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Abstract Glucose-regulated protein 75 (GRP75), a member
of the heat-shock protein 70 family, is known to protect cells
from stress-induced injury. However, information regarding
its distribution and possible function in the retina is limited.
In this study, we performed an optic nerve crush (ONC) model
in adult rats and found that GRP75 was significantly upregu-
lated in the retina after ONC. Double immunofluorescent
staining revealed that GRP75 was localized in the retinal gan-
glion cells (RGCs). We also examined the expression profile
of active caspase3, whose change was correlated with the
expression profile of GRP75. In addition, we utilized co-
staining of GRP75 and active caspase3 and terminal
deoxynucleotidyl transferase dUTP nick end labeling
(TUNEL) to study their correlation in the retina following
ONC. Furthermore, the expressions of Bax, cytochrome c
(Cytc), p-extracellular-signal-regulated kinases (ERK)1/2,
and p-AKT were enhanced in the retina after ONC, and they
were parallel with the expression profile of GRP75. Based on
our data, we speculated that GRP75 might play an important
role in RGCs apoptosis following ONC.
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Introduction

Retinal ganglion cells (RGCs) are sensitive to optic nerve
injuries caused by various etiologies such as glaucoma

(Joachim et al. 2014). It is well accepted that RGCs of
glaucomatous eyes die due to apoptosis (Joachim et al.
2014). The mechanism of RGCs apoptosis in glaucoma is
controversial and not fully understood; many signaling path-
ways are involved in this process (Chen et al. 2013; Wada
et al. 2013).

The apoptotic mechanism of RGCs has been investigated
in this regard, and much effort has been put to the effects of
mitochondria on apoptosis (Zhang et al. 2012). The activation
of mitochondrial pathway (Bcl-2 family) results in the release
of mitochondrial cytochrome c (Cytc) into the cytoplasm.
Cytc combines with the caspase9 precursor to form an apo-
ptosis complex. This activation of caspase9 then drives cas-
pase3 to induce RGCs apoptosis (Wang et al. 2014; Zhang
et al. 2012).

A widely used animal model for investigating the mecha-
nism of RGCs death is optic nerve crush (ONC) (Huang et al.
2014; Xu et al. 2014;Wu et al. 2014). It triggers RGC death by
inducing apoptosis and is characterized by the presence of
fragmented nuclei and apoptotic bodies, terminal
deoxynucleotidyl transferase dUTP nick end labeling
(TUNEL) staining, and the activation of caspase family and
Bcl-2 family (Huang et al. 2014; Xu et al. 2014; Wu et al.
2014). This model has been used for elucidating the cellular
and molecular events leading to RGC death and for testing
neuroprotective strategies (Zhu et al. 2013).

Glucose-regulated protein 75 (GRP75), a member of the
HSP70 family, is primarily of mitochondrial origin and is
involved in multiple functions that are required to maintain
cell metabolism, including the stress response and cell prolif-
eration and differentiation (Kaul et al. 2007). Stress causes
protein damage and may also trigger the cellular defense
mechanisms, among which the GRP75 has being well de-
scribed. Of note, GRP75 is triggered by glucose deprivation
(GD), oxidative injury, ionizing radiation, calcium iono-
phores, and hyperthyroidism (Liu et al. 2005; Taurin et al.
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2002; Yang et al. 2008). Over-expression of GRP75 in PC12
cells could prevent cells from apoptosis by reducing the ex-
pression of Bax and delaying the release of Cytc (Yang et al.
2008). GRP75 also could inhibit the Bax conformational
change and subsequent cell apoptosis through activating
AKT pathway and extracellular-signal-regulated kinases
(ERK)1/2 pathway (Yang et al. 2011). Up to now, the biolog-
ical function of GRP75 in the retina is still with little acquain-
tance. Because of the mitochondria-dependent anti-apoptotic
effect of GRP75 in neurons and the activation of mitochon-
drial pathway in RGCs apoptosis, it is reasonable to hypothe-
size that GRP75 may be associated with RGC apoptosis after
ONC.

