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Abstract

Purpose: Members of the ciliary neurotrophic factor (CNTF) family of cytokines have been
shown to influence neuronal differentiation during retinal development and enhance cell survival
in various retinal degeneration models. However, the cellular mechanism of CNTF signaling and
the target cell types for CNTF in the developing retina remain unidentified. The purpose of this
study is to characterize expression patterns of proteins involved in cytokine signal transduction in
the mouse retina, thus to assess the potential responsiveness of different retinal cell types to
CNTF-like cytokine signals.

Methods: The expression profiles of various cytokine signal transduction components, including
receptor subunits CNTF receptor alpha (CNTFRa) and gp130, intracellular protein kinases, Jak2
and Tyk2, as well as latent transcription factors, STAT1 and STAT3, were determined by
immunohistochemical staining of mouse retinal sections derived from different postnatal stages. In
addition, the distribution of ERK was studied by immunofluorescent staining.

Results: In the neonatal retina, intense staining signals for gp130, CNTFRa, Jak2, Tyk2, STAT1,
and STAT3 were present in the differentiated ganglion cell layer and the developing inner
plexiform layer of the mouse retina. Detectable staining signals were also observed in the
ventricular zone of the early postnatal mouse retina. From P5 to P10, cytokine signaling molecules
also accumulated in the developing outer plexiform layer. In the adult retina, cytokine signaling
components examined were localized to the ganglion cell layer, the inner nuclear layer, and the
two plexiform layers. In addition, regions corresponding to the inner and/or outer segments of the
photoreceptor cells showed positive staining for cytokine signaling components. In contrast, the
ERK?2 protein kinase was found throughout the neonatal retina. In the mature retina, ERK2 was
concentrated in the ganglion cells and the inner plexiform layer, while a lesser expression of ERK2
was detected in the inner nuclear layer, the outer plexiform layers, and the outer nuclear layer.

Conclusions: In the neonatal mouse retina, signaling components of the Jak-STAT pathway and
ERK?2 are differentially expressed. All cytokine signaling components included in this study are
expressed in the differentiated inner retina as well as in cells occupying the ventricular zone,
suggesting that both postmitotic neurons and proliferative progenitors may directly respond to
CNTF-like cytokines during postnatal development. The distribution of cytokine signaling
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pathway components in the adult mouse retina is consistent with previous findings that ganglion
cells and Mauller glia are the primary target cell types for CNTF.

Development of the vertebrate retina from an undifferentiated neural epithelium to a mature
neural network is regulated by both cell-intrinsic factors and cell-extrinsic cues [1-4].
Ciliary neurotrophic factor (CNTF) has been shown to be a potent growth factor capable of
influencing retinal cell differentiation. During the peak period of rod photoreceptor cell
production in rodents, exposure of retinal tissues to exogenous CNTF results in inhibition of
rhodopsin expression and enhancement of bipolar cell marker expression [5,6]. In contrast to
rodents, CNTF promotes the differentiation of a subclass of cone photoreceptors expressing
green opsin in the developing chick retina [7-9]. In addition to its strong effects on neuronal
differentiation, CNTF promotes the long-term survival and axon outgrowth of retinal
ganglion cells [10-13] and prevents photoreceptor cell degeneration caused by mutations
and light-induced damages in various rodent models [14-20].

The CNTF subfamily of cytokines, including leukemia inhibitory factor (LIF), interleukin-6,
oncostatin M, and cardiotrophin-1, share two common transmembrane receptor components:
gp130 and LIFRP [21]. In addition, CNTF also requires a specific receptor subunit,
CNTFRa, that is anchored to the cell membrane by a glycosylphosphatidylinositol (GPI)
linkage [22,23]. The binding of CNTF to its tripartite receptor induces dimerization of
gp130 and LIFR, which in turn activates receptor-associated Jak protein tyrosine kinases
[24]. In vitro, CNTF can activate three known Jak kinases: Jak1, Jak2, and Tyk2 [25].
Activation of Jak kinases causes phosphorylation of latent cytoplasmic transcription factors
of the signal transducer and activator of transcription (STAT) family [25]. Among the seven
STAT proteins identified in mammals [26], CNTF family of cytokines selectively
phosphorylates STAT1 and STAT3 [27-29]. The tyrosine-phosphorylated forms of STAT
dimerize and translocate into the nucleus to regulate gene transcription [27-30]. In addition
to the Jak-STAT signaling pathway, the CNTF subfamily of cytokines can also activate the
extracellular signal-regulated kinase (ERK, also known as the p42/44 mitogen-activated
protein (MAP) kinase) [31] and the phosphatidylinositol 3 kinase-Akt pathways [32].

