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ABSTRACT Purpose: To evaluate retinal sheet transplants in S334ter-line-3
retinal degenerate rats by comparing visual responses recorded electrophysi-
ologically with morphology based on light and electron microscopy. Methods:
S334ter-line-3 retinal degenerate rats (n = 7) received retinal sheet transplants
between postnatal days 28 and 31. The donor tissue was derived from transgenic
embryonic day 19 (E19) rat retinae expressing human placental alkaline phos-
phatase (hPAP). Fresh retinal sheets were gently transplanted into the subretinal
space of the left eye with the help of a custom-made implantation tool. Selected
rats (n = 5) were subjected to electrophysiologic evaluation of visual responses
from the superior colliculus about 84–121 days after surgery. Transplanted eyes
were processed for light microscopy (LM) and electron microscopy (EM) evalu-
ations.Results: All the transplanted rats that were evaluated for visual responses
in the brain showed responses to very low light stimulation (−3.42 to −2.8 log
cd/m2) of the eye in a small area of the superior colliculus corresponding with
the placement of the transplant in the host retina. Histologic evaluation showed
that most of the transplants contained well-laminated areas with correct polarity
in the subretinal space. Inside the transplant areas, rosettes of photoreceptors
with inner and outer segments were found. In the laminated areas, the outer seg-
ments of photoreceptors were facing the host retinal pigment epithelium (RPE).
Immunohistochemical evaluation of hPAP donor cells revealed areas with spe-
cific staining of the transplants in the subretinal space. Electron microscopic
evaluation showed a glial demarcation membrane between the host and the
transplant, however, processes originating from the transplant were observed
inside the host retina. Conclusions: Sheets of E19 rat retina transplanted into the
subretinal space of S334ter-line-3 rats survived without immune rejection and
continued to show visual function when tested after 3 months. Well-developed
photoreceptors and many synapse types were seen within the transplants. hPAP
staining showed a certain degree of integration between the host retina and
the transplant suggesting that transplanted photoreceptors contributed to the
restored light sensitivity.
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INTRODUCTION
Retinal degeneration is a leading cause of blind-

ness in the Western world. Major diseases causing reti-
nal degeneration are age-related macular degeneration
(AMD) and retinitis pigmentosa (RP). Currently, dif-
ferent approaches are used to rescue or restore vision
in humans. One major treatment strategy is cell re-
placement therapy, which consists of subretinal de-
livery of cell suspensions,1−3 cell microaggregates,4−8

and photoreceptor sheets9−11 into the diseased eye.
Intact sheets of fetal or neonatal retina have also
been transplanted into degenerated eyes with the
aim of restoring visual function.12−15 Other treat-
ment strategies include gene therapy,16−18 visual
prosthetics,19−22 and pharmacotherapies.23,24 Based on
various functional tests performed in animal mod-
els, visual restoration has been reported after retinal
sheet transplantation.11,13,25−27 Initial encouraging re-
sults obtained from animal experiments persuaded re-
searchers to perform retinal transplantation surgeries
in human patients,10,28−31 and some studies yielded
promising results.30

Our group has been focused on transplanting sheets
of fetal retina into the subretinal space using a special
device that allows gentle placement of the fragile donor
tissue as a flat sheet with the proper orientation/polarity.
These sheets were shown to develop a normal lam-
ination pattern in a variety of rat models of retinal
degeneration14,32,33 and restored visual responses in the
superior colliculus (SC).13,26,27,34,35 The mechanism of
this visual restoration has not been well established, and
a detailed ultrastructural evaluation of the extent of in-
tegration between the host and transplanted sheet has
not been performed.

In the current investigation, the structural and func-
tional characteristics of embryonic sheet transplants in
S334ter-line-3 retinal degenerate rats were studied by
light microscopy (LM) and electron microscopy (EM)
combined with electrophysiologic evaluation of the vi-
sual responses from the superior colliculus (SC) of the
brain.

MATERIALS AND METHODS
Animals

In this study, all animals were treated according to
the NIH Guide for the Care and Use of Laboratory An-
imals, the ARVO Statement for the Use of Animals in

Ophthalmic and Vision Research, and according to an
approved protocol by the Doheny Eye Institute, Uni-
versity of Southern California IACUC.

