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a b s t r a c t

The transcription factor Brn3a has been reported to be a good marker for adult rat retinal ganglion cells
in control and injured retinas. However, it is still unclear if Brn3a expression declines progressively by the
injury itself or otherwise its expression is maintained in retinal ganglion cells that, though being injured,
are still alive, as might occur when assessing neuroprotective therapies. Therefore, we have automatically
quantified the whole population of surviving Brn3a positive retinal ganglion cells in retinas subjected to
intraorbital optic nerve transection and treated with either brain derived neurotrophic factor or vehicle.
Brain derived neurotrophic factor is known to delay retinal ganglion cell death after axotomy. Thus,
comparison of both groups would inform of the suitability of Brn3a as a retinal ganglion cell marker
when testing neuroprotective molecules. As internal control, retinal ganglion cells were, as well, iden-
tified in all retinas by retrogradely tracing them with fluorogold. Our data show that at all the analyzed
times post-lesion, the numbers of Brn3a positive retinal ganglion cells and of fluorogold positive retinal
ganglion cells are significantly higher in the brain derived neurotrophic factor-treated retinas compared
to the vehicle-treated ones. Moreover, detailed isodensity maps of the surviving Brn3a positive retinal
ganglion cells show that a single injection of brain derived neurotrophic factor protects retinal ganglion
cells throughout the entire retina. In conclusion, Brn3a is a reliable retinal ganglion cell marker that can
be used to accurately measure the potential effect of a given neuroprotective therapy.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

The retina is part of the central nervous system and as such its
projecting neurons, the retinal ganglion cells (RGCs) degenerate
upon axonal injury (Villegas-Perez et al., 1988, 1993; Bray et al.,
1991; Bray et al., 1992; Berkelaar et al., 1994; Salvador-Silva
et al., 2000) impairing any further attempt to restore function-
ality (Aguayo et al., 1987; Whiteley et al., 1998; Vidal-Sanz et al.,
2002).

The temporal course of axotomy-induced RGC degeneration has
been studied by several groups (Mansour-Robaey et al., 1994;
Berkelaar et al., 1994), including ours (Villegas-Perez et al., 1993;
Peinado-Ramon et al., 1996; Alarcon-Martinez et al., 2009; Nadal-
þ34 868883962.
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Nicolas et al., 2009; Parrilla-Reverter et al., 2009a, 2009b;
Galindo-Romero et al., 2010). Complete transection of the optic
nerve induces a quick, severe and diffuse loss of RGCs in the rat
retina, and by day 12 post-lesion, only 20% of the original RGCs
remain (Peinado-Ramon et al., 1996; Alarcon-Martinez et al., 2009;
Galindo-Romero et al., 2010). Axotomy-induced RGC death can be
temporarily rescued by administration of neurotrophic factors,
among which brain derived neurotrophic factor (BDNF) is one the
most successful (Peinado-Ramon et al.,1996; Parrilla-Reverter et al.,
2009b). In fact a single intravitreal injection of BDNF rescues 67%
of the RGC population at day 12 post-axotomy (Peinado-Ramon
et al., 1996).

One of the caveats of working with RGCs is to distinguish them
from the equally numerous population of displaced amacrine cells
which lay in the same layer (Drager and Olsen, 1981; Perry, 1981;
Perry et al., 1983; Jeon et al., 1998; Salinas-Navarro et al., 2009b,
2009c). There are several techniques that specifically label RGCs,
these are based either on tracing them from their projection areas,
which in rodents are mainly the superior colliculi (SCi) (Linden and
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Perry,1983; Thanos et al., 1987; Salinas-Navarro et al., 2009b, 2009c),
or by detecting proteins or transcripts specifically expressed by these
neurons (Barnstable andDrager,1984; Chidlowet al., 2005; Bernstein
et al., 2006; Soto et al., 2008; Surgucheva et al., 2008; Nadal-Nicolas
et al., 2009). Immunodetection of RGC-specific proteins is an
approach available for most laboratories; however, there are some
conditions that should be complied in order to consider a given
protein a good RGC marker. For instance, the immunodetected
protein must be specifically expressed by RGCs in health and disease
(Perry et al., 1984; Dabin and Barnstable, 1995) and its loss upon
injury must correlate with RGC death, i.e. the expression level of the
marker should be maintained in the injured RGCs that survive either
the lesion or the lesion after a given neuroprotective therapy.

