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Absract
·AIM: To evaluate the reliability of 茁-III-Tubulin protein
as a retinal ganglion cell (RGC) marker in the
experimental glaucoma model.

·METHODS: Glaucoma mouse models were established
by injecting polystyrene microbeads into the anterior
chamber of C57BL/6J mice, then their retinas were
obtained 14d and 28d after the intraocular pressure (IOP)
was elevated. Retinal flat mounts and sections were
double -labeled by fluorogold (FG) and 茁 -III -Tubulin
antibody or single -labeled by 茁 -III -Tubulin antibody,
then RGCs were counted and compared respectively.

· RESULTS: IOP of the injected eyes were elevated
significantly and reached the peak at 22.8依0.7 mm Hg by
day 14 after injection, then dropped to 11.3依0.7 mm Hg
by day 28. RGC numbers counted by FG labeling and 茁-
III - Tubulin antibody labeling were 64 807 依4930 and
64 614 依5054 respectively in the control group, with no
significant difference. By day 14, RGCs in the
experimental group decreased significantly compared to
the control group, but there was no significant difference
between the FG labeling counting and the 茁-III-Tubulin
antibody labeling counting either in the experimental
group or in the control group. The result was similar by
day 28, with further RGC loss.

·CONCLUSION: Our result suggested that the 茁 -III -
Tubulin protein was not affected by IOP elevation and
can be used as a reliable marker for RGC in experimental
models of glaucoma.
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INTRODUCTION

A s the second leading cause of blindness worldwide,
glaucoma is characterized by progressive and

irreversible atrophy of the optic nerve or cupping of the optic
disc, which is the result of loss of axon and soma of retinal
ganglion cells (RGCs)[1,2]. The RGCs are the only neurons in
retina that connect and relay visual signals to the central
nervous system [3], while they are also the main target cells
that are susceptible to glaucomatous damage [2,4]. Thus
observation and quantification of RGCs has always been
important for evaluation of glaucomatous damage or effect
of neuroprotection in studies of glaucoma. RGCs are located
in the ganglion cell layer (GCL) of the retina, where
however the displaced amacrine cells also occupy part of the
cell population [5-7], making it necessary to identify RGCs
from other neurons.
One common way to identify RGCs is the retrograde
labeling by fluorescent neuron tracers, among which
fluorogold (FG) is the most popular [8]. Once applied to the
superior colliculus (SC) where the axon of RGCs mainly
project in the brain [9,10], FG would be collected by the axon
terminal of RGCs, transported in a retrograde manner along
RGC axons and finally, after a period of time (usually 7d)[11,12],
accumulates in the RGC soma located in the GCL of retina.
As RGCs are the only neurons in retina that reach the SC,
theoretically FG would not be present in other neurons
except RGCs, which makes the RGC labelling specific.
However, retrograde transport of FG from SC to the RGC
soma depends on the bioactivities of RGC axons [13,14], which
have been demonstrated to progressively decrease as the
intraocular pressure (IOP) elevates [15,16]. So the transport of
FG might be affected in glaucoma models, leaving a
proportion of RGCs unlabeled and the quantification of
RGCs inaccurate. Also, a relatively long term of observation
would not be achieved because more RGC axons would be
dysfunctional as long as the high IOP persists[17].
Alternative approaches of identifying RGCs include
immunodetection of proteins that are specifically expressed
in RGCs rather than other neurons in the GCL. Thy-1 is a
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glycoprotein in the cell membrane predominantly expressed
in RGCs in the retina and has been used as a marker for
RGCs [8]. However the mRNA level and expression of Thy-1
gene decreases before the actual loss of RGCs in
pathological conditions including intraocular hypertension[18-20],
which means surviving RGCs with decreased or no
expression of Thy-1 would not be labeled nor counted in
models of glaucoma, indicating that Thy-1 is not suitable for
assessment of RGC loss in glaucoma. Other RGC markers
such as the transcription factor family Brn3 [21-24] and
neurofilament [25,26] have also been used to label RGC, but in
models of glaucoma, none of them has been proven to be a
better alternative to retrograde labeling, which is still
considered to be the most reliable method of labeling RGC.
Transgenic methods that integrate genes of fluorescent
proteins and promote their expression in RGCs have been
recently used to make the RGCs born with fluorescent
signals and directly distinguishable [27]. However, the success
rate of gene transduction and fully expression of the
integrated gene still need demonstration when it comes to
quantitative analysis of RGCs and establishment of the
transgenic models takes rather long[28].
茁-III-Tubulin, or class III 茁-Tubulin, is a neural specific type
of the tubulin family comprising proteins that form the
microtubule of the cytoskeleton. It has been used to identify
and separate neurons in brain tissues from glial cells that do
not express 茁-III-Tubulin [29]. High expression of
茁-III-Tubulin has also been found in RGCs due to their
neuronal origin [30]. In fact, 茁-III-Tubulin has already been
used to identify and quantify RGCs in various optic nerve
injury models[31-34]. However, in models of glaucoma, whether
the expression of the protein decreases in RGC or increases
in other neurons as IOP elevates is not well studied. In this
study we would like to assess the reliability of 茁-III-Tubulin
as a marker for identification and quantification of RGCs in
glaucoma models, by comparing numbers of RGCs in the
whole retina counted by 茁-III-Tubulin immunolabeling to
those obtained by FG retrograde labeling.
MATERIALS AND METHODS
Grouping of Animals The experimental procedures and
use of animals were approved and monitored by the Animal
Care Committee of the West China Hospital and conformed
to the ARVO Statement for the Use of Animals in
Ophthalmic and Vision Research. Healthy adult C57BL/6J
mice with weight ranging from 35 g to 50 g were included in
the experiment, and those with any eye disease such as
keratitis, cataract or uveitis were excluded. The animals were
housed in a room where light was turn on and off alternately
every 12h with food and water provided without restriction
and they were kept at least for 1wk in this environment
before any procedures were performed. In total, 64 adult
C57BL/6J mice (no gender discrimination) from

