve a
surface area greater than about 1 square millinmeter, preferably greater

than 2 sGiyy eppel || @{é‘r?auﬁ% nept th‘aé(terﬁéﬁhﬁeﬂseQiFJw%ﬁa'inA' gHear e

mllineters or as_lar e as %ﬁﬁwactlcal han us constructed,
the graf PHRSEGHHehd 5‘°(’5(9r¥§"(ﬁ4?r cABRPEAEIBR hoe ¥hei RRE Nas adlso
ghe geldath'eersubeénatffbladﬂ&:maCbeﬂuﬁall lsﬁéﬂ’lgéh dfhrfiélﬁlt staagl f@u:tledt g easily
amage eptor.{ayer. As,a [e e attene j§ LSsue is
| ess ||k21r@ %(i'l et ai., v Vf ifé&g-ﬁb,

1983. ) ‘

EXAMPLE 3
The procedures of Example 1 were repeated except
as noted.
Donor photoreceptors were originally harvested at
10 the earliest ontogenetic time in which the photoreceptors
could be isolated from other portions of the retina (7-8
days old) since it 1is generally believed thag more
embryonic and undifferentiated neural tissue survives
transplantation far better than more mature and
15 differentiated tissue. To determine the effect of
developmental age on photoreceptor survival and ability to
integrate with the host retina, photofeceptors were
subsequently transplanted from 8, 9, 12, 15 and 30 day.old
rats into light damaged adults. These show progressive
20 development and maturation of the photoreceptors including
mature outer segments (at 15 and 30 days).
Using the same criteria as in Example 1, it was
found that for all ages tested the transplants survived for
as long as examined (2 months) and integrated with the host
25 retina. Figure 26, panel A, is a photograph of a

transplant of mature photoreceptors (30 day o0ld donor) to
' adult light damaged host. (T, Transplant). 120X.  These
observations suggest that photoreceptors have
characteristics that differ from other neural tissue that
30 permits them to be transplanted when they are essentially
mature while other neural tissue must be at a very immature
stage for successful transplantation to occur.
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S TTT—
be damaged and is nore easily nanipdlated during the transplantation :
procedure. Celatin is presently preferred as a substrate because
of its flexibility, apparent lack of toxicity to neural tissue and ability "
to dissolve at body tenperature. However, other conpositions such as auger
or ¥afba49thi ch PCIPUS90/04550
34 1 IHm ST S pe e B
) wr AN |
- REPLACED #

EXAMPLE 4

The procedures of Example 1 were repeated except
as noted. Photoreceptors were taken from the retina of
donated human eyes (obtained from the MO Lions and St.

S Louis Eye Banks) following corneal removal. A portion of
the retinas were tested for viability by dye exclusion with
trypan blue and didansyl cystine staining. The
photoreceptors excluded dye and appeared to be in good
condition. Hosts were adult albino rats (immune-suppressed

10 with cyclosporin A or immune-competent) exposed to constant
illumination.

With immune-~-suppression successful transplants
were seen at all survival times so far examined (one and
two weeks; five of nine cases), showing apparent physical

15 integration with the host retina and maintaining
morphological features of. the outer nuclear layer as
illustrated in Fig. 26B which shows a transplant of human.
photoreceptors from adult donor to adult light damaged rat
host. (T, transplant). 120X. _

20 The transplants stained positive for antiopsin
antibody RET-Pl, identifying the transplanted cells as
photoreceptors and further indicating that they are still /
capable of producing visual pigment. In contrast, /
transplants to immune-competent hosts showed signs of

25 rejection within one week of transplantation. Sham
operated animals showed no repopulation of the host retina
with photoreceptors.

EXAMPLE 5 ' ;
The procedures of Example 1 were repeated except |

30 as noted. .
The 2DG functional mapping technique developed by
Sokoloff et al., J. Neurochem. 28:897-916 (1977) allows the
measurement of the relative levels of neural activity for a
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al s have the desirable characteristics of gelatin may be substituted. .
* S i
0

INfd y, gelatin has not been found to interfere ' grow h
rqggdt'?@g%spl ant interaction between the graft and th i‘f@ﬁ&
pi gment epithelium Gel ati'n i35 presently preferrfeduasSsr
to lamnate the retinal tissue to the substrate. Howevgr ot?gg 7HE\SB?

conpositions, including |lectins such as concanavalin A,
agglutin, or photo reactive reagents which gel -or solidify upon exposure
| i ght ar@iven cif tmblufy €ondd tdeon + abFerchhhast ereasens diheel2BG n may be

substit W&shnique -appedd¥antaddeldry appifodel atbNmeEn8lNSE [dEgAlRy MBY
e as.a carri nber of _trophic faggors such

T IRZEEATR N I AN e W LG NTAT ON
| Munos gl Estsypnts sotbvase the light damaged retina.

5 ' Accordingly, patterns of 2DG uptake in the normal
retina were compared to that seen in the light-damaged
retina, with and without a photoreceptor transplant. These
comparisons were made under two different visual stimulus
conditions: 1) darkness and 2) strobe flicker at 10z. Fig.

10 27 illustrates the results of these comparisons. H&E
stained retina with corresponding 2-deoxyglucose
autoradiographs. A and B normal retina. Sections cut
slightly tangentially to expand retinal layers. C.
Dystrophic (light-damaged) retina plus photoreceptor

15 transplant (T) left of arrow. Black and white lines at
left on 2DG autoradiograph bracket lower_ZDG uptake in
inner plexiform and ganglion cell layers. D. Dystrophic
retina plus photoreceptor trahsplant left of arrow. ONL;
outer nuclear layer, T; transplant, DYST; dystrophic, Bar =

20 0.5 mm.

As shown in panel 27A, in darkness 2DG was
preferentially taken up in the outer portion of normal
retina (photofeceptors and possibly the inner nuclear
layer). As shown in panel 27B, with strobe flicker

25 stimulation 2DG uptake extends through the tﬁickness of the
normal retina. These patterns of 2DG uptake are in good
agreement with the known physiological characteristics of
the retina. )

The outer retina might be expected to show high

30 2DG uptake in the dark since photoreceptors, horizontal and
some bipolar cells are maximally depolarized in this
situation. As strobe flicker is a strong stimulus for the
retina including the amacrine and retinal ganglion cells,
2DG uptake across the entire retina is also to be

I
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cyclosporin A, anti-inflamation agents such as dexanethasone,
anti-angiogenic factors, anti-glial agents, and anti-mtotic factors.
Upon dissolution of the substrate, the factor or agent becones avai

to i rigerx1/a2489 desi red effect upon the surrounding tissu
determi ned by established experinmental kgchniques. The
contai n bi odegradabl e polyners to act as slow rel ease ag

t s RERLACED

phar macol ogi ¢ substances that may be included in the substrate.
The thickness of the graft conprising the sectioned flattened retinal

tissue anggge

measur ene
guides to
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in other areas of the nervous system.

In the light-damaged retina which recelved a
photoreceptor transplant, the pattern of 2DG uptake was
also dependent on the stimulus conditions. In..the dark,
preferential uptake of 2DG was limited to the photoreceptor
transplant and the adjacent host inner nuclear layer while
relatively lower uptake was present in the host's inner
plexiform and ganglion cell layers. However, in the strobe
flicker condition, high 2DG uptake is present in the
transplant and, in addition, extended through the thickness
of the host's retina - but only in the area of the
photoreceptor graft (Fig. 27D). Adjacent host retina which
did not receive the photoreceptor transplant shows
relatively low 2DG uptake. |

In darkness, both the normal retina and the
light-damaged retina receiving the photoreceptor tradsplant
show relatively high uptake of 2DG in the photoreceptor and
inner nuclear layers. The similarity in the relative
uptake patterns between these cases suggests that the
transplanted photoreceptors may have similar functional
characteristics as normal photoreceptors (i.e., they
depolarize in. the dark and are capable of inducing a
sustained depolarization of some cells in the host's inner
nuclear layer).

In strobe flicker, the light-~damaged retina
receiving the photoreceptor transplant showed high 2DG
uptake through the entire thickness of the retina much like
that seen in the normal retina under the same stimulus
condition. Adjacent light-damaged retina that did not
receive a photoreceptor transplant showed relatively 1low
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determi ned by m croscopi c exanm nation and observation of the sections.
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2DG uptake. These comparisonS'shdw that the pattern of 2DG
uptéke in the light-damaged retina approximates that seen
in the normal retina only in areas of the host retina that
received photoreceptor grafts. Adjacent areas of the host
retina show relatively low levels of 2DG uptake in both
stimulus conditions. The similarity in the 2DG uptake
patterns between the light-damaged retina following
photoreceptor grafting and the normal retina in both
stimulus conditions suggests that the photoreceptor
transplant is capable of light-dependent activation of the
light-damaged retina.

EXAMPLE 6

The procedures of Example 1 were repeated except
as noted. '

While activation of the host retina by the
transplanted photoreceptors was seen with deoxyglucose
mapping the nature of this activation was unclear.
Specifically, does such activation represent a nonsynaptic
modulation of neurotransmitter release by the transplanted
photoreceptors or are the transplanted cells forming
synapses with elements of the host retina?

To address this issue, the ultrastructure of the
reconstructed retina was investigated. Following
appropriate survival times, animals were euthanized by
overdose and immediately enucleated. Control and
experimental eyes for light microscopy were fixed overnight
in Bouin‘'s solution. Following dehydration and clearing,
the tissue was embedded in paraffin. Sections were cut on
a rotary microtome. Eyes destined for plastic embedment
were fixed for 2 hours in buffered 2.5% glutaraldehyde.
After % hour of adehyde fixation, the anterior segment and
lens were removed to facilitate penetration of the
fixative. Following primary fixation, eyes for 1light
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As ;an alternative to nechanical, e.g., microtone, sectioning, the donor
-retina may be chemcally sectioned. Specifically it is known that
neur ot oxi ¢ agents such as kainic acid is toxic to cells in all retinal
| ay YO S1H2499 t 0 photoreceptor layer (i.e., kainic acid P§BYUS80/04550kge
phot oreceptor cells). Therefore if thggdonor retina is treated with an
appropriate neurotoxi c agent the photoreceptor |ayer can né”ﬂ%GHEEﬁﬁASB-'””
t echni que has the advantage of maintaining the retinal er dﬁﬂiﬁcémmléh
are not Kkilled by kainic treatment) with the photoreceptor cells ——Srmee—i4
Ib |S kﬂommib?bswg&etr w@iﬂté s ;{tﬁio;bﬁéd\_t ahlnra!i@f orfeﬁmtzlﬁétﬁehlt?léhet h

ochem ca and structura e isgalation o er cells along with
t he phot SWbEéHP‘BP'ceIﬁEO cgﬂl dsybgma(f\? 1ofs Mere cut on g '&Pe%%f%g, t he
graft mamiedditbimenabsyngongrasst htRakphhalkmivesnt it leyleisal foel | s.
Because {3 rREEruR bW AN Ve '£rddrbLi Ping "BABA LGRS pIBREC TN

of
5 was localized using the Dil label and excess tissue was

trimmed before osmium postfixation. Following dehydration
and clearing, the tissue was embedded in Epon/Araldite
(Mollenhauer, 1964). Blocks were surveyed by staining
semithin sections with toluidine blue. When the transplant

10 was located, thin sections were cut and stained with uranyl
acetate and lead citrate for examination on the EM.

A new outer plexiform-iike layer was visible at
the interface of the transplanted ONL and the host inner
nuclear layer. Ribbon synapses were evident within this

15 OPL. These synapses are pharacteristic of those formed by
rod photoreceptors, with an electron dense ribbon
surrounded by a cluster of vesicles. Ribbon synapses are
found only rarely in control light-damaged retina. In '
addition to ribbon synapses, the transplanted

20 photoreceptors also display inner segments, connecting
cilia, and outer segment membranes. These results suggest
that synaptic connections between transplanted
photoreceptors and host cells were made indicating that the
light-dependent activation may, at least in part, be

25 synaptically mediated.

EXAMPLE 7
The procedures of Example 1 were repeated except
as noted.. |
The functional capabilities of the transplanted
30 photoreceptors and reconstructed retina was ascertained by
recording visually evoked cortical potentials ("VEP*"). To
record the VEP, animals were implanted with stainless-steel
screw electrodes embedded in the skull. The active

U
e
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therretina froma donor eye ordinarily will cause the RPE to separate from
:th ' nd remain attached to the choroid. However,_ through the use of
%v?gﬂdég?gchni gues such as those described in l\/!ayerso‘l’ncg/tU /04560 est .

enzy
Opt hal nol . Vis. Sci. 25: 1599-1609, 1885, the retina can separated from
the donor eye with the RPE attached. - | n accor dar|c®HIS SHEENEAS rErn
present invention, grafts conprising the choroid may addi t{i onal REpieE:p }
prepared. To do so, the choroid is stripped off of the scleral TThnmgof

t he eye e@atrasiesy MR thaceE a2t ammedpntand ot attieenddcanydareki ng radi al
cuts. YA 14taks Y 01 Gndt JERtL P 8GNy tbdnd é‘%‘%&m&?ﬁ%ﬁf‘?&" ous!y

descri bed for, the Ehotoreceptor cells_an I ne ot or ecept or
| ayer wWRNERIERAE bERn ed Botdeseleotuodssyavare f BAACRA ad MEX e

conpr i silagex alNHoordreMid11m¢ ein@dpesdivned Dl thedldira R tRyed and a
ch050|d%krga€%as placed above the nasal cavity to serve as a
ground electrode.

Responses of the VEP were elicited by strobe
flash test stimuli generated by a Grass PS-2
photostimulator directed toward one eye with the other eye

10 covered by a patch. Responses were differentially
amplified (Grass P-15D preamp), displayed on a Tectronix
#564 6sci11iscope and then averaged by a Macintosch IIx
computer using LabView.

It was found that the reconstructed retina can

15 produce a light-evoked electrical response in the visual
cortex whereas the unreconstructed fellow eye showed little
or no response to the same light stimulus.

EXAMPLE 8 _
The procedures of Exampie'l were repeated except
20 as noted. ’ ' '
With indications  that neural activity is
generated in the central nervous system by the
photoreceptor transplant and the reconstructed retina the
question arises at to whether this neural activity can be
25 processed appropriately by the central nervous system to
produce an appropriate behavioral response to the sensory
stimuli. Previous studies have shown that neural
transplants to the brain can restore appropriate behavioral
activity (Bjorklund et al., Neural Grafting in the
30 Mammalian CNS. Elsevier, Amsterdam, 1985). Klassen and
Lund Proc. Natl. Acad. Sci, USA 84: 6958-6960, 1987; and
Exp. Neurol. 102: 102-108, 1988 have shown that neural
transplants can restore the pupillary reflex mgdiated'by

-
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15 | Referring again to the Figures there is shown preferred
. enbodi nents for the surgical instrunents of this invention. The surgica
instruments are described in connection with a photoreceptor isolation and

tr angpopR4g9 on nethod. The surgical instruments angct/us90/04550

40 B
| THIS SHEET HAS BEENJ
REPLACED

intracranial transplantation of ‘émbryonic retinas thus
showing that neural transplants consisting of sensory
tissue are capable of mediating a behaviorally appropriate
reéponée to sensory stimulation.

5 Rats with dystrophic retinas received a
photoreceptor transplant as described in Example 1. At
various pdst-surgical time intervals (E.G., 2, 4 and 8
weeks, etc.) animals were anesthesized and held in a
stereotaxic device. An infrared video camera was focused

10 on the eye through an operating microscope and the eye
illuminated with infrared light. To test for pupillary
reflex, a light beam controlled by a camera shutter within
the operating microscope was used. This light was focused
on the eye. The pupillary response to the light at graded

15 intensities (intensity of the 1light was controlled by
neutral density filters) was recorded by video camera
connected to a frame grabber system. The pupillary reflex .
was then analysed using automated imageprocessing software

- (Ultimage, GTFS, Inc.)

20 It was found that retinas reconstructed with
photoreceptor transplants do in fact show a comparatively
normal pupilléry reflex to .light (pupillary constriction)
whereas the fellow dystrophic eye shows only a minimal
reflex that is aberrant in form (pupillary dilation). The

25 results are shown in Figure 28. Panels a and b are of the
reconstructed retina. Panel a shows the iris at light
onset whereas panel b shows the same eye at 5 seconds after
light onset. Comparison of panel a to panel b shows a
normal pupillary constriction mediated by light. Panels c

30 and 4@ show the fellow blinded eye that received sham
surgery with panel ¢ showing the iris at light onset and
panel 4 showing the iris 5 seconds later. Comparison of
panels ¢ and 4 show an increase in pupil size with light.
This response is aberrant in form and is characteristic of
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met hods of this invention are particularly adapted for isolation and
.transplantation of an intact sheet of cells froma donor retina to a
recM 81102499t i na and are characterized by the maint enan@CKRUS96/04550
organi zation of the transplanted tissu §£Iayer A first enbodi nent

of an instrument for inplanting an intact planar ceIIuIar'ﬁhS%ﬁnEf%AQ%ﬁ%ﬁP
the retina and supporting tissues in an eye is |nd|cated gener@mﬁxcg§ 1
Figure 9. The instrunent 10 may be nade from acrylic, Soneothe

sui t abl e4 & h r 10
oot i fBL e 1sdud fe LY PBROULALAL ) LEHeY anf oY, YET
structuréh°t°Tﬁ§epF8FfGﬂmell has a di st al end 16 for insertion |nto t he eye
0}‘ t]be recjil1 pi ent, andsa pf@%ﬂxﬂ&{s %gxg)vﬂ-St{\é\E tswﬁlﬁndréa%mama%ﬁl n the
pl atform i S _approx o) centineters IS an
appr opr 1 FBRORR RS e JOSS ee | SEREOEK: endnBEosher in this

case the eye - to restore an appropriate behavioral

response (i.e., the pupillary reflex) to sensory stimuli.

These results have profound significance for the

feasibility of the restoration of vision by photoreceptor
transplantation.

10 EXAMPLE 9

The procedures of Example 1 were repeated except
as noted. '

Photoreceptors were taken from mature macagque
retina (animals sacrificed for other research) or the

15 retina of donated human eyes (obtained from the St. Louis
Eye Bank) using vibratome section of the fiat-mounted
retina to isolate the intact outer nuclear layer. Hosts
were mature macaque monkeys treated with iodoacetic acid
{30 mg/kg given on 3 successive days) which selectively

20 eliminates host photoreceptors in non-macular areas of the
retina while }eaving the remaining retina intact. This
treatment did not compromise central vision and therefore
maintained sight required for behavioral and .
physiologically important functions (e.g., locating of food

25 and water, visually guided locomoter activities, grooming,
maintenance of circadian rhythms). .

The isolated outer nuclear layer was transplanted
following a pars plana vitrectomy (a standard surgical
technique) using a trans-scleral approach to the subretinal

30 space. The photoreceptors were inserted under a focal
retinal detachment induced by the formation of a subretinal
bleb. The bleb was created by the infusion of ophthalmic
balanced salt solution. ' The reconstructed retina was

//
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primates. The platform 11 nust be sufficiently long to extend into the
eye, between the retina and the supporting tissue, and thus different -
platformlengths may be used, depending upon the procedure being enployed

andwQPIIP34oe reci pient. As shovvn and described herein t -
approximately 2.5 mllineters w de, ﬁCh i s sufficient|l JHIN SHEETGIATRREMC
inplants in rodents and | ower prlnateg The platform 11 nust REBLACED

sufficiently wide to carry and intact cellular structure for inplanting,
and thus different platforn1mﬁdths may be used, dependi ng upon the

recipi ent, attache K &# OPRE %}'F Wy %&&@18“ tah@oRladlef orm 11

at the &84l 1%f tﬁ preferably conve
with the transplanted photoreceptors interposed between the

retina and the underlying pigment epithelium.- Daily
injections of cyclosporin A and dexamethasone were made to
5 suppress any possible transplant rejection.

