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Fig. 4 SD-OCT images were acquired circumferentially
around the optic nerve head (a). Representative SD-OCT
images obtained from the same eye before (day 0, left) and
after ONC (day 10, right) (b). The distance between the internal
limiting membrane and inner plexiform layer was measured in
order to determine the inner retinal thickness (indicated by the
arrow in b). The inner retinal thickness was plotted against the
post-ONC time course for the control and ONC eyes (¢, / =9

patients with traumatic optic neuropathy, the PhNR,
which reflects RGC function, deteriorates before there is
significant loss of retinal nerve fiber layer thickness
[10]. Taken together, these findings therefore suggest
that functional alterations in the RGCs precede the
anatomical loss of the RGCs themselves.

We also observed the expression of genes that
determine specific RGC types [24, 25] as early as day
1. This molecular alteration preceded the functional
and morphological changes detected by the pSTR or
SD-OCT, indicating that changes at the molecular
level have begun, while RGCs are still preserved and
functioning.

@ Springer
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Post-ONC periods (days)

for each time point). The pSTR amplitude and inner retinal
thickness of the ONC eyes were normalized to those of the
contralateral control eyes, expressed as a percentage and plotted
as a function of the post-ONC time course (d). SD-OCT spectral-
domain optical coherence tomography, ONC optic nerve crush,
S superior, 7 temporal, / inferior, N nasal, /LM internal limiting
membrane, /PL inner plexiform layer, pSTR positive scotopic
threshold response, error bars standard error, *P < 0.01

A recent study of the changes induced by ONC
found that pSTR began to decrease on day 7 [26], in
contrast to our finding that a reduction had already
occurred on day 3. This discrepancy may be due to a
number of possible factors. First, we performed ONC
by crushing the optic nerve with forceps for 5 s, while
Lui et al. crushed the optic nerve for only 4 s. This
difference could explain the earlier manifestation of
the loss of RGC function in our study. Second, we
normalized the pSTR amplitude to the value of the
contralateral untreated eye, in order to reduce the
influence of inter-animal variation and improve the
sensitivity of our experiment. Therefore, we believe
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that the sensitivity of our measurements was relatively
high, lending credence to our findings.

One of the previously noted limitations of measur-
ing RGC function with the ERG is that RGC function
depends on inputs from upstream neurons such as
photoreceptors and bipolar cells [16]. However, we
found that the a- and b-waves, which depend on the
function of the photoreceptors and bipolar cells,
remained unchanged after ONC throughout the exper-
iment, indicating that ONC did not affect the function
of these upstream neurons. This suggests that altera-
tions in the pSTR reflect abnormal function of the
RGCs.

RGC function can also be evaluated by measuring
pattern ERG in mice [27]. However, it has not been
determined how early after ONC, the pattern ERG
begins to deteriorate in mice. Measuring the visual
evoked potential (VEP) is another method of evalu-
ating RGC function. However, ONC immediately
suppresses the VEP, even while RGCs continue to
survive for some time. Therefore, measurements of the
VEP cannot serve as markers of RGC function in
experiments using ONC. In conclusion, we confirmed
that changes in the pSTR reflected early losses of RGC
function after ONC, raising the possibility that the
pSTR could be used in monitoring the effects of novel
therapies to protect RGCs in the early stages of
degeneration. Furthermore, changes in RGC-specific
gene expression preceded anatomical and functional
changes in the RGCs themselves.
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nata (as required), which did not affect the risk of having
a case of post-intravitreal injection endophthalmitis
(P=0.503). In the multivariate analysis, no potentially
modifiable risk factors were identified to increase post-
intravitreal injection endophthalmitis.

This survey sought to establish some of the practices
of Victorian ophthalmologists who perform intravitreal
injections to treat neovascular AMD, mainly in their
private rooms. Although no potentially modifiable risk
factors are identified for post-intravitreal injection endo-
phthalmitis, some trends are shown. Of particular interest
are the trends for those who see more patients and those
who do not use a drape, and while these two factors are not
linked, it is not possible to hypothesize whether ‘time’ is a
factor. Major limitations of this study include the potential
low number of responses, volunteer bias with an under-
participation of those who may have had endophthalmitis
and the retrospective design.

