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BDNF improves axon transportation and rescues visual function in
a rodent model of acute elevation of intraocular pressure
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Optic neuropathies lead to blindness; the common pathology is the degeneration of axons of the retinal ganglion cells. In this
study, we used a rat model of retinal ischemia-reperfusion and a one-time intravitreal brain-derived neurotrophic factor (BDNF)
injection; then we examined axon transportation function, continuity, physical presence of axons in different part of the optic
nerve, and the expression level of proteins involved in axon transportation. We found that in the disease model, axon trans-
portation was the most severely affected, followed by axon continuity, then the number of axons in the distal and proximal optic
nerve. BDNF treatment relieved all reductions and significantly restored function. The molecular changes were more minor,
probably due to massive gliosis of the optic nerve, so interpretation of protein expression data should be done with some caution.
The process in this acute model resembles a fast-forward of changes in the chronic model of glaucoma. Therefore, impairment in
axon transportation appears to be a common early process underlying different optic neuropathies. This research on effective
intervention can be used to develop interventions for all optic neuropathies targeting axon transportation.
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INTRODUCTION

Optic neuropathy is a spectrum of diseases with optic nerve
degeneration as a common pathology. The most prevalent
optic neuropathy is glaucoma (Quigley et al., 1982; Weinreb
et al., 2014; Yohannan and Boland, 2017; Xin et al., 2018;
Huang et al., 2019; Liu et al., 2019; Qiao et al., 2019).
However, optic nerve ischemia (Biousse and Newman, 2014;
Patel and Margo, 2017), Leber’s hereditary optic neuropathy
(LHON) (Wallace et al., 1988; Huoponen et al., 1991; Johns
et al., 1992; Sadun et al., 2000; Zhang et al., 2019) and
autosomal dominant optic neuropathy (ADON) (Hoyt, 1980;
Votruba et al., 1998; Alexander et al., 2000; Delettre et al.,

2000) also exhibit optic nerve degeneration.
In a transgenic mouse line (Buckingham et al., 2008) with

chronically elevated intraocular pressure (IOP), both axon
transport function and continuity were impaired. However,
losing continuity lagged behind the impairment of axon
transport function by about 6 months. This work suggested a
time window during which the restoration of axon transport
may prevent loss of connectivity and visual function.
In previous work (Ren et al., 2012), we showed that BDNF

gene or protein therapy could significantly rescue the num-
ber of ganglion cells capable of retrogradely transporting
Flurogold (FG) and significantly improve visual function. In
this study, we used a model of acute elevation of the IOP
(Ren et al., 2012) to further examine the number of axons
physically present at different parts of the optic nerve. We
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also investigated changing expression levels of molecules
responsible for axon transportation. We hope to explore
common early mechanisms underlying axon degeneration in
chronic and acute elevation of the IOP, as seen in glaucoma
and optic nerve ischemia. If these mechanisms are also
shared in LHON and ADON, intervention for all optic
neuropathies could be envisioned.

RESULTS

BDNF treatment alleviates deficits of visual function in
an acute IOP elevation model

In our previous work, we showed that BDNF gene therapy,
BDNF protein treatments, and combination therapies all ef-
fectively stopped the decrease in the number of FG-labeled
RGCs and the deterioration of visual function induced by
acute elevation of IOP (Ren et al., 2012). BDNF gene ther-
apy supplemented with BDNF protein treatment achieved
the best effects. To focus on the rescuing effect of BDNF and
to explore the mechanism behind it, we simplified the pro-
tocol to a single BDNF protein treatment for the acute ele-
vation of IOP model in this study.
We verified the therapeutic effects by using a BNDF in-

traocular injection. BDNF was administered 6 h after a
45 min elevation of IOP. In the disease model without
treatment, the visual acuity decreased to (52.1±2.1)%, (25.0
±0.0)%, and (14.6±2.1)%; and the contrast detection
threshold increased to (162.1±3.5)%, (186.2±0.0)%, and
(206.9±0.0)% at the end of 3rd, 6th, and 9th week, respec-
tively (Figure 1). A single intraocular administration of
BDNF protein treatment alleviated the deficits of visual
function; visual acuity recovered to (87.5±0.0)%, (62.5
±0.0)%, and (60.4±1.4)%; and contrast detection threshold

recovered to (122.4±1.7)%, (124.1±0.0)%, and (127.6
±2.3)% at the corresponding time points (Figure 1). The
detailed measurements of visual function were shown in
Figure S1 in Supporting Information. These data were con-
sistent with our previous study.