It was found human photoreceptors survive
transplantation to the non-human primate eye for as long as
tested (2 weeks). These results indicate that mature human

~ photoreceptors can be transplanted to the non-human primate
10 eye. Since the non-human primate eye is almost identical
to the human eye it is expected that human photoreceptors

can be successfully transplanted to the human eye.

From the foregoing description those skilled in
the art will appreciated that all aépects of the present

15 invention are realized. The present invention provides an
improved surgical instrument that is adapted to provide
cell organization during transplantation of the
photoreceptors. With the surgical instrument of this
invention cell organization is maintained during

20 photoreceptor, RPE, and choroidal transplantation while
minimizing trauma to the transplanted tissues, the host eye
and retina. It is believed that retina reattachment and
subsequent substantially normal function of the
reconstructed retina, in view of the transplant, is thereby

25 facilitated. The present invention provides an improved
surgical instrument that is constructed to allow relatively
large expanses of the RPE, choroidea, and photoreceptor
cell matrix or column to be transplanted to a sub-retinal
space. Maintaining normal layer configuration of the

30 photoreceptors, RPE, and choroidea allows these tissues to
be transplanted to the appropriate position within the
eye. The subsequent integration of the transplanted
photoreceptors, RPE, and choroidea with the blinded retina
facilitates reconstruction of the blinded retina. The
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16 ° curved to-facilitate both the insertion of the instrunment 10 into.the

ey advancenent of the instrunent between the i he
sugggﬁﬁﬁﬁgafissue to tenporarily detach the retina, mﬁtﬁegyﬁéﬁﬂgﬁﬁb

trauma. The platform 1l is preferabl y48oncavely curved (wth respect to the
top surface of the platform 11) along its |ongitudinal axi om-t-he—ti sty

end 16 to t'he proxinmal end 18. The 'nHSSHEErHASB-
REPLACED

rument

present invention provides an impfoved surgical
that allows--appropriate retinotopic positioning. The
present invention provides an improved surgical instrument
that protects photoreceptors from damage as the surgical

5 device is positioned in the eye. The present invention
provides a method of photoreceptor or retinal pigment
epithelium isolation and transplantation that, maintains to
the extent possible the normal organization of the outer
nuclear layer and these other tissues. The present

10 invention provides a method of cell and tissue isolation by
which cells can be isolated without disruption of their
intercellular organization. With the method of this
invention retinal cells, such as retinal photoreceptors can
be isolated without the disruption of the intercellular

15 organization of the outer nuclear layer or other layer of
the retina, RPE, and choroidea.

A number of features of the transplanted'cells
are that they are and remain alive; they produce opsin,
important for phototransduction; they are functional (i.e.,

20 activated by 1light); and the transplanted photoreceptors
activate a previously blinded retina in a light dependent
fashion.

Attachment of retinal tissue to the gelatin
substrate allows extended periods of in vitro culture of

25 retinal tissues by: maintaining organization of tissue in
culture; and allowing for a better viability of cultured
tissue.

While a number of embodiments have been shown and
described, many variations are possible. Photoreceptors

30 can be transplanted to retina in which the host's or
recipient's photoreceptors are lost by environmental
(consfant light) or inherited defects. (See: S. E. Hughes
and M. S. Silverman (1988) in "Transplantation of retinal
photoreceptors to dystrophic ‘retina®, Soc. Neuorosci.
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curvature of the platform 11 facilitates the mani pul ation of the instrunent
10 within the eye, ‘particularly the manipul ation of the instrunent between .
t he ' d the supporting tissue on the curved walls of the eye. The

r adi B@B%ﬁ@ curvature of the platform1l will depend uﬁ&f’yﬁg"’ﬂgﬁedure
and the recipient. The platforgg 11 has side rails_12 and 14 on
opposite sides for retaining the planar cellular structure¢ mnsishesp! ST S
As shown in Figure 9, the distal portions 12a and 14a of fhe sh@gmmg%bs
taper froma point internediate the distal and proxi mal endsS of—tte—stde
rails tovhkaitrhei 48di t298 SndsFurbhednerel taadspdfanted sphietonecepterni nate
I n snoot hy, rv -qngﬁ 2b 14 | Xi di stal ‘end
16 of thgé%]fgff o?ﬁl T eriLof ?gg'?cof Q:tmaéﬂ(ﬂ?g{%%g o?ﬁ[ hgﬁ?{gﬁﬁ, t oget her
with thei PhoERRECEPEBAT CQl1S i PREAUCingeSR&iA IR MAdAtainipng an

inStrU”Eniniéféelmﬁ1SYGOQBQnHQQtﬁ@hamﬂaﬂﬁﬁpdﬁi8i5h to the host
5 retina that is similar to that seen in the normal outer

nuclear layer. The surgical instruments may be larger for
‘use in humans. Other approaches to the subretinal space
may be used, e.g., trans-scleral, choroidal. Other
substrates besides gelatin can be used, e.g. augar,

10 augarose, in fact improved substrates could include factors
that can be integrated into gelatin, fof example,
neurotrophic factors). It is believed that attachment to
gelatin or equivalent substrates will allow prolonged in
vitro culture, or cryogenic freezing, and similar storage,

15 while allowing for the maintenance of tissue organization
and viability. Finally, it is believed that other methods
of attaching retina to substrate can be used, such as
lectins, or photo-activated cross-linking agents.

It has been shown that this invention provides a’

20 method to isolate the intact photoreceptor layer. This is
significant because it will be necessary to maintain tight
matrix organization if coherent vision is to be restored to
the retina comprised by the loss of photoreceptors. A
surgical approach has been disclosed which minimizes trauma

25 to the eye and allows controlled positioning of sheets of

' transplanted photoreceptors to their homotopic 1location
within the eye. In addition these methods for
transplantation and isolation of photoreceptors could be
utilized to prepare and transplant other retinal layers so.

30 that selected populations of retinal cells can be used in
other neurobiological investigations and clinical
procedures. It is believed that these other retinal
layers, once they are flattened, appropriately sectioned,
and appropriately affixed to a stabilizing substrate or
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I nstcument between the retina and the supporting tissue. As shown and
.described herein, the proximal portions of the side rails 12 and 14 are
appMQ92d49% 1 nmillineter high, while the distal porti dPGT/1%590204850.4a
taper to about 0.5 mllinmeters. The he'ght of the side rails is nade as
smal | as possible, but they nmust be slightly greater than*%ﬁe—%h#ekna&;iﬁ'
the planar cell structure and the supporting substrate, ah ﬁEg?T 2]
dependi ng on the donor and the type of inplantation bei how

many cel babayee%uqrae HELip¥kpaPeant s 2RdnkhiaHats o, téf@aéé@ét(éte)

in vitro, -cryogenic), or culturing similar to the methods

described herein for photoreceptor layers.

The necessity for prompt re-vascularization

5 typicaily limits the ability to transplant most neural
tissue, but not photoreceptors. The photoreceptor layer of
a retina and the ("RPE") is non-vascularized.
Non-vascularized tissue shows the least amount of tissue
rejection. Consequently, it is believed that genetically

10 dissimilar photoreceptor cells may be transplanted in
accordance with the present invention. Matching of host
and donor histocompatibility antigens will probably be
necessary for transplantation of the retinal pigment
epithelium and choroidea.

15 Photoreceptors can be transplanted when
developing or when mature. Not only can mature rat
photoreceptors be transplanted, but mature photoreceptors
from human donors can be transplanted as well. This is
significantly different from neurons which must be immature

20 in order to be transplanted. At present the reason for
this difference is not known but has obvious importance for
retinal and neural transplantation'research'in-genera;.

Finélly, transplanted photoreceptors activate the
host's or recipient's dystrophic retina in a light

25 dependent manner that closely resembles the activation
pattern seen in normal retina.

In view of the above, it will be seen that the
several objects of the invention are achieved and other
advantages attained.

30 As various changes could be made in the above

| surgical instruments, compositions of matter 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 drawings shall be interpreted

35 as illustrative and not in a limiting sense.
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17, A second enbodi rrent ﬂm\t\m \“Ei\\é“\ \for inplanting an
. i ntact planar cellular structure a‘and supporting tissues
in an eye is indicated generally as*SG it Figures 10-14, and 18. The
i NSWO9702499 may be made from pol yet hyl ene, or sone ot IRTT/AS90404550
material that is flexible and sterilizig For exanpl e, the instrunent
m ght be nade of silicone rubber or si stlc The instrunment 30 conprises
an elongate tube 32 having a flat, w de cross-section, wth—a—t-op—32a;
bottom 32b for supporting the planar cellular structure'ﬂﬂéﬁﬂEEBb@§fth

si des 32¢uand 132¢ 5 TR tube 32 has a distal end N REPLACED

1. A method for . the preparation of a graft for
transplantation to the subretinal area of a host eye,
comprising:

providing donor tissue,

5 harvesting from that tissue a population of cells
selected from retinal cells, epithelial tissue and
choroidal tissue in a manner that maintains the population
of cells in the same organization and cellular polarity as
is present in normal tissue of that type, and

10 laminating the population of ‘cells to a a
non-toxic and flexible composition which substantially
dissolves at body temperature. ' '

2. A method as set forth in claim 1 wherein said
laminate has a surface having a surface area greater than 1
square millimeter. '

3. A method as set forth in claim 1l wherein said
composition is gelatin, agarose or agar.

4. A method for the preparation of a graft
comprising photoreceptor cell bodies'for transplantation to
the subretinal area of a host eye, comprising:

providing a donor retina containing a layer of

5 photoreceptor cells bodies, and

isolating the layer of photoreceptor cell bodies
from at least one other layer of cells of the donor retina
in a manner that maintains the photoreceptor cell bodies in
the same orgaﬁization and cellular polarity as is present

10 in normal tissue of that type.
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34 for insertion into the eye, UM’HIIMM{{[MM@ 36. The distal end 34 Sf

the tube 32 is open for the dischartgetro nar cel |l ul ar structure. The
i nY¥Q 8H0249930 of the second embodinent is preferabl e t oPCTHLIS90404580ent 10

of the first enbodinent in at |east -og¢ respect because the tube 32 h e
top 32a which provides better protection for the planar c E@tﬁuﬂiﬂﬁﬁﬁ-
to be inplanted than the open platform 11. As sh EMEACED bed

herein the tube 32 is approximately 3.5 centineters | ong, _
appropriate |ength.f oA nedtihngd i apl asts folr thodentst Himl 4 Os\ﬂﬂiﬁibﬁauQZ- The
e

tube 32 ; uff,l ci y n tend . nto.the eye, .between t
retina gﬁﬂﬁ% g??ﬁpp’%ﬁi %ggh séstﬁe?aéﬁlaghﬂg fihe dfl??gfe%tett%m?%nat hs may
be usednodepemdrngangdorf lemiplecartummr ict hon e jogted saubd tadri 4 ey -
reci pi egi ssofveshan | r hgot |3 T ep.
centi net e?g w de, V\/nib?ri:ﬁi ﬁﬁ#%ﬁ%€i%%e€?ogggﬁlk§ﬁ%&%t@8m£a
6. A method as set forth in claim 5 wherein said
composition comprises a trophic factor, an
immunosuppressant, an anti-inflamation agent, an
anti-angiogenic factor, an anti-glial agent, or an
5 anti-mitotic factor.

7. A method as set forth in claim 5 wherein said
composition is gelatin, agarose or agar. ’

8. A method as set forth in claim 4 wherein the
graft produced according to said steps has a surface having
a surface area greater than 1 square millimeter.

9. A method as set forth in claim 4 wherein the
graft produced according to said steps has a surface having
a surface area greater than 4 sgquare millimeters.

10. A graft for transplantation to the

subretinal area of a host eye comprising a laminate of a
non-toxic and flexible composition which substantially
dissolves at body temperature and a population of cells

5 harvested from donor tissue, the population of cells being
retinal cells, epithelial tissue and choroidal tissue, the
pdpulation of cells having the same organization and
cellular polarity as is present in normal tissue of that
type. ;

11. A graft as set forth in claim 10 wherein
said graft has a surface having a surface area greater than

1 square millimeter.
—

R —
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inplants in rodents and | ower :nust be sufficiently w de
to carry an intact cellular st Mgﬂ@ﬂ L ting, and thus different-
tube wi dths may be used, dependi an esreel pient. As shown and

des ein, the sides 32c and 32d are approxi nate Lida MEt ers
o BERRR PP PErIudoo/disde’ BT

hlg ght 'of the sides is nmade as snal | e
*° ' THIS SHEET HAS BEEN
REPLACED B

12. A graft. as. set forth in claim 11 wherein
said composition is gelatin, auger or agarose.

13, A graft as set forth in claim 10 wherein
said population of cells comprises photoreceptor cells.

14. A graft. for transplantation to the
subretinal area of a host eye comprising a population of
photoreceptor cells bodies harvested from a donor retina,
the population of photoreceptor cell bodies having the same

5 organization and cellular polarity as is present in normal
tissue of that type, the graft having an essential absence
of at least one layer of cells present in normal retinas.

15. A graft as set forth in claim 14 wherein
said graft comprises a laminate comprising the population
of photoreceptor cell bodies and a non-toxic and flexible
composition which substantially dissolves at body

5 temperature.

_ 16.- A .graft as.set forth in claim 15 wherein
said composition comprises a trophic factor, an
immunosuppressant, an anti-inflamation agent, an
anti-angiogenic factor, an anti-glial agent, or an

5 anti-mitotic factor.

. 17. A gtaff as set forth in claim 14 wherein
said graft has a surface with a surface area greater than 1

square millimeter.

18. A graft as set forth in claim 15 wherein

said composition is gelatin, auger or agarose.
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as. possi bl e, but they nust beuwui;lﬂlnﬂu "@H!I it han the t hi ckness of the
. - planar cell structure and sub may vary dependi ng on the
dWQP1/0349% he type of inplantati-on being nade (i.e. dVCMUSﬁOdMSSOI ayers
are being inplanted and thickness of ;the substrate)
end 34 of the tube can be beveled to Tacilitate both the
tube into.the eye, and the advancenent of the tube between
the supporting tissues, with a mninmmof trauma. The end is preferably
bevel ed at about 1@5[erx] greE@Mmdsieseep 3y olﬁheﬂacihtm%hezésnshom in
Fi gures _1Q and t he dlSt€| end, g of th& tube 32 is aI p ﬁ
Faked SPEAsGERL ek it hace BLEh; 8. suttade apFe fr fafes FReg
pr oxi nehueme. miid imelteramngl e is preferably about 45[err]. The

d t he

20. A method for transplanting a graft to the
"subretinal area of a host's eye comprising:
providing a graft comprising a population of
cells harvested from donor tissue selected from retinal
5 cells isolated from at least one other layer of cells
within the donor tissue, epithelial tissue and choroidal
tissue, the population of cells being maintained in the
same organization and cellular polarity as is present in
normal tissue of that type
10 ' making an incision through the host's eye,
at least partially detaching the retina to permit
access to the subretinal area, and
positioning the graft in the accessed subret1nal
area. : re

21. A method as set forth in claim 20 wherein
said graph has a surface having a surface area greater than
1 square m1111meter.

. 22. A method as set forth in claim 20 wherein
said donor tissue is retinal tissue and the graph comprises
a population of photoreceptor cells isolated from the layer
of ganglion cells within the donor retina.

23. An instrument for the implantation of an
intact planar cellular structure between the retina and
supporting tissues in an eye, the instrument comprising:

an elongate supporting platform for holding the

5 planar cellular structure, the platform having a distal end
for insertion into an eye, and a proximal end, the distal
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raked distal end also facilita mmmﬁmwmmm of the tube into the eye,
-and the advancenent of the tubg I.na and the supporting

tis %eover raking the distal* erdd élimnates a yeg: ,Pgsasr t hat
couﬁgfaggage tissue. . The tube 32 is preferably’'C n@gve y_curved

along its longitudinal axis fromthe-80stal end 34 to the prarISBHEENGASGr - -
so that the top 32a is on the inside of the curve, and the bott omREBRRcES On

the outside of the curve. The curvature of the tube facilitafes The
mani pul ation of the instrunment 30 within the eye, particularly the
mani pul @dam of the. pAstforsnbeinducankewnly ccurvednfornéasidisatiing tissue

on the cgfyed nidiicif blre ene. é:fgﬁdﬁﬂ“ 4heef the @yy/abuae Ohethe tube

wi || depend on the procedure_an he reci pient The instrunent
30 al so ¥BFARFEREnd %gEPerrBéﬁ's' oxm bebween, tﬂ?*guﬁ"e%“ﬁ) and £he i unger

meansp | Ssyppdetihgytissues, and a side rail on each side of the
platform for retaining the planar cellular structure on the
platform, the distal ends of the side rails being rounded,
and the distal portions of the side rails tapering toward
the distal end .of the platform to facilitate the insertion
15 of the instrument between the retina and the: supporting
tissue.

24. The instrument according to claim 23 wherein
the platform is curved along its longitudinal axis from the
distal end to the proximal end.

25. An instrument for the implantation of an
intact planar cellular structure between the retina and
supporting tissues in an eye, the instrument comprising:

an elongate tube, having a flat, wide

5 cross-section, with a top, a bottom for supporting the
planar cellular structure, and opposing sides, the tube
having a beveled distal edge facilitating the insertion of
the tube into the eye and the advancement of the tube
between the retina and the supporting tissues; and

10 plunger means for ejecting a planar cellular
structure from the distal end of the tube.

26. The instrument according to claim 25 wherein
the plunger means comprises a fluid line extending from the
proximal end of the tube, and means for connecting the
proximal end of the fluid line to a source of fluid under

5 pressure to force a planar cellular structure out the
distal end of the tube.
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a fil at plunger 40 slidably received in the tube so that relative sliding
noti on between the tube 32 and the pIunger 40 urges a pl anar cel | ul ar

StWOEOMI9hat is in the tube PCI'f/US90/04550 19 out

the distal end of the tube. The plunger 40 may be nad

pol ynet hyl net hacryl ate. The prOX|naP nd of the plunger THIS SHEET HAS BEEN
. _ REPLACED

27. The instrument accdrding to claim 26 further
comprising a plug in the tube generally adjacent the
proximal end for separating a planar cellular structure
from the fluid supplied to the proximal end of the tube by

5 the fluid line, the plug being slidable in response to
fluid pressure from the fluid line so that the plug can
push the planar cellular structure out the distal end of

the tube.

28. The instrument according to claim 25 wherein
the plunger means comprises a flat plunger projecting from
the proximal end of the tube, the plug bging slidably
mounted in the tube so that relative sliding motion between

5 the tube and the plunger urges the planar cellular

structure out of the distal end.

29. The instrument according to claim 28 wherein
the distal end of the tube is raked transversely across the

tube toward the proximal end. '~ -

30. The instrument according to claim 28 further

comprising a lumen, extending generally parallel with the
tube, for ejecting a fluid at the distal end of the
instrument for separating the retina from the supporting

5 tissue. : te

3l. The instrument according to claim 30 wherein
the distal end of the lumen extends beyond the distal end

of the tube.

