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Abstract
Purpose—To determine the cellular consequences of retinal detachment in retinoschisin knockout
(Rs1-KO) mice, a model for retinoschisin in humans.

Methods—Experimental retinal detachments (RDs) were induced in the right eyes of both Rs1-KO
and wild-type (wt) control mice. Immunocytochemistry was performed on retinal tissue at 1, 7, or
28 days after RD with antibodies to anti-GFAP, -neurofilament, and -rod opsin to examine cellular
changes after detachment. Images of the immunostained tissue were captured by laser scanning
confocal microscopy. Quantitative analysis was performed to measure the number of Hoechst-stained
photoreceptor nuclei and their density, number, and size of inner retinal cavities, as well as the number
of subretinal glial scars.

Results—Since detachments were created with balanced salt solution, by examination, all retinas
had spontaneously reattached by 1 day. Cellular responses common to many photoreceptor
degenerations occurred in the nondetached retinas of Rs1-KO mice, and, of importance, RD did not
appear to significantly accentuate these responses. The number of schisis cavities was not changed
after detachment, but their size was reduced.

Conclusions—These data indicate that large short-term RD in Rs1-KO mice, followed by a period
of reattachment may cause a slight increase in photoreceptor cell death, but detachments do not
accentuate the gliosis and neurite sprouting already present and may in fact reduce the size of existing
retinal cavities. This finding suggests that performing subretinal injections to deliver therapeutic
agents may be a viable option in the treatment of patients with retinoschisis without causing
significant cellular damage to the retina.

X-linked juvenile retinoschisis (XLRS) (schisis the Greek word meaning splitting or
separation) is a genetically recessive inherited type of retinal degeneration that results in the
delamination of inner retinal layers and the formation of cavities within the retina. Although
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the X-linked genetic mode of inheritance primarily affects males, homozygous females
affected with X-linked retinoschisis manifest similar phenotypic characteristics.1 XLRS is the
most frequent form of juvenile macular degeneration among males and is typically diagnosed
during preadolescence, often as a consequence of academic shortcomings, specifically reading
impairments.2 The prevalence of males with this disease has been estimated to range from 1
in 5,000 to 1 in 25,000.2 In the clinical setting, XLRS is characterized by the disorganization
of the inner retinal layers where many microcystic cavities are present when viewed by
funduscopy or optical coherence tomography (OCT).3,4

The cause of XLRS has been linked to mutations in the gene encoding retinoschisin (RS), a
24-kDa secreted protein found in the retina5 and pineal gland.6 The retinoschisin molecule
contains a conserved discoidin domain (DD)5 and is a member of the DD family of proteins
that are involved in cell adhesion and cell– cell interactions.7–10 Retinoschisin is expressed
early in the development of the mouse retina, and all retinal neurons express RS after
differentiation, beginning with the ganglion cells followed by the more distal neurons.6,11 After
the retina reaches maturity, RS is mainly expressed in the outer half of the inner nuclear layer
(INL) and by photoreceptor inner segments, but also continues to be expressed in all classes
of retinal neurons although to a lesser degree.6

Currently, more than 170 disease-causing mutations have been identified in the RS1 gene
(RetinoschisisDB; http://www.dmd.nl/rs/index.html/ provided in the public domain by Leiden
University Medical Center, Leiden, The Netherlands), with missense mutations being the
majority followed by frame-shift, nonsense, and point mutations, deletions, and insertions. All
these mutations show similar phenotypes with the splitting of the retina, formation of
stereotypical large cavities in the inner retina, and an affected ERG.8,12

XLRS can also give rise to several severe complications, including peripheral schisis,13

vitreous hemorrhaging, neovascular glaucoma, atrophy of the retinal pigment epithelium
(RPE), and in advanced cases, retinal detachment as well as proliferative vitreoretinopathy
(PVR).8,14,15 Preadolescent patients with XLRS are usually examined, with funduscopy and
OCT if available, on a yearly basis by their pediatric ophthalmologist, and less frequently at
older ages. Because of the fragility of retinas lacking retinoschisin5,11 and the high incidence
of retinal detachments in XLRS,15,16 vitreous surgery is generally avoided and is considered
complicated. A recent study, however, indicates that vitreous surgery may have a positive role
in partially restoring visual acuity by relieving the vitreous traction in retinas with foveal schisis
resulting in reattachment of the retina.17

Ultimately, 16% to 22% of patients with XLRS develop rhegmatogenous detachments (i.e.,
detachment with a retinal tear).18,19 Retinal detachment in otherwise healthy eyes frequently
results in diminished visual capacity in humans. Even after uncomplicated surgical
reattachment, the recovery of vision can vary greatly.20 It is estimated that, in 20% to 60% of
the surgical population, visual acuity recovers to only approximately 20/50.