The authors are pleased to report that current practices
in Victoria are consistent with current evidence. We thank
all those who participated and believe that the information
from this survey explores and helps ophthalmologists to
keep thinking about potentially modifiable risk factors for
optimal management in the prevention of post-intravitreal
injection endophthalmitis.
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Regional correlation of macular
areas and visual acuity in patients
with open-angle glaucoma

Good vision is closely associated with quality of life (QOL).
Visual function in eyes with retinal disease has two impor-
tant parameters: the visual field (VF) and visual acuity (VA).
Generally, QOL-affecting VF loss is a common symptom in
glaucoma patients, and can lead to driving license revoca-
tion and reduced reading speed.! QOL can also be signifi-
cantly disturbed by decreased VA. Recent studies have
revealed that macular lesions are common in open-angle
glaucoma (OAG).> However, there is currently only a
limited understanding of the regional correlation of VA in
the macular function. A greater understanding of these
regional correlations would help diagnose the cause of
decreased VA in patients and therefore be of significant
clinical value. The purpose of this investigation was thus to
determine the regional correlation of VA to sensitivity in the
test points of the Humphrey field analyser 10-2 programme
(HFA 10-2) or to optical coherence tomography (OCT)
macular maps in patients with OAG.

This study included 60 eyes with OAG. The inclusion
criteria were: OAG with a glaucomatous VF according to
the Anderson-Patella classification and spherical equiva-
lent (SE) refractive error of 28.00 D (i.e. excluding high
myopia). The exclusion criteria were: decimal VA <0.3
and the presence of VF-affecting ocular or systemic dis-
cases other than OAG. Best-corrected VA was measured
with a standard Japanese decimal VA chart and converted
to the logarithm of the minimum angle of resolution
(logMAR) for statistical analysis. To assess macular func-
tion, HFA 10-2 threshold values, total deviation (TD) and
pattern deviation (PD) were examined in reliably meas-
ured VFs (excluding measurements with <20% fixation
errors and <33% false-positive or false-negative results).
OCT (3D OCT-2000; TOPCON Corporation, Topcon Cor-
poration, Tokyo, Japan) was used to measure the retinal
nerve fibre layer (RNFL), ganglion cell complex (GCC)
and ganglion cell layer plus inner plexiform Ilayer
(GCL + IPL) of the maps based on macular cube scans of
a 6 X 6 mm square area centered on the fovea. Scans with
image quality less than 70 or with inaccurate segmenta-
tion were excluded. All the examinations were performed
within 3 months. Spearman’s rank correlation coefficient
was used to analyse the correlation between logMAR and
each of the 68 HFA 10-2 test points, as well as the
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Distribution of Humphrey field analyser 10-2 programme (HFA 10-2) tests points correlated with visual acuity (VA). The grey-

scale maps show the correlation coefficient of VA and HFA 10-2 measurements of threshold (a), total deviation (b) and pattern deviation (c).
The right side of the figure represents the temporal visual field (the disc side) and the left side represents the nasal visual field. Darker shades
of grey indicate a higher correlation coefficient, with a step scale of 0.1. Test points shown in white had no statistically significant correlation.

correlation between logMAR and each point on a 10 x 10
grid overlaid on the OCT macular maps.

Average demographic data for the patients in this
study were as follows: age was 65.7 = 11.1 years, SE was
~2.8+2.2D, logMAR was 0.08 £0.28, HFA 30-2 mean
deviation was -12.1 = 8.9 dB, baseline intraocular pres-
sure was 13.0 £3.2 mmHg and circumpapillary retinal
nerve fibre layer thickness (cpRNFLT) was 79.3 + 14.8 um.
Figure 1 shows the distribution of significantly VA-

correlated HFA 10-2 test points. Test points with signifi-
cantly VA-correlated threshold values (r = -0.36 to —0.55),
TD (r =-0.39 to —-0.56) and PD (r =-0.33 to —0.50) were
mainly located in the area of the papillomacular bundle
(PMB). Figure 2 shows the distribution of significantly
VA-correlated grid points in the OCT macular maps. In
the RNFL and GCC maps, the correlation coefficient with
VA ranged from -0.30 to —0.54 and from -0.30 to —0.50,
respectively. In these maps, the areas of significantly
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Distribution of optical coherence tomography (OCT) macular map grid points correlated with visual acuity (VA). The greyscale

maps show the correlation coefficient of VA and the thickness of the retinal nerve fibre layer (RNFL) (a), ganglion cell complex (GCC)
(b), and ganglion cell layer plus inner plexiform layer (GCL + IPL) (c). The right side of the figure represents the nasal (the disc side) and the
left side represents the temporal. Darker shades of grey indicate a higher correlation coefficient, with a step scale of 0.1. Grid points

shown in white had no statistically significant correlation.

correlated grid points were round and centered in the
upper nasal region, which includes the PMB. In the
GCL + IPL map, the correlation coefficient with VA ranged
from —0.31 to —0.51. The correlated area in this map was
flatter and closer to the PMB.