32. The instrument ‘according to claim 30 wherein

the distal end of the lumen is beveled.

* ¢ L M 0§ %
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40:projects a sufficient anDunL““ L“u | end of the tube 32 that
the end of the plunger can be Imull mmmnﬂ en the distal portion of
the in an eye. The preférred hethod oft aperatln t he instrunent 30
%BF’B the distal end of the tube is properly Iocggéuﬁ?qlﬂﬁf’%t he
subretlnal area, the plunger 40 is hels@ in place as the QQEEBHASBE?iJ
gradually withdrawn to eject the cellular structure. . REPLACED ]
Al ternatively, as shown in Figure 18, the plunger neans keyTONMPrise neans
for applying hydraulic pressure on the contents of the tube. In this case
the proximal end 3% of The dns§remeind @woaxding ttoaclaim 28 fumtbered to a
source horg i £ Agdar PiBé%Ur@an' U i0h £rfkh € eXtletding®! YenelpRN§d Via the

line 41 to the ﬁrOXInB| end the tube, to displace tthe“contents of the
tube. TRAFFIigH whth b%“%%coBStW?SP shgmivgen 2nd thsoiphe hyl cel | ul ose,
or non-viscous. Particularly in the later case, it may be

34. The instrument according to claim 33 further
comprising a light source at the proximal end of the fiber
optic filament.

35. The instrument according to claim 28 wherein
the tube curves along its longitudinal axis from the distal
end to the proximal end, such that the top of the tube is
on the inside of the curve and the bottom of the tube is on

5 the outside of the curve.

_ 36. The instrument according to claim 28 further
comprising a lumen extending generally parallel with the
tube, and means for connecting the proximal end of the
lumen to a source of suction, to aspirate fluid and debris
5 at the distal end of the instrument. .

37. The instrument according to claim 22 further
comprising a ‘cautery electrode generally adjacent the
distal end of the tube, a pair of electric leads extending
to the electrode, and means for connecting the leads to a

5 source of electrical power to allow the instrument to
cauterize broken vessels.

38. An instrument for. the implantation of an
intact planar cellular structure between the retina and
supporting tissues in an eye, the instrument comprising:

an elongate tube, having a flat, wide

5 cross-section, with a top, a bottom for supporting the
planar cellular structure, and opposing Sides, the tube
having a beveled distal edge facilitating the insertion of

/___
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de5| rable to have a bl ock 43 (“"ﬂ"lml "‘l"fumyu"? other substance in the tube |

q‘ﬁf nmechani cal pl unger “anf tb s%paﬁar% he fl ui d fronl_he cel

st é ﬁ%‘gelng i npl anted. Gelatin is satisfactory becESIEPRE 4 SHEET HAS BEEN
sim-solid, and because it will dissd¥e harmessly if it |s equg@ﬂcgﬁom
t he tube. As shown in Figures 10-13, the instrunmemt s 8
al so includes a lunen 42, extending generally parallel with the tube 32 As
used herein, |unen refers to any tube-like vessel, whether separately

provi dether tubencinte §hpasaygcand i thenedvencemendt: 0€. thehctuberen 42 is

attacheﬂeweeﬂetﬁ& fé&xﬁbdﬁﬁdOfthteh%déB@:&?n apglsphéferably side 32c so
2f%Fhe di stal end gf t he, t ube rakes omthe |unen.  The lumen 42

distal end 34fj@feBtyYRoey; BEQHFCF é‘gdlfsxf%ﬂ‘ Ehe sroximal pendang
prefera@tythe tube, the plunger being slidably received in the

tube so that relative sliding motion between the tube and
the plunger urges the planar cellular structure out the
distal end; and

15 a lumen, extending generally parallel with the
tube, for ejecting a fluid at the distal end of the
instrument for separating the retina from the supporting

tissue.

39. The instrument according to claim 38 wherein
the distal end of the tube is raked transversely across the
tube toward the proximal end.

40. The instrument according to claim 38 wherein
the distal end of the lumen is distal relative to the
distal end of the tube.

41. The instrument according to claim 38 further
comprising a fiber optic filament extending generally
parallel with lumen, between the lumen and the tube.

42. The instrument according to claim 38 wherein
the tube curves along its longitudinal axis from the distal
end to the proximal end, such that the top of the tube is
on the inside of the curve and the bottom of the tube is on

5 the outside of the curve.

43. A kit for transplantation of a sheet of
cells selected from among retinal cells, retina pigment
epithelium or choroidea to .the subretinal area of a host
eye, comprising:

e
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pr oxi mal

oy B0 v gl IM\W\I\IMﬂLnd Ty be provitied wth &

connector 48 for connection wnth acsotrc® of fluid under pressure. Thus the_
| umawo4 /02499 ej ect a stream of fluid fromits distal endP@T/USAOLGASSO: .

i0

15

54
_ THIS SHEET HAS BEEN
REPLACED

a surgical instrument 'compriSing an elongate
tube,- having a flat, wide cross-section, with a top, a
bottom for supporting the planar cellular structure, and

opposing sides, the tube having a beveled distal edge

facilitating the insertion of the tube into the eye and the
advancement of the tube between the retina and the
supporting tissues; and plunger means for ejecting a planar
cellular structure from the distal end of the tube, and

a graft comprising a population of cells selected
from retinal cells, epithelial tissue and choroidal tissue,
the population of cells being maintained in the same
organizatioh and ‘cellular polarity as is present in normal

tissue of that type.

—
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credtes a fluid space ahead of the instrunent, which helps separate or
'detw {@;@etl na fromthe supporting tissue as the instrument is advanced.
i y be a saline solutiagn, ot her fl ui d PCA4US99A0U5500t har m
the delicate eye tissues. Var-f'oas, ﬁ?msst ances, such as anti-oxidants,
anti-inflammtories, anti-mtotic agents -and | ocal anest hetics can be
provided in-the fluid for treatnent of the eye or inpl an1*el'qrstr-s-s-ue—
The raked distal end of the tube 32 follows generally in e E’é’flﬁrﬁ 8 mEdND
the fluid, thus mnimzing direct contact of the instrun1 gERye
tissue. The distal end of the lumen may be beveled to facilitate the
advancenent of the instrument, particularly at times when fluid is not

bei ng ej egta@ lomthe | yren. The;ng is preéferakby bevepé 'at about
45[err]. U r at h& M‘h w > Wy the | unen
10 Fhe GRS e

I
oy _*

J
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A fiorst alternate construction of instrument 30 is indi'cated as 30A in
. Figure 15. The instrunment 30A is very simlar in construction to instrunment
30, Weh/824%espondi ng parts are i dzﬂli Sizd with correspBRATHEPVRISPence
nuneral s. However, unlike instrur®e 30, the instrument 30A includes a
fiber optic filanment 64 extending generally parallel wth lumen 42, and
positioned between the lunen 42 and the tube 32. The fi berE’“t £l anent
£

64 facilitates the mani pul ation of the instrunent and the PHEF b ssmatN

of the irrpFr‘ggnéwo ways: a light source can be provi dediatt REPEAGED nal
end of the®fi *Optic filanent so that the filament provides |ight at ﬂﬁ—'j

di st al FI G, 4
52
52) | /5é
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REPLACEMENT SHEET ' 3 0 JAN 1997
’ the instrument, to facilitate the visual obse ocedur e
t hr&fgﬂij/tog%’ pupil. Alter nati vel y, '@ 3e/1s| Poul d be prOV| dﬁép(wtﬁﬂggﬂprom mal
end of the fiber optic filanent so'that the filament can al so be used for
direct observation at the distal end of the instrunment. Additionally, the
fiber optic-filament could allow for |aser-light cautery THISGSHBETHAS BEEN
subretinal bl eeding. O course, rather than provide a |separ BERLAGHper ]
optic filanment 64, fiber optic filaments could be incorporatéd rnto the

walls of the tube 32 or the |unen 42.

This Sheet Has Been Replaced
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A second alternative construction of instrunment 30 is indicated as 30B in
. Figure 16. The instrunment 30B is very simlar in construction to instrunment
30WQRAH0248% espondi ng parts are identified with correspgaopiusyorgasss ence
nunerals. However, wunlike instrunent 30, the instrunent. 30B includes a
| umen 66 extending generally parallel with lumen 42, apd positioned bhetween
the lumen 42 and the tube 32. The lyu «-66 al'l ows for  AESESHEHTalADBEDH
material fromthe distal end of the instrument. The prixi.nBIREERACER t he
| umen 66 can be connected to a source of suction, to renove excess fluid
and debris. It is possible to incorporate the |lunen 66 into the wall of
the tubesszs A third alternative construction of the instrunent 30
i aQQSOC in Figure 17. The instrument 30C is very simlar in
&i nstrunment 30, and cor@s" ng parts are identified with

]

)

S\[
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cosresponding reference nunerals. However, unlike instrunment 30, the
I nstrunent 30C i ncl udes a palr of lead wires 65 term nati ng I n. an
el WEx 14024987 at their distal (§ e el ectrode 67 aPCE{ESIUP4550
cauterization of blood vessel & ‘(hgérom mal ends of the | eads 65 can be
connected to a source of electrical power to seal broken_hlood vessels. It

is possible to incorporate the leads 65 into the wall of | ties suber 82s BEeN
. REPLACED

o
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22 *° O course, two or nore of the features déscribed W th

re he al ternate enbodi nengs, 3 30B, and 30C coul d be conbi ned,

i f%?ﬁ(@g95 To transpl antétfle'i)éeri nal cell's, iRCTALS9%944550

phot oreceptors, the host eye is prepared so as to reduce bleeding and -
surgical trauma. A transcorneal surgical approach to subretjnal_ space

is one such approach and it will be understood that otHhHelfHSU$REETaHAS BEEN
approaches, such as transscleral and choraidal may al sq_be uREH.ACEE

prefe d_syrgi cal proach in th r nt, Fig. 19, includes naking a
transréase;itsssion iafin a cornea Z‘%Fggﬁ '

This Sheet Has Been Replaced
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suffd cient size so as to allow insertion of a surgical instrunent
.illustrated schematically by reference characters 10 or 30. The

instru t 10 i s advanced under the,i,rj t hrough the cqornea 7 g to the
or VOSI08499 7, 2% st rated in Tilg! 1@ “The iris ChouPETICsHp Ry ©or
exanmple, with topical atropine. Wien the instrunent 10 is used, it detaches
the retina as it is advanced under the retina and into_the Amp !
space to the posterior pole 76 of the eye. ' T eTBﬁdﬁﬁEﬂ { I ned by
the side rails 12, 14 and the internedi ate cell supporti RERY2 B ;
provides for the graft conprising a photoreceptor |ayer 54 attached to the
gel atin substrate to be placed on the instrunent 10 and guided into the
sub-retinal space, preferably with forceps or other suitable instrunents.
After positioning the photoreceptor |ayer at the desired transplant site,
the gelatin is held in position with the forceps while the

FIG.21

This Sheet Has Been Rep
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cargier is renoved. The edges of the corneal incision are abutted after

, femoval of the forceps to allow rapid, sutureless healing. The eye should
bev{iatched during recovery. - H,Qhe surgical ‘instrunment 30 (Figures
10- Q,9lﬁd9a8) is used instead of the instrunent 10, tHRCEHHUSNN/04550
23

FIG.22 - = [™sgmasws
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conprising intact generally planar sheet 54 of donor photoreceptors
attached to the gelatin substrate g2 iﬁgg%amn Into the el ongate tube 32.

Thex it nt 30 is then inserted an appropr|a ision in
thgwcorrllea and advanced under the iris. The iris wll ﬁg\z" 9e“e?gz‘gdslgl at ed,
for exanple, with topical atropine. The-instrunent 30; |s advanced to the
ora serrata 74 of the host eye If the instrument 30 i pclldies aalunen 42y
the retina is detachEgJ tIe force of a perfus ’
saline-like fluid, o£§ eIIquse, or 1-2% hyl uronic aci
fromthe |lunmen 42. Advantageously the fluid may additionally contain
anti-oxidants, anti-inflanmation agents, anesthetics or agents that slow

t he netabolic dema ' nt 30 does
not include a |une

G
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the*retina is detached by the walls of the surgical
* advanced under the retina and into the subretinal

instrunent as it
space to the posterior

S

polwo/fi/@da9bhe eye. The graft cdani ﬁi'hQa phot or ecept ogéﬁ%gg%g&#%ched to
tu

the gelatin substrate is then transplanted by noving th
direction away fromthe eye while keeping the plunger 40 stationary. The

plunger 40 is carefully w thdrawn out of the eye and the“ggges of - the -~
incision are abutted after renoval. to allow rapid, qg{”A"gsgu‘;

is held in place in ;‘Eiﬁ‘;@@e a?r;ﬁgf Kt@gtalae

cor neal
heal i ng.

Ret i nal

......

underlying eye tissues. The incision may require suturing.

depicts a trans-choroi dal-
to the transcorneal appro
t he surgical techni

entry,

QEral

ﬁdﬁ
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FIG.27c FIG.27d

DYST+TRANS : DARK DYST+TRANS : STROBE
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he retina and the

Fig. 20

.surgical approach as an alternative
ed above. Except for the point of
-essent i affl y-Mﬁé‘#outl i ned




aboye. Nevertheless, the transcorneal approach

is preferred because it

~has been found to reduce bl eedi ng and surgical trauma.

* Wo 91702499 : M4/712.

FIG.28b
0 sec. Light Time: 5 sec.

Light Time:

FIG.28a
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A further surgical approach is to diatherm ze in the pérs pl anna region to
elimnate bl eeding. The sclera is then incised and the choroidal and

epix | tissue is diathernm zeq.2hg Qurgical tool t ed
tﬁhgﬂgkh?# incision, the retina is intercepted at theﬁgﬁzﬁggypiﬁﬁ and the
graft*is deposited in the subretinal area otherw se as outlined el sewhere

-hereln T In yet a further surgi cal approach, E% %ﬁrm&ﬁ%N

In

t hrough the pars planna area’as outlined above and an
the retina adjacent to the retinal macula. The surgi
I nserted through the retinotony and into the nacul ar area. It is
known that the retina doe under go ollal scar formation
when it is danaged, unHI<§§' : =S di scl osed by
Bigam et al., Exp. Eve Rl ., Brain
Res. 241:362-365 (1982). Hams

[

T C1ICII

5 sec.

| Light Time

FIG.28d

0 sec.

Light Time

FIG.28¢
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characterlstlc Iack of scar tissue contrlbute tgia potential of retina
cells to regrow severed axons withi %Q aecorTt r h
the-present i nvention, it has recogn d that regromﬂw—aEP Nic i
axons may be: faC|I|tated by the proximty of the post-s
t he photoreceptor wi thin the adjacent; outer plexiform
growt h across substantial intervening neural or glial
necessary in order for transplanted photoreceptors to
connections with the recipient retina including neuraljconnections.
The fol | owi NGURGEIALI ENSTRUMENT AND cGELLhESOLATEON i AND. TRANSP
EXAMPLE 1 Experinental Animals Adult al bino rats (Sprague-Dawl ey)
wer e exposed

K ND v

| e W=
=+

The present invention relates in generai to
'surgical instruments, surgical techniques, and cell and

tissue isolation techniques. More particularly, the
present invention is directed to a surgical tool for
transplanting retinal cells, epithelium and choroidea
within their normal planar configuration, a graft for
transplantation to the subretinal region of the eye, a
method for preparing such grafts for transplantation, and a
method for reconstructing dystrophic retinas, retinal
pigment epithelial layers and choroids. .

The retina is the sensory epithelial surface that
lines the posterior aspect of the—eye, receives the image
formed by the lens, transduces this image into neural

~ impulses and conveys this information to the brain by the
optic nerve. The retina comprises a number of layers,
namely, the ganglion cell layer, inner plexiform layer,
inner nuclear layer, outer plexiform layer, outer nuclear
layer, photoreceptor inner segments and outer segments.
The outer nuclear layer comprises the cell bodies of the
photoreceptor cells with the inner and outer segments beindﬁﬁ
extensions of the cell bodies. 5

The choroid is a vascular membrane containing
large branched pigment cells that lies between the retina
and the sclerotic coat of the vertebrate eye. Immediately
between the choroid and the retina is the retinal pigment
epithelium which forms gn.intimate structural and
functional relationship with the photoreceptor cells.



[

to constant illum nation averaging 1900 lux for 2 to 4 weeks as
r WEERS

in O Steen, Exp. Neurol. 27:194 (1970). RERLAGEMENT SHEE
s

25 ° As shown in Fig. 1, this exposure destroy
phot oreceptors, elimnating cells of the outer nucledr

-Several forms of blindnéss are primarily related
‘to the loss of photoreceptor cells caused by defects in the
retina, retinal pigment epithelium, choroid or possibly
other factors (e.g. intense light, retinal detachment,
intraocular bleeding). In several retinal degenerative
diseases select populations of cells are lost.
Specifically, in macular degeneration and retinitis
pigmentosa retinal photoreceptors degenerate while other
cells in the retina as well as the retina‘'s central
connections are maintained. In an effort to recover what
was previously thought to be an irreparably injured retina,
researchers have suggested various forms of grafts and
transplantation techniques, none of ﬁhich constitute an
effective manner for reconstructing a dystrophic retina.

The transplantation of retinal cells to the eye
can be traced to a report by Royo et al., Growth 23:

313-336 (1959) in which embryonic retina was transplanted .

to the anterior chamber of the maternal eye. A variety of
cells were reported to survive, including photoreceptors.
Subsequently del Cerro was able to repeat and extend these
experiments (del Cerro et al., Invest, Ophthalmol. Vis.
Sci. 26: 1182;1185, 1985). Soon afterward Turner, et al.
Dev. Brain Res. 26:91-104 (1986) showed that neonatal
retinal tissue could be transplanted into retinal wounds.