Despite the known effects of CNTF on retinal differentiation and cell survival, the cellular
mechanisms of CNTF signaling are not well understood. In the adult rodent retina, strong
neural protective effects of CNTF have been observed for photoreceptor cells, however,
CNTF-induced activation of STAT3 and ERK has been detected only in ganglion cells and
Muiller cells [33,34], suggesting that CNTF may not directly act upon photoreceptor cells. In
the postnatal developing retina, which consists of proliferating progenitor cells and
postmitotic neurons, the strong inhibitory effect of CNTF on rod photoreceptor
differentiation may be caused either by direct cytokine action upon photoreceptor precursors
or by secondary signals released by postmitotic neurons that have received CNTF signals. To
further elucidate the cellular mechanisms of cytokine signaling during retinal differentiation,
it is necessary to determine which cytokine signaling components are present in the retina
and whether cytokine signaling components are expressed in a dynamic pattern during
development and maturation of the retina. Here, we report the expression patterns of several
key proteins mediating cytokine signal transduction in the postnatal mouse retina. The
distribution of these signaling components indicates that both progenitor cells and
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postmitotic neurons are potential targets for CNTF signaling during early postnatal retinal
development.

CD 1 mice were purchased from Charles River (Wilmington, MA). Immediately after being
enucleated, the eyes were submerged in 4% paraformaldelhyde (PFA) in PBS at 4°C and the
cornea and lens were removed. The resulting eye cups were fixed further in 4% PFA/PBS for
3-4 h at 4°C followed by cryoprotecting in 30% sucrose/PBS and embedding in OCT.
Tissue sections of 16 um thickness were cut with a cryostat. Tissue sections derived from
different postnatal ages were collected and arranged on glass slides so that each slide
contained sections from different ages. Mouse pups within 24 h of birth were considered as
postnatal day 0 (PO) animals, and the rest were staged accordingly. The ages of mature mice
used ranged from P24 to P36, and no differences in protein expression were found within
this time period. A minimum of three eyes from a given age was analyzed.

Immunostaining:

The following affinity-purified primary antibodies and the corresponding antigen peptides
were purchased from Santa Cruz Biotechnology (Santa Cruz, CA): rabbit polyclonal
antibodies against Jak2 (C-20), Tyk2 (C-20), STAT1 (E-23), STAT3 (K-15), gp130 (C-20),
ERK2 (C-14), and a goat polyclonal antibody against CNTFRa (R-20). The following
secondary antibodies were used in this study: biotinylated goat anti-rabbit IgG (Vector
Laboratories), biotinylated horse anti-goat 1gG (Vector Laboratories, Burlingame, CA), and
Alexa 594-conjugated goat anti-rabbit IgG (Molecular Probes, Eugene, OR).

Cryosections were postfixed with 4% PFA/PBS at room temperature for 10 min and washed
with PBS 4 times for 10 min each. To inhibit endogenous peroxidases, sections were
incubated with 0.3% H,05 in water for 30 min at room temperature and followed by PBS
washes. Sections were then incubated with a blocking solution containing 10% FCS, 2%
goat serum (for rabbit antibodies) or 2% horse serum (for the goat antibody), and 0.1%
Triton X-100 in DMEM for 1 h at room temperature or overnight at 4°C to block non-
specific binding sites. Primary antibodies were diluted using the corresponding blocking
solutions at the following ratios: Jak2 (1:200), Tyk2 (1:200), STAT1 (1:400), STAT3 (1:400),
gp130 (1:400), ERK2 (1:200), and CNTFRa (1:50). To test if a given antigen peptide can
block the binding sites of the corresponding antibody, the peptides were diluted to 5-10
ug/ml in a blocking solution containing the corresponding primary antibody and incubated at
room temperature for 2 h prior to applying to sections. Incubations with primary antibodies
or primary antibodies preincubated with antigen peptides were performed in parallel at 4°C
overnight. Primary antibody incubation is followed by extensive washes with PBS
containing 0.1% Tween 20 (PBT). Sections were subsequently incubated with Alexa 594-
conjugated goat anti-rabbit 1gG (1:200), biotinylated goat anti-rabbit 1gG (1:200), or
biotinylated horse anti-goat 1gG (1:200) diluted into corresponding blocking solutions for 1
h at room temperature. Following washes with PBT, horseradish peroxidase
immunohistochemistry was performed using the Elite ABC kit (Vector Laboratories) and 3’,
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3’-Diaminobenzidine (DAB) as chromogen at room temperature for 20 min. Slides were
washed extensively with H,O, and during the last wash, treated for 5 min with 1 ug/ml 4’-6-
diamidino-2-phenylindole (DAPI). Slides were mounted with Gel Mount (Biomeda, Foster
City, CA). Nomarski or fluorescent images were viewed and photographed with a Nikon
E800 microscope equipped with a SPOT Il digital camera. Fluorescent images were
recorded with the same exposure times for Alexa 594 and DAPI, respectively.

