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Abstract:

Damage to retina during development correlates with many
ophthalmological pathologies, such as retinal dysplasia and
degeneration. Virus-mediated gene transfer into identified retinal
cells may offer a great potential for therapeutic interventions. This
study describes a three-dimensional culture system of the
embryonic chick retina. Samples from 17 and 19 days old retinae
were isolated from eyeball and were cultured for up to 10 days.
Selection of embryonic stage and specimen processing were
optimized for culturing. The ability of a replication-deficient
adenovirus vector (AVV) carrying an early cytomegalovirus
(CMV) gene promoter to efficiently transfer a green fluorescent
protein (GFP) gene into the cultured embryonic chick retinae was
analysed. The results indicated that retinal tissue slices did not
show any change in their cytoarchitecture. The results also showed
that the GFP expression was maximal about 24 hours after
infection of retinal slices and were maintained for several days.
They also showed that GFP expression was widespread in the
retinal slices. Moreover, the results also showed that injecting of
AVYV did not show any detectable cytopathic effects - these were
only observed for very high titres of infection. The approach
developed here is a valuable tool that can be used to assess the
effect of pharmacological manipulations on retinal cells and to
transfer of effective therapeutic genes into the retina, which might
also facilitate the search for understanding the mechanisms
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responsible to vision-related diseases and to identify potential
therapeutic interventions.

Keywords: embryonic chick retina; organotypic culture system;
genetic transformation; toxicity.

Introduction:

Injury to retinae is present in many ophthalmological
pathologies, such as central retinal artery obstruction, central
retinal vein obstruction, carotid obstruction and glaucoma [,
Certain ocular diseases are quite rare, whereas others, such as
cataract, age related macular degeneration and glaucoma are very
common, especially in the ageing population [1-3]. The prevalence
of many of these diseases will continue to increase as the
worldwide population continues to age. In this respect, age-related
vision impairment is expected to double in many countries .

Of particular importance in the understanding of any
biological system or injury induces cell death is the model that is
used to study that system. The central nervous system (CNS),
especially retinal tissues from rat !, mouse !, and chicken [2-3]
were highly used to study embryonic development, cellular
differentiation, pharmacology, transplantation and other medical
aspects [®. Many studies reported that complete retino-architecture
can be obtained and maintained in retinal cultures for long culture
periods [2-6]. The need for well-organized in-vitro culture systems,
which can mimic an in-vivo situation, is still a high priority, in
spite of remarkable advances made since the last century. This
reflects the need to study the mechanism of injury in the context of
the complex cellular matrix that exists in the retina where the
injury to one cell type has an effect on other cell types "\ Perhaps
most importantly in the normal tissue environment the close
proximity of the different cells may well result in a more
significant increase in local glutamate concentrations than would
be seen within a perfused single cell type culture system. An
organotypic culture, which combines the ease of access found in
monolayer cultures with the morphological structures and cellular
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populations found in-vivo © can be a useful midpoint in this
process. Successful preservation of the cytoarchitecture over a
period of several weeks was observed in slice culture techniques
from rodent CNS [3-4, 9].

The investigation of transfer protocols not only provides the
ability to test candidate therapeutic agents, but also allows the
refining of potential in-vivo delivery systems. The latter is valid
only if the transfer approach faces the same environmental issues
found in the in-vivo tissue. Development of gene therapies for
various neurological disorders is an active area of research.
Therefore, a particular priority was to develop a functioning model
system that enables us to deliver a gene and measure its
cytotoxicity on the retinal cytoarchitecture effects whilst
maintaining precise control of experimental conditions throughout
the course of a ten day experiment. The fluorescence procedure,
using fluorescence microscopy was employed in the experiments
permitted the analysis of the viability of cells/slices infected with
adenoviral vector (AVV) expressing green fluorescence protein
(GFP) under the control of cytomegalovirus promoter. Using this
system, organotypic cultures of chick retinal slices reached a near
in-vivo-like tissue organization, illustrating that this model is a
reasonable approximation of the conditions faced by viral gene
transfer methods in-vivo. This is based on the observation that the
optimal conditions for AVV infection is the same as those
previously found with live animal models ™. The data presented
here support the idea that organotypic culture system offers not
only a bench to work on therapeutic constructs, but also
optimization of delivery, and may allow retinal genetic researchers
to choose a simplified appropriate transfection method, which
produces the maximum number of positive intact cells, for testing
the efficacy of potentially therapeutic constructs.