In the current study, we obtained data on the regional
correlation of HFA 10-2 test points and the OCT macular
map to VA in OAG patients. We found that areas with
higher correlation (r >0.4) were mainly located in the
PMB. In a previous study, we demonstrated that cpRNFLT

© 2014 Royal Australian and New Zealand College of Ophthalmologists
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in the temporal region, which includes the PMB, was
significantly correlated to VA (r = -0.4) in patients with
OAG.> We also found that the pathogenesis of this
decreased VA may be related to myopia and decreased
tissue blood flow in the temporal optic disc.? Interestingly,
other research has found that patients with strong fluctua-
tions in ocular perfusion pressure (OPP) also undergo sig-
nificant progressive loss of macular function.* Decreased
macular function is thus implicated in glaucoma, and
decreased OPP may also be related to the pathogenesis of
central VF deterioration.

In conclusion, we found that in patients with glaucoma,
VA was strongly correlated to HFA 10-2 and the OCT
macular map in the PMB area, suggesting that the analysis
of regional data from the HFA 10-2 or OCT macular map
may be a useful diagnostic tool in glaucoma patients with
decreased VA. These findings also suggest that the involve-
ment of the PMB in glaucomatous damage may make it a
useful biomarker of significantly deteriorated QOL.
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Citation analysis of the most- and
least-cited articles in Clinical and
Experimental Ophthalmology:
2000-2013

Citation analysis has become a key tool used to judge and
quantify the impact of scientific literature."* The funda-
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mental measure is the journal citation count that assesses
the frequency with which a published article is cited in the
scientific literature.! To ascertain whether differences
between most-cited and least-cited articles can be identi-
fied, we analysed the characteristics of the most- and least-
cited articles in Clinical and Experimental Ophthalmology
(CE0).

A core search was conducted (26 February 2014) via the
Web of Science database (http://thomsonreuters.com/
thomson-reuters-web-of-science/) for ‘Clinical and Experi-
mental Ophthalmology’ publications 2000-2013 (the journal
was launched in 2000). To avoid inclusion of extraneous
material, the search was refined by the primary journal
document types ‘Article’, ‘Letter’, ‘Editorial’ and ‘Review’.
From 2355 articles identified (1434 original articles, 555
letters, 260 editorials and 106 reviews), a citation report
was generated and ordered according to total citations
received.

The 100 most-cited and 100 least-cited articles were
analysed in terms of title, authors, year published,
country, keywords, subject category, total citations and
average citations per year. For simplicity, the correspond-
ing author’s institution determined country of origin.
Subject categories were allocated according to the core
theme and selected keywords, including: anterior
segment, glaucoma, neuro-ophthalmology, visual sciences,
uveitis, medical retinal, vitreoretinal, ocular genetics,
ocular oncology, ophthalmic pharmacotherapy, oculo-
plastics and humanities. The 100 most-cited articles were
determined by the number of total citations accrued. The
100 least-cited articles were identified from those that
received zero citation in chronological order starting from
year 2000.

The top 20 most-cited articles are listed in Table 1 (top
100 available as Supporting information — online only).
The most-cited article, by Young ef al. (2000) had accrued
233 citations.?> Research groups featuring most promi-
nently in the top 100 most-cited articles included those of
Mitchell (Sydney) and McGhee (Auckland) - affiliated
with eight and seven articles, respectively. Anterior
segment and visual science topics were the most popular
subject categories in the top 100.

The average total citation count in the top 100 most-
cited articles was 44.4 (range 27-233) with 4.3 (range 1.9-
16.6) average annual citations. Interestingly, articles in the
most-cited group had on average twice the number of
authors (4.82)"° compared with the least-cited group
(2.28)'%. Single-author articles were more prevalent in the
least-cited group (43) than in the most-cited group (6).
Both groups comprised articles from an array of countries
(Table 2). Australia produced the greatest number of arti-
cles at 47% and 47%, followed by New Zealand at 12%
and 14%, in the most-cited and least-cited groups,
respectively.