In the present study, we reported the expression and distri-
bution of GRP75 in rat retina after ONC for the first time. Our
research is conducted to gain a better insight into the physio-
logic functions of GRP75 in the retina and its association with
the mitochondrial pathway after ONC.

Materials and Methods

Animals

Male Sprague-Dawley rats (10 weeks; Laboratory of Nanjing
Traditional Chinese Medicine University, Nanjing, China)
with an average body weight of 250 g (220–275) were used
in this study. All experiments were carried out in accordance
with the Guide for the Care and Use of Laboratory Animals
(National Research Council, 1996, USA) and were approved
by the Ethics Committee of Nanjing Traditional ChineseMed-
icine University.

Optic Nerve Crush

All animals underwent ONC injury or sham operation in the
left eye. ONC was performed as previously described with
slight modification (Huang et al. 2014; Xu et al. 2014; Wu
et al. 2014). For ONC, the rats were deeply anesthetized with
chloral hydrate (10 % solution) and surgery was performed
under aseptic conditions. A conjunctival incision was made
over the dorsal aspect of one eye, which was then gently
rotated downward in the orbit. The superior and external rec-
tus muscles were removed to expose 3–4 mm of the optic
nerve. The left optic nerve was exposed under a surgical mi-
croscope and injured by partially crushing for 8 s with a cross-
action calibrated crush forceps placed 2 mm behind the bulbus
according to a well-established method (Vigneswara et al.
2012). Before wound closure, the retinal perfusion was
checked funduscopically. Animals with severe reduction of
the perfusion were excluded. Sham operation was done with
the same procedures but without crushing the optic nerve.

Experimental Design

One hundred SD rats were used in this study. In the ONC
groups (normal, 1, 2, 3, and 5 days) and the SHAM groups
(normal and 2 days), all animals were killed at different sur-
vival times after injury. In the ONC groups, no animals were
lost before these determined time points. The animals were
used for Western blot analysis (n=10 at each group), TUNEL
staining (n=10 at each group), and immunofluorescent stain-
ing (n=10 at each group).

Western Blot Analysis

For Western blot analysis, eyes were enucleated. Retina tis-
sues were harvested and stored at −80 °C until use. Total
protein was obtained by lysing in a buffer (containing 1 M
Tris-HCl at pH 7.5, 1 % Triton X-100, 1 % Nonidet p-40,
10 % SDS, 0.5 % sodium deoxycholate, 0.5 M EDTA,
10 μg/ml leupeptin, 10 μg/ml aprotinin, and 1 mM PMSF)
and then centrifuged at 10,000×g for 30 min to collect the
supernatant. Protein was separated with sodium dodecyl
sulfate-PAGE and transferred to polyvinylidene difluoride fil-
ter membranes (Millipore, Bedford, MA). The membranes
were incubated overnight with GRP75 (anti-rabbit, 1:500;
Cell Signaling), active caspase3 (anti-mouse, 1:500; Cell Sig-
naling), Bax (anti-rabbit, 1:500; Santa Cruz), Cytc (anti-rab-
bit, 1:500; Santa Cruz), p-ERK (anti-rabbit, 1:500; Cell Sig-
naling), ERK (anti-rabbit, 1:500; Cell Signaling), p-AKT (an-
ti-rabbit, 1:500; Cell Signaling), AKT (anti-rabbit, 1:500; Cell
Signaling), or β-actin (anti-mouse, 1:1000; Sigma) at 4 °C. At
last, the membrane was incubated with second antibody goat-
anti-rabbit or goat-anti-mouse conjugated horseradish peroxi-
dase (1:2000; Southern-Biotech) for 2 h and visualized using
an enhanced chemiluminescence system (ECL; Pierce Com-
pany, USA).