Recently our group reported that the transcription factor Brn3a
is a good and reliable marker to detect and quantify rat RGCs in
healthy retinas as well as after optic nerve (ON) transection or crush
(Nadal-Nicolas et al., 2009), ocular hypertension (Salinas-Navarro
et al., 2009a, 2010) or photoreceptor degeneration (García-Ayuso
et al., 2010).

However, it is not knownwhether Brn3a expression diminishes
progressively by the injury itself, in spite of the RGCs being still
alive. In other words, it is not known whether Brn3a expression is
a good parameter to assess the efficacy of a neuroprotective therapy
on RGC survival.

Therefore, we purposed here to investigate the effect of a single
intravitreal injection of BDNF on Brn3a expression after complete
intraorbital nerve transection (IONT) using as baseline criterion for
RGC survival FG tracing. The hypothesis being as follows: If Brn3a
expression declines by the injury itself, then, the number of
Brn3aþRGCs will be the same in the BDNF and vehicle-treated
groups. On the other hand, if Brn3a expression mirrors RGCs that
are alive independently of the lesion, then the number of
Brn3aþRGCs will be higher when the retina is treated with BDNF
than with vehicle.

2. Material and methods

2.1. Animal handling and surgery

SpragueeDawley female rats (180e220 g body weight) were
obtained from the University of Murcia breeding colony. For anes-
thesia, a mixture of xylazine (10 mg/kg body weight; RompunR;
Bayer, Kiel, Germany) and ketamine (60 mg/kg body weight;
KetolarR; Pfizer, Alcobendas, Madrid, Spain) was used. All experi-
mental procedures were carried out in accordance with European
Union regulations, our institutional guidelines and the Association
for Research in Vision and Ophthalmology guidelines for the use of
animals in research. Animals were divided into a control group,
which did not undergo any experimental manipulation and several
experimental groups according to the analysis performed (see
below).

2.2. Retrograde labelling of retinal ganglion cells

RGCs were traced by applying one week before any experi-
mental manipulation, the fluorescent tracer fluorogold (FG, Fluo-
rochrome Inc. Engelwood, Colorado USA) to both superior colliculi,
following procedures that are standard in our laboratory (Vidal-
Sanz et al., 1988; Villegas-Perez et al., 1993; Agudo et al., 2008,
2009; Salinas-Navarro et al., 2009b, 2009c). Briefly, animals were
anesthetized, each midbrain was exposed and, after removing the
piamater overlying the SCi, a small piece of gelatin sponge (Spon-
gostan Film, Ferronsan, Denmark) soaked in FG, diluted at 3% in 10%
dimethyl sulfoxide-saline (DMSO, Sigma Chemical, Co. St. Louis,
USA) was applied over the surface of both SCi.
2.3. Intraorbital nerve transection (IONT) injury

All experimental animals underwent surgery in the left eye
following previously described methods that are standard in our
Laboratory (Vidal-Sanz et al., 1987, 1988; Villegas-Perez et al., 1993;
Peinado-Ramon et al., 1996; Alarcon-Martinez et al., 2009; Nadal-
Nicolas et al., 2009). In brief, to perform IONT an incision was
made in the superior orbital rim, the superoexternal orbital
contents were dissected, and the superior and external rectus
muscles were removed, then the optic nerve (ON) was severed at
0.5 mm from the optic cup. Before and after the procedure, the eye
fundus was observed through the operating microscope to assess
the integrity of the retinal blood flow. Animals were sacrificed at
increasing survival intervals after IONT (7, 9 or 12 days), the retinas
processed and analyzed.

2.4. Administration of brain derived neurotrophic factor

A first group, IONT þ BDNF (n ¼ 24) received right after IONT,
one single dose of BDNF (Peprotech Laboratories, UK) injected
intravitreally in the injured eye, as previously described (Peinado-
Ramon et al., 1996; Parrilla-Reverter et al., 2009b) at a dose of
5 mg diluted in 1% bovine serum albumin-phosphate buffer saline.
A second group, IONTþ VEHI (n¼ 20), received a single intravitreal
injection of vehicle. In both groups the injected volume was 5 ml.

Animals were sacrificed at increasing survival intervals from 7 to
12 dpl. All retinas were dissected as whole-mounts and subjected
to Brn3a immunodetection. The right retinas were used as controls.