Materials and methods:
Organotypic culture system of chicken retina Preparation:

The 42 White Leghorn Retinae were organotypically
cultured as described previously [8, 11-12]. The chick eyeballs
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were removed under aseptic conditions and immediately placed
into a Petri dish containing ice-cold MEM (minimum essential
medium supplemented with 2.3 mM (v/v) penicillin/streptomycin,
Invitrogen). The retinae were dissected away from the eyeball,
embedded in a plastic mold containing cool, molten 4 % agar (37
°C, Melford). Intact retinal slices were cultivated on cell culture
inserts (Millipore, 1.0 um, Falcon) placed in 6-well culture plates
(Falcon) containing 1 ml culture medium, containing 50 % MEM
with earls salts (Sigma), 25 % HBSS (Hanks balanced salt solution
1X) (Invitrogen), 20 % normal horse serum (Invitrogen), 4.6 mM
L-glutamine (Sigma), 21 mM D-glucose (Fisher Scientific),
penicillin/streptomycin solution stabilized (Invitrogen), 4.2 uM
(v/v) L-ascorbic acid (Aldrich-Sigma) and 11 mM NaHCO3 at pH
7.2-7.4. The cultures were incubated at 37°C in a humidified
atmosphere with 5% CO,. Culture medium was changed to serum
free and supplemented with 0.3 % B27 growth supplement
(Invitrogen) and thereafter the medium was refreshed every 72
hours with cultures maintained for up to 10 days. Each treatment,
together with the appropriate control, was replicated 3 or 4 times.

Histology:

The tissues from different culture days beginning from day
in-vitro O till 10 were washed three times with PBS (phosphate
buffered saline) and were fixed in 4% paraformaldehyde (PFA,
Sigma) for an hour. The fixed sections were stained with
hematoxilin-eosin to evaluate retinal morphology under different
conditions.

Immunohistology:

Retinal slices were fixed in buffered 4% PFA and were
embedded in paraffin wax (Sigma). 4 UM chicken retina cross-
sections were incubated with 100 pl of primary antibody
[polyclonal rabbit anti-chicken mpdz (Santa Cruz Biotech)] for 90
minutes at room temperature or overnight in dark at 4 °C. The
slides were washed three times with PBS and then subjected to 100
pl of fluorescent conjugated secondary antibody (Alexa Fluor®,
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Invitrogen, Molecular Probes) for overnight in dark at room
temperature. The slides were washed three times with PBS. To
examine the specificity of immunolabelling with the antibodies,
control tissues were processed without primary antibodies, which
resulted in no immunostaining.

Quantification of cell survival/mortality:

To stain all cell nuclei, the retinal slices were placed on
glass slides and were fixed in 4% PFA in PBS for 1 hour. After
three PBS washes, the sections were treated with nuclear dye 4°,6-
dimidino-2-phenylindole (DAPI; 0.5 ug) (Vector Laboratories) for
5 minutes. Due to prior fixation this step allows permanent
documentation of all cell nuclei present in the tissue independent
of whether the cells were intact or dead at the time of fixation.
After three final PBS washes, the tissues were dried on the heating
plate and cover slipped. The slices were then inspected
microscopically for cell integrity. Since the blue staining of cell
nuclei by DAPI is dependent on disintegrated cell membranes, the
number of stained cells reflects the degree of cell mortality.

For labeling of viable and dead cells, calcein-AM (4 mol/L)
and ethidium homodimer-1 (6 mol/L) were used, according to the
Molecular Probes (Invitrogen). Viable calcein-AM labeled cells
appear green, whereas dead ethidium homodimer-1 stained cells
appear red. The Retinal slides were washed once with PBS and
were inspected microscopically for cell mortality.

Adenoviral vector preparation and infection:

Recombinant adenoviral vector (AVV) expressing green
fluorescent protein (GFP) under the control of the cytomegalovirus
(CMV) promoter has been described previously [13-14]. High titre
virus was prepared by four rounds of infection of human
embryonic kidney (HEK) cells and subsequent CsCl gradient
density centrifugation **1. For adenoviral delivery, retinal slices
were cultured with culture media containing approximately 10°
pfu/ml of adenoviral particles. For each retinal slice, several visual
fields were analyzed and the numbers of dead cells present
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determined and normalized in terms of the dead cells per field
exhibited by a control slice non-treated with AVV-GFP.