Sections and Immunofluorescent Staining

After defined survival times, rats were terminally anesthetized
and perfused through the ascending aorta with saline, follow-
ed by 4 % paraformaldehyde. After perfusion, the sham and
injured retina were removed and post fixed in the same fixa-
tive for 6 h and then replaced with 20 % sucrose for 1 day,
following 30 % sucrose for 2–3 days. The whole eyeball was
embedded in OCT (Sakura Finetek, Inc., CA, USA) and fast
frozen in liquid nitrogen, and 7-μm-thick sections of the tis-
sues were cut. The cryosections were blocked with 10 % nor-
mal goat serum containing 3 % (w/v) bovine serum albumin,
0.1% Triton X-100, and 0.05% Tween 20 overnight at 4 °C in
order to avoid unspecific staining. Sections were incubated
with polyclonal antibodies specific for GRP75 (anti-rabbit,
1:100; Cell Signaling). The co-incubated antibodies were
monoclonal antibody for active caspase3 (anti-mouse, 1:100;
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Cell Signaling), separately for 12–24 h at 4 °C. After washing
in phosphate-buffered saline (PBS), a mixture of fluorescein
isothiocyanate- and Cy3-conjugated secondary antibodies and
Hoechst were added in a dark room and incubated for 2–3 h at
4 °C. Photomicrographs were obtained using a Leica TCS SP2
confocal spectral microscope.

TUNEL Staining and Quantitative Analysis

TUNEL staining was performed using the In Situ Cell Death
Detection Kit, Fluorescence (Roche Applied Science, Mann-
heim, Germany). Frozen tissue sections were rinsed with PBS
and treated with 1 % Triton-100 in PBS for 2 min on ice.
Slides were rinsed in PBS and incubated for 60 min at 37 °C
with 50 μl of TUNEL reaction mixture. After washing with
PBS, the slides were analyzed by Leica TCS SP2 confocal
spectral microscope.

Cell quantitation in ganglion cell layer (GCL) was per-
formed in an unbiasedmanner as previously described (Huang
et al. 2014). Two or three adjacent sections (50 μm apart) per
animal sections for every animal were sampled. The number
of TUNEL- and GRP75/TUNEL-positive cells in the GCL
was counted at ×400 magnification. The cell counts in the
three or four sections were used to determine the total number
of TUNEL-positive cells or GRP75-TUNEL-positive cells per
square millimeter. A minimum of 200 TUNEL-positive cells
was counted in each section.

Statistical Analysis

All data were analyzed with Stata 7.0 statistical software. The
OD of the immunoreactivity is represented as mean±SEM;
one-way ANOVA followed by the Tukey’s post-hoc multiple
comparison tests was used for statistical analysis. The para-
metric Spearman’s correlation coefficient was applied to eval-
uate the strength of the relationship between TUNEL-positive
RGCs and GPR75-positive RGCs. P values <0.05 were con-
sidered statistically significant. Each experiment consisted of
at least three replicates per condition.

Results

The Expression Profile of GRP75 in the Retina After ONC

To examine the expression pattern of GRP75, Western blot
analysis was performed on the retina. The GRP75 expression
was low in normal retina, gradually increased on the 1 day
after ONC, and had its peak after 2 days. Then, GRP75 ex-
pression tended to decline (Fig. 1a, b). In the sham group,
GRP75 protein did not show significant differences between
the normal and 2 days after sham operation (Fig. 1a).

Phenotype of GRP75-Positive Cells in Retina After ONC

To determine the cellular localization GRP75 in the retina
after ONC, we then performed immunofluorescent staining
experiments on transverse cryosections of the retinal tissues.
In normal retina, weakly positive signals of GRP75 protein
were detected in the ganglion cell layer (GCL) and inner nu-
clear layer (INL) (Fig. 2a). At 2 days, a significant increase in
GRP75 protein was detected in the GCL only (Fig. 2b). Fur-
thermore, to investigate the cell types expressing GRP75 after
ONC, we used double fluorescence staining confocal micro-
scope technique with a RGC-specific marker, NeuN, to iden-
tify the cell type. We found that positive GRP75was mostly in
the cytoplasm of RGCs (Fig. 2c–f). These results indicated
that the expression and distribution of GRP75 appeared to
be associatedwith the biological function of RGCs after ONC.