For western blotting analyses, two additional groups of animals
were prepared, one subjected to IONT þ VEHI administration, and
the other to IONTþ BDNF. These animals were sacrificed at 48 h, 5 d
7 d and 9 dpl (n ¼ 4 per time point and group) (see Section 2.7).

2.5. Immunohistofluorescence

All animals were euthanized with an i.p. overdose of 20%
sodium pentobarbital (Dolethal; Vetoquinol Especialidades Veter-
inarias, S.A., Alcobendas, Madrid, Spain) and perfused trans-
cardially with 4% paraformaldehyde in 0.1 M phosphate buffer after
a saline rinse. Their eyes were enucleated and the retinas dissected
and prepared as flattened whole-mounts by making four radial
cuts, the deepest cut on the superior pole. Retinas were post-fixed
for an additional hour. Afterward, the retinas were permeated in
PBS 0.5% Triton X-100 (PBST) by freezing them during 15 min
at �70 �C, rinsed in new PBST and incubated overnight at 4 �C with
goat anti-Brn3a antibody diluted 1:100 in blocking buffer (PBS, 2%
normal donkey serum 2% Triton). Then, retinas were washed three
times in PBS and incubated 2 h at room temperature with the
secondary antibody (Alexa Fluor-568 donkey anti-goat IgG (H þ L),
Molecular Probes; Invitrogen, Barcelona, Spain) diluted 1:500 in
blocking buffer. Finally, retinas were thoroughly washed in PBS and
mounted vitreal side up on subbed slides and covered with anti-
fading solution.

2.6. Whole mount retinal analyses

2.6.1. Image acquisition
All whole mounted retinas were analyzed for FG and Brn3a

signal, acquiring first the FG and then the Brn3a signal. To make
reconstructions of retinal whole-mounts, the retinas were photo-
graphed under an epifluorescence microscope (Axioscop 2 Plus;
Zeiss Mikroskopie, Jena, Germany) equipped with a computer-
driven motorized stage (ProScan� H128 Series, Prior Scientific
Instruments, Cambridge, UK), controlled by IPP (IPP 5.1 for Win-
dows�; Media Cybernetics, Silver Spring, MD, USA) as previously



Fig. 1. BDNF administration delays axotomy-induced RGC death. Magnifications from whole mounted retinas showing FG-traced and Brn3aþRGCs in control (A) and at different
periods after IONT and BDNF (B) or vehicle (C) treatment. Yellow arrows point to transcellularly labeled microglial cells, which do not express Brn3a. Bar: 200 mm.



Table 1
Total number and densities of surviving FG or Brn3aþRGCs after IONT and BDNF or vehicle treatment. In this table are shown the mean numbers � SD (A) and the mean
densities � SD (B, RGCs/mm2) of FG or Brn3a positive RGCs in control or injured retinas. In brackets is shown the number of analyzed retinas. All Brn3aþRGCs were auto-
matically quantified while FGþRGCs were automatically quantified in control (right eyes) retinas and estimated in the injured ones (see methods, 2.6.4). *Statistically
significant compared to control, #statistically significant compared to BDNF treatment at 7 and 9 dpl, xstatistically significant compared to BDNF treatment at all times post-
lesion. Tukey test p < 0.001.

Control (n ¼ 44) IONT þ BDNF IONT þ VEHI

7dpl, n ¼ 8 9dpl, n ¼ 8* 12dpl, n ¼ 8* 7dpl, n ¼ 6*,# 9dpl, n ¼ 6*,x 12dpl, n ¼ 8*,x

A
FGþRGCs 80,861 � 5093 82,096 � 3326 69,632 � 2877 50,521 � 5434 44,465 � 6654 26,377 � 3556 22,332 � 5662
Brn3aþRGCs 82,067 � 6264 79,826 � 3397 68,902 � 5123 48,471 � 4414 37,023 � 3846 23,983 � 1664 19,374 � 2171

B
FGþRGCs/mm2 1564 � 98 1661 � 101 1329 � 51 972 � 97 846 � 113 503 � 64 433 � 96
Brn3aþRGCs/mm2 1590 � 135 1614 � 88 1315 � 97 934 � 98 706 � 69 457 � 29 377 � 35
Area (mm2) 52 � 3 50 � 3 52 � 1 52 � 3 52 � 1 52 � 2 52 � 3

