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Abstract
Diabetic retinopathy is a leading cause of vision loss among working age
adults. As of right now, the only treatment is for advanced stages, either through
surgical intervention or intravitreal injections. These procedures are both invasive
and expensive and only stabilize vision loss, not prevent it or restore what has been
lost. The purpose of this research is to study early stage Type I diabetes in the retina
in order to identify future targets for treatment or prevention. We use a mouse
model and immunohistochemical labeling to view the GlyRα1 receptors in the
retinas. The localization of GlyRα1 receptors are then compared to control injected
mice to find changes caused by diabetes. We found there to be no difference in the
localization of the GlyRα1 receptors in diabetic and non-diabetic mice. This suggests
the GlyRα1 receptor is not affected by diabetes at the early stage of six-weeks.
Future studies will focus on the GlyRα1 and GABAA-α1 receptors at 12 weeks of
induced diabetes in mice.

Introduction
Diabetic retinopathy, a leading cause of blindness among working age adults,
is the damage caused to the retina due to complications from diabetes.2 Diabetic
retinopathy progresses through two stages: early non-proliferative and advanced
proliferative. In the early stages, neurodegeneration, capillary loss, glial activation,
impaired vascular regrowth, and increased vascular permeability are seen, causing
stress on the retina.1 One of the earliest clinically detectable signs of diabetic
retinopathy is increased vascular permeability, due to a breakdown in the blood–
retinal barrier, which causes macular edema- leading to vision loss.1,3

In the

advanced stage, bleeding and/or retinal detachment can be seen resulting in
irreversible blindness.1
In a mammalian retina, there are four primary types of neurons: rod and cone
photoreceptors, bipolar cells, amacrine cells, and ganglion cells (Fig. 1). These
neurons mediate phototransduction, and modulate and convey nerve impulses that
are ultimately transmitted to the brain through the axons of the ganglion cells that
comprise the nerve fiber layer and optic nerve.4 The retina can also be described in
layers: the photoreceptor layer; the outer nuclear layer (ONL), which consists of the
rod and cone cell bodies; the outer plexiform layer (OPL), which consists of the
connections between rods and cones and bipolar cells; the inner nuclear layer (INL),
which consists of the cell bodies of bipolar and amacrine cells; the inner plexiform
layer (IPL), which consists of connections between bipolar cells and amacrine cells
and ganglion cells; and the ganglion cell layer (GCL).11 Retinal bipolar cells are either

ON-type or OFF-type. While an ON-type bipolar cell may be depolarized by a certain
stimuli, an OFF-type bipolar cell will be hyperpolarized by the same stimuli.12
Diabetes causes degeneration of the inner retinal layers.2 Retinal ganglion
cells and some cells and neurons in the INL die by apoptosis early in the course of
diabetes and a decrease in thickness of the INL and reduction in number of ganglion
cells can be seen.4 This may be from a loss of trophic support from insulin deficiency
or injury from excess hexosamines, glutamate, or TNF, however a mechanism has
yet to be found.4 Studies show that the rod pathway may be more susceptible to
hyperglycemic damage.6 In this study, we look at the inhibitory pathway from
amacrine cells in the rod pathway that modulate bipolar cell and ganglion cell
activity. The inhibitory pathway of rod bipolar cells is supplied by both ON and OFF
bipolar cells.12 Previous studies indicated that this inhibition pathway is decreased
after six weeks of diabetes, according to ERG studies.6 Retinal output is modulated,
in part, by GABA or glycine release from inhibitory amacrine cells onto bipolar and
ganglion cells.6,9 Glycine is a major inhibitory neurotransmitter in the retina. About
half of all amacrine cells release glycine.7 The glycine receptor (GlyR) is a ligandgated chloride channel composed of two alpha and three beta subunits, creating a
pentameric receptor protein.7,8 Four different genes encode the alpha subunits, α1,
α2, α3, and α4.7 GlyRα1 is expressed in sparse population in the OPL, largely
expressed in the outer IPL in high density, and with less expression in the inner IPL.7
More specifically, GlyRα1 is expressed in bipolar cells. 7
The goal of this study is to identify potential targets for early diagnosis of
diabetic retinopathy. Current detection methods and treatment is not available until

an advanced stage. Treatments target neovascular lesions and macular edemas
through surgical interventions and intravitreal injections of inhibitors of vascular
endothelial growth factors (VEGF).1,3 These are invasive, expensive, and also not a
cure, they do not reverse damage, making early detection a favorable goal. By
looking at the localization of glycine receptors in the rod bipolar cell terminals, in
both diabetic and non-diabetic mice, we can determine if the glycine receptor is
affected by diabetes and if it is a potential target for future studies.
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Figure 1. Retinal slice stained for GlyRα1 (red), α-PKC to show rod bipolar cells
(green), and a DAPI nuclear stain (gray). GlyRα1 is expressed in the INL, mainly in
the RBC terminals and in the OFF layer.

Experimental Methods
Preparation of Mice
C57BL/6J male mice were used for these experiments. At five weeks old, mice were
fasted for four hours and injected with either citrate buffer or 75 mg/kg
streptozotocin (STZ) in citrate buffer once daily for three days. Over the next six
weeks, weights and urine glucose levels of the mice were measured weekly in order
to monitor health and diabetic status. After six weeks, the mice were fasted for four
hours and the blood glucose level of each mouse measured from the tail. STZinjected mice with levels >200 mg/mL were considered diabetic and used in the
experiment. STZ-injected mice <200 mg/mL were not used. Citrate-injected mice
with levels <200 mg/mL were considered non-diabetic and used as controls in the
experiment. Citrate-injected mice >200 mg/mL were not used.
Dissection and Fixation
Mice were sacrificed using CO2 and the eyes enucleated. The left eye was used for
immunology studies and the right eye for electrophysiology studies. The retina was
dissected out in oxygenated Ringer’s solution, with care to not scrape or mangle the
retina. Once the retina was removed, four cuts were made to create the four
quadrants of the retina: dorsal, ventral, temporal, and nasal. Retina was laid flat on
filter paper, washed with Ringer’s, fixed for 15 minutes in 4% paraformaldehyde,
and finally washed/stored in 1x phosphate buffer solution (PBS) until ready for
immunology processing. Retinas used for slices were embedded in a 5% agarose
solution (prepared using a 55°C water bath), placed in the refrigerator for one hour,
and sliced in 60 µm slices using a vibratome.