Experimental Animal Center of West China Hospital were
employed and divided into four groups, including two
experimental groups (16 mice in each group), a control
groups (16 mice) and a blank control group (16 mice). All
mice in the experimental groups received injection of 10 滋m
fluorescent polystyrene microbeads (Invitrogen Trading Co.,
Ltd., Shanghai, China) in the anterior chamber while mice in
the control group received injection of phosphate buffer
solution (PBS). Mice in the blank control group received
sham injection with nothing actually injected. For comparing
茁-III-Tubulin immunolabeling and FG retrograde labeling of
RGCs, mice in one of the experimental groups and mice in
the control group were treated with FG that was applied to
their superior colliculi (SCi) one week earlier before
microbeads or PBS was injected, and their retinas were
finally analyzed by FG and 茁-III-Tubulin double labeling.
Furthermore, in order to find out whether the presence of FG
in the RGC soma would affect the immunoreactivity of
茁-III-Tubulin and decrease the number of 茁-III-Tubulin
labeled RGCs, retinas of mice in the other experimental
group and the blank control group were analyzed only by
茁-III-Tubulin immunolabeling. By the end of 2 and 4wk
after PBS or microbeads injection, half of the mice in each
group were sacrificed respectively.
Retrograde Labeling of Retinal Ganglion Cells
Retrograde labeling of RGCs by FG was performed
following the standard protocol [11]. In brief, after the mouse
was deeply anesthetized with intraperitoneal injection of
pentobarbital (1% saline solution, 60 mg/kg), its head fur
was removed and skin incised in the midline to expose the
skull, in which two holes were drilled at the site
corresponding to bilateral SCi, exposing the cerebrum
beneath. Then the cerebrum over SCi was carefully removed
before a piece of sterile sponge pre-soaked in FG solution
(Fluorochrome, Denver, CO, USA; 2% in PBS) was placed
in each hole on the dorsal surface of SC, where FG would be
picked up by axon terminals of RGCs and transported
retrogradely to their somas in the GCL. After the surgery,
mice were kept warm under an incandescent lamp and
allowed to recover by their own. Noting that it takes time for
thorough transport of FG to the RGC soma and elevated IOP
induced by microbeads injection might stop the transport of
FG by RGC axons and prevent the labeling of RGCs, FG
was applied to the SCi one week earlier before microbeads
or PBS injection.
Establishment of Models of Glaucoma The method of
inducing elevated IOP by injecting polystyrene microbeads
into the anterior chamber to obstruct outflow of aqueous
humor were taken[31,35]. Mice in the experimental groups were
anesthetized by intraperitoneal injection of pentobarbital
solution, supplemented by topical anesthesia with
Oxybuprocaine Hydrochloride (Santen Pharmaceutical Co.,
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Figure 1 Microbeads accumulated at the anterior chamber angle or schlemm's canal after injection of 2 滋L polystyrene
microbeads (HE-stained) Scale bar=50 滋m.