Fig. 2. Percentage of surviving FG or Brn3aþRGCs after IONT and BDNF or vehicle treat-
ment. Graph showing the percentage of surviving RGCs identified by FG tracing (FGþ)
or Brn3a expression (Brn3aþ) after axotomy and BDNF (IONT þ BDNF) or vehicle
(IONT þ VEHI) treatment. This percentage was calculated with respect to the number
of FG or Brn3aþRGC counted in control retinas, which was considered 100%.
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described (Nadal-Nicolas et al., 2009; Salinas-Navarro et al., 2010).
Reconstructed whole-mounts, made up from 154 individual
frames, were further processed when required using Adobe Pho-
toshop� CS 8.0.1 (Adobe Systems, Inc., San Jose, CA, USA).

2.6.2. Automated quantification of the total population of RGCs
FGþRGCs were automatically quantified in control retinas using

a specific cell-counting subroutine developed by our group (Nadal-
Nicolas et al., 2009; Salinas-Navarro et al., 2009c).

Brn3aþRGCs were automatically counted in all flat-mounted
retinas, as previously described (Nadal-Nicolas et al., 2009; Salinas-
Navarro et al., 2010).

2.6.3. Isodensity maps
The detailed spatial distribution FG or Brn3aþRGCs over the

entire retinas was obtained through quadrant analysis, and
demonstrated with isodensity maps constructed as previously
described (Nadal-Nicolas et al., 2009; Salinas-Navarro et al., 2010;
Ortin-Martinez et al., 2010; García-Ayuso et al., 2010).

2.6.4. Rat retinal area measurement, sample creation,
and total population inference of FG positive RGCs

Automatic quantification of retrogradely traced RGCs after
injury is distorted when the tracer is applied before the lesion,
because the phagocytic microglia becomes labeled (Peinado-
Ramon et al., 1996; Vidal-Sanz et al., 2001; Sobrado-Calvo et al.,
2007; Parrilla-Reverter et al., 2009b). Since IONT severs the ON, it
is not possible to apply the tracer after the injury, thus for the
present studies there was no alternative but to count FGþRGCs by
sampling and manual counting. Yet, to avoid as much as possible
the potential error of sampling, we have developed a semi-
automatic method to sample the retina and to infer the total pop-
ulation of surviving FGþRGCs. The user was requested to draw the
retina perimeter in order to clean and measure its total area; this
was followed by the request of pointing the Optic Nerve (ON) and
the tips of each retinal quadrant. Then 3 equidistant samples of
0.0996 mm2 z 0.1 mm2 each were cropped between the ON and
each quadrant tip. Those samples were saved with an identifying
name for further manual count. Because it has been reported that
RGC density on the mice retina differs from center to periphery
(Nadal-Nicolas et al., 2009; Salinas-Navarro et al., 2009c), inferring
the RGC population was done taking this into account, as follows:
the retina was divided in 3 areas, Periphery, Medium and Center as
previously described (Parrilla-Reverter et al., 2009a), those
measured areas contained, each, four samples, one per quadrant.
The total population of FG-RCGs was inferred by extrapolating the
manual counts of the samples (averaged density of the 4 samples
per area, i.e.: RGCs/0.0996 mm2 z 0.1 mm2) to the total Periphery,
Medium and Center areas. To validate the FG-RGCs population
inference, the number of these cells in 8 naïve retinas was both,
automatically counted (Salinas-Navarro et al., 2009c) and manually
counted and inferred. Both results were compared and the medium
difference was of a 3.47%.

2.7. Western blotting

After an overdose of sodium pentobarbital, retinas from control,
IONT þ VEHI or IONT þ BDNF animals (48 h, 5 d, 7 d and 9 d, n ¼ 4
per group and time point) were fresh dissected and immediately
frozen in dry ice. Protein extraction was carried out as previously
described (Agudo et al., 2008, 2009; Nadal-Nicolas, 2009). Brn3a
signal was detected with goat-anti Brn3a (Santa Cruz Biotechnol-
ogies, Heidelberg, Germany) antibody (1:200 in PBS-Tween 0.1%)
Secondary detection was carried out with horseradish peroxidase
donkey anti goat-conjugated secondary antibody (1:5000, Santa
Cruz Biotechnologies, Heidelberg, Germany), visualized by chem-
iluminescence (Enhanced Chemo Luminiscence (ECL), Amersham,
GE Healthcare Europe GmBH, Barcelona, Spain) and exposure to an
X-ray film. As loading control, actin detectionwas carried out using
rabbit anti-actin (Sigma Aldrich, Alcobendas, Madrid, Spain)
detected with donkey anti-rabbit-HRP (Santa Cruz Biotechnologies,
Heidelberg, Germany).