Immunostaining of Whole Mounts
Retinas were incubated in a blocking solution of 10% goat serum in PBS with 0.5%
Triton overnight at 4°C. They were then left in primary antibody (1:200 α-GlyRα1 in
PBS) for four days at 4°C. Retinas were washed three times for 1 hour each in PBS,
and then incubated in secondary antibody (1:1000 goat α-mouse AF647 in PBS)
overnight 4°C. Again, retinas were washed three times for 1 hour each in PBS (with
1 μg/mL DAPI in the second wash). After the washes, retinas were mounted on
microscope slides on filter paper in SlowFade, coverslipped, and stored overnight or
until imaging.
Immunostaining of Slices
Slices were placed in the same blocking solution as above for one hour. The solution
was then removed and primary antibody (1:200 α-GlyRα1 in PBS) added and
incubated overnight 4°C. Solutions were removed using fine tip pipettes under the
microscope to prevent damage of slices. Retinas were washed three times for 30
minutes each in PBS, and then incubated in secondary antibody (1:1000 goat αmouse AF647 in PBS) for 2.5 hours. Again, retinas were washed three times for 30
minutes each in 1x PBS (with 1 μg/mL DAPI in the second wash). After the washes,
retinas were mounted on microscope slides in SlowFade, coverslipped, and stored
overnight or until imaging.
Imaging
Images were taken using a Zeiss LSM 880 Inverted Confocal Microscope in the
Imaging Core in Marley at the University of Arizona. Whole mounts were imaged in

z-steps of 0.43 μm in each of the four quadrants: Dorsal, ventral, nasal, and temporal
with the 40x objective and a 2x zoom. Images were taken approximately 600 μm
from optic nerve in a 106.27 µm x 106.27 µm frame. The GlyRα1-AF647 signal was
imaged using the 633nm laser; the αPKC-AF488 signal was imaged using the 488nm
Laser; and the DAPI signal was imaged using the 405nm laser.
Analysis
Data was loaded into ImageJ using the Bio-Formats Importer. A sub-stack of
approximately 20 μm was created where RBC terminals are located and made into a
Z-projection. A mask was created of the PKC signal (which stains RBCs) to eliminate
background noise by creating a black and white threshold of approximately 40%.
The area of the rod bipolar cell terminals was then measured. The mask was then
multiplied onto the GlyRα1 signal. A threshold of 40% was then applied to isolate
the glycine receptors present on the rod bipolar cell terminals and the area
measured. Percent occupancy was calculated by dividing the area of GlyRα1 by the
area of rod bipolar cell terminals and multiplied by 100%. Analysis was performed
on the ON-layer of the IPL. Analysis of the glycine receptor in the OFF layer will be
performed in subsequent studies. Statistics were done using an unpaired t-test.
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Figure 2. Zoomed view of inner plexiform
layer (IPL) with the ON-layer and OFF-layer
labeled

Results
In order to determine if localization of the glycine receptor to the rod bipolar
cells was changed in diabetes, the percent occupancy of the GlyRα1 signal in the PKC
signal (which stains RBCs) was measured. No significant difference was found
between the percent occupancy in the control retinas and the percent occupancy in
the diabetic retinas (Fig. 3).

Figure 3. Process of calculating percent occupancy of GlyRα1 (red) to RBCs (green).
Top row shows slices from control injected mice; bottom row shows slices from
STZ-injected mice. Merge shows both the GlyRα1 and RBC signals together. Mask
shows only GlyRα1 signal present in PKC labeled rod bipolar cell signal.

N.S.

Figure 4. Percent occupancy of GlyRα1 of PKC labeled rod bipolar terminals in
control and diabetic retinas. P = 0.3; unpaired t-test. (N.S. = Not significant)

Discussion
Type I Diabetes causes deterioration of the retina, eventually leading to
vision loss and blindness. The purpose of this study was to detect changes in the
early stages of diabetes to the phototransduction pathways in the retina in order to
find a target for detection and/or treatment. After measuring the percent occupancy
of the glycine receptor (GlyRa1) of the rod bipolar cell terminals using
immunohistochemistry, we found no significant difference between diabetic and
non-diabetic retinas. This means that no change occurred in the co-localization of
GlyRα1 and rod bipolar cell terminals in STZ-induced diabetic mice. This suggests
that the decrease seen in the inhibition of rod bipolar cells6 is not due to glycine
receptors on the rod bipolar cells, but potentially due to a change in the amacrine
cell pathway.
Subsequent studies will focus on analyzing the glycine receptor in the OFFlayer of the inner plexiform layer, where more expression is seen. The main
challenge with this future study is determining the best way to quantify the data.
We will also study the localization of the GABAA-1 receptors, as changes in
GABAergic input to rod bipolar cells have been previously found.6 The main
challenge with this study is obtaining an antibody that creates minimal background
noise and exhibits no non-specific binding. Subsequent studies will also repeat these
studies, but in mice that have had STZ-induced diabetes for 12 weeks, at a later
stage of Type I Diabetes.
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