Ltd., Japan). Then the polystyrene microbeads with a
uniform diameter of 10 滋m (Invitrogen Trading Co., Ltd.,
Shanghai, China) were injected unilaterally in their right
eyes. The microbeads suspension whose original
concentration was 3.6 伊106 beads per milliliter had been
resuspended in PBS at a final concentration of 7.2伊106 beads
per milliliter to archive more effective obstruction [31]. More
specifically, the right cornea of each mouse in the
experimental group was gently punctured near the center
using a 30-gauge needle to generate an easy entry for a glass
micropipette connected with a Hamilton syringe, which was
used to control precisely the volume (2 滋L) of anterior
chamber injection, then 2 滋L microbeads suspension were
injected into the right anterior chamber through the entry
wound while the left eyes were left untreated. At the same
time, 2 滋L PBS was injected into the right eyes of mice in
the control group following the same procedure and sham
injection was performed to mice served as the blank control.
Tobramycin dexamethasone eye ointment was administered
to the injected eye of every mouse to prevent infection or
inflammation.
Intraocular Pressure Measurement No sedative nor
anesthetic drugs were applied to the mice in order to avoid
effects on IOP due to anesthesia. All mice were subjected to
IOP measurement every two days for 1wk before anterior
chamber injection for their accommodation and the result
was taken as the baseline. After microbeads or PBS
injection, IOP of the injected eyes of the mice was measured
every two days at the same time of the day with a tonometer
(TonoLab; Colonial Medical Supply, Espoo, Finland) after
applying topical anesthesia of the cornea. The tonometer
would automatically take six measurements and eliminate
the highest and lowest values to generate an average value as
programmed. The average value was regarded as one reading
and 3 readings obtained from each eye were averaged to
figure out the final IOP value in each measurement.
Tissue Preparation and Immunofluorescence As
described above, half of the mice in each group were
sacrificed by cervical dislocation at the end of 2 and 4wk

