Glial Fibrillary Acidic Protein Expression in Postnatal Development
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ABSTRACT

Introduction: WAG/Rij rat is an experimental model of retinal degenerative diseases intensifying with age. Degeneration
begins in the photoreceptor cells layer, followed by disappearance of photoreceptor cells, migration of the pigment epithelium
and disorganization of remaining retinal layers. However, the age of onset of the degeneration is unknown. The destroyed
neurons of retina are usually replaced by glial cells. A typical marker for several types of glial cells is the glial fibrillary acidic
protein (GFAP).

Aim of the Work: The aim of the study is to determine postnatal changes of GFAP expression in retina of WAG/Rij rats.
Material and Methods: WAG/Rij rats of both sexes and different ages: 1, 10, 15, 20, 30, 60, 180, 360 postnatal days (P)
(n =3 for each age) were taken. The immunohistochemical analysis of GFAP expression in the retina of WAG/Rij rats was
performed and the expression area was measured.

Results: Expression of GFAP in the retina is detected from P1 to P20 as a brown staining in the internal limiting membrane
or as a brown lines on the inner retina. On P30 the glial fibrillary acidic protein is already detected in significant quantities in
almost all layers of the retina of the experimental rats. From P60 to P360 the expression of GFAP in the retina of the WAG/
Rij rats is more pronounced and increases in direct proportion with the age.

Conclusion: It was found that GFAP expression in the retina of WAG/Rjj rats increases in direct proportion to the age. The
increasing GFAP expression in the retina of the WAG/Rij rats starting from the 30th postnatal day indicates an intensification
of destructive processes in retinal neurons with age and their replacement by Miiller cells.
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INTRODUCTION migration of the pigment epithelium and disorganization of
remaining retinal layers®#. Lai Y.L. et al. (1975) and Lai
Y.L. et al (1980)34 reported, that retinal degeneration in
Waj/Rij rats resembles RP temporally and morphologically.

In WAG/Rij rat, reared under homogenous low-

Retinitis pigmentosa (RP) is a heterogeneous group of
inherited diseases that cause degeneration of photoreceptors
in the human retina’. It causes histological changes
detected initially as shortening of the photoreceptor outer

segments and loss of photoreceptor followed usually by
alterations in the retinal pigment epithelium and retinal
glialt-2,

In WAG/Rij rats Lai Y.L. et al.l’} described retinal
degeneration characterized by an ecarly onset and a
slowly progressive course. Degeneration begins in the
photoreceptor cells, followed by their disappearance,
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intensity cyclic light exposure, the b-wave amplitude
of electroretinogram decreased, and its implicit time
increased in the older age groups significantly more than
in Wistar ratsP®l. Prolonged implicit time and decreased
b-wave amplitude of electroretinogram were shown in
most RP cases compared with that in normal eyes!®.

WAG/R]j rats are more sensitive to light than Sprague-
Dawley rats!”. In WAG/Rjj rats, following light exposure
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a greater degree of photoreceptor degeneration was also
found compared with F344 rats®. It has been suggested
that changes in WAG/Rij rats’ retina were caused by
light-induced retinal degeneration, rather than hereditary
degeneration®.

The destroyed neurons in the nervous tissue are usually
replaced by proliferating glial cells. In the retina, these
are Miiller cells. A typical marker for several types of
glial cells in the nervous tissue is the glial fibrillary acidic
protein (GFAP) which is also detected in the cytoplasm of
Miiller cells!!®!12,

It is of interest to determine the GFAP in the retina
of experimental WAG/Rij rats in postnatal ontogenesis,
since it is not known precisely at what particular age the
destructive processes of retinal neurons start and how
fast they develop. The process has never been thoroughly
studied before. This aspect has an important theoretical and
practical significance since using an experimental model
helps develop the methods of treating retinal degenerative
diseases. The aim of the study is to determine postnatal
changes of GFAP expression in retina of WAG/Rjj rats.