Disruption of axon transportation preceded axon dis-
continuity

We co-injected FG and DiD into the superior colliculus (SC)
to evaluate the retrograde transport function (FG) and the
axon continuity (DiD) 7 days before sacrificing the animals.
The number of FG-positive RGCs decreased to (59.8±1.1)%,
(43.3±1.6)%, and (22.8±1.3)%; and DiD-positive RGCs
decreased to (73.5±1.3)%, (55.8±2.7)%, and (31.2±2.6)% of
the control level at the end of 3rd, 6th, and 9th week, re-
spectively (Figure 2). There is a larger reduction in the
number of FG-positive RGCs than the DiD-positive RGCs,
indicating that transport functions were compromised in
many continuous axons. With BDNF protein administration,
the reduction of both FG- and DiD-positive RGCs was re-
duced, reaching a level of (74.5±1.7)%, (68.7±1.4)%, and
(64.9±1.4)% of the control for FG-positive and (84.6±2.5)%,
(78.2±1.3)%, and (72.4±1.4)% for DiD-positive RGCs for
corresponding time points (Figure 2). Again, the DiD-po-
sitive RGCs outnumbered the FG-positive ones in every
case, suggesting that improving axon transportation help to
maintain axon continuity.
We examined the change in anterograde transport function.

First, we determined the minimal time for the dye to cover
the entire SC uniformly. The fact that the continuous axons
(DiD-positive) outnumbered the transporting axons (FG-
positive) is an indication that the speed or the efficiency of
the axon transportation were compromised, therefore a delay

Figure 1 Behavioral test of visual function in the acute elevated IOP and BDNF treatment group. A, Visual acuity is measured when the water visual task
correct rate is above 70%. The maximum spatial frequency decreased from 0.80 cpd (ctrl) to 0.12±0.02 cpd (9th week after elevated IOP). The BDNF was
able to rescue some function, to 0.48±0.01 cpd at 9th week after elevated IOP. B, The contrast threshold is measured when the water visual task correct rate
above 70%. The minimum contrast threshold increased from (48.3±0.7)% (ctrl) to (100.0±0.0)% (9th week after elevated IOP). The BDNF rescued some
function to (61.7±1.1)% at 9th week after elevated IOP. 3W: 3rd week, 6W: 6th week, 9W: 9th week. cpd: cycle per degree. ***, P<0.001.
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in observation may have reduced the sensitivity of the
measurements. The 3D reconstruction from serial coronal
sections showed that it took 6 h for the dye to reach and
partially cover the SC and 12 h to cover the entire SC uni-
formly in the controls. The difference between 12 and 24 h
delay was largely in the pixel intensity (Figure S2 in Sup-
porting Information). Therefore, we decided to examine the
SC 12 h after intraocular dye injection.
In the 3D reconstructions (Figure 3), the percentage of

CTB-positive pixels decreased to (68.6±2.0)%, (55.9±2.5)%,
and (42.4±2.3)% of the control level at the end of 3rd, 6th,
and 9th week after elevation of IOP, respectively. In the
BDNF-treated group, the percent of CTB-positive pixels was
(91.3±2.4)%, (75.7±1.1)%, and (70.6±1.1)%, as compared to
controls, at the corresponding time points (Figure 3). These
findings showed that anterograde transportation was im-
paired by acute elevation of the IOP and was remedied by the
BDNF treatment.

Number of axons in the optic nerve

We quantified the number of axons in the semi-thin sec-
tions of the proximal part (close to the optic disc) and the
distal part (close to the optic chiasm) of the optic nerve to
confirm the physical presence of axons. The acute eleva-
tion of IOP induced a reduction in the number of axons in
the proximal end of the optic nerve, to (92.5±0.7)%, (77.6
±0.9)%, and (64.4±0.5)% of the control at the end of 3rd,
6th, and 9th week, respectively (Figure 4). The reduction
in the distal end of the optic nerve was more pronounced,
to (78.0±1.5)%, (65.2±1.4)%, and (50.4±1.3)%, for the
corresponding time points (Figure 4B and D). A single
administration of BDNF significantly deterred the loss of
axons; the density of axons in the proximal end recovered
to (92.5±0.7)%, (96.1±3.1)%, and (92.7±2.0)%, and in the
distal end, recovered to (85.0±0.5)%, (78.9±1.3)%, and

(80.6±1.7)% (Figure 4B–D) at the end of 3rd, 6th, and 9th
week, respectively. In the preparations treated with BDNF,
we also examined the axon density in the intermediate part
of the optic nerve. The density of axons fell between the
proximal end and the distal end, again supporting a ret-
rograde degeneration (Figure S3 in Supporting Informa-
tion).