2.8. Statistical analyses

To compare values fromboth retinas of different rats, treatments
and the number of FG or Brn3a positive RGCs, we used the ANOVA
test and the Tukey posthoc test (SigmaStat� forWindows� Version
3.11; Systat Software, Inc., Richmond, CA, USA). Cell counts



Fig. 3. Regulation of Brn3a expression after axotomy and BDNF or vehicle treatment.
Western blot analysis showing that Brn3a protein expression decreases gradually in
axotomized retinas. However, after BDNF treatment, Brn3a expression level is higher
that after vehicle treatment at all times post-lesion analyzed. Actin signal was used as
loading control. C: control extracts. h: hours post-lesion. d: days post-lesion.
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obtained by the automated method were compared with those
obtained with the manual method using the Pearson correlation
test (SigmaStat� for Windows� Version 3.11). Differences were
considered significant when p < 0.05.
3. Results

3.1. Qualitative and quantitative analyses of the effect of BDNF
on RGC survival after axotomy

In Fig. 1 images are shown from FG-traced and Brn3a immu-
nodetected flat-mounted retinas in control (A) and at increasing
periods after IONT and BDNF (B) or vehicle (C) treatment. At 7 days
post-lesion (dpl) the appearance of the retina in the IONT þ BDNF
group resembles that of the control retina, while there is a clear loss
of RGCs after vehicle treatment. As the time post-lesion progresses
so does RGC loss and this is more severe when the retinas are
treated with vehicle than with BDNF. Interestingly, this is observed
with both markers, indicating that Brn3a expression is maintained
in RGCs that are protected by the BDNF administration, irre-
spectively of being axotomized.

To further confirm this qualitative observation, surviving RGCs
were counted. The whole population of Brn3aþRGCs was auto-
matically quantifiedwhile the total number of FGþRGCs in the same
retinas was inferred from manual counts of 12 samples per retina
(Table 1A). With both markers it is observed that at 7 dpl, BDNF
protects the whole population of RGCs, protection that is extended
up to 9 days, when 85% of the RGCs survive (Fig. 2). From this day
Fig. 4. RGC distribution in control retinas. Isodensity maps of the same control whole mounte
show that FGþ and Brn3aþRGCs are similarly distributed in the retina, being densest in the s
12 o’clock. These maps are filled contour plots generated by assigning to each of the subdivisi
scale ranging from 0e500 (purple) to 3500 or more (red) RGCs/mm2 (scale at the bottom l
till day 12 pl, the number of RGCs decreases but it is still signifi-
cantly higher than in the vehicle-treated group. In fact, the number
of surviving RGCs 12 days after BDNF treatment is similar to the
number of surviving RGCs 7 days after vehicle treatment.

Because the areas of all the retinas were measured, it was
possible to determine the mean densities of surviving RGCs in all
groups (Table 1B). These data show a decrease in the mean RGC
density which is more drastic after vehicle than BDNF treatment.
Besides, it is observed that at least during the first 12 days post-
axotomy the retinal area does not change as a result of the injury.

In conclusion, these data reveal that Brn3a is a suitable marker
to assess RGC survival not only after injury but also after adminis-
tration of a neuroprotective therapy, as its expression is maintained
in RGCs that are alive, and does not decline because of the injury
itself.

3.2. Brn3a regulation after IONT and vehicle or BDNF treatment

To fully document the regulation of Brn3a in axotomized retinas
after BDNF or vehicle treatment, we assessed, by means of Western
blotting, the expression of Brn3a protein in whole retinal extracts.
In Fig. 3 is shown that Brn3a signal decreases with time post-lesion
in the experimental retinas. However, and in agreement with the
previous experiment, after BDNF treatment, Brn3a expression is
maintained longer than after vehicle treatment.