Perhaps unsurprisingly, original articles were well-
represented in the most-cited 100 (75%), and underrepre-
sented in the least-cited 100 (34%), compared with overall
journal representation (61%). Notably, although reviews
represented only 4% of journal output, 22% of the most-
cited articles were reviews. In contrast, editorials and
‘letters to the editor’ represented a significant proportion of
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Purpose: In this study, we set out to establish an in vivo animal model of oxidative stress in the retinal
ganglion cells (RGCs) and determine whether there is a link between oxidative stress in the RGCs and
the activation of calpain, a major part of the apoptotic pathway.
Materials and methods: Oxidative stress was induced in the RGCs of C57BL/6 mice by the intravitreal
administration of 2,2'-azobis (2-amidinopropane) dihydrochloride (AAPH, 30 mM, 2 pl). Control eyes
were injected with 2 pl of vehicle. Surviving Fluorogold (FG)-labeled RGCs were then counted in retinal

. flat mounts. Double staining with CellROX and Annexin V was performed to investigate the co-localiza-
Apoptosis 7 . . 0 5 wr
Calpain tion o_f free.rad.lcal generatlon and apoptosis. An 1mmunqblot assay was used both to indirectly evaluate
AAPH calpain activation in the AAPH-treated eyes by confirming o-fodrin cleavage, and also to evaluate the
SNJ-1945 effect of SNJ-1945 (a specific calpain inhibitor: 4% w/v, 100 mg/kg, intraperitoneal administration) in
these eyes.
Results: Intravitreal administration of AAPH led to a significant decrease in FG-labeled RGCs 7 days after
treatment (control: 3806.7 £ 575.2 RGCs/mm?, AAPH: 3156.1 + 371.2 RGCs/mm?, P < 0.01). CellROX and
Annexin V signals were co-localized in the FG-labeled RGCs 24 h after AAPH injection. An immunoblot
assay revealed a cleaved o-fodrin band that increased significantly 24 h after AAPH administration.
Intraperitoneally administered SNJ-1945 prevented the cleavage of o-fodrin and had a neuroprotective
effect against AAPH-induced RGC death (AAPH: 3354.0 +226.9 RGCs/mm?, AAPH+SNJ-1945:
3717.1 £ 614.6 RGCs/mm?, P < 0.01).
Conclusion: AAPH administration was an effective model of oxidative stress in the RGCs, showing that
oxidative stress directly activated the calpain pathway and induced RGC death. Furthermore, inhibition
of the calpain pathway protected the RGCs after AAPH administration.

© 2014 Elsevier Inc. All rights reserved.
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1. Introduction

Optic nerve fiber degeneration resulting in retinal ganglion cell
(RGC) death, which occurs in diseases such as glaucoma, can threa-
ten visual function and lead to blindness. Various studies have
investigated possible treatments aimed at preventing this process,
but the pathological mechanism of optic nerve degeneration and

Abbreviations: RGC, retinal ganglion cell; AAPH, 2,2'-azobis (2-amidinopropane)
dihydrochloride; FG, Fluorogold; NC, optic nerve crush; Ca?*, calcium ion; DPBS,
Dulbecca's phosphate-buffered saline; PFA, paraformaldehyde; CMC, carboxymeth-
ylcellulose; ROS, reactive oxygen species; AlF, apoptosis-inducing factor.
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RGC loss is not yet well understood. Thus, viable neuroprotective
strategies have not yet been found.

Many neuroprotective strategies have been considered so far.
Among the most promising are those targeting oxidative stress,
which is associated with aging. Oxidative stress has a role in the
pathogenesis of various systemic diseases, and is known to induce
neuronal cell death in neurodegenerative diseases such as Alzhei-
mer’s disease, amyotrophic lateral sclerosis, and Parkinson’s dis-
ease [1-3]. Oxidative stress has also been implicated in
glaucoma, and it is necessary to better understand the underlying
mechanism of oxidative stress-induced dysfunction in order to
more effectively treat this disease [4,5]. Recently, a number of
studies demonstrated that optic nerve crush (NC), a commonly
used model of the axonal injury that occurs in ocular diseases such
as glaucoma, could help elucidate the cytotoxic role of oxidative
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stress in the process of RGC death [6,7]. In a previous study, we
showed that mice deficient in Nrf2, a key transcription factor reg-
ulating the expression of anti-oxidant genes, had significantly
fewer surviving Fluorogold (FG)-labeled RGCs than wild-type mice
7 days after NC. This result suggested that the regulation of oxida-
tive stress signaling was a potential neuroprotective treatment for
diseases affecting the optic nerve fiber and the RGCs.