Molecular changes underlying transportation function

To understand the molecular mechanism underlying the
changes of axon transportation, we examined the level of
proteins involved in axon transportation both in the retina
and in the optic nerve using Western Blotting.
Dynein is a motor protein responsible for retrograde

transportation. In the optic nerve, the level of dynein showed
a significant decrease at the end of the 3rd week and a further
significant decrease at the end of 6th week after the transient
IOP elevation; levels remained stable thereafter (Figure 5A
and C). In the retina, the dynein level began to exhibit sig-
nificant decrease at the end of 6th week, and continued to the
end of 9th week (Figure 5B and D). With BDNF treatment,
the dynein level was restored both in the retina and in the
optic nerve (Figure 5C and D).
Kinesin, a motor protein responsible for anterograde

transportation, exhibited a significant reduction in the optic
nerve at the end of the 3rd week, and remained stable
thereafter (Figure 5A and E). In the retina, kinesin showed an
increase that persisted from the end of the 3rd week to the 9th
week (Figure 5B and F). BDNF reverted these changes to
previous levels (Figure 5E and F).
The level of tubulin, the track for axon transportation,

remained unchanged both in the retina and the optic nerve in
all groups and at all times (Figure 5A, B, G, and H), except
for a small increase in the optic nerve between model and
treatment groups at the end of the 9th week (Figure 5G).

Figure 2 RGCs retrogradely labeled with FG and DiD. RGCs retrogradely labeled with FG and DiD of control (A), experimental (B) and BDNF-treated
experimental (C) animals in the central retina at 9th week after elevated IOP. FG- and DiD-labeled RGCs of control (D), experimental (E), and BDNF-treated
experimental (F) animals in the peripheral retina at 9th week after elevated IOP. Density of double labeled RGCs at each time point (G). Scale bar: 50 μm; *,
P<0.05, **, P<0.01, ***, P<0.001.
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However, neither model nor treatment was significantly
different from the control group.

DISCUSSION

Improving axon transport function rescues visual func-
tion

We applied the co-labeling protocol of Buckingham (Buck-
ingham et al., 2008) to a rat model of acute IOP elevation,
and obtained similar results. The number of both continuous
and transporting axons decreased, and the loss of transport-
ing axons was much more pronounced at every time point
observed. Our finding are consistent with previous results
which suggest that in this model, the impairment of axon
transportation also precedes disconnection (Buckingham et
al., 2008; Ren et al., 2012; Wang et al., 2017; Zhou et al.,
2017; Luan et al., 2018; Zhang et al., 2018; Xia et al., 2019).
Our quantification of axons in semi-thin sections showed

an interesting trend when comparing number of axons in
different experiments. The proximal end of the optic nerve

contained more axons than the distal end, which in turn ex-
ceeded the number revealed by lipophilic DiD. Since the
degeneration is retrograde, it is likely that the proximal nerve
contains more axons than the distal portion. DiD is able to
detect discontinuity at any part of the axon, and is therefore
more sensitive than the actual number of axons at a certain
section. Not all continuous axons are capable of transporta-
tion; the number of RGCs capable of transportation is most
dramatically affected, results that also agree with previous
work (Reichstein et al., 2007; Buckingham et al., 2008; Ren
et al., 2012).
The sequence of changes suggests that impairment of axon

transportation preceded the disruption of discontinuity dur-
ing degeneration, and degeneration propagated from distal to
proximal portion (Cavanagh, 1979; Coleman, 2005; Whit-
more et al., 2005). In treated animals, rescue of axon trans-
portation maintained axon integrity and visual function.
Among all parameters, the change in the number of trans-
porting axons is best correlated with the change in visual
function, suggesting that the axons incapable of transporta-
tion stop contributing to visual function.