In related studies, Simmons et al., §Soc,
Neurosci, Abstr. 10: 668 (1984) demonstrated that embryonic
retina could be transplanted intracranially, survive, show
considerable normal development, be able to innervate
central structures, and activate these structures in a
light-dependent fashion. Furthermore, these intracranial
transplants could elicit 1light-dependent behavioral
responses (pupillary reflex) that were mediated through the
host's nervous system. Klassen et al., Exp. Neurol. 102:
102-108 (1988) and Klassen et al. Proc, Natl, Acad., Sci.
USA 84:6958-6960 (1987).



| ayer but |eaving the remaining neural retina intact. Photoreceptors for
transplantation were taken from 8-day-old normal rats -{E @%ﬂi ;Um‘ﬂ

t hat” had been mai ntai ned under col ony roomill uninati n (10-= 'y a
12 hr/12 hr light/dark cycle. Experinental animals nestheS|ze wift h
ket am ne and sodi um pent obarbital . A preoperative d s Oddyxmrwqmas,one
(10 ng/ kg I'P) was al so adm ni st ered. Phot or ecept or aration

The retina fromthe anestheti zed 8-day-old rat was re ved frattemedd Wt h
radial cuts and placed with the receptor side domn on |n sl ab '
secured to the vildr a?ofeTusRedle. EXRbIERR RESL.atdh 9th-§ as

deposi pedpadjedC efHe t- hEahgburaa;tatt e detteed §@|latplﬂ33nle“ﬂteréﬁ£9hamﬂumhen

COOled(%%E§[e“gé:¥ﬂth I QA%fqngace as a therapeutic approach
in the RCS dystrophlc rat to replace defective mutant RPE
cells with their healthy wild-type counterparts. According
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 sclera
and choroid. A 1 pl injection of RPE (40,000 - 60,000
cells) was made at the incision site into the subretinal
space by means of a 10 pl syringe to which was attached a
30 gauge needle. However, this method destroys the
cellular polarity and native organization of the donor
retinal pigment epithelium which is desirable for ‘

transplants.
del Cerro, (del Cerro et al., Invest. Ophthalmol.
Vis. Sci. 26: 1182-1185, 1985) reported a method for. the

transplantation of tissue strips into the anterior chamber
or into the host retina. The strips were prepared by
excising the neural retina from the donor eye. The retina
was then cut into suitable tissue strips which were then
injected into the appropriate location by means of a 30
gauge needle or micropipette with the width of the strip
limited to the inner diameter of the needle (250
micrometers) and the length of the strip being less than 1
millimeter. While del Cerro reports that the intraocular
transplantétion of retinal strips can survive, he notes
that the procedure has some definite limitations. For
instance, his techniques do not allow for the replacement
of just the missing cells (e.g. photoreceptors) but always
include a mixture of retinal cells. Thus, with such a
transplant appropriate reconstruction of the dystrophic
retina that lacks a specific population of cells (e.g.,

:

photoreceptors) is not possible.
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solution. The retina was sectioned at 20 to 50 [err]r %@P%EﬁﬁEﬁFSHEE

phot oreceptor |ayer was reached. Wen the photoreceptio “Le;gred,
the” stage was advanced and a thick (200 to 300 pn) sectfon was taken,i

undercutting the photoreceptor |ayer secured to the gelt 30 Jadels7/ 0|
Label i ng The isol ated outer nuclear |ayer wa ul tured overnj ght
with 40 [err]g/m of dil (1,1 -dioctagecyl-3,3,3,3" -
t et ramet hyl i ndocar bocyani ne perchlorate in Earle's MEM contai ning 10&@#£tal
calf serum -incubated under 95% 5% oxygen/ car bon di oxide m xture at room

tenperature. Labeling techniques and fl uorescent m croscopy were otherw se
as outlined by Homied etegko, et &EBl|. MBuplosdD3: 1.6£t198862: Ril-283s renoved

[rom seqbbds MK FE56:E% 8 SOBRLELIL A MM LRGN aReLRISETLAT oPsin
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dissociated neuroretinal cells. In this procedure, the
donor retina is cut into small pieces, incubated in trypsin
for 15 minutes, and triturated into a single cell
suspension by aspirating it through a fine pulled pipette.
Comparable to the Li and Turner approach discussed above,
this procedure destroys the organized native structure of
the transplant, including the donor outer nuclear lavyer;
the strict organization of the photoreceptors with the -
outer segments directed toward the pigment epithelium and
the synaptic terminals facing the outer plexiform layer are
lost. Furthermore, no means of isolating and purifying any
given population of retinal cells (é.g. photoreceptors)
from other retinal cells was demonstrated.

It is believed by the present inventor that it is
necessary to maintain the photoreceptors in an organized
outer nuclear 1layer structure in order to restore a
reasonable degree of vision. This conclusion is based on
the well known optical characteristics of photoreceptor
(outer segments act as light guides) and clinical evidence
showing that folds or similar, even minor disruptions in
the retinal geometry can severely degrade visual acuity.

SUMMARY OF THE INVENTION

Among the objects of the present invention,
therefore, may be noted the provision of a method for
preparation of a graft for use in the reconstruction of a
dystrophic retina; the provision of such a method which
conserves relatively large expanses of the tissue harvested
from a donor eye; the provision of such a method in which
the polarity and organization of the cells at the time of
harvest are maintained in the graft; the provision of a
graft for use in the reconstruction of a dystrophic retina;



by prior washing in acetone. 26
Sur gi cal Procedure A transverse incision was WﬂﬂﬁAbﬁfL&eShgépa
2 it
S 30 JAN 1997
the provision of such a graft which facilitates—eegrewth—of

photoreceptor axons by maintaining the polar organization
of the photoreceptor and the close proximity of their
postsynaptic targets with the adjacent outer plexiform
layer upon transplantation; the provision of a surgical
tool for use in the transplantation method which allows
appropriate retinotopic positioning and which protects
photoreceptors or other grafted tissue from damage prior to
and as the surgical device is positioned in the eye; and
the provision of a method for transplantation of grafts to
the subretinal area of an eye.

Briefly, therefore, the present invention is
directed to a method for the preparation of a graft for
transplantation to the subretinal area of a host eye. The
method comprises providing donor tissue and harvesting from
that tissue a population of cells selected from retinal
cells, epithelial tissue or choroidal tissue, the
population of cells having the same organization and
cellular polarity as is present in normal tissue of that
type. The population of cells is laminated to a non-toxic
and flexible composition which substantially dissolves at
body temperature. '

The present invention is further directed to a
method for the preparation of a graft comprising
photoreceptor cell bodies for transplantation to the
subretinal area of a host eye. The method. comprises
providing a donor- - retina containing a layer of
photoreceptor cells bodies. The layer of photoreceptor
cell bodies is isolated from at least one other layer of
cells of the donor retina in a manner that maintains the
layer of photoreceptor cell bodies in the same organization
and cellular polarity as-is present in normal tissue of
that type.

The present invention is further directed to a
graft for transplantation to the subretinal area of a host
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retinal cells, epithelial tissue and choroidal tissue. The

population of cells has the same organization and cellular
polarity as is present in normal tissue of that type.

The present invention is further Qirected to a
graft for transplantation to the subretinal area of a host
eye. The graft comprises a population of photoreceptor
cells bodies harvested from a donor retina, the population
of photoreceptor cell bodies having the same organization
and cellular polarity as is present in normal tissue of
that type, the graft having an essential absence of at
least one layer of cells present in the donor retina.

The present invention is further directed to a
method for transplanting to the subretinal area of a host's
eye a graft comprising a population of cells. The method.
comprises providing a graft comprising a population of
cells selected from retinal cells isolated from at least
one other layer of cells within the retina, epithelial
tissue and choroidal tissue, the population of cells being
maintained in the same organization and cellular polarity
as is present in normal tissue of that type. An incision
is made through the host's eye, the retina is at least
partially detached to permit access to the subretinal area
and the graft is positioned in the accessed subretinal area.

The present invention is further directed to an
instrument for the implantation of an intact planar
cellular structure between the retina and supporting
tissues in an eye. The instrument comprises an elongate
supporting platform for holding the planar cellular
structure. The platform has a distal end for insertion
into an eye, and a proximal end. The distal edge of the
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The instrument has a side rail on each side of the platform

for retaining the planar cellular structure on the

platform, the distal ends of the side rails being rounded,

and the distal portions of the side rails tapering toward

the distal end of the platform to facilitate the insertion

of the instrument between the retina and the supporting

tissue. _

The present invention is further directed to an
instrument for the implantation of an intact planar
cellular structure between the retina and supporting
tissues in an eye. The instrument comprises an elongate
tube, having a flat, wide cross-section, with a top, a
bottom for supporting the planar cellular structure, and
opposing sides. The tube:® has a beveled distal edge
facilitating the insertion of the tube into the eye and the
advancement of the tube between the retina and the
supporting tissues. The instrument also comprises plunger'
means for ejecting a planar cellular structure from the
distal end of the tube.

The present invention is further directed to a
kit for transplantation of a graft to the subretinal area
of a host eye. The kit contains a graft comprising a
population of cells selected from retinal cells, epithelial
tissue and choroidal tissue, the population of cells being
maintained in the same organization and cellular polarity
as is present in normal tissue of that type. The kit
additionally contains a surgical instrument comprising an
elongate tube, having a flat, wide cross-section, with a
top, a bottom for supporting the planar cellular structure,
and opposing sides. The tube has a beveled distal edge.
facilitating the insertion of the tube into the eye and the



27 Cryostat Sections Cryostat sections nade at_A4
transplantation are shown in Figs. 22-24. Fig. ' €H$EW¥‘
phot om crograph showi ng the | ocation of the 2

advancement --of the tube between. the retina and the
supporting tissues. The surgical instrument also comprises
plunger means for ejecting a planar cellular structure from
the distal end of the tube.

Other objects and features of the invention will
be iq'part apparent and in part pointed out hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a photograph of a cryostat section of
normal rat retina as set forth in Example 1;

Fig. 2 is a photograph of a blinded rat retina
following constant illumination as set forth in Example 1;

Fig. 3 is a schematic of a donor retina; '

Fig. 4 is a schematic of a flattened retina;

Fig. 5 is a schematic of a flattened retina
mounted to a substrate;

Fig. 6 is a. schematic of a sectioned retina
mounted to a substrate;

Fig. 7 is a schematic of a laminate comprising ;
retina section on a supporting, stabilizing substrate;

Fig. 8 is a schematic top plan view of the
laminate of Fig. 7, showing a graft (dashed 1lines)
comprising a photoreceptor cell layer and a supporting,
stabilizing substrate;

'Fig. 9 is a perspective view of a first
embodiment of an instrument adapted for implanting an
intact planar cellular structure between the retina and
supporting tissues in an eye;

Fig. 10 is a side elevation view of a second
embodiment of an instrument adapted for implanting an
intact planar cellular structure between the retina and
supporting tissues in an eye, with the plunger in its
retracted position, and with portions broken away to show
detail;

Fig. 11 is a top plan view of the instrument
shown in Figure 10;
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show detail;
Fig. 13 is a top plan view of the instrument

shown in Figure 12;

Fig. 14 is a partial longitudinal cross-sectional
view of the instrument, showing part of a planar cellular
structure loaded therein;

Fig. 15 is a top plan view of a first alternative
construction of the second embodiment;

Fig. 16 is a top plan view of a second
alternative construction of the second embodiment;

Fig. 17 is a top plan view of a third alternative

. construction of the second embodiment; and

Fig. 18 is a top plan view of the second
embodiment, showing an alternative plunger means.

Fig. 19 is a horizontal section through an eye
illustrating a trans-corneal surgical approach;

_ Fig. 20 is a horizontal section through an eye
illustréting a trans-choroidal” and scleral surgical
épproach; '

Fig. 21 1is a photograph of transplanted
photoreceptors as set forth in Example 1;

Fig. 22 is a photograph of donor photoreceptors
transplanted at the posterior pole of the recipient eye as
set forth in Example 1;

Fig. 23 shows the interface between the
transplant and the adjacent retina devoid of outer nuclear
layer as set forth in Example 1;

Fig. 24 is a photograph illustrating FITC
fluorescent micrograph of antibody Ret P-1 specific for
opsin as set forth in Example 1; |
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-Fig. 25 1is a series 6f photograph panels
illustrating in A, transplanted photoreceptors attached to
recipient or host retina, in B, fluorescent micrograph
showing Eransplanted cells showing Dil £fluorescence,
identifying them as transplanted tissue, and in C, a
micrograph illustrating FITC fluorescence of antibody
specific fof opsin as set forth in Example 1;

Fig. 26 comprises two micrograph panels, in A,
transplant of mature rat photoreceptors to adult light
damaged recipient or host, and in B, transplant of human
photoreceptor from adult donor to adult light damaged rat
host or recipient as set forth in Example 4;

Fig. 27 is l4c 2-deoxyglucose (2DG)
autoradiographs, DYST=dystrophic, TRANS-transplant as set
forth in Example 5; and

Fig. 28 1is series of photographs showing
pupillary reflex to light as set forth in Example 9.

DETAILED DESCRIPTION .

As used herein,. the term "donor" shall mean the
same or different organism relative to the host and the
term "donor tissue" shall mean tissue harvested from the
same or different organism relative to the host. _

Several forms of blindness such as retinitis
pigmentosa, retinal detachment, macular degeneration, and
light exposure-related blindness, are primarily related to
the loss of the photoreceptors in the eye. However,
destruction of the photoreceptors does not necessarily lead
to the loss of the remaining retina or axons that connect
the retina to the brain. Surprisingly, it has been
discovered that some degree of vision can be restored by
replacing damaged photoreceptors with photoreceptors
harvested from a donor and which are maintained in their
original organization and cellular polarity.




28 Resul ts By using the transcorneal _approach, it was found
that the positioning of the photoreceptor |ayer b@?#ﬁ%ﬁEM QetT 4 retina
and the adjacent epithelial and choroidal tissug |@ayers— ye coul d be
acconpl i shed while mnimzing the vascul ar danmage and subsegﬁgnt Bl eedi ng
into the eye. 1In addition, it was found that this not appear
to disrupt the integrity of the retindal which reattaches to the|back of the
eye with the transpl ant ed

Fig. 1 is a photograph 6f a cryostat section of
normal rat retina. Fig. 2 is a photograph of a cryostat
section of a rat retina following constant illumination
which destroys the photoreceptor (outer nuclear) layer

5 while leaving other retinal 1layers and cells largely
intact. 1In these and subsequent figures, the retina or
layers thereof, e.g., 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 ("0S"), and retinal pigment
epithelium ("RPE"), are shown, -respectively, from top to
bottom.

Referring now to Fig. 3, a graft comprising
photoreceptor cells is prepared in accordance with a method
of the present invention by removing a donor retina 50
comprising inner retina layers 52 and photoreceptor layer
54 from a donor eye. The donor retina 50 is flattened
(Fig. 4) by making a plurality of cuts through the retina
from locations near the center of the retina to the outer
edges thereof (see Fig. 8). - Cuts can be made in other
directions if necessary. ' -

As shown in Fig. 5, the flattened retina 56 is
placed with the photoreceptor side 54 down on a gelatin

" slab 58 which has been surfaced so as to provide a flat
surface 60 that is parallel to the blade of a vibratome
apparatus. The gelatin slab' 58 is secured to a
conventional vibratome chuck of the vibratome apparatus.
Molten four to five per cent gelatin solution is deposited
adjacent the flattened retina/gelatin surface interface 61
and is drawn by capillary action under the flattened retina
causing the flattened retina to float upon the gelatin slab
58. Excess molten gelatin is promptly removed and the
floating flattened retina is then cooled to approximately
4°C with ice-cold Ringer's: solution that surrounds the




photoreceptors I nt er posed between the retina and the RPE. As shown in
Figures 21-24, retinal reattachnent appears to be
i medi ate area of the transplant. (The "T" |nd|cateﬁEPkAﬁﬂMEN§n$Hﬁfﬁs eets of
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As shown in Fig. 6, the inner retina portion 52

is sectioned from the top down at approximately 20 to 50
millimicrons until the photoreceptor layer 54 is reached,
thereby isolating the photoreceptor 1layer from the inner
layers of the retina, i.e., the ganglion cell layer, inner
plexiform layer, inner nuclear layer, and outer plexiform
layer. When the photoreceptor layer is reached, the
vibratome stage is advanced and a section from
approximately 200 to 300 millimicrons thick obtained as
shown in Fig. 7. The thickness of this section is
sufficient to undercut the photoréceptor and form a
- laminate 62 consisting of a layer of photoreceptor cells
and the gelatin adhered thereto.

As shown in Fig. 8, the laminate 62 is cut
vertically along the dashed lines to create a graft 63
having a size approprlate for transplantation. The surface
of the graft should have 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 graft may subtend a considerable
extent of the retinal surface.

The gelatin substrate adds mechanical strength
and stability to the easily damaged photoreceptor layer.
As a result, the flattened retinal tissue is less likely to
be damaged and is more easily manipulated during the
transplantation procedure.

Gelatin is presently preferred as a substrate
because of its flexibility, apparent lack of toxicity to
neural tissue and ability to dissolve at body temperature.
However, other compositions such as auger or agarose which
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transplants were stable. As a control, the contral ateral eyes that
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also have the desirable charactéristics of gelatin may be
substituted. Significantly, gelatin has not been found to
interfere with tissue growth or post-transplant interaction
between the graft and the underlying retinal pigment
epithelium.

Gelatin is presently preferred as an adhesive to
laminate the retinal tissue to the substrate. However,

" other compositions, including lectins such as concanavalin
A, wheat germ agglutin, or photo reactive reagents which
gel or solidify upon exposure to light and which also have
the desirable characteristics of gelatin may be substituted.

Advantageously, the gelatin or other substrate
may additionally serve as a carrier for any of a number of
trophic factors such as fibroblast growth factor,
pharmacologic agents including immunosuppressants such as
cyclosporin A, anti-inflamation - agents such as
dexamethasone, anti-angiogenic factors, anti-glial agents,
and anti—miﬁotic factors. Upon dissolution of the
substrate, the factor or agent becomes available to impart
the desired effect upon the surrounding tissue. The dosage
can be determined by established experimental techniques.
The substrate may contain biodegradable polymers to act as
slow release.agents for pharmacologic substances that may
be included in the substrate.

The thickness of the graft comprising the
sectioned flattened retinal tissue and the substrate as
discussed above is only approximate and will vary as donor
material varies. In addition, sectioning may be
facilitated and vibratome thickness further calibrated from
histological measurements of the thickness of the retina,
thereby providing further guides to sectioning depth.
Appropriate sectioning thicknesses or depth may be further
determined by microscopic’ examination and observation of
the sections.
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flattened appearance of the residual native photoreceptors, but instead
have t he .. .As an alternative .to mechanical, e.g., microtome,
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sectioning, the donor retina may be chemically sectioned.
Specifically it is known that neurotoxic agents such as
kainic acid is toxic to cells in all retinal layer except
to photoreceptor layer (i.e., kainic acid does not damage
photoreceptor cells). Therefore if the donor retina is
treated with an appropriate neurotoxic agent the
photoreceptor layer can be isolated. This technique has
the advantage of maintaining the retinal Miiller cells
(which are not killed by . kainic treatment) with the
photoreceptor cells. Since it is known that Miiller cells
help maintain photoreceptor cells (both biochemically and
structurally) the isolation of Miiller cells along with the
photoreceptor cells could be advantageous.

If desired, the graft may additionally contain
the retinal pigment epithelial cells. Because the RPE is
tenuously aﬁherent to the retina, mechanical detachment oﬁ
the retina from a donor eye ordinarily will cause the RPE
to separate from the retina and remain attached to the
choroid. However, through the use of enzymatic techniques
such as those described in Mayerson et al., Invest.
Opthalmol, Vis. Sci. 25: 1599-1609, 1985, the retina can be
separated from the donor eye with the RPE attached. .

In accordance with the present invention, grafts
comprising the choroid may additionally be prepared. To do
so, the choroid is stripped off of the scleral lining of
the eye (with or without the RPE attached), and flattened
by making radial cuts. The donor choroid may then be
adhered to a substrate as previously described for the
photoreceptor cells and/or combined with a photoreceptor
layer which has been prepared as described above to form a
laminate comprising a photoreceptor layer'adhered to a
substrate, a RPE layer and a choroidal layer.
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transplantation method. The surgical instruments and
methods of this invention are particularly adapted for
isolation and transplantation of an intact sheet of cells
from a donor retina to a recipient retina and are
characterized by the maintenance of cell organization of
the transplanted tissue layer.