Our previous research showed that the activation of calpain
played a key role in the process of RGC death after NC [7]. Calpain
is a member of the cysteine protease family that is regulated by
increased intracellular calcium ion (Ca®') levels and is raised
locally through calcium channels. A large Ca?* influx into the cyto-
sol leads to calpain activation and cell death in various pathological
conditions [8-10]. However, although our previous studies showed
that NC caused oxidative stress and calpain activation in the retina
in vivo, NC is a model of axonal injury generally, not oxidative
stress specifically, and therefore cannot serve as a method of
directly evaluating the efficacy of neuroprotective strategies
against oxidative stress.

Therefore, to directly explore the effect of oxidative stress on
calpain activation, we established a new in vivo mouse model of
RGC degeneration caused by oxidative stress, using the intravitreal
administration of 2,2’-azobis (2-amidinopropane) dihydrochloride
(AAPH) [11]. In this report, we use this model to attempt to deter-
mine whether the calpain pathway has a causative role in oxidative
damage-induced RGC death, and whether inhibiting oxidative
stress-induced calpain activation has potential as a neuroprotec-
tive treatment for ocular diseases involving oxidative stress.

2. Materials and methods

This study used adult (10-12-week old) male C57BL/6 mice
(SLC, Shizuoka, Japan). All animals were maintained and handled
in accordance with the ARVO Statement for the Use of Animals in
Ophthalmic and Vision Research and the guidelines from the Dec-
laration of Helsinki and Guiding Principles in the Care and Use of
Animals. All experimental procedures described in the present
study were approved by the Ethics Committee for Animal Experi-
ments at Tohoku University Graduate School of Medicine.

2.1. Induction of oxidative stress in the retina

Intravitreal administration of AAPH was performed as previ-
ously described [12-14]. Briefly, each animal was anesthetized
with pentobarbital (50 mg/kg). Two microliters of AAPH (30 mM)
was injected intravitreally using a Hamilton syringe with a 32 G
needle under surgical stereomicroscopy. The same volume of Dul-
becco’s phosphate-buffered saline (DPBS) was injected in the con-
trol group. If lens injuries or vitreous hemorrhaging were observed
after the injection, the animals were excluded from the study.

2.2. Retrograde labeling of the RGCs and cell counting

Retrograde labeling was performed as described previously
using a fluorescent tracer, FG (Fluorochrome, LLC, Denver, CO,
USA), 7 days before the intravitreal injection of AAPH or DPBS
[12]. Briefly, the mice were anesthetized with a mixture of keta-
mine (100 mg/kg) and xylazine (9 mg/kg) prepared at room tem-
perature. Under full anesthesia, two small holes were drilled into
the skull at sites corresponding to the superior colliculi, and 2 pl
of 2% FG with 1% dimethylsulfoxide were injected using a Hamilton
syringe with a 32 G needle. Seven days after the intravitreal injec-
tion of AAPH or DPBS, the retinas were harvested and fixed with 4%
paraformaldehyde (PFA) for three hours. The retinas were then
placed on glass slides with the ganglion cell layer facing up. Vecta-

shield mounting medium (Vector Laboratories) and a cover glass
were also applied. RGC survival was determined by counting FG-
labeled RGCs in 12 distinct areas under the microscope [12]. Our
investigation of the effect of calpain used the calpain inhibitor
SNJ-1945 (Senju Pharmaceutical Co., Ltd). One day before adminis-
tration of AAPH, the FG-labeled mice received an intraperitoneal
administration of 4% w/v SNJ-1945 (100 mg/kg) in carboxymethyl-
cellulose (CMC). The control group received CMC without SNJ-
1945. Administration of SNJ-1945 continued daily until 7 days
after the AAPH injection, when the retinas were harvested. Fixation
of the retinas and RGC counting were then performed as described
above.