There are currently three mouse models of human XLRS, all of which display structural and
functional features similar to human XLRS,21–23 including a more affected b- than a-wave and
splitting of multiple retinal layers with large intraretinal cavities. The greater reduction
observed in the ERG b-wave suggests a disruption of synaptic transmission at the
photoreceptor/bipolar cell synapse in the absence of retinoschisin protein. These Rs1-knockout
(KO) mice have been important in the understanding and development of therapies for human
XLRS. Ocular gene therapy, delivered either in the subretinal space or in the vitreous, is one
such treatment that has been evaluated in the XLRS mouse model with promising results.22,
24,25 Traditionally, ocular gene therapy has involved delivering a small amount of fluid (1–2
μL) carrying the replacement gene vector into the subretinal space, where the target is both the
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inner and outer retina.26 Intravitreal delivery of the vector is an efficient administration route
in the Rs1-KO mouse model, promoting restoration of retinal architecture and closing of
cavities, preservation of photoreceptors, and functional rescue22 with improvement in ERG.
25 In an important finding for treating human disease, recent studies in the Rs1-KO mouse have
demonstrated that such gene therapy is able to restore a functional ERG b-wave during late
stages of the disease.25,27

Recent clinical phase 1 gene therapy trials for human retinal degeneration in Leber congenital
amaurosis (LCA) show promising results.28,29 Delivering the gene vector in the subretinal
space produced a short-lived retinal detachment with no signs of retinal damage due to the
procedure. In XLRS, with a particularly fragile retina prone to detachment, the question
remains whether physical trauma caused by subretinal intervention will accentuate the cellular
damage already present in retinas affected by retinoschisis. In one study, using wild-type (wt)
mice aiming to identify genes involved in retinal detachment and subsequent reattachment, the
Rs1 gene was upregulated as early as 2 hours after detachment and thought to be involved in
the physical cohesion of the retina.30

Two studies in recent years have shown that various cell types of the mouse retina alter their
morphology and become reactive in response to retinal detachment.31,32 It is important to note
that these previous studies were performed with a solution of sodium hyaluronate (Healon;
Pharmacia & Upjohn, Uppsala, Sweden), to produce sustained long-term retinal detachments.
In contrast, we used injections of balanced salt solution (BSS; Alcon, Ltd., Fort Worth, TX)
to create short-lived retinal detachments that more closely mimic the transient detachment that
occurs as a result of gene therapy. We show here that a brief detachment interval (∼ 1 day),
even though large in size, does not increase damage to the retina out to 28 days later and may
in fact reduce the size of the existing cavities.

Materials and Methods
Animals

Rs1-KO (Rs1−/y) mice were generated from C57BL/6 blastocytes, and the mice were
backcrossed more than 10 generations, as described elsewhere.22,25 All mice, C57BL/6 wt
(Rs1+/y) and Rs1-KO were 2 months of age at the beginning of the study. Three Rs1-KO mice
and three littermate wt mice from each time point were used for immunocytochemical studies.
The animal experiments were conducted in accordance with the National Institutes of Health
(NIH) Animal Care and Use Committee protocols, the ARVO Statement for the Use of Animals
in Ophthalmic and Vision Research, and the guidelines of the Animal Resource Center of the
University of California Santa Barbara (Santa Barbara, CA).