respectively after IOP elevation was induced. Then their
eyes, with the cornea penetrated, were enucleated and fixed
in 4% paraformaldehyde overnight after they received a
transcardial perfusion with 4% paraformaldehyde in PBS.
Retinal flat mounts and sections were then prepared for
immunofluorescence analysis. Some of the flat mounts or
sections that were treated following the same procedures
except primary antibody incubation served as negative
controls. To show the distribution of the polystyrene
microbeads after injected into the anterior chamber, paraffin
sections of the anterior segment of the eyeball were also
prepared and stained with hematoxylin and eosin (Figure 1).
Retinal Flat Mounts Cornea and lens of the fixed eyes
were removed and the whole retina was dissected from the
eyecup, cut in 4 directions radially and flatly mounted on a
glass slide with the GCL set upward. After permeabilized
with 0.5% Triton X-100 diluted in PBS (PBS-T), the retinal
flat mounts were immersed in 5% bovine serum albumin
(BSA) for 60min to block nonspecific staining and then
incubated with a primary antibody against 茁-III-Tubulin
(Anti-Tubb3; Sigma-Aldrich Trading Co., Ltd., Shanghai,
China) diluted 1:200 in blocking buffer consisting of 5%
BSA and 0.05% triton in PBS at 4℃ overnight. The flat
mounts were rinsed 3 times for 10min with PBS to remove
excess primary antibody and incubated with the fluorescent
secondary antibody (Alexa Fluor 568, Invitrogen Trading Co.,
Ltd., Shanghai, China) diluted 1:500 in blocking buffer for
2h at room temperature, protected from light. After thorough
wash with PBS, the retinal flat mounts were prepared for
RGC observation and quantification under a fluorescence
microscope (Axio Imager 2, Carl Zeiss Microscopy GmbH,
Germany). Retinal flat mounts prepared from eyes of mice
previously treated with FG were finally double labeled by
both FG and 茁-III-Tubulin antibody, and these flat mounts
were protected from light throughout the entire process.
Retinal Sections Fixed eyes were transferred in 30%
sucrose solution overnight for dehydration and cut into
sections as thin as 10 滋m vertically through the optic nerve
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papillary after embedded in the optimal cutting temperature
compound. Immunofluorescence analyses were performed as
previously described. The sections were immersed in 0.5%
Triton X-100 for permeablization and blocked in 5% BSA
for 30min. After blocking, the retinal sections were
incubated with the mouse anti-茁-III-Tubulin antibody
(Anti-Tubb3; Sigma-Aldrich Trading Co., Ltd., Shanghai,
China) at 4℃ overnight. Then the sections were rinsed with
PBS 3 times for 5min before incubated with the donkey
anti-mouse secondary antibody (Alexa Fluor 488, Invitrogen
Trading Co., Ltd., Shanghai, China) for 2h at room
temperature. Anti-fading mounting medium containing DAPI
(BeiJingZhongShanJingqiao biotechnology Co., Ltd) were
mounted on the sections to stain the cell nucleus, providing
better recognition and observation of cells under the
fluorescence microscope. To find out whether the displaced
amacrine cells in the GCL would also be labeled by the
茁-III-Tubulin antibody and miscounted as RGCs, part of the
retinal sections without FG labeling were double
immunostained with antibodies against 茁-III-Tubulin and
Syntaxin (Santa Cruz Biotechnology Co., Ltd., Shanghai,
China) which is a specific marker for amacrine cells. The
secondary antibodies were donkey anti-mouse (Alexa Fluor
488, Invitrogen Trading Co., Ltd., Shanghai, China) and goat
anti-rabbit (Alexa Fluor 568, Invitrogen Trading Co., Ltd.,
Shanghai, China) fluorescent antibodies respectively.
Quantification of Retinal Ganglion Cells Quantification
of RGCs were accomplished in retina flat mounts. The
retinal flat mounts were divided into 4 quadrants (superior,
temporal, nasal, and inferior) as we cut the whole retina in 4
directions during preparation . Six standard regions (0 .3伊
0 . 3 mm2 each) distributed at a 1 mm interval from the
center of the optic nerve head (ONH) along the radius were
selected in each quadrant, among which three were from the
peripheral region (3 mm from the ONH), two were from the
intermediate region (2 mm from the ONH), and one was
from the central region (1 mm from the ONH). In total 24
regions were selected in each retina flat mount, and in each
region, a photograph of the retina was taken by the
fluorescence microscopy (Axio Imager 2, Carl Zeiss
Microscopy GmbH, Germany) at 400 times magnification.
The 24 images taken from one flat mount were then
analyzed with the AxioVision software (Carl Zeiss
MicroImaging GmbH, Germany). RGCs were identified
among FG, 茁-III-Tubulin or both positive cells by
morphological characteristics in the 24 images and were
manually counted in a masked manner. The RGC density
(cells/mm2) of the whole retina was calculated by averaging
the cell counts of every image and divide the result by the
area of the standard region (0.3伊0.3-mm2). The total area of
the retinal flat mount was measured using Image J software
(available at http://imagej.nih.gov/ij/download.html), and

then the number of RGCs of the whole retina was estimated
by multiplying the RGC density and the retina area.
Statistical Analysis The statistical analysis was performed
using SPSS 16.0 software (IBMM SPSS, Inc.). The data
were expressed as mean依standard error of the mean (SEM).
Statistical difference among groups was analyzed by
Student's -test or one-way analysis of variance (ANOVA).