2.3. Immunoblot assay

Immunoblotting was performed as previously described with
minor modifications [ 13,14]. Isolated retinas were obtained surgi-
cally 3, 6 and 24 h after the intravitreal injection of AAPH or DPBS
and placed in a lysis buffer (25 mM Tris-HCl; pH 7.6, 150 mM Nacl,
1% NP-40, 1% sodium deoxycholate, 0.1% SDS, 1% protease inhibitor
cocktail; Sigma-Aldrich, 1% phosphatase inhibitor cocktail 2;
Sigma-Aldrich). Each sample was separated with SDS-PAGE and
electroblotted to polyvinylidene fluoride membranes (Immobi-
lon-P, Millipore). After blocking the membrane with 4% BlockAce,
(Yukijirushi), they were incubated with primary mouse monoclo-
nal antibodies against o-fodrin (1:750, Abcam), and B-actin
(1:5000, Sigma-Aldrich) overnight at 4 °C. The membranes were
then incubated with a horseradish peroxidase-conjugated goat
immunoglobulin secondary antibody. Detection of the antigen-
antibody complex was performed with the ECL Prime Western
Blotting Detection System (GE Healthcare). Signals were measured
in Image Lab statistical software (Bio-Rad, Hercules, CA, USA) and
normalized to B-actin.

2.4. Detection of free radicals and RGC apoptosis

Staining with CellROX Green Reagent (Life Technologies) and an
Annexin V-Cy3 detection kit (PromoKine) were used to evaluate
the generation of oxidative stress and apoptosis. One week after
FG labeling, 2 pl of AAPH 30 mM was injected in the mice intravit-
really. Twenty-two hours later, 1 pl of 100 uM CellROX and
25 x 10 2 pg of Annexin V-Cy3 were injected intravitreally under
general anesthesia (performed with ketamine and xylazine).

The retinas were harvested 24 h after the injection of AAPH,
fixed with 4% PFA for 2 h and flat-mounted. The fluorescence of
the reagents was evaluated with a confocal laser microscope
(LSM780, Carl Zeiss, Oberkochen, Germany).

2.5. Detection of AAPH-induced calpain activation in the RGCs

To investigate the localization of calpain activation, we stained
the retinas with a fluorogenic substrate [15]. To identify the RGCs,
retrograde labeling was performed as described above, with Dil
(CellTracker CM-Dil, Life Technologies). One week after retrograde
labeling, the left eye of each mouse received an intravitreal injec-
tion of 2 pl of 30 mM AAPH, under anesthesia. As a control, the
contralateral eye was injected with 2 pl DPBS. Twenty-one hours
later, both eyes received intravitreal injections of fluorogenic
cell-permeable calpain substrate ((DABCYL)-TPLK~SPPPSPRE
(EDANS)-RRRRRRR-NH, calpain substrate IV, Millipore). The reti-
nas were harvested 24 h after AAPH injection, immediately fixed
with 4% PFA for 2 h and flat mounted. The fluorescence of the fluo-
rogenic substrate, representing the activation of calpain, was eval-
uated with an Axiovert 200 microscope (Carl Zeiss, Oberkochen,
Germany).
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2.6. Statistical analysis

Statistical analysis was performed using JMP pro 10.02 (SAS
Institute Inc.) software for Windows. Continuous variables were
expressed as mean values + standard deviation. The t-test was used
to analyze differences between pairs of groups. Multiple compari-
sons were done using ANOVA with Dunnett’s post hoc analysis. The
level of significance was 0.05 in all statistical tests.

3. Results
3.1. The effect of AAPH treatment on RGC survival

To investigate the effect of AAPH-induced oxidative stress on
RGC survival, we performed the intravitreal injection of AAPH
(30 mM, 2 pl) or DPBS (2 ul) in the mice. Seven days after the
administration of AAPH, we counted the number of FG-labeled
RGCs and found that they had significantly decreased (control:
3806.7 +575.2 RGCs/mm?, ~ AAPH:  3156.1 +371.2 RGCs/mm?,
P<0.01,n =8, Fig. 1). This finding indicated that the administration
of AAPH could induce significant RGC death.