Transient Experimental Retinal Detachment
Retinal detachments were produced in the right eyes of Rs1-KO and C57BL/6J (wt) mice, and
left eyes served as the control. First, a pilot hole was created with a 30-gauge needle through
the sclera a few millimeters below the limbus. A fine custom-pulled glass micropipette was
then introduced transvitreously and inserted between the neural retina and the RPE, at which
time approximately 5 μL of balanced salt solution was infused, detaching approximately 75%
of the retina. A glass coverslip, placed on the cornea, was used to visualize the retina during
surgery. Since the glass pipette tip (∼ 1 cm long) was very thin and flexible, it did not penetrate
or damage the lens; no cataracts were observed at the time of euthanatization. The mice were
euthanatized at 1, 7, or 28 days after detachment. A 1-day animal is considered to have had a
detached retina for the majority of the 24-hour period. As described in the Results section,
since balanced salt solution was used to create the detachments, the retinas spontaneously
reattached by 24 hours; hence, a 7-day animal is considered detached for 1 day and reattached
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for 6 days. Similarly, a 28 day detachment is considered having a 1-day retinal detachment
followed by a reattachment period of 27 days.

Tissue Preparation
After euthanatization, the eyes were first lightly cauterized to mark the hemisphere where the
detachment originated (i.e., the region where the tip penetrated the retina). The eyes were then
enucleated and immersion fixed overnight in 4% paraformaldehyde in sodium cacodylate
buffer (0.1 M; pH 7.4) at 4°C. The next day the cornea and lens were removed to form an
eyecup which was then bisected through the area of detachment. Sections were cut transversely
through the bisected area of detachment.

Immunocytochemistry
Immunocytochemistry was performed, as described previously.32 Briefly, the eyes were rinsed
in phosphate-buffered saline (PBS; pH 7.4) three times for 15 minutes each and one time for
60 minutes, embedded in low-melt agarose (5%; Sigma-Aldrich, St. Louis, MO) at 45°C and
subsequently sectioned at 100 μm using a vibratome (Leica, Lumberton, NJ). To prevent
nonspecific binding of antibodies, the reactions in the retinal sections were blocked overnight
with normal donkey serum 1:20 in PBS containing 0.5% BSA, 0.1% Triton X-100, and 0.1%
Azide (PBTA) at 4°C on a rotator for continuous agitation. After the overnight blocking step,
the PBTA was removed and primary antibodies, diluted in PBTA, were added for another
overnight incubation at 4°C. The next day retinal sections were rinsed in PBTA, three times
for 15 minutes each and one time for 60 minutes at which time the corresponding secondary
antibodies were added for the last overnight incubation at 4°C. Antibodies to the following
proteins were used: glial fibrillary acidic protein (GFAP) (1:400, rabbit polyclonal, DAKO,
Carpinteria, CA), rod opsin (1:500, mouse monoclonal; a gift from Robert S. Molday,
University of British Columbia, Vancouver), and neurofilament protein (1:500, mouse
monoclonal; Biomeda, Hayward, CA). The secondary antibodies included donkey-anti mouse,
goat, or rabbit conjugated to Cy2, Cy3, or Cy5 (Jackson ImmunoResearch, Laboratories, West
Grove, PA). Finally, the sections were rinsed in PBTA as just described, mounted in 5% n-
propyl gallate in glycerol on glass slides, covered with a coverslip, and subsequently sealed
with nail polish. In some cases, the sections were mounted in n-propyl gallate containing the
nuclear stain Hoechst (1:5000; Molecular Probes, Eugene, OR). The specimens were viewed
and images collected with a laser scanning confocal microscope (FluoView 500; Olympus
Center Valley, PA). Rs1-KO and control eyes from the same immunohistochemistry
experiment were viewed during the same session, with black and gain levels kept constant to
allow for comparisons and semiquantitation of labeling intensity.