A first embodiment of an instrument for
implanting an intact planar cellular structure between the
retina and supporting tissues in an eye is indicated
generally as 10 in Figure 9. The instrument 10 may be made
from acrylic, or some other suitable material that is
flexible and sterilizable. The instrument 10 comprises an
elongate platform 11 £for holding the planar cellular
structure. The platform 11 has a distal end 16 for
insertion into the eye of the recipient, and a proximal end
18. As shown and described herein the platform 11 is '
approximately 2 to 10 centimeters 1long, which 1is an
appropriate length for making implants in rodents and lower
primates. The platform 11 must be sufficiently long to
extend into the eye, between the retina and the supporting

- tissue, and thus different platform lengths may be used,
depending upon the procedure being employed and upon the
recipient. As shown and described herein the platform is
approximately 2.5 millimeters wide, which is sufficiently"
wide for making implants in rodents and lower primates.

The platform 11 must be sufficiently wide to carry and
intact cellular structure for implanting, and thus
different platform widths may be used, depending upon the
recipient. ]

As shown in Figure 9, the edge lla of the
platform 11 at the distal end 16 is preferably convexly



t he photoreceptor patches were fluorescently | abeled while the host retina
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curved to-.-facilitate both the inéertion of .the instrument
10 into the eye, and the advancement of the instrument
between the retina and the supporting tissue to temporarily
detach the retina, with a minimum of trauma. The platform
11 is preferably concavely curved (with respect to the top
surface of the platform 11) along its 1longitudinal axis
from the distal end 16 to the proximal end 18. The
curvature of the platform 11 facilitates the manipulation
of the instrument 10 within the eye, particularly the
manipulation of the instrument between the retina and the
supporting tissue on the curved walls of the eye. The
radius bf the curvatﬁre of the platform 11 will depend upon
the procedure and the recipient.

. The platform 11 has side rails 12 and 14 on
opposite sides for retaining the planar cellular.structure
on the platform. As shown in Figure 9, the distal portions
12a and l4a of the side rails taper from a point _
intermediate the distal and proximal ends of the side rails
toward their distal ends. The distal ends of the side .
rails terminate in smoothly curved ends 12b and 14b, which
are proximal of the distal end 16 of the platform. The
offset of the distal ends of the rails, together with their
rounded@ configuration facilitates the insertion of the
instrument into the eye and the advancement df the
instrument between the retina and the supporting tissue.
As shown and described herein, the proximal portions of the
side rails 12 and 14 are approximately 1 millimeter high,
while the distal portions 12a and 14a taper to about 0.5
millimeters. The height of the side rails is made as small
as possible, but they must be slightly greater than the
thickness of the planar cell structure and the supporting
substrate, and thus may vary depending on the donor and the
type of implantation being made (i.e.,, how many cell layers
are being implanted and thickness of the substrate).



30 any cell show ng |abeling for opsin was, therefore, identified as a

phot oreceptor. As can be seen in Figs. 24 and 25C, [ ed-del | s
stain intensely for opsin whereas other retinal cel gﬁgié&ﬁ@ 1Z$qg :
Positive staining for opsin not only identifies thegel cells as -
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retlna and supportlng gt::.ssut-zs in an eye is indicated
generally as 30 in Figures 10~14, and 18. The instrument
30 may be made from polyethylene, or some other suitable
material that is flexible and sterilizable. For example,
the instrument might be made of silicone rubber or
silastic. The instrument 30 comprises an.elongate tube 32
having a flat, wide cross-section, with a top 32a, a bottom
32b for supporting the planar cellular structure, and
opposing sides 32c and 32d. The tube 32 has a distal end
34 for insertion into the eye, and a proximél end 36. The
distal end 34 of the tube 32 is open for the dischargé of
the planar cellular structure. The instrument 30 of the
second embodiment is preferable to the instrument 10 of the
first embodiment in at least one-respect because the tube
32 has a top 32a which provides better protection for the
planar cellular structure to be implanted than the open
platform 11. '

As shown and described herein the- tube 32 is
approximately 3.5 centimeters long, which is an appropriate
length for making implants in rodents and lower primates.
The tube 32 must be sufficiently long to extend into the
eye, between the retina and the supporting tissue, and thus
the different tube lengths may be used, depending upon the
procedure being employed and upon the recipient. As shown
and described herein the tube is approximately 2.5
centimeters wide, which is sufficiently wide for making
implants in rodents and lower primates. The tube must be
sufficiently wide to carry an intact cellular structure for
implanting, and thus different tube widths may be used,
depending upon the recipient. As shown and described
herein, the sides 32c and 324 are approximately 0.75
millimeters high. The height of the sides is made as small



Harvesting the photoreceptor |ayer fromthe neonatal retina does not appear

to disrupt tissue organization. Once transplanted, t&&P@Qﬂ%ﬁQﬂC§H§PF | ayer
mai nt'ai ned its characteristic columar arrangenent cel’l_bodi.es r {al
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the site of synaptic contact between the photorecept
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thus may vary depending on the donor and the type of
implantation being made (i.e. how many cell layers are
being implanted and thickness of the substrate).

The distal end 34 of the tube can be beveled to
facilitate both the insertion of the tube into the eye, and
the advancement of the tube between the retina and the
supporting tissues, with a minimum of trauma. The end is
preferably beveled at about 45°, from the top 32a to the
bottom 32b. As shown in Figures 10 and 12, the distal end
34 of the tube 32 is also preferably raked transversely
across the tube (i.e. from side 32c¢c to 324) toward the
proximal end. The rake angle is preferably about 45°. The
raked distal end also facilitates the insertion of the tube
into the eye, and the advancement of the tube between the
retina and the supporting tissue. Moreover, raking the
distal end eliminates a sharp corner that could damage
tissue. _

The tube 32 is preferably concavely curved along
_its longitudinal axis from the distal end 34 to the
proximal end 36, so that the top 32a is on the inside of
the curve, and the bottom 32b is on the outside of the
curve. The curvature of the tube facilitates the
manipulation of the instrument 30 within the eye,
particularly the manipulation of the instrument between the
retina and the supporting tissue on the curved walls of the
eye. The radius of the curvature of the tube will depend
on the procedure and on the recipient.

The instrument 30 also comprises plunger means.
As shown in Figures 10-14, the plunger means is preferably
a flat plunger 40 slidably received in the tube so that
relative siiding motion between the tube 32 and the plunger
40 urges a planar cellular structure that is in the tube



retinal degeneration. |In the rd nouse it is thought that the deficit
resides in the photoreceptor whereas in the RCS it is_thought that the

deficit resides in the pignent epithelium In thesd weprRirvENal OOsT 4
phot or ecept ors 31 -
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out the distal end of the tube. .The plun¢e§—40—ma¥»be~amdé
of polymethylmethacrylate. The proximal end of the plunger
40 projects a sufficient amount from the éroximal end of
the tube 32 that the end of the plunger can be manipulateé
even when the distal portion of the tube is in an eye. The
preferred method of operating the instrument 30 is that
once the distal end of the tube is properly located within
the subretinal area, the plunger 40 is held in place as the
tube 32 is gradually withdrawn to eject the cellular
structure.

Alternatively, as shown in Figure 18, the plunger
means may comprise means for applying hydraulic pressure on
the contents of the tube. 1In this case the proximal end 36
of the tube 32 is connected to a line 41 connected to a
source of fluid under pressure. Fluid can be selectively
supplied via the line 41 to the proximal end of the tube,
to ‘displace the contents of the tube. The fluid may be
Qiscous, for example a 2% carboxymethylcellulose, or
non-viscous. Particularly in the later case, it may be
desirable to have a block 43 of gelatin or some other
substance in the tube to act as a mechanical plunger and to
separate the fluid from the cell structure being
implanted. Gelatin is satisfactory because it is a
simi-solid, and because it will dissolve harmlessly if it
is ejected from the tube.

As shown in Figures 10-13, the instrument 30
preferably also includes a lumen 42, extending generally
parallel with the tube 32. As used herein, lumen refers to
any tube-like vessel, whether separately provided or formed
as a passageway in another structure. The lumen 42 is
attached to one of the sides of the tube 32, and preferably
side 32c so that the distal end of the tube rakes away from
the lumen. The lumen 42 has a distal end 44 generally
adjacent the distal end ‘of the tube, and preferably
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be provided with a connector 48 for connection with a
source of fluid under pressure. Thus the lumen 42 can
eject a stream of fluid from its distal end 44 which
creates a fluid space ahead of the instrument; which helps
separate or detach the retina from the suppofking tissue as
the instrument is advanced. The fluid may be a saline
solution, or some other fluid that will not harm the
delicate eye tissues. Various substances, such as
anti-oxidants, anti-inflammatories, anti-mitotic agents anad
local anesthetics can be provided in the fluid for
treatment of the eye or implanted tissue. _

The raked distal end of the tube 32 follows
generally in the path opened by the fluid, thus minimizing
~direct contact of the instrument and the eye tissue. The
distal end of the lumen may be beveled to facilitate the
advancement of the instrument, particularly at times when
fluid is not being ejected from the lumen. The end is
preferably beveled at about 45°. Of course, rather than
provide a separate lumen 42, the lumen could be formed
integrally in the walls of the tube 32.

A first alternate construction of instrument 30
is indicated as 30A in Figure 15. The instrument 30A is
very similar in construction to instrument 30, and
corresponding parts are identified with corresponding
reference numerals. However, unlike instrument 30, the
instrument 30A includes a fiber optic filament 64 extending
generally parallel with lumen 42, and positioned between
the lumen 42 and the tube 32. The fiber optic filament 64
facilitates the manipulation of the instrument and the
proper placement of the implant in two ways: a light source
can be provided at the proximal end of the fiber optic
filament so that the filament provides light at the distal



becom ng physically attached to the outer portion of__the host retina.and
stained positive for opsin. In addition, the host 1eREMACEMERNESHEERL { ached
to the pignent epithelium In the rd nouse{alrest—atd

phot oreceptors are elimnated by day 21. It was found'hg t%ﬁ@ﬁ egeptors
from a non-dystrophic congenic controhggguse can bef{tra §| tojtheir
appropriate site within the adult rd e eye that il acks photarecept prs.

These transpl anted photoreceptors were found to surVive for as |ong ai
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observation at the distal end of the instrument.
Additionally, the fiber optic filament could allow for
laser;light cautery to control subretinal bleeding. Of
course, rather than provide a separate fiber optic filament

64, fiber optic filaments could be incorporated into the
walls of the tube 32 or the lumen 42.

A second alternative construction of instrument
30 is indicated as 30B in Figure 16. The instrument 30B is
very similar in construction to instrument 30, and
corresponding parts are identified with corresponding
reference numerals. However, unlike instrument 30, the
instrument 30B includes a lumen 66 extending generally
parallel with lumen 42, and positioned between the lumen 42
and the tube 32. The lumen 66 allows for the aspiration of
material from the distal end of the instrument. The _
proximal end of the lumen 66 can be connected to a source
of suction, to remove excess fluid and debris. It is
possible to incorporate the lumen 66 into the wall of the
tube 32. '

A third alternative construction of the
instrument 30 is indicated as 30C in Figure 17. The
instrument 30C is very similar in construction to
instrument 30, and corresponding parts are identified with
corresponding reference numerals. However, unlike
instrument 30, the instrument 30C includes a pair of lead
wires 65, terminating in an electrode 67 at their distal
ends. The electrode 67 allows for cauterization of blood
vessels. The proximal ends of the 1leads 65 can be
connected to a source of electrical power to seal broken
blood vessels. It is possible to incorporate the leads 65
into the wall of the tube 32.
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.Qf course, two or mbre of the features described
with respect to -the alternate embodiments 30aA, 30B, and 30C
could be combined, if desired.

To transplant the retinal cells, including
photoreceptors, the host eye is prepared so as to reduce
bleeding and surgical trauma. A transcorneal surgical
approach to the subretinal space is one such approach and
it will be understood that other surgical approaches, such
as transscleral and choroidal may also be used. The
preferred surgical approach in the rodent, Fig. 19,
includes making a transverse incision 70 in a cornea 72 of
sufficient size so as to allow insertion of a surgical
instrument illustrated schematically by reference
characters 10 or 30. The instrument 10 is advanced under
the iris, through the cornea 72 and to the ora serrata 74
as illustrated in Fig. 19. The iris should be dilated for
example, with topical atropine. When the instrument 10 is
used, it detaches the retina as it is advanced under the .
retina and into the sub-retinal space to the posterior pole
76 of the eye.

The channel defined by the side rails 12, 14 and
the intermediate cell supporting platform provides for the
graft -comprising a photoreceptor layer 54 attached to the
gelatin substrate to be placed on the instrument 10 and
guided into the sub-retinal space, preferably with forceps
or other suitable instruments. After positioning the
photoreceptor layer at the desired transplant site, the
gelatin is held in position with the forcéps while the
carrier is removed. The edges of the corneal incision are
abutted after removal of the forceps to allow rapid,
sutureless healing. The eye should be patched during
recovery.

If the surgical instrument 30 (Figures 10-14, and
18) is wused instead of the instrument 10, the graft




(normal) were transplanted to the subretina
nmonth old) RCS rats. A two nonth survival period was al |l owed because in

this time period alnost all host photoreceptors degenerate in the RCS rat.

space in the eye of adult (3
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drawn into the elongate tube 32. The instrument 30 is then
inserted through an appropriate sized incision in the
cornea and advanced under the iris. The iris will have
been dilated, for example, with topical atropine. The
instrument 30 is advanced to the ora serrata 74 of the host
eye. If the instrument 30 includes a lumen 42, the retina
is detached by the gentle force of a perfusate such as a
saline-1like fluid, carboxymethylcellulose, or 1-2%
hyluronic acid ejected from the lumen 42. Advantageously,
the £fluid may additionally contain anti-oxidants,
anti-inflammation agents, anesthetics or agents that slow
the metabolic demand of the host retina.

If the instrument 30 does not include a lumen 42,
the retina is detached by the walls of the surgical
instrument as it is advanced under the retina and into the
subretinal space'fo the posterior pole 76 of the eye. The
graft comprising a photoreceptor layer attached to the
gelatin substrate is then transplanted by moving the tube
32 in a direction away from the eye while keeping the
plunger 40 stationary. ~'The plunger 40 is carefully
withdrawn out of the eye and the edges of the corneal
incision are abutted after removal to allow rapid,
sutureless healing. Retinal reattachment occurs rapidly
and the photoreceptor sheet is held in place in a
sandwich-like arrangement between the retina and the
underlying eye tissues.  The incision may reguire suturing.

Fig. 20 depicts a trans-choroidal and scleral
surgical approach as an alternative to the transcorneal
approached described above. Except for the point of entry,
th= surgical technique is essentially the same as outlined
above. Nevertheless, - the transcorneal approach is
preferred because it has been found to reduce bleeding and
surgical trauma. ’



conpletely normal in that the nunber of outer segnments is reduced. However,

phot oreceptors | acki ng outer segnents are still capabl e of

phot ot ransduction as indicated in Pu et al., J. Neo q&@ 1 19
1984. The relative scarcity of outer segnents has LAGEWENT 5R En
retina transplanted to the tecum These retina have b en shown ti ke
functional as indicated in Sinon et al. 2 Soc. Neor olscj . SAbdAN 19910:]66
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bet ween phq! ¥RGEM K ised and the choroidal and epithelial tissue is

diathermized. The surgical tool is then inserted through

the incision, the retina is intercepted at the ora serrata
and the graft 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

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.

It is known that the retina does not necessarily
undergo glial scar formation when it is damaged, unlike the
adult central nervous system as disclosed by Bigami et al.,
Exp. Eyvye Res, 28:63-69, (1979), and McConnel et al., Brain
Res. 241:362-365 (1982). McConnel et al. 'suggest that this

characteristic 1lack of scar tissue contribute to a
potential of retinal cells to regrow severed axons within
the eye.

In accordance with the present invention, it has

recognized.thét regrowth of photoreceptor axons may be

facilitated by the proximity of the post-synaptic targets

of the photoreceptor within the adjacent outer plexiform

layer. In addition, growth across substantial intervening

neural or glial scar tissue is not necessary in order for

transplanted photoreceptors to make appropriate connections

with the recipient retina including neural connections.

The following examples illustrates the invention.

- EXAMPLE 1
E . tal Animal

Adult albino rats (Sprague-Dawley) were exposed

to constant illumination averaging 1900 lux for 2 to 4

weeks as described in O‘'Steen, Exp. Neurol, 27:194 (1%70).
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As shown in Fig. 1, this expdsure destroys most
photoreceptors, eliminating cells of the outer nuclear
layer but 1leaving the remaining neural retina intact.
Photoreceptors for transplantation were taken from
8-day-0ld normal rats of the same strain that had been
maintained under colony room illumination (10--20 lux) on a
12 hr/12 hr light/dark cycle. Experimental animals were
anesthesized with ketamine and sodium pentobarbital. A
preoperative dose of dexamethasone (10 mg/kg IP) was also
administered. '

Photoreceptor Preparation

The retina from the anesthetized 8-day-old rat
was removed, flattened with radial cuts and placed with the
receptor side down on a gelatin slab secured to the
vibratome chuck. Molten gelatin (4-5% solution) was
deposited adjacent the retina at the retina/gelatin
interface and then cooled to 4°C with ice-cold Ringer's
solution. The retina was sectioned at 20 to 50 um until
the photoreceptor layer was reached. When the
photoreceptor layer was reached, the stage was advanced and
a thick (200 to 300 um) section was taken, undercutting the
photoreceptor ‘layer secured to the gelatin base.

Dil Labeli

The isolated outer nuclear layer was cultured
overnight with 40 pg/ml of d4iIl (1l,1'-dioctadecyl-3,3,3',3’'-
tetramethylindocarbocyanine perchlorate in Earle's MEM
containing 10% fetal calf serum, incubated under 95%/5%
oxygen/carbon dioxide mixture at room temperature.
Labeling technigues and fluorescent microscopy were
otherwise as outlined by Honig et al., J. Cell. Biol.
103:17, 1986. Dil was removed from sections that were to
be counterstained with FITC-labeled RET-P1l opsin antibody
by prior washing in acetone. '



Anderson.et al., Invest. Opthalnol. Vis. Sci. 24:906-926, 1983.

The procedures of Exanple 1 were repeated except a
phot oreceptors were originally harvested at the ear
in which the photoreceptors could be isolated from
retina (7-8 days old) since it is generally believe
and undifferentiated neural tissue surV|§gs transp
nore mature and differentiated tissue. To deter
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A transverse incision was made in the cornea
sufficient to allow insertion of a surgical instrument 10
that is 2.5 mm wide with side rails 0.5 mm high or surgical
instrument 30. The instrument was advanced under the iris
(dilated with topical atropine) to the ora serrata,
detaching the retina. The carrier was then advanced under
the retina into the subretinal space to the posterior pole
of the eye. The instrument allowed a graft comprising a
piece of the photoreceptor layer attached to the gelatin
substrate (up to 2.5 X 4 mm) to be guided into the retinal
space by fine forceps. The instrument was then removed
while the gelatin was held in position by the forceps.
Following removal of the forceps, ghe edges of the corneal
inéision were abutted to allow rapid, sutureless healing.
The eye was patched during recovery and a prophylactic dose
of penicillin was administered. Upon removal of the patch,
a verterinary qphthalmic antibiotic ointment was applied.

Transplant recipients were maintained on a 12
hrs/12 hr light/dark cycle with an average light intensity
of 50 lux. Following appropriate survival times, the
animal was overdosed with pentobarbital and perfused
transcardially with phosphate buffered 3%
paraformaldehyde-2% gluteraldehyde solution. Cryostat
sections of both the light-blinded eye (control) and the
eye receiving the photoreceptor transplant were then cut
(20 pm).