3.2. Detecting oxidative stress, calpain activation and apoptosis in the
RGCs after AAPH treatment

In the control group, CellROX and Annexin V signals in the
retina were not co-localized. However, in the AAPH-treated group,
CellROX and Annexin V signals were co-localized with the
FG-labeled RGCs 24 h after AAPH injection (Fig. 2A). This result
indicated that oxidative stress occurred in the RGCs after AAPH
treatment. Next, in order to confirm the activation of calpain in
the RGCs, we used a fluorogenic calpain substrate to visualize
calpain activation (Fig. 2B). The expression of the fluorogenic
calpain substrate was co-localized with the Dil signal. This result
indicated that calpain activation occurred in the RGCs 24 h after
the administration of AAPH. In the control eyes, by contrast, we
did not observe calpain activation in the RGCs.

3.3. Blocking calpain activation prevents RGC death caused by
oxidative stress

To investigate the relationship between calpain activation and
AAPH treatment, we performed a immunoblot analysis. This anal-
ysis showed that the band of cleaved a-fodrin, a substrate of cal-
pain, was significantly detectible 24 h after AAPH administration,
but not after 3 or 6 h (Fig. 3A). The intensity of the band increased

A

significantly, by more than twofold. It is known that activated
calpain can cleave o-fodrin to a size of 145 kDa. This result indi-
cated that AAPH was able to induce RGC death through oxidative
stress, and suggested that it could be related to calpain activation.
We confirmed this result by treating the AAPH-injected eyes with
SNJ-1945, a specific calpain inhibitor (Fig. 3B). SNJ-1945 prevented
the cleavage of a-fodrin that occurred 24 h after AAPH injection
(SNJ-1945 treatment: 0.6 +0.3-fold change vs. no treatment,
P<0.05, n=4).

These results showed that AAPH-induced oxidative stress in the
RGCs caused calpain activation and subsequent RGC death. In order
to obtain further confirmation of these results, we performed the
intraperitoneal administration of SNJ-1945, and found that it sig-
nificantly reduced RGC death in our animal model (AAPH:
3369.8 + 216.0 RGCs/mm?2, AAPH+SNJ-1945: 3817.8 + 469.6 RGCs/
mm?, P < 0.05, Fig. 4).

4. Discussion

In this study, we used the intravitreal administration of AAPH, a
free radical generator, to establish an animal model of the oxida-
tive stress that occurs in the RGCs in neurodegenerative diseases
of the eye. We found that oxidative stress in this model was asso-
ciated with calpain activation in the retina and RGC death after
7 days. Moreover, AAPH administration successfully induced oxi-
dative stress, confirmed by the finding that CellROX and Annexin
V-Cy3 signals were co-localized in FG-labeled RGCs. AAPH admin-
istration also led to the activation of calpain in the retina after 24 h,
confirmed by an immunoblot analysis. Moreover, the intraperito-
neal administration of SNJ-1945 had a neuroprotective effect
in vivo, preventing the cleavage of o-fodrin and RGC death after
AAPH administration. These results indicate that oxidative stress-
induced RGC death is mediated in part through the calpain
pathway.

Previously, AAPH has been used to induce oxidative stress in
non-RGC retinal cells, such as the photoreceptors, in vitro [16,17].
Furthermore, it has been reported that oxidative stress can induce
apoptosis of the RGCs in vitro [18,19]. Our previous work has also
demonstrated the importance of oxidative stress, by showing that
mice deficient in Nrf2, a key transcription factor regulating anti-
oxidant genes, had significantly fewer surviving FG-labeled RGCs
after NC than wild-type mice [6], and that CDDO-Im, an extremely
potent Nrf2 activator, prevented NC-induced RGC death in vivo
[20]. Therefore, we expected that oxidative stress induced by AAPH
would cause equivalently significant damage to the RGCs in vivo.
Our results confirmed these expectations, showing that AAPH
administration reduced the number of RGCs by 17% after 7 days.
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Fig. 1. Comparison of RGC density in the control and AAPH-treated groups. (A) Representative appearance of RGCs in flat-mounted retinas with quantitative data on RGC
density 7 days after the intravitreal administration of AAPH. (B) Comparison of RGC density, determined by RGC counting, in the control and AAPH-treated groups. RGC
density decreased significantly, by 17%, in the AAPH treatment group compared to the control group. RGC: retinal ganglion cell; scale bar: 50 um, error bar: standard

deviation; t-test, **P < 0.01.