Association of GRP75 with RGCs Apoptosis After ONC

As mentioned above, GRP75 is involved in the regulation of
neuronal apoptosis (Liu et al. 2005; Taurin et al. 2002; Yang
et al. 2008). Therefore, we performedWestern blot to examine
the expression profile of active caspase3 to further detect the
association between GRP75 and RGC apoptosis (Fig. 3a–b).
The expression of active caspase3 was upregulated, which
was parallel with that of GRP75 in the retina after ONC in a
time-dependent manner. Furthermore, immunofluorescent
staining showed that the co-localization of active caspase3
and GRP75 was detected in RGCs at 2 days after ONC

Fig. 1 Analysis of GRP75 expression following ONC by Western blot.
ONC or sham operationwas performed rats for indicated times. aWestern
blot analysis of GRP75 in the retina with or without ONC.β-actin protein
level was used as the internal control. But there was no change in the
sham group. b Quantification graphs for GRP75. Optical density from
each band was normalized by the relative β-actin level. Data of relative
GRP75 protein level to β-actin are presented as the mean±SD of three
independent experiments (*P<0.05; **P<0.01 significantly different
from the normal group)
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(Fig. 3c–f). These results indicated that GRP75 might be in-
volved in RGC apoptosis via a caspase-dependent way after
ONC.

The TUNEL staining was widely used to identify RGCs
apoptosis (Huang et al. 2014; Xu et al. 2014; Wu et al. 2014).
Next, we performed TUNEL staining to examine the

expression of RGC apoptosis after ONC. TUNEL-positive
cells were weakly detected in normal RGCs (Fig. 4a), while
a significantly increasing number of TUNEL-positive cells
(Fig. 4b) were observed in RGCs at 2 days after ONC. More-
over, the co-localization of TUNEL-positive RGCs and
GRP75 was detected at 2 days after ONC (Fig. 4b–e). In

Fig. 2 Double immunofluorescence analyzes the localization of GRP75
in the retina after ONC. a The normal retina showed weak
immunoreactivity for GRP75 antibody. b At 2 days after ONC, the
number of GRP75-positive cells increased in the GCL. c–f At 2 days
after ONC, increased GRP75 co-stained with RGCs in the GCL.

GRP75 (green, c), NeuN (red, d), nuclear Hoechst staining (blue, e),
and merged image (yellow, f). Scale bars 50 μm. ONL outer nuclear
layer, INL inner nuclear layer, IPL inner plexiform layer, GCL ganglion
cell layer

Fig. 3 Association of GRP75
with active caspase3 in retina after
ONC. a Western blot analysis of
active caspase3 in retina after
ONC. The expression of active
caspase3 was increased after
ONC and peaked at 2 days. There
was no change in the sham group.
b Ratio of active caspase3 to β-
actin at each time point; these data
were mean±SEM. Illustrations
were representative of three
separate experiments. (**P<0.01,
significantly different from the
normal group). c–fAt 2 days after
ONC, the increasing expression
of GRP75 was co-localized with
active caspase3. GRP75 (green,
c), active caspase3 (red, d),
nuclear Hoechst staining (blue, e),
and the merged image (yellow, f).
Scale bar 50 μm
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addition, semiquantitative analysis showed an increase of the
density of TUNEL and GRP75/TUNEL-immunopositive
RGCs after ONC (Fig. 4f–g). Finally, TUNEL-positive RGCs
were positively correlated with GPR75-positive RGCs be-
tween these two periods (Fig. 4h; r=0.8182, P=0.0011). The-
se results further indicated that GRP75 might be involved in
RGC apoptosis after ONC.

Association of GRP75 with Mitochondrial Pathway After
ONC

GRP75 has been shown to have anti-apoptotic effect via re-
ducing the expression of Bax and delaying the release of Cytc
in PC12 cells (Yang et al. 2011). Furthermore, we performed
Western blot to examine the expressions of Bax and Cytc.
After ONC, both the expressions of Bax and Cytc were up-
regulated, which kept increasing until 2 days then it decreased
gradually (Fig. 5a–c). It was noteworthy that the increased
expressions of Bax and Cytc were parallel with the expression
of GRP75 and active caspase3 in the retina after ONC. These
results were consistent with the previous studies, suggesting
that mitochondrial pathway might participate in the RGC ap-
optosis (Wang et al. 2014; Zhang et al. 2012). These data
indicated that GRP75 had a temporally change caused by
ONC, and it might be relevant to mitochondrial pathway.