MATERIALS AND METHODS

Animals

WAG/R]j rats of both sexes and different ages: 1, 10,
15, 20, 30, 60, 180, 360 postnatal days (P) (n =3 for each
age) were taken. The rats were kept in the light for 14 h
and in the darkness for 10 h (light intensity: 32—65 lux at
cage level) with ad libitum access to food and water, were
obtained from the Vivarium of Bashkir State University.
All the procedures were approved and monitored by the
ethics committee of Bashkir State University and followed
the European Community Council Directive of September
22, 2010 (2010/63/EEC). The study was performed in
accordance with the Rules of Work using Experimental
Animals (Annex to the Order of the Ministry of Health
no. 755 dated Aug. 12, 1977). The rats were deeply
anesthetized with diethyl ether and decapitated. Both
eyes were removed by enucleation and were fixed in 10%
neutral buffered formalin for at least 48 h.

Tissue preparation and immunohistochemistry

Formalin-fixed samples were embedded in paraffin after
dehydration in ascending alcohol concentrations ending in
xylol. Thintissue sections (5 um) were prepared using rotary
microtome (Leica RM 2145, Germany). Identification of
a highly specific glial cell marker glial fibrillary acidic
protein was performed using the immunohistochemical
method, according to the manufacturer’s protocol, using
mouse monoclonal antibodies (catalog no.sc-33673;
Santa Cruz Biotechnology, CA, USA) and the Leica
Bond polymer refine detection kit (catalog no.DS9800;
Novocastra, Germany). Sections of brain tissue expressing
GFAP were used as a positive control. Negative controls
were provided by omitting the primary antibody and
replacing it with nonimmune serum. Staining was carried
out on a Leica Bond Max autostainer (Leica, Germany).

Next, the samples were counterstained with hematoxylin
and mounted in Bio Mount (Bio-Optica, Italy)!'*.

Quantification analysis

The area occupied by the brown colored GFAP in one
visual field was measured at x400 magnification on an
AXIO IMAGER-Z1 microscope (Carl Zeiss, Germany),
using AxioVision Release 4.6. The area of the visual field
on the histological specimens of the retina with the total
magnification of the microscope amounted to 33,834.87
+ 2,402.98 um2. In each group, measurements were
performed in 30 fields of view in the mid-retinal regions!'?!.

Statistical Analysis

Data analyses were performed using SPSS version
21 (IBM SPSS Statistics). The Gaussian distribution of
data was verified using the Kolmogorov—Smirnov test.
The values obtained were statistically analyzed using the
one-way analysis of variance (ANOVA), followed by
the Tukey's multiple comparison post-hoc test. The data
were presented as mean £ SD. All the differences were
considered significant when P<0.05.

RESULTS

The results of immunohistochemical studies of the
retina of postnatal WAG/Rij rats showed that GFAP on P1
is visualized in small amounts as a brown staining only in
the internal limiting membrane in the inner processes of
Miiller cells (Figure 1a). Immediately after birth, the inner
nuclear and outer nuclear layers in the retina of rats do not
separately differentiate, and therefore the outer plexiform
layer between them can not be detected. The separation of
the cell layers only occurs on P10, when a narrow outer
nuclear layer appears between them. The expression of
GFAP in the retina at that time is not enhanced and is
detected in the same areas as after the birth. The same
immunohistochemical pattern is observed on P15.

On P20 the expression of GFAP in the retina increases
slightly. In some places, the protein is detected as single
brown lines passing between the processes and perikarya
of the ganglion neurons and penetrating into the inner
plexiform layer up to the inner nuclear layer (Figure 1b). In
some areas, the GFAP protein was seen in the form of thin
lines and brown patches detected in the deeper layers of the
retina. Therefore, on P30 the glial fibrillary acidic protein
is already detected in significant quantities in almost all
layers of the retina of the experimental rats (Figure 1c).
From P60 to P360 the expression of GFAP in the retina
of the WAG/Rjj rats is more pronounced and increases in
direct proportion with the age (Figure 1d).