Background peroxidase staining was detected in retinal blood vessels, which was abolished
with the pretreatment of H,O, (data not shown). Parallel staining performed without primary
antibodies and with secondary antibodies alone showed no staining signals. Peptide
preincubation experiments showed that for a given antibody only preincubation with the
antigen peptide but not nonspecific peptides resulted in the loss of staining signals.

Expression of gp130 and CNTFRa in the retina:

To examine the distribution of the cytokine receptor subunit gp130, affinity purified rabbit
polyclonal antibodies were used to stain mouse retinal sections (Figure 1). At P1,
predominant gp130 expression was detected in the ganglion cell layer and the differentiating
inner plexiform layer (Figure 1A). However, a lower intensity staining signal of gp130
protein was present in the ventricular zone of the mouse retina at P1 (Figure 1A). This
pattern of expression persisted throughout the first postnatal week. At P7, the staining
signals increased in the inner half of the inner nuclear layer and also appeared in the outer
plexiform layer (Figure 1D). By P10, the outer plexiform layer became intensely stained
compared to younger retinas (Figure 1E). In the mature retina (P36), the strongest staining
signals for gp130 were detected in the ganglion cell layer, and intense staining signals were
also present in a subset of cells in the inner half of the inner nuclear layer, and in both
plexiform layers (Figure 1G). Interestingly, gp130 immunostaining signals were also present
in both the outer and inner segments of mature photoreceptors (Figure 1G). Preincubation of
the anti-gp130 antibody with the corresponding peptide antigen abolished the staining
signals at P1 (Figure 1B) and other stages (data not shown). Staining sections with the
secondary antibody alone resulted in no staining signals (Figure 1H, other data not shown).

Expression of the CNTFRa. protein was characterized by immunohistochemical staining
using an affinity purified goat polyclonal antibody (Figure 2). At P1, most CNTFRa staining
signals were found in the inner retina, where the ganglion cells and the differentiating inner
plexiform layer were located (Figure 2A). Similar staining in the inner retina was maintained
at P5 (Figure 2B,C) and P7 (Figure 2D). In addition, detectable staining, which appeared as
clustered punctate signals, persisted in the ventricular zone throughout the first postnatal
week (Figure 2A-D). By P10, the outer plexiform layer became positively stained for
CNTFRa (Figure 2E). From P10 on, the most intense staining was found in the apical
surface of the developing photoreceptor cell layer (Figure 2E,F). In the mature retina (P24),
CNTFRa staining signals were localized to the ganglion cell layer, the two plexiform layers,
and the inner nuclear layer (Figure 2G,H). Furthermore, prominent staining signals were
detected in the inner and outer segments of photoreceptors (Figure 2H), and among them a
subset of the outer segments was more intensely stained than the rest.
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Distribution of Tyk2 and Jak2 protein kinases in the retina:

The expression patterns of the Jak1 protein kinase in the mouse retina have been reported
previously [35]. To characterize the expression profiles of the other two Jak tyrosine kinases
involved in mediating cytokine signals, we performed immunohistochemistry using specific
antibodies against Tyk2 and Jak2. At P1, similar protein expression patterns were observed
for Tyk2 (Figure 3A) and Jak2 (Figure 3D) with intense staining in the inner retina and
lesser staining in the ventricular zone. At P5, sparsely distributed cells adjacent to the
emerging outer plexiform layer showed strong staining signals for Tyk2 (Figure 3B) and
Jak2 (Figure 3E). These cells were likely postmitotic horizontal cells. By three weeks of age,
both kinases were present in the two plexiform layers as well as in the ganglion cell layer
and the inner nuclear layer (Figure 3C,F). In addition, staining signals for both Tyk2 and
Jak2 were also present in the inner segments of the mature photoreceptors. Similar protein
expression patterns of Tyk2 and Jak2 were found in the postnatal rat retina, and staining
signals for each antibody were specifically blocked by preincubation with their
corresponding antigen peptides (data not shown).