Figure 3 Anterograde transport in acute elevation of IOP and BDNF treatment groups. A–G, sections of the superior colliculus from rostral to caudal of
each group. H–N, examples of the superior colliculus in each group. O, superior colliculus retinotopic map. Scale bar: 500 μm; *, P<0.05, **, P<0.01, ***,
P<0.001.
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Caution in examining molecular changes

We analyzed molecules involved in axon transportation. The
amount of dynein, a motor protein responsible for retrograde
transportation (Vale et al., 1985b; Paschal et al., 1987;
Schnapp and Reese, 1989) showed a progressive decrease
both in the optic nerve and in the retina. BDNF treatment
partially restored the decrease, consistent with the impair-
ment and restoration of axon transportation function.
The expression level of kinesin, a motor protein re-

sponsible for anterograde transportation (Vale et al., 1985a;
Okada et al., 1995; Hirokawa and Noda, 2008) in the optic
nerve, exhibited a decrease at the end of 3rd week, and re-
mained quite stable till the end of 9th week, whereas in the
retina, the amount exhibited a progressive increase. This
result was unexpected. One possible explanation is that the
kinesin accumulated in the somas of RGCs with dis-

continuous axons (Kuribayashi et al., 2010). The difference
between continuous (DiD-positive) and physically present
axons is the discontinuous axons, correlates with the accu-
mulation of kinesin increased. In the BDNF-treated group,
either the reduction in number of disconnected axons or the
accumulation of kinesin was no longer significant, although
these are only correlations.
The amount of β-tubulin remained unchanged in most

cases, both the disease model group and treatment group,
exhibited a significant increase in the optic nerve in the very
late stage (9th week) of the treatment. In the retina, 60%–
70% RGCs may only account for a small proportion of total
retinal neurons; it is possible that this change is masked when
Western Blotting is performed using the entire retina.
However, in the optic nerve, a loss of 30%–50% of axons
should be a noticeable difference. It is surprising that the
Western Blotting did not detect such a large reduction. Some

Figure 4 The density of the axons of control, experimental, and BDNF treatment groups. A, An example of a semi-thin resin-embedded cross section of
control optic nerve. The 24 white squares shown were counted. Scale bar: 100 μm (left), 10 μm (right). B, Magnifications of the distal optic nerve in acute
elevation of IOP and BDNF treatment groups at each time point. The statistics of proximal (C) and distal axons density (D). *, P<0.05, **, P<0.01, ***,
P<0.001.
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other unexpected observations, such as a relatively stable
area of the optic nerve cross section and an increased number
of nuclei in the semi-thin section, led us to look for possible
complications. A dramatic gliosis did take place in the de-
generating optic nerve, and these findings will be summar-
ized in a separate report. The gliosis may also account for the
milder changes of most proteins involved in axon transpor-

tation in the optic nerve. Therefore, cautions should be taken
in interpreting any data quantifying protein levels in the optic
nerve in disease models.

Potential significance

We used an ischemia-reperfusion model (the acute elevation

Figure 5 Western Blotting of retina and optic nerve and densitometry analysis. Western Blotting of optic nerve (A) and retina (B) lysates. Densitometry
analysis of dynein (C), KIF-5B (E) and β-tubulin (G) in optic nerve. Densitometry analysis of dynein (D), KIF-5B (F) and β-tubulin (H) in retina. *, P<0.05,
**, P<0.01, ***, P<0.001.
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of IOP) in this study to examine changes in the RGC axons.
We found that the axon degeneration in this model is very
similar to the degeneration process described in the glauco-
ma model, but changes occur at a much quicker pace. Future
research on similar processes are in the LHON and the
ADON, could determine if there is a common target for
developing treatments effective for different optic neuro-
pathies.

MATERIALS AND METHODS

Animals

All procedures were in compliance with ARVO Statement
for the Use of Animals in Ophthalmic and Vision Research
and with the guidelines of Institutional Animal Care and Use
Committee of Shanghai Jiao Tong University (Shanghai).
Male Sprague-Dawley rats (200–300 g), obtained from the
experimental animal center of Shanghai Jiao Tong Uni-
versity (Shanghai), were housed in a 12/12 h light/dark cycle
and received food and water ad libitum. The number of an-
imals used in each experiment is indicated in the corre-
sponding figure legends or columns.

Rat Acute Elevated IOP

Rat acute elevated IOP was induced (Hughes, 1991). Briefly,
the rats were deeply anesthetized with chloral hydrate
(400 mg kg−1, Sinopharm Chemical Reagent Co., Ltd,
Shanghai) by intraperitoneal injection and topical anesthesia
with 0.5% proparacaine hydrochloride eye drops prior to
injection. A 29G needle connecting to a reservoir containing
sterile saline, was inserted into the anterior chamber of the
right eye. IOP was elevated to 130 mmHg for 45 min by
raising the reservoir. Retinal ischemia was confirmed by
observing whitening of the iris and the retina (Ren et al.,
2012).