3.3. A single injection of BDNF protects RGCs thorough
the whole retina

Data obtained from automated quantification routines allow the
construction of detailed isodensity maps showing the distribution
and densities of the studied cells in the retina as well as their topo-
graphical loss after an insult (Nadal-Nicolas et al., 2009; García-
Ayuso et al., 2010; Ortin-Martinez et al., 2010, Salinas-Navarro
et al., 2010). In Fig. 4 is shown the topography of FGþ and
Brn3aþRGCs in the same control retina. With both markers is
observed that RGCs are not homogeneously distributed thorough the
retina and so their highest densities are found in the superior retina
along the naso-temporal axis, and their lowest in the far retinal
periphery. After IONT, isodensity maps can be generated based on
Brn3aþRGCs automated quantification (Fig. 5). In agreement with
d retina showing the distribution of FGþRGCs (left) and Brn3aþRGCs (right). These maps
uperior pole, along the naso-temporal axis. The superior pole of the retinas is located at
ons of each individual frame a colour code according to its RGC density within a 28-step
eft). Underneath each map is shown the number of RGCs counted which each marker.



Fig. 5. A single injection of BDNF protects the entire retina. Spatial distribution of Brn3aþRGCs at increasing survival times after IONT and BDNF (A) or vehicle (B) treatment.
Comparison of A and B shows that a single injection of BDNF protects the whole retina. The superior pole of the retinas is located at 12 o’clock. At the bottom of each map is shown
the number of RGCs counted in the retina wherefrom the map has been generated.
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the quantification data, at 7 dpl BDNF administration maintains the
population of Brn3aþRGCs close to control conditions, in fact the
distribution of the surviving neurons resembles that of the control
retina, without any focal or sectorial loss, indicating that a single
intravitreal injection of BDNF protects RGCs thorough the whole
retina (Fig. 5A). After vehicle treatment (Fig. 5B), RGCs loss is quicker
and more severe (compare isodensity maps in Fig. 5A and B), and
already at 7 dpl, when 50% of the RGC population has died (Fig. 2),
warm colors (red-yellows) have disappeared remaining only the
medium (green) and lowest densities (blues-purple). This diffuse
loss progresses further and at day 12 pl RGC densities all along the
retina reach the lowest values.
In conclusion, these maps show that IONT-induced RGC
degeneration is quick, severe and diffuse. In addition, also
demonstrate that BDNF injected intravitreally protects the whole
retina.

4. Discussion

Few proteins are known to be specifically expressed by RGCs,
among them are g-synuclein, Bex1/2, Thy-1, NeuN or Brn3a
(Barnstable and Drager, 1984; Quina et al., 2005; Weishaupt et al.,
2005; Bernstein et al., 2006; Soto et al., 2008; Surgucheva et al.,
2008; Buckingham et al., 2008; Nadal-Nicolas et al., 2009). Thy-1
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is not a suitable marker to study the fate of RGCs after injury, as its
expression is down-regulated by the lesion without concurring
with actual RGC death (Schlamp et al., 2001). Bex1/2 immunore-
activity has been shown to be useful to evaluate, ex vivo, the
distribution of RGCs in control retinas and after optic nerve stroke.
However, the axonal and somatic expression pattern of this protein
impairs the development of automated quantification routines.
Detection of g-synuclein RNA (Soto et al., 2008) allows launching
automated routines to quantify the whole population of positive
RGCs, and has been used to investigate the fate of mice RGCs after
ocular hypertension. Immunodetection of the transcription factor
Brn3a is a reliable method to identify and automatically quantify
the whole population of rat RGCs in control retinas and after insults
such as optic nerve axotomy, ocular hypertension or photoreceptor
degeneration (Nadal-Nicolas et al., 2009; Salinas-Navarro et al.,
2010; García-Ayuso et al., 2010). In spite of the importance of
these ex vivo markers, it has not been assessed their suitability to
test potential neuroprotective therapies. This is important because
their expression might decline by the injury itself independently of
the RGCs being still alive.

Therefore, themain goal of this workwas to investigatewhether
axotomized but alive RGCs expressed Brn3a. To explore this
possibility we have used awell described model of neuroprotection
of injured RGCs, administration of BDNF after complete transection
of the ON, using as internal control the identification of RGCs by
retrograde labeling (Peinado-Ramon et al., 1996; Parrilla-Reverter
et al., 2009b).