I histochemis

Antibody labeling for opsin was performed on
retinas fixed with 3% paraformaldehyde and cryosectioned at
20 um. Immunohistochemical methods were otherwise as
described in Hicks, et al., J, Histochem Cytochem 35:1317
(1987). Elimination of the primary antibody eliminated
specific 'labeling for opsin.



rats into |light damaged adults. These show progressi ve devel opnent and
mat urati on of the photoreceptors including mature outer segnents (at 15 and

30 days).
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transplantation are shown in Figs. 22-24. Fig. 22 is a
low-power photomicrograph showing the location of the
photoreceptor transplant (between arrowheads) at the
posterior pole of th host eye Bar = 0.5 mm. Figure 23 is a
higher-power photomicrograph showing the interface between
the transplant and the adjacent retina devoid of outer
nuclear layer. Arrows indicate the extent of the
transplant (T). Arrowheads indicate three possible
residual photoreceptors that survived constant
illumination. Note their fusiform shape contrasts with the
rounder, more normal shape of the transplanted
photoreceptors. H & E stain. Bar = 100 um. Figure 24 is
a FITC fluorescent micrograph of ahtibody Ret P-1 specific
for opsin in a section adjacent to that shown in Fig. 23.
Arrows indicate the extent of the transplant. Transplanted
cells are 1labeled for opsin indicating they are
photoreceptors. Some nonspecific fluorescence is evident
adjacent to the transplant. Bar = 100 pum.

' Cryostat sections made at 3 weeks
post-transplantation are shown in Figs 25A-C. Fig. 25A is
a H & E-stained photomicrograph of ‘a transplant and host
ret.na. Note the cell-sparse layer that resembles the
outer plexiform layer interposed between the host retina
and the transplant. Fig. 25B is a dil fluorescent
photomicrograph of adjacent section. Transplanted
photoreceptors show dil fluorescence, identifying them as
donor tissue. Fig. 25C is a FITC fluorescent micrograph of
antibody RET-Pl in a section adjacent to that shown in Fig.
25A. Transplanted cells are labeled for opsin, indicating
that they are photoreceptors. Bar = 50 pm.
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The procedures of Exanple 1 were repeated except as

not ed. Photoreceptors were taken fromthe retina of
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Results

By using the transcorneal approach, it was found
that the positioning of the photoreceptor layer between the
host's retina and the'adjacent epithelial and choroidal
tissue layers of the eye could be accomplished while
minimizing the vascular damage and subsequent bleeding into
the eye. 1In addition, it was found that this approach does
not appear to disrupt the integrity of the retina, which
reattaches to the back of the eye with the transplaﬂted
photoreceptors interposed between the retina and the RPE.
As shown in Figures 21-24, retinal reattachment appears to
be facilitated in the immediate area of the transplant.
{(The "T" indicates transplanted sheets of photoreceptor
cells).. Using this insertion method, it was possible to

position the photoreceptors at the posterior pole of the

retina (Fig. 22).

To determine the viability of the transplanted
photoreceptors, cryostat sections (20um) were made from
both the blinded eye (control) and the eye receiving the
photoreceptor transplant at 2, 4, or 6 weeks after
transplantation. It was found that the photoreceptors
survived trarsplantation at all times tested (36 out of 54
transplants). In most instances, the surviving transplant
approximated its size at the time of transplantation. More
importantly, there was no apparent reduction in transplant
size with longer survival times, suggesting that the
transplants were stable. -

As a control, the contralateral eyes that did not
receive a photoreceptor transplant were examined. In these
eyes, the retinas possessed very few residual
photoreceptors located adjacent to the outer plexiform
layer and the RPE. However, these residual cells were
abnormal in their appearance, having flattened, pyknotic
cell bodies instead of the rounded cell bodies of normal



donat ed human eyes (obtained fromthe MO Lions and St. Louis Eye Banks)
fol.l ow ng corneal renpbval. A portion of the retinas Wm QFPEET
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staining. The photoreceptors excluded dye and appe r d to be
condition. Hosts were adult al bino rats gpmune- suppr séd]dﬁﬂhgggclosporin
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I mmune- suppr essi on successful transplants were seen jat "all survival tilnes
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positive for antmoa$lmppear as a single or double layer of cells (see

Fig. 23) located mainly in the peripheral retina.

The transplanted cells were easily distinguished
from the residual photoreceptors by a number of
parameters., First, they were found in discrete patches and
have the characteristic columnar stacking arrangement of up
to about 12 cell bodies that is characteristic of
photoreceptor cells in the outer nuclear layer of the
normal retina. They did not have the flattened appearance
of the residual native photoreceptors, but instead have the
round, nonpyknotic cell body typical of normal transplanted
cells. Furthermore, the transplanted photoreceptors can
form rosette configurations, a characteristic of
transplanted and cultured retina while residual
photoreceptors were not found in these configurations.

To eliminate the possibility that the surgical .
procedure in some manner induced the regeneration of native
photoreceptors, sham operations were performed. All
procedures were performed as with the photoreceptor
transplants éicept that no photoreceptors were attached to
the inserted gelatin slab.” While the retina reattached to
the back of the eye, in no instance were patches of
photoreceptors found.

To positively identify the photoreceptor patches
in experimental animals as transplanted tissue, the donor
outer nuclear layer was labeled with the fluorescent marker
dil prior to the transplantation. As shown in Fig. 25B,
the photoreceptor patches were fluorescently labeled while
the host retina did not show dil fluorescence.

To confirm that the transplants consisted of
photoreceptors, a monoclonal antibody specific for opsin,
RET-Pl was used. As opsin is found only in photoreceptors,



anti body RET-Pl, identifying the transplanted cells as photoreceptors and
further indicating that they are still capable of produci -syal

pi gnent . In contrast, transplants to inmune-co ﬁwgﬂSSBHH d signs
of rejection within one week of transplantati on. 4dd lani mal s
showed no repopul ation of the host retina with phptprecept 97
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any cell showing labeling for opsin was, therefore,
identified as a photoreceptor. As can be seen in Figs. 24
and 25C, the transplanted cells stain intensely for opsin
whereas other retinal cells are unstained. Positive
staining for opsin not only identifies these cells as
photoreceptors but indicates that these cells are still
capable of producing the protein moiety of visual pigment.
Retina adjacent to the region of the transplant shows only
a few isolated photoreceptor cell bodies (Fig. 23) that do
not stain for opsin (Fig. 24) suggesting that they are
cones. Their lack of opsin staining, as well as their
location and appearance in H & E-stained material, confirms
that these cells are the host's residual photoreceptors
(Fig. 23). )

. Harvesting the photoreceptor layer from the
neonatal retina does not appear to disrupt tissue
organization. Once transplanted, the photoreceptor layer .
maintained its characteristic columnar arrangement of cell
bodies for all survival times examined, thus forming a new
outer nuclear. layer within the host's retina. In some
cases, strict polarity was lost and the rosettes were
formed. By light microscopy, the new layer appeared to be
attached to the host's outerplexiform layer (Figs 22 and
25A). This layer normally is the site of synaptic contact
between the photoreceptors and the retina.

EXAMPLE 2

The procedures of Example 1 were repeated except
as noted. Substituted for the Sprague-Dawley rats were the
rd mouse and the RCS rat which are afflicted with inherited
retinal degeneration. In the rd mouse it is thought that
the deficit resides in the photoreceptor whereas in the RCS
it is thought that the deficit resides in the pigment
epithelium. 'In these animals, almoét all photoreceptors
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are eliminated while the r¢ 1ining retih&~%&~p¢es€rV§ﬁT"
neither the rd mouse or th. RCS rat were blinded by
constant illumination as set forth in Example 1. The rd
mouse and the RCS respectively received transplants of
immature (7-8 day o01ld mouse or rat) and mature rat
photoreceptors.

rd mouse
The transplantation technique was adapted to the

smaller size of the mouse eye. This modification allowed
sheets of intact outernuclear layer to be transplanted to
the subretinal space of the mouse eye. Neonatal (8 days
old) photoreceptors were transplanted from rd control mice
to the subretinal space of adult rd mice. Survival times
were for 2 weeks to 3 months. At 2ll survival times, it

. was found that the transplanted photoreceptors survived,
becoming physically attached to the outer portion of the
host retina and stained positive for opsin. In addition,
the host retina became reattached to the pigment epithelium.

In the rd mouse almost all photoreceptors are

eliminated by day 21. It .was found that photoreceptors
from a non-dystrophic congenic control mouse can be
transplanted éo their appropriate site within the adult rd
mouse eye that lacks photoreceptors. These transplanted
photoreceptors were found to survive for as long as tested
(3 months). This length of time is significant since
photoreceptors of the rd mouse show signs of degeneration
after about 2 weeks and are almost completely eliminated
after 3 weeks. The survival of transplanted photoreceptors
from congenic normal donors to the adult rd mouse within
the rd mouse supports findings that indicate that the
deficit within the rd mouse which causes the degeneration
of photoreceptors is endogenous :to the rd photoreceptors
themselves. ’ e ~ )
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made under two different visual stinulus conditions: 1)

strobe flicker at 10z. Fig. 27 illustrates the results of these
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eye of adult (3 month 0ld) RCS rats. A two month survival
period was allowed because in this time period almost all
host photoreceptors degenerate in the RCS rat. It was
found that the grafted photoreceptors survive
transplantation to the subretinal space of the RCS rat and
show histotypic as well as immunological characteristics of
normal photoreceptors. In addition, it was found that
transplanted photoreceptors survive within their homotopic
location in the RCS rat whereas the RCS's own
photoreceptors do not.

Results -

While it has been . found that the transplanted
photoreceptors survive, produce opsin, and apparently
integrate with the recipient retina, they do not appear
completely normal in that the number of outer segments is
reduced. However, photoreceptors lacking outer segments'
are still capable of phototransduction as indicated in Pu
et al., J, Weorosci,, 4:1559-1576, 1984. The relative
scarcity of outer segments has also been noted in retina
transplanted to the tecum. These retina have been shown to
be functional as indicated in Simon et al., Soc. Neorosci.,
Abstr., 10:668, (1984).

Conventional reasoning attributes the observed
deficiency in outer segments to be the possible consequence
of the lack of appropriate apposition of the RPE to the
photoreceptors as indicated in LaVail et al., (1971), noted
above. However, it has been found that RPE is present and

- in apparently normal apposition to the .photoreéeptors,

thus, the scarcity of outer segments here would not appear
to be related to inadequate contact between photoreceptor



| ayer). As shown in panel 27B, with strobe flicker stinulation 2DG upt ake
extends through the thickness of the normal retina. These patterns of 2DG
upt ake are in good agreenment with the known physi ol ogi cgl—cha+aectert-stieg
of the retina. The outer retina mght be expecf eREPLACEMINY SHEET ADG
uptake in the dark since photoreceptors, horizontal andi spme~bip IIs
are maximally depolarized in this situation. As strobe f g7t rio
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and RPE. The failure of outer segment growth in the
presence of photoreceptor apposition to the RPE has also
been seen following retinal reattachment as reported by
Anderson et al., Invest. Opthalmol. Vis. Sci. 24:906-926,
1983. ) ’

EXAMPLE 3

The procedures of Example 1 were repeated except
as noted.

Donor photoreceptors were originally harvested at
the earliest ontogenetic time in which the photoreceptors
could be isolated from other portions of the retina (7-8
days old) since it 1is generally believed that more
embryonic and undifferentiated neural tissue survives
transplantation far better than more mature and
differentiated tissue. To determine the effect of
developmental age on photoreceptor survival and ability to
integrate with the host retina, photofeceptors were
subsequently transplanted from 8, 9, 12, 15 and 30 day.old
rats into light damaged adults. These show progressive
development and maturation of the photoreceptors including
mature outer segments (at 15 and 30 days). {

Using the same criteria as in Example 1, it was
found that for all ages tested the transplants survived for
as long as examined (2 months) and integrated with the host
retina. Figure 26, panei A, is a photograph of a
transplant of mature photoreceptors (30 day .0ld donor) to
adult light damaged host. (T, Transplant). 120X. These
observations suggest that photoreceptors have
characteristics that differ from other neural tissue that
permits them to be transplanted when they are essentially
mature while other neural tissue must be at a very immature
stage for successful transplantation to occur.
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EXAMPLE 4
The procedures of Example 1l were repeated except
as noted. Photoreceptors were taken from the retina of
donated human eyes (obtained from the MO Lions and SEt.
Louis Eye Banks) following corneal removal. A portion of

the retinas were tested for viability by dye exclusion with

trypan blue and didansyl cystine staining. The
photoreceptors excluded dye and appeared to be in good
condition. Hosts were adult albino rats (immune-suppressed

with cyclosporin A or immune-competent) exposed to constant

illumination.

With immune~-suppression successful transplants
were seen at all survival times so far examined (one and
two weeks; five of nine cases), showing apparent physical
integration with the host retina and maintaining
morphological features of. the outer nuclear layer as
illustrated in Fig. 26B which shows a transplant of human.
photoreceptors from adult donor to adult light damaged rat
host. (T, transplant). 120X.

The transplants stained positive for antiopsin
antibody RET-Pl, identifying the transplanted cells as
photoreceptors and further indicating that they are still
capable of producing visual pigment. In contrast,
transplants to immune-competent hosts showed signs of
rejection within one week of transplantation. Sham
operated animals showed no repopulation of the host retina
with photoreceptors.

EXAMPLE 5
The procedures of :Example 1 were repeated except

as noted.

The 2DG functional mapping technique developed by
Sokoloff et al., J. Neurochem. 28:897-916 (1977) allows the
measurement of the relative levels of neural activity for a
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Accordingly, patterns of 2DG uptake in the

nner

normal

retina were compared to that seen in the light-damaged

retina, with and without a photoreceptor transplant.

These

comparisons were made under two different visual stimulus

conditions: 1) darkness and 2) strobe flicker at 10z.
27 illustrates the results of these comparisons.

Fig.
H&E

stained retina with corresponding 2-deoxyglucose

autoradiographs. A and B normal retina. Sections
slightly tangentially to expand retinal layers.
Dystrophic (light-damaged) retina plus photoreceptor

cut
C.

transplant (T) left of arrow. Black and white lines.at
left on 2DG autoradiograph bracket lower 2DG uptake in
inner plexiform and ganglion cell layers. D. Dystrophic

retina plus photoreceptor trahsplant left of arrow.
outer nuclear layer, T; transplant, DYST; dystrophic,
0.5 mm.

ONL;
Bar -

As shown in panel 27aA, in darkness 2DG was

preferentially taken up in the outer portion of normal

retina (photoieceptors and possibly the inner nuclear

layer). As shown in panel 27B, with strobe flicker
stimulation 2DG uptake extends through the thickness
normal retina. These patterns of 2DG uptake are in

of the
good

agreement with the known physiological characteristics of

the retina.

The outer retina might be expected to show high

2DG uptake in the dark since photoreceptors, horizontal and

some bipolar cells are maximally depolarized in this

situation. As strobe flicker is a strong stimulus for the

retina including the amacrine and retinal ganglion cells,

2DG uptake across the entire retina is also to be
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expected. It therefore appears that the 2DG uptake pattern
in normal retina reflects relative degrees of neural
activity or neural depolarization, and therefore is a
useful indicator of neural activity in the retina as it is
in other areas of the nervous system.

In the light-damaged retina which received a
photoreceptor transplant, the pattern of 2DG uptake was
also dependent on the stimulus conditions. In..the dark,
preferential uptake of 2DG was limited to. the photoreceptor
transplant and the adjacent host inner nuclear layer while
relatively lower uptake was present in the host‘'s inner
plexiform and ganglion cell layers. However, in the strobe
flicker condition, high 2DG uptake is present in the
transplant and, in addition, extended through the thickness
of the host's retina - but only in the area of the
photoreceptor graft (Fig. 27D). Adjacent host retina which
did not receive the photoreceptor transplant shows
relatively low 2DG uptake.

In darkness, both the normal retina and the
light-damaged retina receiving the photoreceptor transplant
show relatively high uptake of 2DG in the photoreceptor and
inner nuclear layers. The similarity in the relative
uptake patterns between these cases suggests Ethat the
transplanted photoreceptors may have similar functional
characteristics as normal photoreceptors (i.e., they
depolarizé in. the dark and are capable of inducing a
sustained depolarization of some cells in the host's inner
nuclear layer).

In strobe flicker, the light-damaged retina
receiving the photoreceptor transplant showed high 2DG
uptake through the entire thickness of the retina much like
that seen in the normal retina under the same stimulus
condition. Adjacent light-damaged retina that did not
receive a photoreceptor transplant showed relatively low

A
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EXAMPLE 6

2DG uptake. These comparison5'sh6w that the pattern of 2DG
uptake in the light-damaged retina approximates that seen
in the normal retina only in areas of the host retina that
received photoreceptor grafts. Adjacent areas of the host
retina show relatively low levels of 2DG uptake in both
stimulus conditions. The similarity in the 2DG uptake

. patterns between the 1light-damaged retina following
photoreceptor grafting and the normal retina in both
stimulus conditions suggests that the photoreceptor
transplant is capable of light-dependent activation of the
light-damaged retina.

EXAMPLE 6

The procedures of Example 1 were repeated except
as noted.

While activation of the host retina by the
transplanted photoreceptors was seen with deoxyglucose
mapping the nature of this activation was unclear.
Specifically, does such activation represent a nonsynaptic
modulation of neurotransmitter release by the transplanted
photoreceptors or are the transplanted cells forming
synapses with elements of the host retina?

To address this issue, the ultrastructure of the
reconstructed retina was investigated. Following
appropriate survival times, animals were euthanized by
overdose and immediately 'enucleated. Control and
experimental eyes for light microscopy were fixed overnight
in Bouin's solution. Following dehydration and clearing,
the tissue was embedded in paraffin. Sections were cut on
a rotary microtome. Eyes destined for plastic embedment
were fixed for 2 hours in buffered 2.5% glutaraldehyde.
After % hour of adehyde fixation, the anterior segment and
lens were removed to facilitate penetration of the
fixative. Following primary fixation, eyes for 1light
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pl astic enbggdeeBtome using glass "Ralph" knives. In eyes for
ultrastructural analysis, the area receiving the transplant.

was localized using the Dil label and excess tissue was
trimmed before osmium postfixation. Following dehydration
and clearing, the tiséue was embedded in Epon/Araldite
{Mollenhauer, 1964). Blocks were surveyed by staining
semithin sections with toluidine blue. When the transplant
was located, thin sections were cut and stained with uranyl
acetate and lead citrate for examination on the EM.

A new outer plexiform~iike layer was visible at
the interface of the transplanted ONL and the host inner
nuclear layer. Ribbon synapses were evident within this
OPL. These synapses are_characteristic of those formed by
rod photoreceptors, with an electron dense ribbon
surrounded by a cluster of vesicles. Ribbon synapses are
found only rarely in control light-damaged retina. In _'
addition to ribbon synapses, the transplanted
photoreceptors also display inner segments, connecting
cilia, and outer segment membranes. These results suggest
that synaptic connections between transplanted
photoreceptors and host cells were made indicating that the
light-dependent activation may, at least in part, be
synaptically mediated.

EXAMPLE 7

The procedures of Example 1 were repeated except
as noted.