S334ter-line-3 were produced by Xenogen Bio-
sciences (formerly Chrysalis DNX Transgenic Sciences,
Princeton, NJ, USA), and developed and supplied
with the support of the National Eye Institute by Dr.
Matthew LaVail, University of California San Francisco.
The F1 generation of a cross between homozygous line-
3 and pigmented Copenhagen rats (Harlan, Indianapo-
lis, IN, USA) was used for the experiments. These rats
with a mutated rhodopsin gene have an early retinal
degeneration and develop no outer segments; only one
to two rows of photoreceptors remain at postnatal days
28–30. Donor cells for this study were derived from
transgenic rats expressing human alkaline phosphatase
(hPAP) in the cytoplasm of all cells36,37 that were bred
with ACI rats (Harlan) to produce a pigmented strain.

Transplantation
Details of the transplantation surgery used in this

study were described previously.14,38 Briefly, donor reti-
nal tissues were obtained from pigmented hPAP rat fe-
tuses at E19 by caesarean section. The fetal retina was
carefully dissected free from the surrounding tissues.
A small piece with average size 0.5 × 1.2 mm2 was
prepared for transplantation. S334ter-3 rats were anes-
thetized by intraperitoneal injection of a mixture of ke-
tamine 37.5 mg kg −1 and xylazine 5 mg kg −1in sterile
saline and their pupils dilated by topical application
of 1% atropine sulfate. A small incision (approximately
1 mm) was cut behind the pars plana. A custom-made
implantation tool (US Patent No. 6 159 218), loaded
with a retinal sheet, was carefully placed into the sub-
retinal space in the superior nasal quadrant of the host
retina, and the donor tissue was released slowly and gen-
tly. The scleral incision was closed with 10-0 sutures.
Immediately after the surgery, the fundus of the rat was
examined by a contact lens on the cornea to identify
the transplant placement.

Electrophysiology
Electrophysiologic assessment of visual responses

in the SC was performed after the modified method
described previously.39 Briefly, the rats were dark-
adapted overnight, and eyes were covered with a
custom-made eye cap that prevented bleaching of the
photoreceptors during surgery to expose the surface
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of the SC. The eye cap could be easily removed
at the time of visual stimulation. Animals were ini-
tially anesthetized by intraperitoneal injection of ke-
tamine/xylazine (37.5 mg/kg ketamine and 5 mg/kg
xylazine) and later by a gas inhalant anesthetic (1.0% to
2.0% halothane in 40% O2/60% N2O) administered via
an anesthetic mask (Stoelting Company, Wood Dale,
IL, USA). Multiunit visual responses were recorded ex-
tracellularly from the superficial laminae of the exposed
SC using nail polish–coated tungsten microelectrodes.
At each recording location, which covers the whole
extent of the SC surface, up to 16 presentations of a
full-field illumination (controlled by a camera shutter)
were projected on a white Plexiglas screen placed 10 cm
in front of the contralateral eye. The intensity of the
light stimulus at the beginning of the recording was
−6.46 log cd/m2 and gradually increased (controlled
by neutral-density filters) until the visual threshold was
measured. An interstimulus interval of 6 s was used. All
electrical activity was recorded using a digital data acqui-
sition system (Powerlab; ADI Instruments, Mountain
View, CA, USA) and responses (8–16 sweeps) at each SC
site were averaged using MATLAB software (R2006b).
Blank trials, in which the illumination of the eye was
blocked with an opaque filter, were also recorded.

Histology
Rats were perfusion fixed with a mixture of 4%

paraformaldehyde and 0.4% glutaraldehyde in 0.1 M
sodium phosphate buffer solution. The eyes were enu-
cleated and put into 4% paraformaldehyde and 0.1%
glutaraldehyde in 0.1 M cacodylate buffer (PH 7.4). The
anterior segment was then removed and the posterior
eyecup was postfixed in the same fixative for 6 hr at
room temperature. After washing the eyecups several
times with 0.1 M sodium cacodylate buffer, small pieces
of specimens containing the transplant were dissected
and embedded in 4% agarose with correct orientation.
Vibratome sections were cut at 80 µm. Sections with
transplants were further processed for hPAP immuno-
histochemistry with DAB staining (ABC method).