Quantification
The number of photoreceptor cells (i.e., number of nuclei/area of ONL) and schisis cavities,
and the size of the schisis cavities relative to the area of the INL were all calculated from 50
to 100 randomly collected confocal images at a resolution of 512 by 512 with a pixel size of
0.62 μm. These images were taken from the central to the midperipheral retina in each of the
relevant animals (schisis cavities do not exist in wt mice). The number of photoreceptor nuclei
was counted in the images with an automated computer program (Nucleus Detector, provided
in the public domain at http://www.bioimage.ucsb.edu, Center for Bioinformatics, University
of California at Santa Barbara).33 The area of the ONL within each image was also
automatically calculated using the method previously described.34 An average density of
photoreceptors for all the animals within a group was then calculated using the average density
per animal. To determine the number and area of the schisis cavities, borders were manually
drawn around the cavities on the digital images (DminViewer software;
http://dimin.m6.net/software/viewer/ developed and provided in the public domain by Dimitry
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V. Federov under the auspices of several grantors). The average number of schisis cavities was
calculated per millimeter of INL for each group of Rs1-KO animals. The area of the schisis
cavities within an image was calculated by measuring the area of the cavities/the area of the
INL × 100 to give a percentage of INL area occupied by the cavities. These areas were averaged
as described for photoreceptor cell counts to provide an overall average for each group. For
statistical purposes, P > 0.05 was not considered statistically significant.

Determining a representative number for subretinal scars in the various samples was done
somewhat differently in an attempt to avoid bias in selecting areas that have scars and yet assure
that enough sampling area was obtained to allow for some measure of significance. In this case,
central-to-peripheral retinal mosaics approximately 2 mm in length were constructed from one
animal from the wt control, wt 7-day detached, Rs1-KO control, and Rs1-KO 7-day detached
groups. There are no subretinal scars in the wt control animals. The data are presented as the
number of scars per millimeter within the retinal mosaics.

Results
Retinal Reattachment

In previous studies we used a dilute solution of 0.25% sodium hyaluronate (Healon; Pharmacia
& Upjohn, Uppsala, Sweden) to maintain detachments for a long period (e.g., months).32 In
this study, we created large detachments with balanced salt solution and under these
circumstances we observed that the retina of both wt and Rs1-KO reattaches within 24 hours.
These results are similar to those shown by Nour et al.35 who created small retinal blebs by
injecting 1 μL of saline into the subretinal space.

Müller Cell Reactivity
In the Rs1-KO control eyes, there was a much greater expression of the intermediate filament
protein GFAP than in the wt control eyes; anti-GFAP labeling of Müller cells extended from
the ILM through the ONL in the Rs1-KO (Fig. 1C) whereas no Müller cell labeling was detected
in the wt retinas (Fig. 1A). After detachment in wt animals at the 28-day time point (i.e., 1-day
detached, 27-day reattached), anti-GFAP labeling had increased slightly in the Müller cells
(Fig. 1B), but the labeling was still less than that observed in nondetached Rs1-KO eyes (Fig.
1C). No apparent difference in anti-GFAP labeling was observed between Rs1-KO detached
(Fig. 1D) and nondetached retinas at any time point. Anti-GFAP expressed by astrocytes also
appeared similar in all animals and did not vary between wt and Rs1-KO or between attached
and detached retinas (Fig. 1).

It has been shown previously that detachment of the wt mouse retina using sodium hyaluronate
to maintain the detachment for 7 days leads to Müller cell hypertrophy and growth past the
outer limiting membrane (OLM) forming subretinal scars.32 In our study, scars formed by
Müller cells were observed in control Rs1-KO retinas, and they continued to be present after
detachment, even though retinas had reattached by day 1 (Figs. 1C, 1D). A hemisection of an
attached Rs1-KO retina shows several anti-GFAP-stained processes extending past the OLM
where they disrupt the outer segment layer (Fig. 2A, arrows). A higher magnification view of
similar areas (Figs. 2B–D) reveals these glial processes labeled by anti-GFAP (green) to have
a complex morphology with a tangled appearance similar to that of subretinal scars in mice,
32 cats,36 and humans37 after detachment. The morphology of these glial processes in detached
and nondetached Rs1-KO retinas appeared the same as those observed in the detached wt
retinas.32

The prevalence of GFAP-positive processes crossing the OLM into the subretinal space was
determined from mosaiced adjacent images from individual retinas as described previously.
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38 The number of scars was similar in the Rs1-KO detached (3.47/mm) and nondetached (3.40/
mm) retinas and more than double the number than in wt detached retinas in the same respective
experimental group (1.5/mm) indicating that detachment did not increase the number of
subretinal scars in the Rs1-KO retinas (Fig. 3; 7-day time point).