The functional capabilities of the transplanted
photoreceptors and reconstructed retina was ascertained by
recording visually evoked cortical potentials ("VEP"). To
record the VEP, animals were implanted with stainless-steel
screw electrodes embedded in the skull. The active
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electrodes were placed 2 mm énterior to 1lambda
(bilaterally), and referred to a second electrode placed
anterior to bregma. Both electrodes were placed 2 mm
lateral to the midline and positioned on the dura. A third
screw was placed above the nasal cavity to serve as a
ground electrode.

Responses of the VEP were elicited by strobe
flash test stimuli generated by a Grass PS-2
photostimulator directed toward one eye with the other eye
covered by a patch. Responses were differentially
amplified (Grass P-15D preamp), displayed on a Tectronix
#564 éscilliscope and then averaged by a Macintosch IIx
computer using LabView.

It was found that the reconstructed retina can
produce a light-evoked electrical response in the visual
cortex whereas the unreconstructed fellow eye showed little
or no response to the same light stimulus.

EXAMPLE 8 _

The procedures of Exampie'l were repeated except
as noted. ' ' '

With indications - that neural activity is
generated in the central nervous system by the
photoreceptor transplant and the reconstructed retina the
question arises at to whether this neural activity can be
processed appropriately by the central nervous system to
produce an appropriate behavioral response to the sensory
stimuli. Previous studies have shown that neural
transplants to the brain can restore appropriate behavioral
activity (Bjorklund et al., Neural Grafting in the
Mammalian CNS. Elsevier, Amsterdam, 1985). Klassen and
Lund Proc. Natl. Acad. Sci. USA B4: 6958-6960, 1987; and
Exp. Neurol. 102: 102-108, 1988 have shown that neural
transplants can restore the pupillary reflex mediated by
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Rats with dystrophic retinas received a
photoreceptor transplant as described in Example 1. At
various post-surgical time intervals (E.G., 2, 4 and 8
weeks, etc.) animals were anesthesized and held in a
stereotaxic device. An infrared video. camera was focused
on the eye through an operating microscope and the eye
illuminated with infrared light. To test for pupillary
reflex, a light beam controlled by a camera shutter within
the operating microscope was used. This light was focused
on the eye. The pupillary response to the light at graded

. intensities (intensity of the 1light was controlled by
neutral density filters) was recorded by video camera
connected to a frame grabber system. The pupillary reflex .
was then analysed using automated imageprocessing software
(Ultimage, GTFS, Inc.)

It was found that retinas reconstructed with
photoreceptor transplants do in fact show a comparatively
normal pupilléry reflex to .light (pupillary constriction)
whereas the fellow dystrophic eye shows only a minimal
reflex that is aberrant in form (pupillary dilation). The
results are shown in Figure 28. Panels a and b are of the
reconstructed retina. Panel a shows the iris at 1light
onset whereas panel b shows the same eye at 5 seconds after
light onset. Comparison of panel a to panel b shows a
normal pupillary constriction mediated by light. Panels c
and 4 show the fellow blinded eye that received sham
surgery with panel ¢ showing the iris at light onset and
panel 4 showing the iris 5 seconds later. Comparison of
panels ¢ and d show an increase in pupil size with light.
This response is aberrant in form and is characteristic of
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These results show that neural transplantation
can reconstruct the host's own sensory end organ - in this
case the eye - to restore an appropriate behavioral
response (i.e., the pupillary reflex) to sensory stimuli.
These results have profound significance for the
feasibility of the restoration of vision by photoreceptor
transplantation.

EXAMPLE 9

The procedures of Example 1l were repeated except
as noted. '

Photoreceptors were taken from mature macaque
retina (animals sacrificed for other research) or the
retina of donated human eyes (obtained from the St. Louis
Eye Bank) using vibratome section of the flat-mounted
retina to isolate the intact outer nuclear layer. Hosts
were mature macaque monkeys treated with iodoacetic acid .
(30 mg/kg given on 3 successive days) which selectively
eliminates host photoreceptors in non-macular areas of the
retina while }eaving the remaining retina intact. This
treatment did not compromise central vision and therefore
maintained sight required for Dbehavioral and .
physiologically important functions (e.g., locating of food
and water, visually guided locomoter activities, grooming,
maintenance of circadian rhythms). _

The isolated outer nuclear layer was transplanted
following a pars plana vitrectomy (a standard surgical
technique) using a trans-scleral approach to the subretinal
space. The photoreceptors were inserted under a focal
retinal detachment induced by the formation of a subretinal
bleb. The bleb was created by the infusion of ophthalmic
balanced salt solution. The reconstructed retina was
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reattached -to the back of the eyé by pneumatic tamponade
with the transplanted photoreceptors interposed between the
retina and the underlying pigment epithelium.- Daily
injections of cyclosporin A and dexamethasone were made to
suppress any possible transplant rejection.

It was found human photoreceptors survive
transplantation to the non-human primate eye for as long .as
tested (2 weeks). These results indicate that mature human
photoreceptors can be transplanted to the non-human primate
eye. Since the non-human primate eye is almost identical
to the human eye it is expected that human photoreceptors
can be successfully transplanted to the human eye.

From the foregoing description those skilled in
the art will appreciated that all aépects of the present
- invention are realized. The present inventioﬁ provides an
improved surgical instrument that is adapted to provide
cell organization during transplantation of the
photoreceptors. With the surgical instrument of this
invention cell organization is maintained during
photoreceptor, RPE, and choroidal transplantation while
minimizing trauma to the transplanted tissues, the host eye
and retina. It is believed that retina reattachment and
subsequent substantially normal function of the
reconstructed retina, in view of the transplant, is thereby
facilitated. The present invention provides an improved
surgical 1nstrument that is constructed to allow relatively
large expanses of the RPE, choroidea, and photoreceptor
cell matrix or column to be transplanted to a sub-retinal
space. Maintaining normal layer configuration of the
photoreceptors, RPE, and choroidea allows these tissues to
be transplanted to the appropriate position within the
eye. The subsequent integration of the transplanted
photoreceptors, RPE, and choroidea with the blinded retinsa
facilitates reconstruction of the blinded retina. The
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present invention provides an improved surgical instrument
that protects photoreceptors from damage as the surgical
device is positioned in the eye. The present invention
provides a method of photoreceptor or retinal pigment
epithelium isolation and transplantation that, maintains to
the extent possible the normal organization of the outer
nuclear layer and these other tissues. The present
invention provides a method of cell and tissue isolation by
which cells can be isolated without disruption of their
intercellular organization. With the method of this
invention retinal cells, such as retinal photoreceptors can
be isolated without the disruption of the intercellular
organization of the outer nuclear léyer or other layer of
the retina, RPE, and choroidea.

A number of features of the transplanted cells
are that they are and remain alive; they produce opsin,
important for phototransduction; they are functional (i.e.,
activated by 1light); and the transplanted photoreceptors
activate a previously blinded retina in a light dependent
fashion. .

Attachment of retinal tissue to the gelatin
substrate allows extended periods of in vitro culture of
retinal tissues by: maintaining organization of tissue in
culture; and allowing for a better viability of cultured
tissue.

While a number of embodiments have been shown and
described, many variations are possible. Photoreceptors

.. can be transplanted to retina in which the host's or
recipient’'s photoreceptors are 1lost by environmental
(constant light) or inherited defects. (See: S. E. Hughes
and M. S. Silverman (1988) in "Transplantation of retinal
photoreceptors to dystrophic ‘retina®”, Soc. Neworosci.
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cells maintain Dbasic chatacter1st1cs normal

photoreceptor cells by producing opsin and maintaining an
intercellular organization and apposition to the host
retina that is similar to that seen in the normal outer
nuclear layer. The surgical instruments may be larger for
‘'use in humans. Other approaches to the subretinal space
may be used, e.g., trans-scleral, choroidal. Other
substrates besides gelatin can be used, e.g. augar,
augarose, in fact improved substrates could include factors
that can be integrated into gelatin, for example,
neurotrophic factors). It is believed that attachment to
gelatin or equivaient substrates will allow prolonged in
vitro culture, or cryogenic freezing, and similar storage,
while allowing for the maintenance of tissue organization
and viability. Finally, it is believed that other methods
of attaching retina to substrate can be used, such as
lectins, or photo-activated cross-linking agents.

It has been shown that this invention provides a
method to isolate the intact photoreceptor layer. This is
significant because it will be necessary to maintain tight
matrix organization if coherent vision is to be restored to
the retina comprised by the loss of photoreceptors. A
surgical approach has been disclosed which minimizes trauma
to the eye and allows controlled positioning of sheets of
transplanted photoreceptors to their homotopic 1location
within the eye. In addition these methods for
transplantation and isolation of photoreceptors could be
utilized to prepare and transplant other retinal layers so
that selected populations of retinal cells can be used in
other neurobiological investigations and <clinical
procedures. It is believed that these other retinal
layers, once they are flattened, appropriately sectioned,
and appropriately affixed to a stabilizing substrate or
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a behaviorally appropriate response to sensory sti k@awysﬂﬂﬂ
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in vitro, -cryogenic), or culturing similar to the methods
described herein for photoreceptor layers.

The necessity for prompt re-vascularization
typically limits the ability to transplant most neural
tissue, but not photoreceptors. The photoreceptor layer of
a retina and the ("RPE") ' is non-vascularized.
Non-vascularized tissue shows the least amount of tissue
rejection. Consequently, it is believed that genetically
dissimilar photoreceptor cells may be transplanted in
accordance with the present invention. Matching of host
and donor histocompatibility antigens will probably be
necessary for transplantation of the retinal pigment
epithelium and choroidea.

-Photoreceptors can be transplanted when
deveiobing or when mature. Not only can mature rat
photoreceptors be transplanted, but mature photoreceptors
from human donors can be transplanted as well. This is
significantly different from neurons which must be immature
in order to be'transplantéd. At present the reason for
this difference is not known but has obvious importance for
retinal and neural transplantation research in general.

Finélly, transplanted photoreceptors activate the
host's or recipient's dystrophic retina in a light
dependent manner that closely resembles the activation
pattern seen in normal retina.

In view of the above, it will be seen that the
several objects of the invention are achieved and other
advantages attained.

As various changes could be made in the above
surgical instruments, compositions of matter 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 drawings shall be interpreted

as illustrative and not in a limiting sense.
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Rats wth dystrophic rejg | a photoreceptor transplant as

descri bed in Exanple 1. A”mmmmmg&&[m!ﬂrgl cal tine intervals (E G, 2,
4 and 8 weeks, etc.) animalscware si zed and hel d i eot axi ¢
device. An infrared video canera was focused on

operating mcroscope and the eye illusi Mt
for pupillary reflex, a |ight ba@ﬂﬁ@@ﬁﬁ#ﬁﬁiegﬁﬁyla
t he operating m croscope was uged. ==

&
pupillary response to the |ight—at graded .i ntensi
| ight was controlled by neutral density filters)
canera connected to a franme grabber system The pupill
anal ysed ' U | magepr ocessing software (U timage, GIFS, Inc.)

It was found that retinas reconstructed with photoreceptor transplants do
in fact show a conparatively

1. A method for.the preparation of a graft for
transplantation to the subretinal area of a host eye,
comprising:

providing donor tissue,

harvesting from that tissue a population of cells
selected from retinal cells, epithelial tissue and
choroidal tissue in a manner that maintains the population
of cells in the same organization and cellular polarity as
is present in normal tissue of that type, and

laminating the population of ‘cells to a a
non-toxic and flexible composition which substantially
dissolves at body temperature. ' '

2. A method as set forth in claim 1 wherein said
laminate has a surface having a surface area greater than 1
square millimeter. '

3. A method as set forth in claim 1 wherein said
composition is gelatin, agarose or agar.

4, A method for the preparation of a graft
comprising photoreceptor cell bodies'for transplantation to
the subretinal area of a host eye, comprising:

providing a donor retina containing a layer of
photoreceptor cells bodies, and

isolating the layer of photoreceptor cell bodies
from at least one other layer of cells of the donor retina
in a manner that maintains the photoreceptor cell bodies in
the same organization and cellular polarity as is present
in normal tissue of that type.

This Sheet Has Been Rep
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normal pupillary reflex to light (pupillary constriction) whereas.the -~
fell ow dystrophic eye shows only a mninal reflex that i é;_g&;ﬁﬂﬁiﬁ%’fOrm
(pupillary dilation). The results ar in Figure 28. nel-s—a—and b
are of the reconstructed retina. Pangl THISsinpyws re——+d
whereas panel b shows the sane eye a S EREMAS
Conparison of panel a to panel b shows 4y no L1l ar
medi ated by light. Panels ¢ and d show the fellow blindeld €ye that
sham surgery with panel ¢ showing the iris at |ight onse{ al

showing the iris 5 seconds later. Conparison of panels ¢ and d show an
increase in pupil sPze i methoghtas Het fesponie cdadbery addinidmrhland is

CharaCtegéﬁﬂ{iégng-the step of laminating the donor retina to a
non~-toxic and flexible composition which substantially

recei ve

dissolves at body temperature prior to said isolation step.

6. A method as set forth in claim 5 wherein said
composition comprises a trophic factor, an
immunosuppressant, an anti-inflamation agent, an
anti-angiogenic factor, an anti-glial agent, or an
anti-mitotic factor.

7. A method as set forth in claim 5 wherein said

composition is gelatin, agarose or agar.

8. A method as set forth in claim 4 wherein the
graft produced according to said steps has a surface having
a surface area greater than 1 square millimeter.

9. A method as set forth in claim 4 wherein the
graft produced according to said steps has a surface having
a surface area greater than 4 square millimeters.

10. A graft for transplantation to the
subretinal area of a host eye comprising a laminate of a
non-toxic and flexible composition which substantially
dissolves at body temperature and a population of cells
harvested from donor tissue, the population of cells being
retinal cells, epithelial tissue and choroidal tissue, the
population of cells having the same organization and
cellular polarity as is present in normal tissue of that

type.

11. A graft as set forth in claim 10 wherein
said graft has a surface having a surface area greater than

1 square millimeter. . i

LT O ot e T




41 I ndi vidual s suffering fromsevere retinal dystrophy of a
phot oreceptor type. These results show that neural transplantation
can reconstruct the host's own sensory end organ - i the eye -
to restore an appropriate behavj 3 [ yirefl ex)
to sensory stinmuli. These resul} HisaVHERTr BAD BREN 4
feasibility of the restoration bfvi SEBRAGED phot ;
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12. A graft.as. set forth in claim 11 wherein
said composition is gelatin, auger or agarose.

13, A graft as set forth in claim 10 wherein
said population of cells comprises photoreceptor cells.

14. A graft. for transplantation to the
subretinal area of a host eye comprising a population of
photoreceptor cells bodies harvested from a donor retina,
the population of photoreceptor cell bodies having the same
organization and cellular polarity as is present in normal
tissue of that type, the graft having an essential absénce
of at least one layer of cells present in normal retinas.

15. A graft as set forth in claim 14 wherein
said graft comprises a laminaté comprising the population
of photoreceptor cell bodies and a non-toxic and flexible
composition which substantially dissolves at body
temperature.

16.- A .graft as.set .forth in claim 15 wherein
said composition comprises a trophic factor, an
immunosuppressant, an anti-inflamation agent, an
anti-angiogenic factor, an anti-glial agent, or an
anti-mitotic factor.

17. A graff as set forth in claim 14 wherein
said graft has a surface with a surface area greater than 1
square millimeter.

18. A graft as set forth in claim 15 wherein
said composition is gelatin, auger or agarose.

L L —————
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transpl ant ati on. EXAVPLE grﬁfﬂff—’fgggéﬁﬁfj

procedures of Exanple 1 were repeate 4 REPL“%%&;L

Phot oreceptors were taken from naturg C A @EENG ' S sacrj ?

for other research) or the retina of Leenatet AGER oguguﬁéﬂww the
St. Louis Eye Bank) using vibratone section of the flal-jounted re t

I sol ate the intact outer nuclear Iayer49 Hosts were matiu que nonkeys
treated with iodoacetic acid (30 ng/ kg given on 3 succgssive da '

sel ectively elimnates host photoreceptors in non-nacul eas of the

retina while Ieaviq& thghrggg%nl rg&kn% xﬂ?@cin clgaght{ga&gggELQ|d not
I°Si ai ned t

conpr om se central

therefore nal n required

behavi or glridagtaft -has a surface with a surface area greater than 4

sguare millimeters.

20. A method for transplanting a graft to the
subretinal area of a host's eye comprising:

providing a graft comprising a population of
cells harvested from donor tissue selected from retinal
cells isolated from at least one other layer of cells
within the donor tissue, epithelial tissue and choroidal
tissue, the population of cells being maintained in the
same organization and cellular polarity-as is present in
normal tissue of that type

making an incision through the host's eye,

at least partially detaching the retina to permit
access to the subretinal area, and

positioning the graft in the accessed subret1na1
area. . 1

21. A method as set forth in claim 20 wherein
said graph has a surface having a surface area greater than
1 square millimeter. '

_ 22. A method as set forth in claim 20 wherein
said donor tissue is retinal tissue and the graph comprises
a population of photoreceptor cells isolated from the layer
of ganglion cells within the donor retina.

23. An instrument for the implantation of an
intact planar cellular structure between the retina and
supporting tissues in an eye, the instrument comprising:

an elongate supporting platform for holding the
planar cellular structure, the platform having a distal end
for insertion into an eye, and a proximal end, the distal

for

T Er—
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physi ol ogi cal |y inmportant functions (e.g., locating of food and

visual |y gui ded | oconoter activities, groon1ng mai nt en ad

rhyt hns). The isol ate I

following a pars plana vitrectp TQH %g%fg‘igﬁgagu in
- I,-..,- + =t '

trans-scl eral approach to the Sub+etthal—sSp we

i nserted under a focal retinal detachnent induced\b f

subretinal bleb. The bleb was created hygthe |nfus'o
bal anced salt solution. The reconstructed reti

edge of the platform being convexly curved for facilitating
the insertion of the platform into the eye and the
advancement of the platform between the retina and the
supporting tissues, and a side rail on each side of the
platform for retaining the planar cellular structure on the
platform, the distal ends of the side rails being rounded,
and the distal portions of the side rails tapering toward
the distal end of the platform to facilitate the insertion
of the instrument between the retina and the supporting
tissue.

'24. The instrument acéording to claim 23 wherein
the platform is curved along its longitudinal axis from the
distal end to the proximal end.

25. An instrumenf for the implantation of an
intact planar cellular structure between the retina and
supporting tissues in an eye, the instrument comprising:

an elongate tube, having a flat, wide
cross-section, with a top, a bottom for supporting the
planar cellular structure, and opposing sides, the tube
having a beveled distal edge facilitating the insertion of
the tube into the eye and the advancement of the tube
between the retina and the supporting tissues; and

plunger means for ejecting a planar cellular
structure from the distal end of the tube.

26. The instrument according to claim 25 wherein
the plunger means comprises a fluid line extending from the
proximal end of the tube, and means for connecting the
proximal end of the fluid line to a source of fluid under
pressure to force a planar cellular structure out the
distal end of the tube.

\ \\\“\ * This Sheet Has Been Repl
\\“\“\\\\‘\\“‘\}\\\ | T




42 reattached to the back of the eye by pneumatic tanponade with the
transpl anted phot oreceptors interposed between the retina
underlying pignment epithelium TR 55 i
dexanet hasone were nmade to suppregs any
It was found human phot or ecept or s™ ' lantalion t
primate eye for as long as tested (2 wggks). These ge uld @
mat ur e human phot oreceptors can be transplanted to tih

kg7no -\

I cat e\t hat

%

27. The instrument accérding to claim 26 further
comprising "a plug in the tube generally adjacent the
proximal end for separating a planar cellular structure
from the fluid supplied to the proximal end of the tube by
the fluid line, the plug being slidable in response to
fluid pressure from the fluid line so that the plug can
push the planar cellular structure out the distal end of
the tube.