Immunohistochemistry
Selected vibratome sections were washed five times

for 10 min in 0.1 M phosphate buffer (PB) and then were
incubated for one-half an hour in 1% sodium borohy-
dride (NaBH4) in 0.1 M PB. After washing sections five
times for 10 min again, the sections were run through

10%, 25%, 40%, 25%, and 10% ethanol (7 min each) fol-
lowed by three 10-min PB washes. Vibratome sections
were washed with phosphate-buffered saline (PBS) and
incubated for 2 hr in 20% horse serum. The sections
were incubated with a mouse monoclonal antibody
against hPAP-antigen (Sigma, St. Louis, MO, USA) at
a dilution of 1:1 200 at 4◦C. After 72 hr, the sections
were incubated in a 1:200 dilution of Biotin-conjugated
goat anti-mouse IgG (Chemicon, Temecula, CA, USA)
for 18–24 hr at 4◦C. After washing five times (10 min
each) with PBS, the sections were incubated overnight at
4◦C in Elite ABC conjugated to horseradish peroxidase
(Vector Labs, Burlingame, CA, USA). After five 10-min
washings with PBS, the sections were stained for per-
oxidase activity by preincubation in diaminobenzidine
tetrahydrochloride (DAB) substrate kit without H2O2

(Vector Labs). After 30 min, the incubation medium was
exchanged with fresh DAB solution containing 0.01%
H2O2.40 The DAB reaction was stopped at 5–7 min and
five 10-min washing in PBS were followed in 0.05 M
Tris-HCl buffers. Sections were observed by light mi-
croscopy, and better-stained sections were selected for
electron microscopic processing. Other vibratome sec-
tions were processed for Epon embedding without im-
munohistochemistry.

Electron Microscopy
Sections were washed five times with 0.1 M cacody-

late buffer (10 min each) and then postfixed for 1 hr in
3% glutaraldehyde in 0.1 M cacodylate buffer for 2 hr
in 2% osmium tetroxide in cacodylate buffer at 4◦C,
dehydrated through graded ethanols, and embedded in
Epon. Some sections were not postfixed and embedded
in LR White Resin (EMS, Hatfield, PA, USA). Semithin
sections (1 µm) were stained with toluidine blue for
Epon sections or hematoxylin and eosin (H&E) for LR
White Resin sections. Ultrathin sections approximately
70 nm thick were cut with a diamond knife and stained
with uranyl acetate and lead citrate. Counterstaining
was omitted for some pre-embedding immunosamples.
Sections were viewed and photographed on a Zeiss
EM10 electron microscope (Thornwood, NY, USA).

RESULTS
Electrophysiology

Five transplanted rats that had clear corneas and
lenses were selected for electrophysiologic evaluation
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FIGURE 1 Schematic drawing representing the distribution of
responses in the SC. (A) Normal pigmented rat, (B) S334ter-line-
3 transgenic rat with retinal transplant, and (C) S334ter-line-3
transgenic rat without transplant. Plus signs indicate the pres-
ence of visual responses at a very low level of light stimulation,
and minus signs indicate the absence of any visual response.
In the S334ter-line-3 transgenic rat with retinal transplant, vi-
sual responses are found in the caudal SC area that represents
the area in the retina corresponding with the placement of the
graft.

of the visual responses from the SC. A schematic rep-
resentation of the SC map showing the visual response
areas in the transplanted rat is illustrated in Figure 1.
Responses to very low light stimulation (−3.42 to
−2.8 log cd/m2) could be recorded only from the SC of
transplanted rats. These responses were recorded from
an area of the SC corresponding with the placement of
the transplant in the retina. Sample traces recorded from
the superior colliculus of transplanted rats are shown in
Figure 2. The responses recorded from the transplanted
rats had comparatively longer latency and lower peak
response amplitude than that of normal pigmented
rats.

FIGURE 2 Traces of visual responses (average of 8–16 sweeps)
to very low light stimulation (−3.42 to −2.8 log cd/m2) recorded
from the superior colliculus. (A) Normal pigmented rats, (B)
S334ter-line-3 retinal degenerate rats with retinal transplants,
and (C) S334ter-line-3 retinal degenerate rats without retinal
transplantation.