Schisis Cavities
The most prominent phenotypic feature of these Rs1-KO animals is the appearance of schisis
cavities (Figs. 1C, 2D).22,25 Images from laser scanning confocal microscopy were used to
quantitate the number of cavities/mm in detached and nondetached Rs1-KO retinas (Fig. 4).
The number of cavities was significantly increased at 1 day of detachment but then decreased
as the retina was reattached for longer periods of time so that their number did not show a
statistically significant difference between the Rs1-KO control and the 7 or 28 day groups (Fig.
4). However, there were significant differences in the area of the inner retina covered by the
schisis cavities for the detached and nondetached Rs1-KO eyes (Fig. 5). The area of the schisis
cavities was consistently smaller overall in the detached Rs1-KO eyes when compared with
the nondetached controls. The effect created a decrease in the average area of the INL occupied
by schisis cavities from 17.48% in the Rs1-KO nondetached eyes to approximately 8.46% in
the 28-day Rs1-KO animals.

Photoreceptors
Both nondetached and detached Rs1-KO retinas displayed focal regions of outer segment
disruption and associated rod opsin redistribution adjacent to the subretinal scars (Figs. 2B,
2C). Photoreceptor cell bodies were present in the subretinal space within areas of the glial
scars (Fig. 2D; arrow) in both attached and detached Rs1-KO retinas. Rod opsin redistribution
to the ONL was not observed in wt detached retinas, most likely because of the very brief
period of detachment.

To establish the magnitude of cell death occurring in the eyes, the density of photoreceptor
cells (number of cells/mm2) was determined from retinal images using an automated cell
counting program.34 Since we did not observe a decline in photoreceptor number in the left
(unoperated control) eyes of the Rs1-KO mice over the 1 month of this experiment, the ONL
cell counts from those eyes were pooled to give an overall average of photoreceptor density in
the Rs1-KO eyes (percentage of photoreceptor cell density is shown as a percentage of values
in control animals in Fig. 6). Cell counts from the left eyes of the wt control retinas were
similarly pooled. The average cell densities were 51,764 ± 3,483 cells/mm2 in wt animals and
49,976 ± 3,027 cells/mm2 in the Rs1-KO nonsurgical eyes. These data represent a difference
of 3% and although small, show statistical significance when analyzed with a Student's t-test
(P < 0.01). The slight decline in cell density in the wt mice in the 28-day experiment to an
average of 50,844 ± 1,952 cells/mm2 does not show statistical significance. Although the
decrease in photoreceptor cells in the Rs1-KO animals over the course of the study is small
(Fig. 6), the change between control 49,976 ± 3,027 cells/mm2 and 28 day animals 47,855 ±
2,276 cells/mm2 is statistically significant P < 0.0001.

Neurite Outgrowth
It has been observed that retinas reacting to the loss of photoreceptor cells contain neurite
processes that originate from both rod bipolar and horizontal cells, and most often grow into
the ONL adjacent to a glial scar but sometimes into the inner retina as well.32,36,37,39–42 A
recent study by Takada et al.43 also demonstrated neurite outgrowth from both rod bipolar and
horizontal cells in Rs1-KO mice.43 Positive neurofilament processes indicative of neurite
outgrowth were observed extending into the inner (Figs. 7A, 7B, arrows) and outer retina (Figs.
7C–E) in all Rs1-KO mice. These processes were similar in appearance to those observed in
wt mouse retina after 7 days of detachment,32 and they were morphologically consistent with
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processes arising from horizontal cells. Although the infrequency of these extensions made
quantification difficult, our observations suggest strongly that there was no difference in the
size or frequency of neurites in the Rs1-KO retinas whether detached or not. Double labeling
experiments with anti-neurofilament and anti-GFAP suggest a clear morphologic association
of neurites with reactive Müller cell processes growing past the OLM (Figs. 7D, 7E
arrowheads).36