The whole population of Brn3aþRGCs can be automatically
quantified in control and injured RCGs (Nadal-Nicolas et al., 2009;
Salinas-Navarro et al., 2010). However, quantification of FGþRGCs
after IONT has to be necessarily manual, due to the impossibility of
applying the tracer after the lesion and to the subsequent appear-
ance of transcellularly labeled phagocytic microglia (Thanos, 1993;
Peinado-Ramon et al., 1996; Kobbert et al., 2000; Salvador-Silva
et al., 2000; Sobrado-Calvo et al., 2007; Nadal-Nicolas et al.,
2009). Clearance of dead RGCs is carried out by the phagocytic
microglia. When RGCs have been traced with FG, microglial cells
accumulate this FG in their phagosomes, thus becoming trans-
cellularly labeled. The fusiform morphology and the dot-like
accumulations of FG in the microglial cells make them distin-
guishable from FG-traced RGCs to the experienced investigator. The
automated routine, though, does not discriminate between both
FG-labeled cells, that is why FG-traced RGCs in the experimental
retinas were manually counted in 12 standard areas as previously
reported by our group under different experimental conditions
such as complete optic nerve transection (Peinado-Ramon et al.,
1996; Sellés-Navarro et al., 1996; Salvador-Silva et al., 2000;
Sobrado-Calvo et al., 2007; Nadal-Nicolas et al., 2009), optic
nerve crush (Parrilla-Reverter et al., 2009a, 2009b; Nadal-Nicolas
et al., 2009), transient ischemia of the retina induced by
increased elevation of the intraocular pressure (Sellés-Navarro
et al., 1996) or by selective ligature of the ophthalmic vessels
(Vidal-Sanz et al., 2001; Lafuente López-Herrera et al., 2002; Avilés-
Trigueros et al., 2003). To be able to compare the number of RGCs
counted with each marker, we have developed a semiautomatic
routine that allows inferring the whole population of FGþRGCs (see
methods Section 2.6.4). In addition, because the all retinal areas
were measured, the density mean values of FG and Brn3aþRGCs
were also determined. While density data should be taken having
inmind that RGCs are not homogeneously distributed thorough the
retina, are nevertheless of interest as a baseline for further exper-
iments in which RGC quantification is done by sampling and
averaging.

The total numbers of FGþRGCs and Brn3aþRGCs in control
retinas are in agreement with other works (Nadal-Nicolas et al.,
2009; Salinas-Navarro et al., 2009c) in which the whole pop-
ulation of RGCs was also counted automatically. After IONT, the
percentages of FGþRGCs survival in the BDNF or vehicle groups are
similar to those reported by Peinado-Ramón (Peinado-Ramon et al.,
1996). This is important because we used FG tracing as internal
control of the experiment.

Our data also demonstrate that the population of Brn3aþRGCs is,
at all times analyzed, significantly greater after BDNF treatment
than after vehicle administration; in fact their numbers and
percentages of survival (Table 1 and Fig. 2) parallel those obtained
when counting FGþRGCs. This was further confirmed by analyzing
Brn3a regulation by Western blot assay. This experiment showed,
in agreement with the anatomical data, that Brn3a expression is
maintained longer after BDNF than vehicle treatment. RGCs
represent less than 1% of the retinal cell population, and thus, RGC-
specific proteins and transcripts are highly diluted in whole retinal
extracts, this has been elegantly demonstrated by Guo et al (Guo
et al., 2010). This dilution effect augments after RGC death,
explaining the abrupt decrease of Brn3a signal observed after
IONT þ VEHI shown here as well as by other authors (Weishaupt
et al., 2005) and ourselves (Nadal-Nicolas et al., 2009) after ON
injury.

Because BDNF is intravitreally injected, there was the possibility
that the RGC survival elicited by this moleculewas focal or sectorial.
The isodensity maps shown here demonstrate that a single intra-
vitreal injection of this neurotrophic factor protects the entire
retina, as the topography of the surviving neurons resembles that of
a control retina, though the highest densities are lost as the time
post-lesion increases which, in turn, indicates, as previously
reported (Nadal-Nicolas et al., 2009; Galindo-Romero et al., 2010),
that IONT triggers a diffuse RGC death that affects the whole retina.

5. Conclusions

RGCs express Brn3a while they are alive independently of being
axotomized, and thus immunodetection of this transcription factor
is a reliable technique to assess RGC survival after injury and to test
the effect of a neuroprotective therapy. In addition, quantification
of the total population of surviving Brn3aþRGCs allowed visualizing
that a single intravitreal injection of BDNF protects RGCs thorough
the whole retina.
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