Host Retina
The time course of photoreceptor degeneration was

determined by examining the retinal morphology in
S334ter-3 rats. Figure 3 shows retinal morphology in
the normal rat, E19 rat, and S334ter-3 rat at different
postnatal ages. Figure 3B shows the retinal morphology
of E19 rat retina with ganglion cell layers; short inner
plexiform layer (IPL) and the mostly undifferentiated
neuroblastic outer retina (NBL). Figures 3C–3F demon-
strate a progressive loss of outer segments over time. At
postnatal day 11 (Fig. 2C), S334ter-3 retinas contained
many degenerating rod photoreceptors with pyknotic
nuclei in the outer nuclear layer (ONL). At postnatal
day 18 (Fig. 3D), the ONL layers of S334ter-3 rats were
obviously thinner than in normal rats with only 5–6
layers remaining. At P30 (Fig. 3E), only one row of pho-
toreceptors remained, ONL and OPL were completely
lost, and partially preserved inner nuclear layer (INL)
directly faced the retinal pigment epithelium (RPE) in
many areas. Rod photoreceptors are completely lost by
postnatal day 45 (Fig. 3F).

FIGURE 3 (A) Normal rat retina, Ganglion cell layer (GCL), in-
ner plexiform layer (IPL), neuroblastic outer retina (NBL), outer
nuclear layer (ONL), hematoxylin and eosin (H&E) Bar = 50 µm.
(B) E19 rat retina. Bar = 50 µm. (C) S334ter-line-3 retina, postnatal
day 11. Arrows indicate degenerating rod photoreceptors. Normal
ONL, INL, IPL, and GCL. Bar = 50 µm. (D) Postnatal day 18. ONL
reduced to 5–6 layers due to degeneration with normal INL, IPL,
and GCL. H&E. Bar = 50 µm. (E) Postnatal day 30. Only INL, IPL,
and GCL left. H&E. Bar = 50 µm.

Q. Peng et al. 784



Transplants
Semithin sections were stained with H&E and tolui-

dine blue. Four transplants out of seven samples (57.1%)
contained areas of laminated retina (about 20% to 30%
of the transplant area) with parallel layers and fully de-
veloped photoreceptors with outer segments in contact
with the host RPE (Fig. 4B). Few disorganized cells were
found in the periphery of the transplant. Three trans-
plants out of seven samples (42.9%) consisted largely
of rosettes (Figs. 4A and 4C). The center of the rosettes
contained the photoreceptors’ outer segments with the
ONL and INL around its periphery. The developing
INL of the transplant was positioned adjacent to the
remaining INL of host, and a relatively clear border
between host and transplant could be seen (Figs. 4A

FIGURE 4 (A) Light micrograph of retinal transplant (T) in
the subretinal space of S334ter rat (age 84 days, 60 days after
surgery). Semithin section. Note edge of laminated area with par-
allel retinal layers with some photoreceptor outer segments (indi-
cated by white arrow) transitioning into a rosette. Photoreceptors
in other areas are disorganized. H&E. Bar = 50 µm. (B) Lami-
nated area of transplant in subretinal space of S334ter-line rat
(age 121 days, 90 days postsurgery). Transplant photoreceptors
with outer segments in contact with host RPE. Host retina cannot
be seen. Toluidine blue stain. Bar = 20 µm. (C) Transplant (T) in
subretinal space of S334ter-line-3 rat host (H) (age 84 days, 60
days postsurgery). Photoreceptor rosettes. Toluidine blue stain.
Bar = 20 µm.

and 4C). In the laminated transplants, photoreceptor
inner and outer segments were observed with almost
normal appearing retinal layers. The outer segments di-
rectly faced the host RPE with normally stacked disks.
Well-developed outer nuclear layers of the transplants
consisted of 8 to 10 rows of photoreceptor nuclei, but
inner layers of transplant, in particular the inner nuclear
layer, appeared to be less well developed (Figs. 4A and
4B). Outer segments were also observed inside rosettes,
so that photoreceptors with outer segments could be
found in more than 50% of the transplant area. The
IPL of the transplant was in contact with the INL of
the host with a distinct borderline between transplant
and host (Fig. 4A). No inflammatory cells were observed
in any of the samples.

Electron Microscopy
At day 60 postsurgery, relatively short transplant

outer segments with a stacked disk configuration were
observed that interdigitated with microvilli of the host
RPE (Fig. 5A). The host RPE looked normal with
phagosomes containing material from transplants outer
segments, melanin granules, and other organelles. In
the outer plexiform layers of the transplants, many
well-developed photoreceptor terminals were seen that
displayed the typical triad arrangement with character-
istic synaptic ribbons and numerous invaginations with
bipolar cell processes (Figs. 5B and 5C). Multisynaptic
vesicles around ribbons were also observed in the trans-
plant bipolar cells. In one specimen (Fig. 5D), an appar-
ent synapse at the transplant-host interface, between the
INL of the host and the IPL of the transplant, was ob-
served. The transplant-host border was determined as
being adjacent to the INL and the cone remnants of
the host retina by zooming into the area from low to
increasingly higher magnifications.