Patterns of STAT1 and STAT3 expression:

Since both STAT1 and STAT3 transduce signals of the CNTF subfamily of cytokines, their
expression patterns were examined by immunohistochemistry using specific antibodies
against these two proteins. At P1, distributions of STAT1 and STAT3 mimicked those of the
Jak family of kinases with predominant expression in the inner retina and lower levels in the
ventricular zone (Figure 4A,G). At P5, STAT3 staining delineated the emerging outer
plexiform layer and the adjacent presumptive horizontal cells (Figure 41). By P14, both of
the plexiform layers, the ganglion cell layer, and the inner nuclear layer expressed STAT1
(Figure 4D) and STAT3 (Figure 4J). Furthermore, the inner segments of the more mature
photoreceptor cells also exhibited STAT1 (Figure 4D,E) and STAT3 (Figure 4J,K) staining
signals. The immunostaining signals of STAT1 and STAT3 were abolished by incubation
with corresponding blocking peptides prior to staining (Figure 4B,F,H,L).

Expression of the ERK kinase:

Since CNTF can activate the p42/44 ERK as well as the Jak-STAT signaling pathways, the
distribution of the ERK protein kinase was characterized by immunofluorescent staining
(Figure 5). At PO, ERK2 protein staining signal was distributed throughout the retina in both
the ventricular zone occupied by progenitor cells and the inner retina occupied by
postmitotic neurons (Figure 5A,D). By P5, there was still broad distribution of ERK?2 in the
retina, however, a decrease of ERK2 expression was detected in the developing outer nuclear
layer (Figure 5B,E). In the mature retina (P36), robust staining of ERK2 was observed in the
ganglion cell layer and the inner plexiform layer, whereas detectable staining of ERK2 was
present in the inner nuclear layer, outer nuclear layer, and outer plexiform layer (Figure
5C,F). In the absence of the anti-ERK2 antibody, no signals were detected after incubation
with the secondary antibody (Figure 5G-L), indicating that the weak staining signals seen in
the outer nuclear layer of the mature retina were indeed due to the presence of the ERK
protein.
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DISCUSSION

In this study, we analyzed the expression patterns of several types of cytokine signaling
components as an initial step towards characterizing cytokine responsive cells in the
postnatal mouse retina. Our results demonstrate that the Jak-STAT signaling pathway
components, including receptor subunits gp130 and CNTFRa., intracellular protein kinases
Jak2 and Tyk2, and latent signal transducing factors STAT1 and STAT3, exhibit similar
expression profiles during early postnatal retinal development, whereas ERK has distinct
expression patterns in the neonatal retina.

In the newborn retina, the Jak-STAT signaling pathway components that we examined are
predominantly present in the inner retina, where differentiated ganglion cells and postmitotic
amacrine cells reside. This distribution pattern indicates that postmitotic neurons located in
the inner retina are likely to be the primary target cells for CNTF-like cytokines at this stage.
Our results also revealed an increased expression of cytokine signaling components in the
differentiating amacrine and horizontal cell populations within the first postnatal week. In
the mature retina, the inner nuclear layer exhibits a lower expression of cytokine signaling
components compared to the ganglion cell layer, while the inner and outer plexiform layers
are heavily stained. These patterns of expression are consistent with the previously reported
CNTF-induced signaling events in ganglion cells and Muller glia at the adult stage [33,34].
The distribution patterns of the Jak-STAT signaling components suggest that cytokine
responsiveness among retinal cells may change during postnatal retinal differentiation.

The CNTF subfamily of cytokines can affect retinal differentiation during the postnatal
period [5,6]. In particular, it has been demonstrated that postmitotic rod photoreceptor
precursors can be influenced by CNTF treatment to suppress rhodopsin expression and turn
on bipolar cell markers [5,36]. However, it remains undetermined if the observed cytokine
effects are due to the direct signaling of cytokines to postmitotic rod precursors, or are
instead due to indirect signaling from factors produced by differentiated neurons in response
to cytokine treatments. Here, we demonstrate that, although predominant expression of
cytokine signaling components has been found in the inner retina containing postmitotic
neurons, a low yet significant expression of cytokine signaling molecules are present within
the ventricular zone, which is occupied by proliferating progenitor cells and postmitotic rod
and cone precursors. The expression of necessary cytokine signaling components in the
ventricular zone raises the possibility that retinal progenitor cells as well as undifferentiated
photoreceptor precursors may also directly respond to cytokine signals.