To analyze the GFAP expression in the rat retina at
different ages, the one-way Analysis of Variance (ANOVA)
was used, followed by the Tukey's multiple comparison
post-hoc test. The differences of mean values compared to
P1 were statistically significant from the age of 30 days or
more at p <0.05 (Figure 2).
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Fig. 1: Expression of GFAP (brown) in WAG/Rij rat retina on postnatal day 1(a), 20 (b), 30 (c), 360 (d). Indirect immunoperoxidase method with hematoxylin
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Fig 2: The area of the GFAP expression in WAG/Rjj rats retina in postnatal development (in um?2). The values represent mean + SD, N= 3
per group. Asterisk indicates significant difference compared with P1 at p <0.05

DISCUSSION AND CONCLUSION

The expression of the glial fibrillary acidic protein in a
small amount in the inner processes of Miiller cells in the
region of the internal limiting membrane on the first day after
the birth of rats is characteristic of the normal retina. This
phenomenon had been discovered by a previous research
in the retina of Wistar rats!". Immunocytochemically, the
GFAP was insignificantly detected only in the region of the
inner limiting membrane formed by the internal processes
of Miiller cells!'.

In the nervous tissue, it is known that the destroyed
neurons are replaced by Miiller cells (gliosis). The
excessive synthesis of the glial fibrillary acidic protein in
the nervous tissue is a response to the destruction of neurons
and plays a major role in the formation of a glial scar in the
brain!!®131617 The increased expression of GFAP is thought
to help stabilize the newly formed terminal processes of
Muller cells and provide resistance to mechanical stress!'®.
In chronic pathological conditions, the hypertrophied
end-feet processes of Muller cells help to fill the gaps left
by dying photoreceptors and participate in the formation
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of “rings”, which appear to prolong the survival of the
remaining cone photoreceptors!'”. The hypertrophied
processes are thought to prevent neovascularization and
reduce monocyte infiltration by building a glial barrier at
the outer edges of the neuroretina®”,

A similar age-related increase in the GFAP
immunoreactivity had been observed in P23H-3 (a proline
to histidine substitution at codon 23 in the rhodopsin gene,
line 3) rat, a transgenic model of Retinitis Pigmentosal'®.
In this model, the loss of photoreceptors triggers major
changes in the number and morphology of glial cells
affecting the inner retina. Rearing at 5 lux upregulate
GFAP expression in Muller cells in both Sprague-Dawley
and P23H-3 strains compared rearing at 40-60 lux. But
the changes were more marked in the P23H-3 ratsP'.
Increased expression of GFAP began in retina of P23H-1
rats at P21 and in RCS (Royal College of Surgeons) rats,
other animal model of Retinitis Pigmentosa, at P301**! or
at P45,

The role of glial cells in the reparative processes in
case of the retinal damage is great?*?>2627281 Tt has been
established that the radial glia of the rat retina reacts to the
damage, just like astrocytes of the brain, by accumulating
the GFAP, which is of great importance for fibrillogenesis
[15,12]. The accumulation of this protein was observed in
humans with the retinal reactive gliosis!'®!",

As reported previously, we also found that the reaction
of retinal pigment epithelial cells and Miiller cells of
the WAG/Rjj rats retina to injury is ambiguous and is
characterized by manifestations of both destructive and
proliferative changes accompanied by changes in the
degree of the retinal GFAP expression!'¥. The proliferative
activity of Miiller cells results in the isolation of the
abnormal foci from the normal tissues, which is a reflection
of the body's adaptive reactions to injuries!''1),

As mentioned, the studies carried out have shown the
degree of the GFAP expression in the retina of the WAG/
Rij rats at different ages. The amount of GFAP in the
retina of rats increases in direct proportion to the age. The
increasing expression of the protein in the retina of the
WAG/Rij rats starting from the 30th postnatal day indicates
an increase of the destructive processes of retinal neurons
with age and their replacement by Miiller cells.
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