Immunohistochemistry for Donor
Tissue (hPAP)

After hPAP immunohistochemistry with DAB stain-
ing of vibratome sections, well-laminated transplants
were noticed with dark-brown staining showing the ap-
parent border with the host retina (light-brown staining)
(Fig. 6A). Some transplant processes penetrated the bor-
der into the INL of the host (Fig. 6B). Sections for ultra-
structural analysis were taken from the area of border.
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FIGURE 5 (A) Electron micrograph of transplant shown in Fig-
ure 4A. Short outer segments (OS), inner segments (IS), and outer
nuclear layer (ONL). Bar = 1 µ m. (B) Photoreceptor terminals (rib-
bon synapses) in outer plexiform layer (OPL) of transplant shown
in Figure 4B. Bar = 1 µm. (C) Enlargement of Figure 4B. A ribbon
synapse in outer plexiform layer (OPL) of transplant. Bar = 1 µm.
(D) Host (H) cell adjacent to inner plexiform layer of transplant
(T). Apparent synapse between cell in host INL and bipolar cell
in transplant IPL. Note many bipolar cell processes with synaptic
vesicles. This section is at a deeper level of the vibratome slice,
beyond the penetration of the antibody. The host-transplant bor-
der had been identified at a low magnification (not shown). Bar =
0.5 µm.

Ultrastructure After
Immunohistochemistry

After identifying the border between host and trans-
plant from the hPAP-stained vibratome slice, ultrathin
sections were cut around these areas. Electron-dense
DAB staining of the transplant showed an obvious bor-
der with the host retina. A glial demarcation membrane
between host and transplant, which was derived from
Muller cells processes, could be noticed clearly in some
areas. However, processes originating from the trans-
plant could often be observed inside the host retina.
(Figs. 6C and 6D).

DISCUSSION
Restoration of Visual Responses

Electrophysiologic evaluation from the SC demon-
strates that visual restoration occurs in S334ter-line-3
retinal degenerate rats that received fetal retinal sheet
transplants. Previous investigations from our laboratory

FIGURE 6 (A, B) hPAP-stained vibratome section. Transplant
(T) is stained dark-brown. The host retina (H) is overall light brown.
The inner and outer plexiform layers of the transplant are stained
much darker than the nuclear layers. Bar = 50 µm. (C) Electron
micrograph after pre-embedding immunohistochemistry for hPAP.
Dark electron-dense staining of transplant inner plexiform layer.
Note darkly stained transplant processes in the host (black arrow).
Some apparent Muller cell processes filling the border between
transplant and host (white arrow heads). Bar = 2 µm. (D) Enlarge-
ment of Fig. 6C. Muller cell processes filling in the border between
host and transplant (white arrowheads). Bar = 1µm.

also demonstrated visual functional improvement in
three different retinal degenerate rat models after retinal
transplantation.13,26,27,35 Although S334ter-line-3 rats
were included in a previous study, the light stimulus
consisted only of bright light (1300 cd/m2), which could
stimulate both host and transplant cones. The restora-
tive effect of fetal retinal sheet transplants was reported
to persist up to 100–150 days of age.13 The current in-
vestigation attempted to correlate the functional results
with the ultrastructural features of the transplant with
the hope of gaining further insight into the mechanism
of functional recovery.

The current investigation showed that the light sensi-
tivity threshold in transplanted rats was in the mesopic
range (-3.42 to -2.8 log cd/m2). Because host rods should
be absent, this observation suggests that transplant pho-
toreceptors likely play a role in the functional restora-
tion occurring after transplantation. Detailed morpho-
logic evaluation based on EM studies was undertaken
to confirm previous reports suggesting that the extent
of functional recovery can be correlated with the mor-
phologic quality of the transplants.13,27,35
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A recent investigation performed in a mouse model
suggested no correlation between functional data and
the morphologic features of the transplant.34 The dis-
crepancies reported in the above studies indicate that
the transplant effect depends on various extrinsic and
intrinsic factors pertaining to the host environment.
Two potential mechanisms may explain the functional
recovery reported among transplanted rats. One mech-
anism is a direct replacement of degenerated photore-
ceptors with the transplanted photoreceptors establish-
ing functional connections between the transplant and
the host retina. This was suggested by preliminary his-
tologic studies by our group.14,15,41 Another mech-
anism is a humoral effect through the trophic fac-
tors released from the transplanted cells, especially rod
photoreceptors,42,43 which in turn may stimulate or fa-
cilitate the activity of the residual host photoreceptors.