CNTFRa is a specific cytokine receptor component required for the binding and signal
transduction of CNTF [22]. The expression patterns of CNTFRa have not been previously
characterized in the developing mouse retina. Our immunohistochemical staining results
indicate that CNTFRa protein is present in the postnatal inner retina accompanied by
punctate staining signals in the ventricular zone. Thus, CNTFRa may mediate CNTF signals
to postmitotic neurons and progenitor cells. Interestingly, in the mature mouse retina, the
CNTFRa protein is relatively abundant in the inner and outer segments of photoreceptor
cells in comparison to the ganglion cell layer, the inner and outer nuclear layer, and the two
plexiform layers. This finding is consistent with the reported expression patterns of the
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chicken CNTFRa protein [37], which was found in all retinal cell types including the
photoreceptor cells. Recent immunocytochemical studies in the mature retina of two other
mammalian species have yielded strikingly similar staining patterns as we have observed in
mouse. In the adult canine retina, an antibody raised against the chicken CNTFRa gives rise
to strong staining signals in the inner segments of photoreceptors [38], while in the mature
rat retina a commercial antibody, which is different from the one used in this study, revealed
distribution of CNTFRa in the outer segments of photoreceptor cells [39]. Therefore, the
expression of CNTFRa protein in the mature vertebrate retina appears to be conserved.

CNTF can activate all three members of the Jak kinase family in vitro. While Jak2-deficient
mice die at embryonic day 12 [40,41] and Jak1 null mice die perinatally with defective
CNTF signaling [42], Tyk2 knock out mice did not show developmental defects [43,44]. In
the mouse retina, Jak1 [35], Jak2, and Tyk2 are expressed in overlapping patterns, which
may result in a functional redundancy. Further studies to selectively or combinatorially
eliminate their activity are necessary to delineate their individual functions in the retina. Our
study also shows that STAT1 and STAT3 are expressed in similar patterns during the critical
postnatal developmental period of the retina. These results complement a recent report
describing the expression of STAT factors in the embryonic and adult mouse retina [45]. The
individual requirements for STAT1 and STAT3 in retinal differentiation remain
undetermined at presence. STAT1 null mice exhibit defects in interferon-meditated anti-viral
immunity [46,47], and the potential retinal phenotypes have not been reported. Targeted
disruption of STAT3 causes early embryonic lethality [48], therefore conditional disruption
of the STAT3 gene in the retina is necessary to address its role in cytokine signaling and to
determine if STAT1 can replace STAT3 functionally.

The cellular mechanism of CNTF signaling in the mature retina is not well understood. It
has been demonstrated previously that intravitreal injection of CNTF or its analog in the
adult eye results in STAT3 and ERK phosphorylation in the ganglion cells and Mdiller cells
but not in photoreceptor cells [33,34]. Intriguingly, we have detected the expression of
several cytokine signaling components in the inner or outer segments of the adult mouse
photoreceptor cells by immunocytochemistry. Among these, gp130 and CNTFRa are
prominently expressed in the outer segments of photoreceptors. It is unlikely that cytokine
signaling proteins detected in the outer segments are due to expression by Miller glial
processes, which terminate at the position of the inner segment. Therefore, it is plausible that
the lack of cytokine signaling response in the mature photoreceptors maybe due to the
existence of negative regulatory mechanisms for cytokine signaling in the mature retina [49].
Alternatively, cytokine signaling pathways can be directly activated in mature
photoreceptors upon direct access to cytokine signals.