Intraocular Injection

The procedure used is as described previously (Ren et al.,
2012; Cueva Vargas et al., 2016). In brief, 6 h after the acute
elevated IOP, BDNF solution (2 μL, 250 ng μL−1, GF029,
Millipore, USA) was injected through the sclera into the
vitreous humor about 3 mm posterior to the superior-tem-
poral limbus, using a fine glass micropipette. To assess
anterograde transportation, rats received an intravitreal in-
jection of 2 μL of 1% cholera toxin subunit B (CTB) con-
jugated with Alexa Fluor-647 (C34778, invitrogen, USA) as
described previously (Crish et al., 2010; Crish et al., 2013;
Sun et al., 2011). Care was taken to avoid damage to the lens
or vitreous veins during intraocular injection.

Anterograde Transport Measurement

Animals were intracardially perfused with phosphate buffer
saline (PBS) followed by 4% paraformaldehyde in PBS 12 h
after intraocular CTB injection. Rat brains were removed and
cryoprotected in 30% sucrose/PBS overnight. Serial coronal
cryosections (15 μm thick) were cut through the entire SC
using a cryostat (Leica CM 1950, Germany). From the rostral
to caudal SC, a total of 27–35 sections were collected (the
first of every four sections). Images were acquired using a
Leica confocal microscope equipped with a 10× plan apo
objective (NA 0.40, Leica, Germany). Each image of SC
(1020×2040 pixels) was vertically divided in to 102 bins (bin
width: 20 pixels). The background intensity for each section
was calculated by averaging pixels in the nonretinorecipient
region of the SC (layers Ⅳ-Ⅶ) or the periaqueductal gray.
The contour of the retinorecipient SC was calculated, vi-
sually verified and manually adjusted. The pixels with an
intensity 2 times above background within the contour were
defined as CTB pixels. The ratio of CTB pixels to the total
retinorecipient pixels was taken as the bin intensity to con-
struct a colorimetric plot, with 0% being blue and 100%
being red. The calculation and construction of the colori-
metric plot were carried out using MATLAB R2016b (The
MathWorks, Inc., USA).

Double labeling of retinal ganglion cells

To investigate the impairment in retrograde transport func-
tion and in axon continuity, we co-injected into the visual
tectum a retrograde transported tracer (Vidal-Sanz et al.,
1988; Buckingham et al., 2008; Ren et al., 2012), 2% FG
(fluorogold, 80014, Biotium, USA) and a lipophilic dye 5%
DiD (1, 1′-dioctadecyl-3, 3, 3′, 3′-tetramethylindodicarbocy-
anine perchlorate, D307, Invitrogen, USA). Briefly, under
deep anesthesia, animals were placed on a stereotaxic ap-
paratus (MMN-3, Serial No. 05007, Narishige, Japan). A
mixture of DiD and FG were injected into the SC using
following coordinates: 5.9 mm posterior to the bregma, 1.0
mm lateral to the midline, and 5.0–4.0 mm deep from the
surface of the skull. Animals were allowed to recover in
solitary cages and were sacrificed 7 days after injection.

Quantification of RGC somas and axons

Rats were sacrificed by transcardiac perfusion and then
fixed with 4% PFA in 0.1 mol L−1 PBS; then, retinas were
dissected out and fixed for another 30 min. Images were
captured from flat-mounted retinas using a laser scanning
confocal microscope (TCS-SP8, Leica, Germany). The
procedure of analysis of RGC density was performed as
previously described (Ren et al., 2012). In brief, using a 20×
plan apo objective (NA 0.70, Leica Germany), four images
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were captured 500–1,000 μm from the optic disc, and four
images were captured 3,000–3,500 μm from the optic disc
in each of the four retinal quadrants for a total of 32 retina
areas. Images were processed with Image J software (NIH,
USA).
For axon counts, animals were sacrificed with a transcar-

diac perfusion of 0.1 mol L−1 PBS then 2% PFA and 2.5%
glutaraldehyde in 0.1 mol L−1 PBS. RGC axons counted at
2 mm from the optic nerve head were considered as prox-
imal, and 2 mm to optic chiasm were counted as distal. Optic
nerves were dissected and fixed in 2% osmium tetroxide,
then embedded in epon resin (Electron Microscopy Sciences,
USA). Semi-thin cross sections (1.0 μm) were cut on an
ultramicrotome (EMUC6, Leica, Germany) and stained with
1% Toluidine Blue. Images were acquired with an epi-
fluorescence microscope (E800, Nikon, Japan) with an oil-
immersion 40× plan apo objective (NA 1.0, Nikon, Japan),
using a charge-coupled device camera (cascade, Photo-
metrics, USA). A photomontage of the entire optic nerve
section was constructed using Photoshop CS6 (Adobe Sys-
tems Inc., USA). From the center of the optic nerve, at the
interval of 25 μm, six 50×50 μm samples in each quadrant
were obtained and counted (Figure 4A). The 24 samples
covered a total of 60,000 μm2 per section (Dai et al., 2012).