< 0.05 was considered statistically significant.
RESULTS
Intraocular Pressure Elevation after Microbeads
Injection After microbeads injection, none of the eyes
showed any sign of inflamation which would be indicated by
conjunctiva congestion or cloudiness in the anterior chamber,
slight opacity of the cornea were found in some of the eyes
during IOP measuerment and was considered to be a result
of elevated IOP and injuryof the endothelia during
microbeads injection. The measurement of IOP was
performed every two days for 1wk before anterior chamber
injection and every two days after the injection until the mice
were executed. Before the injection, the avarage IOP of all
the mice turned out to be 9.3依0.9 mm Hg, and this result
was regarded as the baseline. After injection of PBS, the
average IOP of mice in the control group stayed at 9.5依
0.7 mm Hg, while that of mice in the blank control group
was 9.5 依0.9 mm Hg throughout the experiment. IOP of
either the control group ( =1.22, >0.2) or the blank control
group ( =1.14, >0.2) was not significantly different from
the baseline and there was no significant difference between
the control group and the blank control group ( >0.5),
indicating that PBS injection would not induce IOP
elevation. On the contrary, mice in the experimental groups
experienced a significantly elevated IOP in eyes that
received microbeads injection (Figure 2). The elevated IOP

Figure 2 IOP elevation after microbeads injection IOP
measurement for 1wk before anterior chamber injection revealed the
baseline of IOP to be 9.3 依 0.9 mm Hg. Mice in the two
experimental groups experienced IOP elevation after injection with
an average peak level at 22.8依 0.7 mm Hg by day 14 while IOP of
mice in the control group remained at 9.5依 0.7 mm Hg throughout
the experiment. There was no significant difference between the
IOP of the control group and the blank control group ( >0.2).
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kept rising and reached an average peak level at 22 . 8 依
0.7 mm Hg by day 14, and started to go downafterward. By
day 28, the IOP of eyes with microbeads injection had
dropped to 11.3依0.7 mm Hg, which was close to the control
group. The difference between the IOP of microbead-
injected eyes and PBS-injected eyes was significant at each
timepoint ofmeasurement (day14: <0.002; day28: <0.002).
Quantification of Retinal Ganglion Cells Labeled by
Fluorogold and 茁 -III -Tubulin under Normal
Intraocular Pressure We counted RGCs in the selected
regions of the retinal whole mounts obtained from mice in
the control group and the blank control group, which did not
go through IOP elevation and calculated the average RGC
density of each retina. After measuring the area of each
retina, RGC counts of the whole retina were then estimated
by multiplying the RGC density and the retina area. The
retina flat mounts were labeled by both FG and 茁-III-Tubulin
antibody (control group) or 茁-III-Tubulin antibody alone
(blank control group), then numbers of RGCs were counted
respectively by FG and/or 茁-III-Tubulin antibody. Among
the FG and/or 茁-III-Tubulin positive cells, the ones with
large size and neurites were identified as RGCs. As
expected, in double labeled flat mounts, cells immunostained
by 茁-III-Tubulin antibody highly corresponded to the FG
positive cells identified as RGCs. To make sure that those
labeled cells were RGCs, retinal sections were prepared to
reveal layers of the retina and the exact position of the
labeled cells (Figure 3). Both FG and 茁-III-Tubulin positive

cells were in the GCL in retinal sections and corresponded
well, indicating that RGCs were labeled by both markers,
though in some cases fluorescent signals were also detected
in the inner nuclear layer (INL; Figure 4), which was
considered to be from displaced RGCs in the INL. More
importantly, there was no significant difference between the
average count of 茁-III-Tubulin labeled cells and that of FG
labeled cells (64 614依5054 and 64 807依4930, respectively;

=0.11, >0.5). Also, the number of 茁-III-Tubulin labeled
cells in double labeled flat mounts did not differ significantly
from the average RGC count of retinal flat mounts that were
only labeled by 茁-III-Tubulin antibody (63 830依3894; =0.49,