Transplant Morphology
A detailed ultrastructural evaluation of the trans-

planted retina was undertaken to evaluate the extent of
functional integration between the transplant and the
host retina. SC recording data revealed that all trans-
planted rats were sensitive to very low level light stim-
ulation and thus were good candidates to evaluate for
the presence of features of integration. In this study,
fetal retinal sheets were transplanted into the subreti-
nal space using an instrument that maintains correct
orientation/polarity. These results demonstrate that fe-
tal retinal sheet transplants can develop parallel layers
comparable with the normal retina with laminated ar-
eas of outer segments arranged parallel to the host RPE.
Transplants survived up to 90 days postsurgery without
any immune rejection. Many areas with normal appear-
ing morphology and synaptic processes were apparent
at the border between the transplant and the host retina.
Some of these morphologic features were also reported
from embryonic rabbit retinal transplants44 and human
retinal sheet transplants in rats,45 however, no func-
tional correlation was performed.

In the well-laminated transplants, the photoreceptor
outer segments directly faced the RPE of the host; and
the IPL of the transplant faced the INL of the host.
Ultrastructural evaluation showed phagosomes inside
the RPE of the host derived from the outer segment
debris of transplant photoreceptors and demonstrated
interactions between the transplant outer segments and
host RPE cells. The presence of photoreceptor termi-

nals (ribbon synapses and triad arrangements) could
also be observed. In several areas inside the transplant,
bipolar cell processes were also identified because of
their distinctive invaginations at the photoreceptor ter-
minals. Multiple synaptic vesicles were observed associ-
ated with many bipolar cell processes. The above mor-
phologic features indicated that normal synapses had
formed inside the transplant. Previous studies14,44,45

showed well-developed photoreceptor terminals with
horizontal and bipolar cell process invaginations in the
outer plexiform layer, bipolar cell processes with many
synapses in the inner plexiform layer, and processes with
a lamellar pattern derived from Muller cells of the trans-
plant filling in the border between transplant and host.
Some apparent Muller cell processes were observed at
the transplant-host border (Fig. 6D). Ghosh et al. in-
ferred that these Muller cells possibly guided the neuron
sprouting in the border.46 In this border area, synapses
of host cells with possible transplanted cells could be
observed at 3 months postsurgery (example in Fig. 5D).

Morphologic evaluation of the transplant revealed
that there were larger areas that developed into rosettes
(i.e., photoreceptor outer segments in the center sur-
rounded by ONL and other retinal layers). The for-
mation of rosettes can have several causes. One major
reason can be the presence of adherent junctions be-
tween the photoreceptors and the Muller cells at the
outer limiting membrane, which is responsible for
maintaining the intrinsic characteristics of the photore-
ceptor cells in a normal retina. The technical challenge
of performing subretinal surgery in the small rat eye
may contribute to rosette formation and disturbance
of the underlying RPE, particularly if the instrument
is placed at the wrong angle or pressure is exerted on
the tissue during the time surgery.14,47 Rosette forma-
tion routinely occurs after the transplantation of retinal
microaggregates.6,48,49

Thus far, few studies have shown clear staining of the
labeled retinal transplant cells and processes ultrastruc-
turally. For example, retinal microaggregates of trans-
genic mice expressing the label lacZ in photoreceptors
were transplanted to normal and rd mice.6,50 Many
transplantation studies have used GFP-labeled donor
tissue.34,51−53 Our study used hPAP-transgenic rats37 as
the donor. This made it relatively easy to identify the
interface between the host and transplant thus enabling
evaluation of morphologic integration.

In summary, sheets of E19 rat retina transplanted
into the subretinal space of S334ter-line-3 rats survived
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without immune rejection and continued to show
visual function when tested after 3 months. Ultrastruc-
turally, well-developed photoreceptors and many nor-
mal synapse types were seen within the transplants.
The border between the host and transplant could be
clearly identified by hPAP immunohistochemistry, and
a certain degree of integration between the host retina
and the transplant was found suggesting that the trans-
planted photoreceptors may have contributed to the
restored light sensitivity.
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