28. The instrument according to claim 25 wherein
the plunger means comprises a flat plunger projecting from
the proximal end of the tube, the plug bging slidably
mounted in the tube so that relative sliding motion between
the tube and the plunger urges the planar cellular
structure out of the distal end.

29. The instrument according to claim 28 wherein
the distal end of the tube is raked transversely across the
tube toward the proximal end. '~ ° '

30. The instrument according to claim 28 further
comprising a lumen, extending generally parallel with the
tube, for ejecting a fluid at the distal end of the
instrument for separating the retina from the supporting
tissue. e

31. The instrument according to claim 30 wherein
the distal end of the lumen extends beyond the distal end
of the tube. : - ’

32. The instrument 'according to claim 30 wherein
the distal end of the lumen is beveled.
N ' /’/ .
eet Has Been Replaced
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eye. Since the non-human primate eye is alnost identical to the human eye
It Is expected that human photoreceptors can be successful1y~?ransplanqed
to the human eye. From t he foregoi ,

the art will appreciated that all aspfg

real i zed. ,The present invention provi fles arrd

that is adapted to provide cell organ '
phot oreceptors. Wth the surgical instrdi@ent of this inge
organi zation is nmaintai ned during photoreceptor, RPE, arid choroi dal -
transpl antati on mhile nininizing trauma to the transpl an 'ssues, the
host eye and reti na. Is beljieved that reti-na reattachnent and subsequent
subst anti al | y- nor nal- PunctﬂﬁwRﬁSQWRP?%%oﬁEFPEQPEH tet cAaim 28 BiFHiex ne

transpl ant compribengbya f Fdibert ab@dlcThEJ.Déﬁ&ﬁBt eXWEORdi NG [Yene el y@n
mproved sLgledly ' BSEhUTRRen. "Heduiedi? i UFkitn  Snd' LAY EEBEL Vel

34, The instrument according to claim 33 further
comprising a light source at the proximal end of the fiber
optic filament.

35. The instrument according to claim 28 wherein
the tube curves along its longitudinal axis from the distal
end to the proximal end, such that the top of the tube is
on the inside of the curve and the bottom of the tube is on
the outside of the curve.

36. The instrument according to claim 28 further
comprising a lumen extending generally parallel with the
tube, and means for connecting the proximal end of the
lumen to a source of suction, to aspirate fluid and debris
at the distal end of the instrument. .

'37. The instrument  according to claim 22 further
comprising a ‘cautery electrode generally adjacent the
distal end of the tube, a pair of electric leads extending
to the electrode, and means for connecting the leads to a
source of electrical power to allow the instrument to
cauterize broken vessels.

38. An instrument for the implantation of an
intact planar cellular structure between the retina and
supporting tissues in an eye, the instrument comprising:

an elongate tube, having a flat, wide
cross-section, with a top, a bottom for supporting the
planar cellular structure, and opposing sides, the tube
having a beveled distal edge facilitating the insertion of

H
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colum to be transplanted to a sub- retlnal
configuration of the photoreceptor g—RRE
tissues to be transplanted to the §
subsequent integration of the trangy B
choroidea with the blinded retina facilitates
blinded retina. The

the tube into the eye and the aavancement of the tube
between the - 'retina and the supporting tissues;

a flat plunger projecting from the proximal end
of the tube, the plunger being slidably received in the
tube so that relative sliding motion between the tube and
the plunger urges the planar cellular structure out the
distal end; and '

a lumen, extending generally parallel with the
tube, for ejecting a fluid at the distal end of the
instrument for separating the retina from the supporting
tissue.

39. The instrument according to claim 38 wherein
the distal end of the tube is raked transversely across the
tube toward the proximal end. '

40. The instrument according to claim 38 wherein
the distal end of_the lumen is distal relative to the
distal end of the tube.

41. The instrument according to claim 38 further
comprising a fiber optic filament extending generally
parallel with lumen, between the lumen and the tube.

42. The instrument according to claim 38 wherein
the tube curves along its longitudinal axis from the distal
end to the proximal end, such that the top of the tube is
on the inside of the curve and the bottom of the tube is on
the outside of the curve.

43. A kit for transplantation of a sheet of
cells selected from among retinal cells, retina pigment
epithelium or choroidea to the subretinal area of a host
eye, comprising:

ORI o e e s




43 present invention provides an inproved surgical

appropriate retinotopic positioning. The present R s an
i mproved surgical instrunent that_protects photorecgpfiors from el as
the surgical device is positionefltian s5hEEEMRs BEERE] Rraseh0 JAk

provi des a net hod of photoreceptpr or REPLAOBD pi g tion
and transpl antation that, maintams 10 THE EXTEM—pdads

organi zati on of the outer nucl ear | ayer and these other tiss "

present invention provides a nethod of c®4#l and tissO€ Isolation by which
cells can be isolated without disruption of their intercellular

organi zation.- Wth the nethod of this invention retinal cells, such as

retinal photoreceptors can
a surgical instrument comprlslng an elongate

tube, - having a flat, wide cross-section, with a top, a
bottom for supporting the planar cellular structure, and
opposing sides, the tube having a beveled distal edge.
facilitating the insertion of the tube into the eye and the
advancement of the tube between the retina and the
supporting tissues; and plunger means for ejecﬁing a planar
cellular structure from the distal end of the tube, and

a graft comprising a population of cells selected
from retinal cells, epithelial tissue and choroidal tissue,
the population of cells being maintained in the same
organization and-/cellular polarity as is present in normal
tissue of that type.
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A nunber of features of the tran priaiSt ekEG 6] S p2ie t hat—tHEYy are ahd\remain

alive; they produce opsin, inpor 3d CE%? dAgﬁ%V ate
3 e potor cdptors

functional (i.e., activated by light);za

activate a previously blinded retina in a light de

Attachnent of retinal tissue to the gelatin substrate allows exte

periods of in vitro culture of retinal tissues by: i hg organi zation
of tissue guREidATHMSTEUMENT NI THIGT BsdreitriN inaDi TRANS ©iAeEd T L d
tissue. VWil e a nunber of enbodi nents have been shown and

descri bed, many variations are possible. Photoreceptors can be transpl anted
to retina in which the host's or

ABSTRACT

Surgical instruments (10,30) surgical techniques, grafts
(63,50), cell and tissue isolation techniques, and a method for
transplanting retinal cells, including photoreceptors (54),
retinal pigment epithelium, and choroidea within their normal
configuration, or all three tissues in a co-transplantation

procedure are provided.
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“reéipient's phot oreceptors are | ost by environnmental (constant |ight) or
I nherited defects. (See: S. E. Hughes and M S. SiIv T
“"Transpl antation of retinal photoreceptors to d E(pp_mzz\}m"\ﬂeﬁﬁ- "

Neuor osci .
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Abstr, 18: 1278.) Furthernore transplanted photoreceptor cells maintain

basic characteristics of normal photoreceptor c psSi N

and mai ntaining an intercellular organization and pWﬁELAG%MfNHoSH ost

retina that is simlar to that seen in the normal duter-nuctear |ayer. The

surgical instruments may be larger for use in humans. SRﬁSA ogchHes to
ra hor0|dc

the subretinal space may be used, ng., trans-scj | .

Q her substugtfga EdeeS gelatin can be used, e.g. laugar.-augareses iln fact
I mproved su esJcoul d i ncl ude factors that can be integrated intg
gelatin, for exanple, neurotrophic factors). | bet-reved—that
attachnent to _gelatin or eqU|vaIent substrates aldpw prol onged in

vitro culture
for the maint
bel i eved t hat

ng, and simlar stdrage, while allow ng
nization and viability. Finally, it is

,‘or cryogeni c freegj
4 ’
\.nce ob' A i ssue or/gp

‘\

FIGT 4 FI1G.8
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of attaching retina to substrate can be used, such as lectins, or

phot o- acti vat ed-cross-1|inki ng agents. It has been shown that this
i nvention provides a nmethod to isolate the intact photoreceptor |ayer.

This is significant because it will be necessary mat ri x
organi zation if coherent vision is to be restored t@EMM@EMgNTﬁnEEDWDrised
by the | oss of photoreceptors. A surgical approaghptras—been uibb osed
which mnimzes trauma to the eye gnd allows contfoll edsp 23 i hg} of
sheets of transplanted photorecepters to their ho ﬁfg‘ﬂgi fonfwthin
the eye. In addition these nethods for transplantation and Jsplation
of photoreceptors could be utilized to prepare and transpl ant otherjretinal
| ayers so that sel ected popul ations of retinal cells-carbe—-dsed~+r ot her
neur obi ol ogi cal investigations and clinical procedures. It is believed
that these other retinal |ayers, once they are flattened, appropriately
secti oned,




and appropriately affixed to a stabilizing substrate or base,
coul d be prepared for transplantation, storage (e.g., in.vitrao_-cryogenic),
or culturing simlar to the nethods described herein fqr RPARISVERELSEET

| ayers.
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The necessity for pronpt re-vascularization typically limts the ability to
transpl ant nost neural tissue, but not photoreceptors. The photoreceptor

| ayer of a retina and the ("RPE') 1is non-vascu f
Non-vascul ari zed tissue shows the | east amount of ti
Consequently, it is believed that genetically dissimil 1otorecep o]
cells may be transplanted in accordance with the prgsgnt=z yANt'w%ﬁ
Mat chi ng of host and donor histoconpg ibility antigens mn?l probably b
necessary for transplantation of theJdretinal pignent ep

chor oi dea. Phot oreceptors can "be ‘transplahted when de ng
or when mature. Not only can mature rat photoreceptors be transpl anted,
but mature photoreceptors from human donors can be transplanted as well.
This is significantly different from neurons which nust be imuature in
order to be transplanted. At present the reason for

FIG.14 30
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this difference is not known but has obvious | nportance for retinal and
neural transplantation research in general. Einat{xh t;§§§ﬁ‘anted
phot oreceptors activate the host's or recipient's d saﬁﬂﬁﬁkd¢ﬁ§t¢P" if a

| i ght dependent manner that closely resenbles the aqtifvatton patter een
in normal retina. In view of the above, it 'I%gpgA?q@97trat t he
several objects of the invention are achieved and otlhar vant ages

att ai ned. As various changes coul d be nadq iin-the-abeve—sdrgi ca

i nstruments, -conpositions of matter and net hods. Wthout, departing frijom
the scope of the invention, it is intended that all wetter—ctontained in the
above description or shown in the acconpanyi ng drawi ngs shall be
interpreted as illustrative and not in a limting sense.




- 46- Cl ai s 1. A nethod for the preparation of a
graft for transplantation to the subretinal area of a host _eye

conprising : provi di ng donor tissue froma He"ﬁﬁ;L(AQEQENT SHEET
harv esting fromthat tissue a popul ation (_)f S |
T 30 JAN 1997
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cells selected fromretinal cells, epithelial tissue and choroidal tissue
in a mnner that nmaintains the population of cells in the sane
intercellular organization and cellular polarity as is present in

normal tissue of that type, and | ami nating the popul ati on of
cells to a non- toxic and flexible conpogition which substagtially
di ssol ves at body tenperature. A nmethod as set forth

in claim 1 wherein said conposition is gelatin, and._the _graft
produced according to said steps has a surfacé having a bugfmagERENR SHEET
greater than 1 square mllineter. 3. A et hog—+-ot—~t-tre
preparation of a graft conprising photoreceptor cel ¥ ibagie far
transplantation to the subretinal area of a host eye, cofpii (s):?dhngN ﬁtﬁ
provi ding a donor retina froma dead donor, :




conprising a plurality of layers of cells including a | ayer of
phot oreceptor cells bodies, and Isolating the |ayer of
photoreceptor cell bodies of the donor retina from at |east one of the

plurality of lay ers in a manner that maintains the - h
bodies in the same intercellular organization and| G&PLAGEMENIOBHEET: y
as is present in normal tissue of that t¥§Ft
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-47- 4. A graft for transplantation to the sub retinal
area of a host eye conp rising a popul ation of photorec :
harvested from a donor retina, the population of ph tggp@gsmﬂmi GHEET
bodi es -having the sane intercellul ar organizati on and cgl ftar—potartTy as
I's present in normal tissue of that type, wherein at | eps{ of
cells present-in normal retinas has bee ubstantially em%@.‘iﬁygﬂ
gtat |l east.ope-
et forth in clai

5. Agraft as set fo clryi ;m 4, further conp risi
ot her layer of retina &H@ 2& . A graft as
4 or 5 wherein said graft conprises a Ian1nate conpri Si mg—a—poepttatTomn of

phot oreceptor cell bodies and a_non- toxic and flexible conposition
which substantial |y SEEE S i

G
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di ssol ves at body tenperature. 7. A graft as set forth in any
of clains 4 to 6 wherein said conposition conprises rophi c factor,

an i nmuno-suppressant, an anti-inflamtion agent, an FREPLQ@%@%B%L'EET l

factor, anti-glial agent, or an anti- mtotic factor. h &
graft as set forth in any of clainms 4 to 6 wherein saidfcqnmpgsition is.
gel atin. ) 9. A graft as-set1térth in any of |cliai JANAYS/ :
wherein said graft has a surface with a surface area gre¢ater than 4 squér_.é
mllimeters. FI(‘ Azﬁt s set EItGlga f clains 4~te’9,
i n which the popul ati on?of |+l &=i tinal cells? *p /l.al tissue and
choroidal tissue. 11. An instrunment for the inplantation of a graft
according to any of clains 4 tos10 in an eye, the
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I nstrument conprising : _
an el ongate tube (32), having a flat, w de cross-section,

(32a),
opposi ng

12.

5 sec.

FIG. 28}
0 sec. Light Time

Light Time:

FIG.28q

48 -

a battom (32b) for supporting the planar cellular |st

[REBARERRRT oheer
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sides (32c, 32d), the tube having a bevel ed distal edge (34) facilitating

the insertion of the tube into the eye and the advancenent of the_tube

between the retina and the supporting tissues ; and

(40) for ejecting the planar cellular structure from
t ube. 12. The instrunment according to cl g
distal end of the tube (32) is raked tr versely acrc
t he proxi mal end and the plunger neans giprises a flad

projecting from the proximal end of the tube, thg pfinger belng

i 11 “hﬁﬁfi 1
sq tHhe a8 owar d
t Ipl unger (40)

slidably nounted in the tube (32) so that relative sl

di na npiiaon. betwee

AEPCERENTREETE T

he

n

the tube (32) and the plunger (40) urges the planar cellular structure out
of the distal end. 13. The instrument according to claim 12

further conp rising a lumen (42), extending generally

FI1G.28d
0 sec. Light Time: 5 sec.

Light Time:

FIG.28¢
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paral I"el with the tube, for ejecting a f Q%i% dlstal end -of the
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1. A method for the preparation of a
graft for transplantation to the subretinal area of a
host eye, comprising : |

Providing donor tissue from a dead donor,

harvesting from that tissue a population of
cells selected from retinal cells, epithelial tissue and
choroidal tissue in a manner that maintains the
population of cells in the same intercellular
organization and cellular polarity as is present In

normal tissue of that type, and
laminating the population of cells to a non-

toxic and flexible composition which substantially

dissolves at body témperature.
2. A method as set forth in claim 1

wherein said composition is gelatin, and the graft
produced according to said steps has a surface having
a surface area greater than-1 square millimeter.

3. A method for the preparation of a
graft comprising photoreceptor cell bodies for
transplantation to the subretinal area of a host eye,
comprising : - o '

providing a donor retina from a dead donor,
comprising a plurality of layers of cells including a
layer of photoreceptor cells bodies, and

' isolating the layer of photoreceptor cell
bodies of the donor retina from at least one of the
plurality of tayers in a manner that maintains the
photoreceptor cell bodies in the same intercellular
organization and cellular polarity as is present in
normal tissue of that type. '
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4, A graft for transplantation to the

subretinal area of a host eye comprising a population
of photoreceptor cell bodies harvested from a donor

retina, the population of photoreceptor cell bodies

having the same intercellular organization and cellular

polarity as is present in normal tissue of that ﬁyée,
wherein at least one layer of cells present in normal
retinas has been substantially removed.

5. A graft as set forth in claim 4, further
comprising at least one other layer of retina cells.
6. A graft as set forth in claim 4 or §

wherein said graft comprises a laminate comprising a

population of photoreceptor cell bodies and a non-

toxic and flexible composition which substantially

dissolves at body temperature.

7. A graft as set forth in.any of claims 4
to 6 wherein said composition comprises a trophic
factor, an immuno-suppressant, an anti-inflamation
agent, an anti-angiogenic factor, anti-glial agent, or an
anti-mitotic factor.

8. A graft as set forth in any of claims 4
to 6 wherein said composition is gelatin.
9. A graft as set forth in any of claims 4

to 6 wherein said graft has a surface with a surface

area greater than 4 square millimeters.
10. A graft as set forth in any of claims 4

to 9, in which the population of cells is retinal cells,
epithelial tissue and choroidal tissue.

11. An instrument for the implantation of a graft
acco:_rding to any of claims 4 to 10 in an eye, the
instrument comprising :
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an elongate tube (32), having a flat, wide
.cross-section, with a top (32a), a bottom (32b) for
supporting the planar cellular structure, and opposing
sides (32c, 32d), the tube having a beveled distal
edge (34) facilitating the insertion of the tube into the
eye and the advancement of the tube between the
retina and the supporting tissues ; and

plunger means (40) for ejecting the planar

cellular structure from the distal end of the tube.
12. The instrument according to claim 11

wherein the distal end of the tube (32) is raked
transversely across the tube toward the proximal end
and the plunger means comprises a flat plunger (40)
projecting from the proximal end of the tube, the
plunger being slidably mounted In the tube (32) so
that relative sliding motion between the tube (32) and
the p'lunger (40) urges the planar cellular structure out

of the distal end.
13. The instrument according to- claim 12

further comprising a lumen (42), extending generally
parallel with the tube, for ejecting a fluid at the distal
end of the instrument for separating the retina from the
supporting tissue or for aspirating fluid and debris at
the distal end of the instrument.

14. The instrument according to claim 12
further comprising a fiber optic filament 64 extending
generally parallel with lumen (42), between the lumen
and the tube, and a light source at the proximal end of
the fiber optic filament.

15, The instrument according to claim 12
wherein the tube curves along its longitudinal axis
from the distal end to the proximal end, such that the
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top of the tube is on the inside of the curve and the
bottom of the tube is on the outside of the curve.

16. The instrument according to claim 12
further comprising a cautery electrode (67) generally
adjacent the distal end of the tube, a pair of electric
leads (65) extending to the electrode, and means for
connecting the leads to a source of electrical power to
allow the instrument to cauterize broken vessels.



ABSTRACT

SURGICAL INSTRUMENT AND CELL ISOLATION AND
TRANSPLANTATION

Surgical instruments (10, 30), surgical techniques,
grafts (63, 50), cell and tissue isolation techniques,
and a method for transplanting retinal cells, including
photoreceptors (54), retinal pigment epithelium , and
choroidea within their normal configuration, or all three
tissues in a co-tranplantation procedure are provided.
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