In contrast to expression patterns of the Jak-STAT signaling pathway components, ERK2 in
the neonatal retina is ubiquitously distributed, indicating that both proliferating progenitors
and postmitotic retinal neurons have access to this major signaling component when exposed
to extracellular cues including cytokines. As the retina undergoes further differentiation,
ERK2 expression decreases in the outer nuclear layer. It remains to be determined, however,
if the Jak-STAT and the ERK signaling pathways are differentially activated by cytokines
among various cell types during postnatal retinal development.
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Figure 1.
Expression patterns of the gp130 receptor. Cryosections of retinas from different postnatal

ages immunohistochemically stained for gp130 are shown. Panels B and H were derived
from the same developmental stages as panels A and G, respectively. The primary antibodies
used to stain the section shown in panel B were preincubated with the antigen peptide. The
staining of panel H was performed without primary antibodies. The asterisks in panels A
and C indicate the position of the developing inner plexiform layer at P1 and P5,
respectively. The scale bar shown in panel E represents 100 um for all panels. The meanings
of the abbreviations referred to in this figure are: gcl (ganglion cell layer), inl (inner nuclear
layer), ipl (inner plexiform layer), is (inner segment), onl (outer nuclear layer), opl (outer
plexiform layer), os (outer segment), rpe (retinal pigmented epithelium), vz (ventricular
Zone).
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Figure 2.
Expression patterns of the CNTFRa protein. Cryosections of retinas from different postnatal

ages immunohistochemically stained for CNTFRa are shown. The asterisks in panels A and
B indicate the position of the developing inner plexiform layer at P1 and P5, respectively.
The scale bar shown in panel E represents 100 um for panels A, B, D, E, F, and G. Panels C
and H are 2.5 fold enlargement of portions of panels B and G, respectively. Arrows in panel
C indicate the punctate staining signals in the ventricular zone of the P5 retina. Arrows in
panel H point to heavily stained outer segments of a subset of photoreceptors at P24. The
meanings of the abbreviations referred to in this figure are: gcl (ganglion cell layer), inl
(inner nuclear layer), ipl (inner plexiform layer), is (inner segment), onl (outer nuclear
layer), opl (outer plexiform layer), os (outer segment), rpe (retinal pigmented epithelium), vz
(ventricular zone).
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Figure 3.
Expression of Tyk2 and Jak2 protein kinases. Cryosections of retinas from three postnatal

ages immunohistochemically stained for Tyk2 (A, B, C) and Jak2 (D, E, F) are shown. The
asterisks indicate the positions of the developing inner plexiform layer at P1 (A, D) and the
emerging outer plexiform layer at P5 (B, E). The scale bar shown in panel C represents 100
um for all panels. Arrows in B and E point to positively stained cells located adjacent to the
forming outer plexiform layer. The meanings of the abbreviations referred to in this figure
are: gel (ganglion cell layer), inl (inner nuclear layer), ipl (inner plexiform layer), is (inner
segment), onl (outer nuclear layer), opl (outer plexiform layer), os (outer segment), rpe
(retinal pigmented epithelium), vz (ventricular zone).
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Figure 4.
Expression of STAT1 and STAT3 signal transducers. Cryosections of retinas from distinct

postnatal ages immunohistochemically stained for STAT1 (A, C, D, E) and STAT3 (G, I, J,
K) are shown. Panels B, F, H, and L show staining results of primary antibodies
preincubated with the antigen peptides for the corresponding sections shown in A, E, G, K,
respectively. The asterisks indicate the positions of the developing inner plexiform layer at
P1 (A, G) and the emerging outer plexiform layer at P5 (I). The scale bar shown in panel E
represents 100 um for all panels. Arrows in | point to strongly stained cells located adjacent
to the forming outer plexiform layer. The meanings of the abbreviations referred to in this
figure are: gcl (ganglion cell layer), inl (inner nuclear layer), ipl (inner plexiform layer), is
(inner segment), onl (outer nuclear layer), opl (outer plexiform layer), os (outer segment),
rpe (retinal pigmented epithelium), vz (ventricular zone).
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Figure5.
Expression of the ERK2 protein kinase. Cryosections of retinas from three postnatal ages are

shown. Panels A, B, and C show sections immunofluorescently stained for ERK2. Panels D,
E, and F show DAPI staining images of the same sections shown in A, C, and E,
respectively. Panels G, H, and | show sections stained for secondary antibody alone; panels
J, K, and L show their corresponding DAPI images. The scale bar in panel F represents 100
um for all panels. The meanings of the abbreviations referred to in this figure are: gcl
(ganglion cell layer), inl (inner nuclear layer), ipl (inner plexiform layer), is (inner segment),
onl (outer nuclear layer), opl (outer plexiform layer), os (outer segment), rpe (retinal
pigmented epithelium), vz (ventricular zone).
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