Discussion and Conclusions
In this study, we showed that features common to both inherited photoreceptor degeneration
and retinal detachment (i.e., the loss of photoreceptors, glial reactivity, and neuronal
remodeling)42,44 occur in a mouse model of X-linked retinoschi-sis. Short-term retinal
detachment resulted in no obvious exacerbation of gliosis or neurite sprouting, although it may
have caused a slight increase in photoreceptor cell death. However, there was a clear effect
observed in the size of the schisis cavities which decreased in the detached retinas from
approximately 17% to 8% of the INL area respectively in control animals and in the 28-day
experimental eyes. Both the nondetached Rs1-KO retinas and those with retinal detachment
exhibited similar signs of retinal trauma as shown by an upregulation in the expression of the
intermediate filament protein GFAP, a common marker for neurotrauma. These findings
suggest that the defective RS protein caused retinas from Rs1-KO animals to be in a state of
cellular reactivity before detachment. Indeed, glial scar formation in the subretinal space, often
accompanied by neurite outgrowth from horizontal cells, was under way in the Rs1-KO mice
without detachment. Thus, humans with X-linked retinoschisis may have a slow, ongoing
formation of subretinal scar tissue. This is not a benign event, since in areas with subretinal
growth there was outer segment disruption, rod opsin redistribution, and extrusion of
photoreceptor nuclei into the subretinal space. Moreover, it has been shown that the presence
of a subretinal glial scar prevents regeneration of outer segments.45 Since glial scars can have
detrimental effects on photoreceptor health, the data suggest that therapy to treat the RS defect
may also benefit from treatment that reduces the severity of reactive gliosis. Unfortunately,
there are presently no treatments for this condition. On the other hand, subretinal glial scar
formation was not accentuated by short-term retinal detachment, indicating that subretinal gene
therapy may not exacerbate the glial reactivity already present in patients with X-linked
retinoschisis.

Transient detachments did not induce a significant loss of photoreceptors in the wt animals but
did cause a slight (3%) decline in photoreceptor cell density in the fragile Rs1-KO retinas after
28 days. This decline is small and may represent the fact that these detachments were large,
encompassing ∼75% of the retina. Thus, cell death may not be a concern in the case of small
retinal blebs created for gene therapy; although in practice the bleb would be located near to
the macula, which is most critical for visual function. The results though, may indicate a greater
susceptibility of patients with retinoschisis to the effects of a large rhegmatogenous detachment
than observed in the general population.