>0.5; Figure 5).
Comparison of Retinal Ganglion Cells Labeled by
Fluorogold and 茁 -III -Tubulin Antibody after
Intraocular Pressure Elevation Half of the mice in each
group were sacrificed at days 14 and 28 respectively after
they received microbeads or PBS injection. Retinas of mice
in each group were prepared as retinal flat mounts or
sections. The retina flat mounts of mice in the FG-treated
experimental group showed an obviously sparser distribution
of FG positive or 茁-III-Tubulin positive RGCs than retina
flat mounts of mice in the control group by day 14 (Figure 6).
In the FG-treated experimental group, the average count of
FG positive RGCs was 48 065 依3556 and that of 茁-III-
Tubulin positive RGCs was 48 051依2957 while in the control
group, the corresponding numbers were 64 161依3415 and
63 732 依3372 respectively. While there was no significant

Figure 3 茁-III-Tubulin and FG double labeling of RGCs from mice in the control group Both 茁-III-Tubulin and FG positive cells
located in the GCL and could be identified as RGCs. With almost the same cell arrangement, the 茁-III-Tubulin positive RGCs corresponded
well with the FG positive RGCs, indicating that RGCs were labeled by both markers. Scale bar=10 滋m.

Figure 4 Fluorescent signals were detected in the inner nuclear layer (INL) These cells have the same fluorescent intensity and
morphologic characteristics as those in the GCL and were considered to be displaced RGCs. Double labeling of displaced RGCs by both
茁-III-Tubulin antibody and FG further confirmed the specificity of 茁-III-Tubulin expression in RGC. Scale bar=15 滋m.
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Figure 5 Comparison of the number of RGCs counted by FG
and 茁 -III -Tubulin double labeling and 茁 -III -Tubulin
labeling alone at different time points There was no significant
difference between the number of RGCs counted by 茁-III-Tubulin
labeling alone and that counted by 茁-III-Tubulin labeling in double
labeled flat mounts either under normal ( >0.5) or elevated IOP
( >0.2), indicating that the immunoreaction of 茁-III-Tubulin
antibody and the RGCs was not affected by FG accumulation in the
RGC soma and the results of the double labeling was reliable.

difference between FG-positive and 茁-III-Tubulin positive
cells in both the experimental ( =0.14, >0.5) and the
control group ( =0.25, >0.5), the average RGC number of
mice in the experimental group was significantly less than
that in the control group, counting by either 茁-III-Tubulin
labeling ( =9.89, <0.01) or FG labeling ( =9.23, <0.01).
By day 28, the number of survived RGCs labeled by FG and
茁-III-Tubulin antibody in the experimental group was
respectively 38 761依2045 and 39 266依1976 while there were
65 453 依6010 FG positive RGCs and 65 497 依6178 茁-III-
Tubulin positive RGCs of the controlled eyes left. However,
what's really inspiring was, in the experimental group, when
analyzing with 茁-III-Tubulin and FG double labeling, the
茁-III-Tubulin positive cells turned out to highly overlap with
the FG-positive cells in both retina flat mounts and sections
by day 14 (Figure 6) and day 28 (Figure 7), which means the
茁-III-Tubulin antibody still labeled FG-positive cells even
when IOP kept high for a period of time. Moreover, by
茁-III-Tubulin immunolabeling alone, the average RGC count
of mice in the experimental group without FG treatment was
46 458依2769 by day 14 and 37 841依2314 by day 28, with no
significant difference from the result obtained by 茁-III-
Tubulin labeling in the FG-treated experimental group at the
same time points (day 14: =1.01, >0.2; day 28: =1.32,

>0.2; Figure 5).
DISSCUSION
In many studies of glaucoma, despite some immunoreactive
approaches, the identification of RGCs is done by retrograde
labeling with FG[36-41], which is still considered to be the most
reliable and accurate method. As FG is not directly applied
to the retina but to SCi in the CNS and could only be
transported to the RGC soma by RGC axons, there would be