Behavioral test of visual function

The apparatus and methods used in this study to measure
both visual acuity and contrast sensitivity has been pre-
viously described (Prusky et al., 2000; McGill et al., 2004;
Ren et al., 2012; Wang et al., 2019). Briefly, a trapezoidal-
shaped pool was used, with two monitors placed side-by-side
at one end. The pool was filled with 22°C water to a depth of
about 15 cm. Visual stimuli (square-wave gratings and uni-
form gray gratings) were generated and displayed on the
monitors using a computer program (Visual Studio 2014,
Microsoft, USA). The black level of the screen was
0.05 cd m−2 and the white level was 72.8 cd m−2, as mea-
sured with a ColorCAL colorimeter (Cambridge Research
Systems, UK). A transparent reward platform (37 cm long
×13 cm wide×14 cm high) was hidden under the water below
the monitor displaying the grating. The pattern of the grating
and platform position was alternated between ends of the
pool, with a pseudorandom pattern where no more than three
trials were allowed on one side (Gellermann, 1933). All trials
were run under dark conditions. The task included three
phases: pre-training, task training, and a contrast and acuity
test. In the pre-training phase, the rats were trained to swim
toward the screen displaying gratings using the visual cues
(gratings). In the task training phase, rats were conditioned to
swim from a release chute and to associate the platform with
the screen displaying gratings using low spatial frequency
(0.1 cpd) and high contrast (100%) gratings. Three sessions,

of 10 trials per session separated by at least 1 h, were per-
formed in a single day. Once animals achieved 80%+ accu-
racy in 30 successive trials, the contrast and acuity were
measured. In the contrast sensitivity test, the contrast was
decreased by 10% each time. In the visual acuity test, the
spatial frequency was increased by 0.1 cpd. When the correct
rate fell below 70%, the spatial frequency test or contrast
sensitivity test were terminated; at that point, measurements
were taken as the detection threshold.

Protein extraction and Western Blot analysis

Retinas and optic nerves from each group were homogenized
in ice-cold lysis buffer, containing 150 mmol L−1 NaCl,
50 mmol L−1 Tris, and protease inhibitors. The samples were
cleared by centrifugation at 12,100 g for 20 min at 4°C.
Protein concentrations were determined using BCA Protein
Assay (71285-3, Millipore, USA). Each sample (10 μg) was
separated by 10% SDS-PAGE gel, and electrotransferred to a
polyvinylidene difluoride membrane (IPVH0010, Millipore,
USA). The membrane was blocked with 5% non-fat milk and
0.1% Tween-20 in PBS for 90 min, and was incubated with
rabbit anti-KIF5B (1:1,000, Ab167429, Abcam, USA),
mouse anti-dynein (1:10,000, MAB1618, Merck Millipore,
USA), mouse anti-β tubulin (1:10,000, MAB380, Merck
Millipore, USA), and rabbit anti-GAPDH (1:10,000, 2118,
Cell Signaling, USA) overnight at 4°C. After 3 washes in
Tween/PBS, the membranes were incubated with horse-
radish peroxidase-conjugated goat anti-mouse IgG
(1:10,000, 115-035-003, Jackson ImmunoResearch, USA)
and horseradish peroxidase-conjugated goat anti-rabbit IgG
(1:10,000, 111-035-003, Jackson ImmunoResearch, USA).
Immunopositive bands were revealed with an enhanced
chemiluminescence system (WBKL S00 50, Merck Milli-
pore, USA). The scanned film images were analyzed by
Image J software and specific band densities were normal-
ized to the band densities of GAPDH.

Statistical analysis

All results are presented as the mean±SE. Statistical analysis
was performed using two-sided unpaired student’s t-test
(OriginPro 2016, OriginLab, USA).
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SUPPORTING INFORMATION

Figure S1 The trends for visual acuity and contrast threshold.

Figure S2 6 h, 12 h, and 24 h of the CTB signal density in the superior colliculus.

Figure S3 The pathology of the proximal and middle optic nerve.
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