While there was a slight increase in the number of inner retinal cavities 1 day after detachment,
during which time the retina was mostly detached, this number decreased to the level of the
nondetached retinas after reattachment at 7 and 28 days. Also, the physical area of the INL
occupied by the cavities decreased in the detached retinas. It has been reported that stressing
or injuring the eye can have a profound effect on the osmotic state of the retina.46 A similar
phenomenon may occur here where detachment induces a hyperactivation of channel mediated
movements of potassium and water by Müller cells that affect the inner retinal layers where
these cavities exist. Clearly, this effect was relatively long-lived in the mice, since it was
apparent in the animals 27 days after a 1-day detachment.
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Although studies in mice have demonstrated that restoring RS protein production rescues the
phenotype of this disease,25 further examination of other cellular events under way before the
application of gene therapy may prove crucial in developing a more complete and long-term
treatment for patients affected by XLRS. Indeed, subretinal glial scar formation and neurite
sprouting seem to be as characteristic as the splitting of the retinal layers and loss of
photoreceptor cells in the Rs1-KO retinas. Disturbance of the retina by any subretinal route of
gene therapy in these patients is likely to be inevitable, and given the fragility of these retinas
and their propensity for retinal detachment, this possibility must be taken seriously. Our results
are encouraging, although a reduction in the size of schisis cavities by transient retinal
detachment could partially confound the outcome of a clinical trial using this approach,
possibly masking the benefits of gene therapy.17
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Figure 1.
Laser scanning confocal images comparing anti-GFAP labeling of Müller cells in wt
nondetached and detached retinas (A, B) with Rs1-KO nondetached and detached retinas (C,
D). In nondetached wt retinas, anti-GFAP labeled only astrocytes in the inner retina (A). After
a 1-day detachment and 27 days of reattachment, anti-GFAP labeling slightly increased in the
Müller cells and extended into the outer nuclear layer (ONL; B). In nondetached Rs1-KO
retinas, anti-GFAP labeling of Müller cells extended throughout the entire retina and into the
subretinal space (C; arrow). This pattern of labeling appeared similar in Rs1-KO animals after
a 1-day detachment and 27 days of reattachment (D; arrow points to a subretinal glial scar.)
Faint anti-GFAP labeling of horizontal cells was often visible in the outer plexiform layer (faint
labeling in the center of Fig. 1A). This labeling was variable and did not increase after
detachment; and it was usually obscured by the upregulation of GFAP in Müller cells. The
cavities (✻) present in the detached Rs1-KO retina, appeared somewhat reduced in size
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compared with the size in the nondetached Rs1-KO retina. INL, inner nuclear layer; GCL,
ganglion cell layer. Scale bar: 50 μm.
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Figure 2.
Laser scanning confocal images illustrating the presence of anti-GFAP labeled processes
(green; arrows) in the subretinal space in nondetached (A, B) and detached (C, D) Rs1-KO
retinas. Numerous anti-GFAP–labeled glial scars were observed in Rs1-KO retinas before
detachment (A, B; arrows) resulting in photoreceptor outer segment disruption. A similar
pattern of subretinal glial scars was observed after detachment (C, D; arrows). The presence
of the scars was associated with a redistribution of the rod opsin protein (blue) to the ONL
(C) as well as extrusion of photoreceptor nuclei (blue) into the subretinal space (D, arrow).
Anti-rod opsin labeling is blue in (A), (B), and (C). Hoechst labeling of nuclei is blue in (D).
GCL, ganglion cell layer. Scale bars: (A) 100 μm; (B) 50 μm; (C, D) 20 μm.
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Figure 3.
Graph comparing the number of subretinal scars per millimeter of retina in wt nondetached
(wt) and detached (wt 7 days) retinas, with Rs1-KO nondetached (Rs1-KO) and detached
(Rs1-KO 7 days) retinas. (The experimental retinas were detached for 1 day and reattached 6
days for a total of 7 days.) There was a significant increase in the presence of subretinal glial
scars in the nondetached Rs1-KO retinas compared with wt detached retinas. Detachment of
the Rs1-KO retinas did not increase the number of scars compared with the number in the
nondetached Rs1-KO retinas.
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Figure 4.
Graph comparing the number of retinal cavities present in nondetached Rs1-KO retinas (Rs1-
KO) with retinas detached for 1 day (Rs1-KO 1day), detached for 1 day and reattached for 6
days (Rs1-KO 7days), and detached for 1 day and reattached for 27 days (Rs1-KO 28 days).
A slight but significant increase in the number of cavities was observed in the Rs1-KO 1-day
retinas, but at later time-points this decreased to similar levels in the nondetached retinas. Error
bars, SD.
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Figure 5.
Graph comparing the area of cavities in nondetached Rs1-KO retinas (Rs1-KO) with that in
retinas detached for 1 day (Rs1-KO 1 day), detached for 1 day and reattached for 6 days
(Rs1-KO 7 days), and detached for 1 day and reattached for 27 days (Rs1-KO 28 days). At all
times after detachment, there was a significant decrease in the area of cavities compared with
that in the nondetached retinas. Error bars, SD.
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Figure 6.
Graph comparing the percentage of photoreceptor density in nondetached and detached wt and
Rs1-KO retinas. One day, 1 day detached; 7 days, 1 day detached and 6 days reattached; 28
days, 1 day detached and 27 days reattached. The total number of photoreceptors was less in
the nondetached Rs1-KO retinas than in the nondetached wt retinas. Detachment produced a
slight but steady decline in the number of photoreceptors in both sets of animals. The decrease
in the density of photoreceptors by 28 days in the Rs1-KO detachments was statistically
significant.
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Figure 7.
Laser scanning confocal images illustrating the neurite outgrowth from horizontal cells in
nondetached (A) and detached (B–E) Rs1-KO retinas at day 7 (i.e., 1 day detached, 6 days
reattached). Anti-neurofilament-labeled (red) processes originating from horizontal cells
(arrows), extending into the inner retina in nondetached retinas (A) and detached retinas (B),
as well as into the outer retina in both nondetached and detached conditions (C–E; 1 day
detached, 6 days reattached). Neurites can be observed in the subretinal space but only in
regions with anti-GFAP-labeled glial scars (green; arrowheads). Blue: Hoechst-labeled nuclei.
OLM, outer limiting membrane. Scale bars, 20 μm.
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