Microscopy and imaging:

To assess the cellular damage on the retinal
cytoarchitecture, the sections were subjected to phase contrast
microscopy or fluorescence microscope (Eclipse E1000; Nikon), as
appropriate. Imaging was done for each fluorescent channel
separately and processed through extended focus imager, and all
the pictures from different channels were combined as overlays
and stored in tiff image format. To quantify immunoreaction
(pixel) intensity, flattened image stacks were opened in imageJ
(NIH analysis software), thresholded with constant pixel intensity
level settings to a white background and then analyzed with the
analyze particles function. Five visual fields from each retina were
analyzed, giving a total of 20 measurements per condition. Quan
titication was performed independently by an observer blinded to
the experimental conditions.

Statistics:

Statistical analysis was performed using SPSS software
(version 20). To quantify cells in control and other conditioned
retinal slice cultures, three cover slips with at least six visual fields
per cover slips were taken for each data point. At least 4
independent biological replicates were performed and statistical
data were then calculated. Data within each time-point were tested
for normality using the Kolmogorov-Smirnov test (with Lilliefors
correlation). All data were represened as mean + SEM. Statistical
differences were assessed by Student’s t test or One-way ANOVA
followed by Post-Tukey test, as appropriate. Results were
considered to be statistically significant at P < 0.05.

Results:
Preservation of cytoarchitecture of the embryonic chicken
retina:

To determine the optimum period for selection of
embryonic stage, retinae from different developmental stages of
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chick embryos were cultured and then cell mortality assay was
performed (Figure 1A). Compared to co-cultures, we found that
organotypic cultures more closely mimic the environment in-vivo
behavior, which allowed us for straight-forward identification of
retinal cells. The results obtained here showed that retinal tissues
were able to form regular and higher order organotypic structures.
The results also showed that retinal cells from 17 day old embryo
were able to survive the culture conditions even until 10 days,
while retinae from 19 day old embryo did not keep their structures
after one week as judged by cell mortality assay (Figure 1B).
Therefore, in all subsequent experiments, retinal tissues from 17
day old embryo were used.
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Figure 1. Organotypic culture system of chick retinae. (A) Schematic
representation of the method of preparing organotypic cultures of chick retinae.
Eyes from embryonic (E) 17 and 19 embryos were removed and whole retinal
cups were isolated. The tissues were cultured for 10 days. (B) Quantification of
the % of cell mortality. Data are expressed as mean + SEM for at least 4
independent biological replicates. **P < 0.01. unpaired student t-test.

To determine the optimum period for culturing, 17 day old
retinae were cultured and were then fixed at serial time points
(Figure 2A). It is important to mention that a few pyknotic cells
were seen throughout the cultured tissues which might have been
the result of apoptosis (Figure 2B). In comparison with 7 or 10 day
old cultures, 0 day old cultures (acute cultures) displayed a
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significant (P = 0.005) reduction in the extent of viability from
130.49 * 4.55% to 83.56 + 3.77% (Figure 2C). This reduction in
the cell survival may be due to long-term effects of retinal slices to
dissection procedures. Further analysis of cell survival showed that
there were no significant differences in cell survival between
retinal slices cultured for 7 days and those cultured for 10 days
(Figure 2C, P = 0.116). Culturing of chick retinas for 20 days
showed lower viable cells compared with that chick retinas
cultured for 10 days (Figure 2C). Therefore, in all subsequent
experiments, 7 and 10 day old cultures were used as the culture
start point to induce injury and 10 DIV as culture endpoint.
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Figure 2. Quantitative analysis of cell survival in organotypic cultures of
retinal slices. (A) Schematic of experimental paradigm. Retinae were
organotypically cultured and stained, and were inspected at serial time points.
(B) Blue DAPI labeling identifies cell nuclei . Sale bar: 50 pm. 40X
magnification. (C) Quantification of the % DAPI" cells in chick retinae
cultured. Data are expressed as mean = SEM for at least 5 independent
biological replicates. *P < 0.05, **P < 0.01. One-way ANOVA followed by
Post-Tukey test.