less possibility for any other cells in the retina to be labeled.
The result of our study shows that the average FG positive
RGC count of mice in the control group without IOP
elevation was 64 807依4930, within the normal range of RGC
count of the mouse retina [7], which confirmed the reliability
of FG retrograde labeling in RGC quantification. However,
realizing that the transport function of RGC axons would be
affected under high IOP, preventing FG from reaching the
RGC soma, we applied FG to the mice 1wk earlier before
inducing IOP elevation because the axonal transport of FG
usually takes 7d [12]. This pretreatment definitely prolonged
the period of our experiments. And also, the requirement of
an intracranial surgery increased the complexity and
difficulty of the experimental procedures and led to early
death of some animals, which was excluded from our
experiment. So we would regard FG labeling as a relatively
accurate method with less efficiency and convenience.
茁-III-Tubulin is one of the isotypes of the tubulin protein
family. While the tubulins are constituents of the microtubule
that constructs the cytoskeleton in mammalian cells,
茁-III-Tubulin is expressed specifically in neurons [42-44]. In the
retina, 茁-III-Tubulin has been found in neurons of the early
born cell lineage including RGCs [30] and could be used to
identify RGCs [33], showing the potential to be a
RGC marker. Actually, in the past few years, this neuronal
specific cytoskeleton component has already been used as a
marker for RGC in various models of optic nerve injury such
optic nerve crush or optic nerve transection [31-34]. Our result
that the RGC count of retina flat mounts in the blank control
group that was immunolabeled by 茁-III-Tubulin alone
showed no significant difference with the number of RGC of
the FG prelabeled flat mounts in the control group has
confirmed that β -III-Tubulin could be used as an alternative
of FG for labeling RGC under normal condition. However,
in glaucoma models, as RGSs get lost during the
pathological process, the reliability of 茁-III-Tubulin to
identify and quantify RGCs has not been seriously assessed
yet. As with the glaucoma model establishment, we chose
the polystyrene microbeads with a relatively small diameter.
In our experiment, IOP of mice in the experimental groups
did not initially reach the peak level right after the anterior
chamber injection, but encountered a gradual increase of
about 14d. That might be due to that the injected microbeads
only accumulated and partially blocked the anterior chamber
angle at first, while they gradually got into the Schlemm's
canal and further blocked the outflow of aqueous humour,
inducing a higher IOP elevation. The microbeads were
finally removed from the Schlemm's canal by episcleral
veins, which explains the dropdown of IOP afterward.
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Figure 6 Retinas obtained from mice executed at day 14 in the experimental group and the control group that were pretreated
with FG A sparser distribution of RGCs were observed by both FG and 茁-III-Tubulin labeling in the experimental group while there was
still no significant difference between numbers of RGCs counted by FG and 茁-III-Tubulin labeling within the same group and the
茁-III-Tubulin positive cells highly overlapped with the FG positive cells. Scale bar=10 滋m.

Figure 7 Retinal sections from the FG-treated experimental group showing RGCs labeled by 茁-III-Tubulin and FG by day 28
The 茁-III-Tubulin positive cells and FG positive cells still kept good correspondence while their distribution got sparser as time proceeded.
Scale bar=10 滋m.

Microbeads with smaller diameter had a lager quantity,
which delayed the process of totally being removed, thus
leading to a relatively long period of IOL elevation [31],
making the glaucomatous damage more severe and the
difference between the experimental group and the control
group more obvious. After 14d of IOP elevation, RGCs of
mice in the experimental group showed an obvious loss,
compared to the control group, counting by either FG

labeling or 茁-III-Tubulin antibody labeling, but no difference
was noted between RGC counts obtained by FG labeling and
茁-III-Tubulin antibody labeling while the FG positive cells
and 茁-III-Tubulin positive cells overlapped in retinal flat
mounts and sections. The result was quite similar by day 28
after elevated IOP was induced with further loss of RGCs. It
is already known that the expression of various genes would
alter under high IOP [41]. The limitation of Thy-1 as a RGC
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marker in glaucoma models is that its expression would be
down regulated as the IOP elevates, even in surviving
RGCs [18,20], which definitely would leave part of the RGCs
uncounted in glaucoma models. Brn3a, as a transcript factor
in the nucleus, has also been used as a RGC marker, but the
loss of Brn3a expression or labeling happens much earlier
than FG labeling [22]. Although the early loss of expression
might indicate a higher sensitivity of Brn3a for detecting
RGC death, the possibility that it is the cell function
disturbance but not actual cell death that leads to the loss of
Brn3a expression can still not be excluded, as Brn3a is after
all a transcript factor, which reflects active function of cells.
What's more, when it comes to time dependent analyzing,
the possible discordance of Brn3a labeling and the actual
surviving RGCs might lead to inaccurate results. FG labeling
of RGC is reliable in glaucoma models because FG is a kind
of foreign matter that accumulates in the soma of RGCs
instead of something that would be affected by gene
expression, so it would not disappear until the RGC is really
dead and cleared by phagocytes such as microglia in the
retina. In our study, we have demonstrated that under high
IOP, the 茁-III-Tubulin antibody still labeled all the survived
RGCs, which would certainly be FG positive, and the
distribution of 茁-III-Tubulin positive RGCs corresponded
well to that of FG-positive RGCs. The consistency of
intensity of fluorescent signal of 茁-III-Tubulin labeling in the
experimental group and the control group was also observed
as time proceeded, which means that the 茁-III-Tubulin
protein in each RGC did not decrease after IOP had been
elevated. Interestingly, the expression of 茁-III-Tubulin
increases when there is axonal regeneration after optic nerve
injury [45,46], of which the reason might be the skeleton of the
RGC axon needs reconstruction during regeneration and
more 茁-III-Tubulin proteins need to be synthesized to
provide materials. The glaucomatous damage also starts from
the RGC axon [16,46], so there might also be reconstruction of
the cell skeleton at the early stage of the damage when the
RGC is still alive, resulting in an upregulation of
茁-III-Tubulin, which kept its immunoreactivity and
fluorescent intensity. Another possible explanation might be
that 茁-III-Tubulin is a kind of structural protein that
contributes to the formation of cytoskeleton, it would less
likely be affected by the cell function disturbance than
functional proteins and would exist as long as the RGC is
alive or cleared together with the RGC by phagocytes, which
is more like the characteristics of FG. Furthermore, the
number of 茁-III-Tubulin positive cells did not differ
significantly between FG treated experimental group and the
other experimental group that was finally analyzed by
茁-III-Tubulin alone, which means the presence of FG in the

RGC soma did not affect the immunoreaction of
茁-III-Tubulin antibody or its labeling of the RGCs, making
the correspondence of FG-positive cells and 茁-III-Tubulin
positive cells trustworthy.
Immunolabeling is much easier to perform and it would
leave the animals less suffering. However, the reliability of
identification and quantification of RGCs by immunolabeling
relies on the specificity of the cell marker. As mentioned
previously, 茁-III-Tubulin is found in neurons of the early
born cell lineage, which also included amacrine cells and
some photoreceptors [30]. It is easy to tell RGCs apart from
neurons that might be 茁-III-Tubulin positive in cell layers
other than GCL by the position and morphological
characteristics. However, both located in the GCL and being
morphologically similar, it would be difficult to tell whether
displaced amacrine cells (DACs) were also labeled by
茁-III-Tubulin, leading to over count of RGCs. So double
labeling of RGCs and DACs by 茁-III-Tubulin and syntaxin
(a specific marker of amacrine cells) respectively in radial
retinal sections were performed. As syntaxinis a neuronal
membrane protein involved in exocytosis [47], the fluorescent
signal of syntaxin positive DACs was found surrounding the
cell body, leaving the plasma unstained, whilethe
茁-III-Tubulin positive cells showed intensive fluorescent
signal in the cell body,without membrane staining. The
茁-III-Tubulin positive RGCs also characterized with
axonslabeled by 茁-III-Tubulin that converged to form the
nerve fiber layer, which were found absent in syntaxin
positive cells. These differences proved that those 茁-III-
Tubulin positive cells in the GCL were RGCs other than DACs.
In conclusion, RGCs express 茁-III-Tubulin due to their
neuronal origin and can be identified and quantified by
茁-III-Tubulin antibody in both normal mice and mice with
IOP elevation. The expression of 茁-III-Tubulin in the RGC
does not decrease as IOP elevates and time proceeds, making
it a reliable marker of the RGC in experimental models of
glaucoma while its advantages of convenience and efficiency
also make it a good alternative of FG.
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