Expression of mpdz protein in organotypic cultures of the
chick retinae:

MPDZ (multiple PDZ domain protein 1) is an essential
protein for normal development of the retina and may have a role
in many vision-related diseases “®. Therefore, we performed
immunohistologic analysis on White Leghorn retinas with anti-
chick mpdz (Figure 3) to investigate MPDZ expression in our
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culture system as an indicator of normal retinal cytoarchitecture.
After 10 days in culture, we found that there was a minimal retinal
disorganization in some cultures leading up to this developmental
stage. MPDZ immunoreactivity was observed as intense brown
staining at the retinal pigment epithelium (OLM).
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Figure 3. Localization of mpdz in 10 day old culture of the wild-type chick
retina. (A) Schematic representation of the retinal cytoarchitecture. (B)
Fluorescence images of retinal slices. Arrowheads point to mpdz protein
(purple). nuclear staining dye (DAPI; blue). X20. Scale bars, 50 um. RPE
(retinal pigment epithelium), OLM, ONL (outer nuclear layer), OPL (outer
plexiform layer), INL (inner nuclear layer), IPL (inner plexiform layer), and
GCL (ganglion cell layer).

Genetic transformation of the organotypic cultures of chick
retinae:

In the first instance, we sought to develop an experimental
protocol that mimics more of an in-vivo-like environment under
favourable conditions. Such a model would allow us to develop
effective therapeutic strategies to treat vision-related diseases. Next
we aimed to test the feasibility of transform retinal cells using an
AVV-GFP that would help us in transferring of therapeutic genes
into the retina cells. A microapplication gene delivery system was
tested on organotypic cultures of retinal slices. 3 pl (10° pfu) of the
adenoviral stock solution was added to the culture medium and left
in contact with the slices for 24 hours prior to each fixation (Figure
4A). Our results showed that GFP™ cells were found throughout the
slice without any apparent specific cellular or regional pattern
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(Figure 4B). At the edges of the culture slices, transfected cells
were more dense. Expression of the transgene was stable over time
and did not evolve in both intensity and localization, until at least
10 days post-infection. There was no difference in the mean
number of GFP” cells between slices cultured for 3 days and those
cultured for 7 days. There was no difference in the mean number
of GFP” cells at most time points (Figure 4C).
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Figure 4. GFP expression after gene transfer by AVV in organotypic cultures
of chick retinae. (A) Schematic of experimental paradigm. Retinal slices were
organotypically cultured and were infected with AVV-GFP. (B) Fluorescence
images of GFP* cells (green). Cell processes can be seen to course in and out of
the plane of focus of the slice. Scale bar: 40 um. (C) Quantitative analysis of
the course of GFP" cells. Data are represented as mean + SEM for at least 4
independent biological replicates. * versus 0 days old cultures. *P < 0.05. One-
way ANOVA followed by Post-Tukey test.

Efficient transfer of GFP gene into the organotypic cultures of
chick retinae:

To test the suitability of this AVV for gene transfer, we
examined the possible cytotoxic effects. The infected retinal slices
were incubated with ethidium homodimer-1, which is used to stain
dead cells. As expected, some dead cells were stained in the retinal
cultures by ethidium homodimer-1 (Figure 5A). This suggested
that AVV had very little, if any, cytotoxic effect on the infected
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cells. There was no difference between non- and infected cultures
with regard to cell mortality (Figure 5B).

Next we determined the efficiency of AVV-GFP to
transform retinal cells. The infected cultures were fixed and were
then stained with DAPI stained nuclei (Figure 5C). After 24 hours
of AVYV infection, the mean density of fluorescent cells was 673
cells per pm? in 10 days old of culture (Figure 5D). This was
equivalent to ~ 69 % of cells in this region, as detected by DAPI
nuclear stain.
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Figure 5. Cell survival in organotypic cultures of retinal slices after AVV-GFP
infection. (A) Immunofluorescent images for dead cells (ethidium homodimer-
1, red). (B) Quantification of the % of cell death. (C) Immunofluorescent
images for viable cell (GFP, green). Blue color shows DAPI-stained nuclei. (D)
Quantification of the AVV efficiency to deliver GFP gene into cultured retinal
slices. Data are represented as mean = SEM for at least 4 independent
biological replicates. *P < 0.05. Unpaired student’s t test.
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Discussion:

In this study, we highlighted a simple but most effective an
ex-vivo model system to culture embryonic chick retinae for
extended periods. In-vitro, retinal tissues could be cultured as
monolayers, dissociated cells, slices, reaggregates or explants [3, 5,
17-21]. Monolayer retinal cultures are quite useful in studying the
expression of proteins by individual cells which lack interactions
with other cell types [17-21]. However, dissociated cell cultures
are useful in conducting cell proliferation or apoptotic assays ™.
Reaggregation cultures of embryonic chick retina are of great
importance in three dimensional tissue reconstruction % and tissue
engineering . Though the above-mentioned culture systems
have their own significance and advantages, tissues could be
considered to mimic more of an in-vivo-like environment under
favourable conditions because of their tendency to preserve the
retinal cytoarchitecture in-vivo. Because chicken eyes are relatively
large, organotypic culture model of chick retinae could be used to
test therapies for human blindness ?2. Therefore, in this study we
used an organotypic cultures of chick retinae, which provides a
more natural environment to the cultured retinal slices. Compared
to co-cultures, organotypic cultures more closely mimic the
environment in-vivo that allowed us for straight-forward
identification of retinal cells. We used retinas from 17 chick
embryos which are immature at this stage. We used whole retinal
slices instead of retinal tissue parts as explants. During the course
of several culture days, the retinal tissues gradually reached a
cytoarchitecture that is highly comparable to in-vivo retina. Adding
to the above-mentioned advantages, such whole retinal slices serve
as excellent model system in following the developmental and
differentiation pattern of all retinal layers [3, 5]. In particular, the
formation of the inner plexiform layer, and differentiation of
specific cell types, contributie to inner plexiform layer (IPL) [3, 5,
19, 23]. Retinas from developmental stages at E19 were used to
study the efficiency of these slices in forming higher order
structures. We found that retinae from E19 days were not able to
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survive in culture for more than a week (not shown). A simple
explanation could be due to the large size of retinal tissue that had
to grow in relatively smaller space [19, 23].

In many instances it will be particularly desirable to observe
and quantitate the effect of the culture setting on specific cell
types. In this way the progress of the different cell types and the
benefits or otherwise of a particular intervention can be
demonstrated for these cell types. MPDZ, an essential protein in
retinal development is found in the central nervous system [
retina ¥ and many other tissues, where it has been shown to
localize to tight, gap, neuromuscular, synaptic, and adherens
junctions [16, 24]. In the eye, MPDZ localizes to the outer limiting
membrane (OLM) 4. Recent studies have highlighted the
importance of MPDZ function in normal eye development ™.
Therefore, in this work antibody to MPDZ protein was used as an
indicator to normal retinal development.

Previously, GFP transgenic animals were used for such
imaging with CNS elements [25-27] and these systems give
excellent opportunities to follow the progress of injury during a
persistent insult. Although these methods may well work within
our protocol we decided in the first instance to genetically
transform all retinal cells with an AVV carrying GFP gene driven
by a CMV promoter. In a previous study, an AVV carrying GFP
and lacZ genes driven by CMV was used to transform cells in
organotypic cultures of brain slices ! In this work, it was
demonstrated that this strategy can be applied successfully to
retinal slices held in culture and that staining is sufficient to track
the majority of retinal cells within a tissue sample when subject to
culture conditions, whilst having no cytopathic changes were
observed at light and fluorescence microscopic levels (Figure 3-4).
Using AVV transformation would make it possible to assess global
injury to the slices during the entire culture period and given the
correct protocols AVV transformation of slices with GFP would
certainly be useful for assessment of differing treatment conditions
to alleviate injury. Within the conditions of our culture we found
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that the staining of cells remained active for in excess of the 10
days required for our protocol (Figure 5).

Conclusion:

In conclusion, authors have developed a methodology that
can be adapted to a variety of treatment strategies for the analysis
of developmental plasticity and toxicological effects of foreign
agents for regenerative studies. The method is versatile and has the
advantage of enabling studies to be carried out in discretely
controlled conditions and when the method is used in conjunction
with the analysis techniques presented it is possible to monitor a
large variety of cellular processes that are relevant in the study of
many vision related diseases. It can be also used to test the actions
of various transgenes in organotypically prepared retinal slices and
provide evidence that the concentration of transgene may be
sufficient to achieve biologically significant actions.
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