Association of GRP75 with AKT- and ERK-Dependent
Mechanisms After ONC

GRP75 suppresses mitochondrial-dependent apoptosis via ac-
tivating AKT- and ERK-dependent mechanisms (Yang et al.
2011). Thus, the association of GRP75 with AKT- and ERK-
dependent pathway in the retina after ONC needs to be
proved. Western blot analysis revealed that the protein levels
of p-AKTand p-ERK1/2 were low in normal retina, increased
the most at 2 days after ONC (Fig. 6a–c). But there was no
change in the expressions of total AKT and ERK1/2 in retina
after ONC. At the same time, the expressions of p-AKTand p-
ERK1/2 were coincidence with the expression of GRP75,
active caspase3, Bax, and Cytc in the retina after ONC. Based
on these results, we further found that GRP75 might be related
with RGC apoptosis after ONC, which process might be rel-
evant to AKT- and ERK-dependent pathway.

Discussion

The present study mimicked the acute RGC damage of glau-
coma in rats and explored the cell mechanism after ONC.
Here, we investigated the protein level of GRP75 in both
normal and injured rat retina. Western blot and immunofluo-
rescent staining analysis showed that the expression of GRP75

was increased in retina after ONC. The temporal change of
GRP75 was significant in RGCs. We also found that the

Fig. 4 Double staining with anti-GRP75 and TUNEL. a The
immunoreactivity of TUNEL staining (green) in normal retina. b The
immunoreactivity of TUNEL staining in the RGCs at 2 days after
ONC. TUNEL (green, b), GRP75 (red, c), nuclear Hoechst staining
(blue, d), and merged image (yellow, e). Scale bars 50 μm. A
semiquantitative analysis of f TUNEL and g GRP75/TUNEL—
immunoreactive RGCs. This figure showed an increase of the density
of TUNEL and GRP75/TUNEL-immunopositive RGCs in the RGCs at
2 days after ONC (*P<0.05, significantly different from the normal
group). h The parametric Spearman’s correlation coefficient was
applied to evaluate the strength of the relationship between number of
TUNEL-positive RGCs/fields (200 μm) and GPR75-positive
RGCs/fields (200 μm) between control group and ONC group.
Between these two periods, TUNEL-positive RGCs were positively
correlated with GPR75-positive RGCs (r=0.8182, P=0.0011)
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expression profile of active caspase3 was parallel with that of
GRP75. Besides, the co-localization of GRP75/active cas-
pase3 and GRP75/TUNEL was detected in RGCs after
ONC. Additionally, expression patterns of Bax, Cytc, p-
AKT, and p-ERK1/2 were in parallel with that of GRP75.
Based on our data, we speculated that GRP75 might play an
essential role in RGC apoptosis after ONC.

In glaucoma, RGCs execute a typical mitochondrial-
dependent apoptotic program (Lin and Kuang 2014; Wang
et al. 2014). Changes of several mitochondrial-dependent
genes in transcriptional level in injured RGCs have been
shown in experimental glaucoma and the optic nerve after
being acutely injured to. Genes that increased expression in
RGCs include several specifical pro-apoptotic or stress re-
sponse genes, such as Bax (Harder et al. 2012; Das et al.
2006), Bid Cytc (Kim et al. 2013) and caspases (Huang
et al. 2014; Wu et al. 2014; Xu et al. 2014). These changes

in the pattern of gene expressions in RGCs occur before de-
tectable cell loss presents and can also be induced by ONC
(Huang et al. 2014; Kim et al. 2013; Wu et al. 2014; Xu et al.
2014), indicating that this event occurs at the early phase of
the apoptotic pathway. Our present study also showed that the
expression levels of active caspase3, Bax, and Cytc were sig-
nificantly increased in the retina after ONC. Therefore, focus-
ing on the molecules prior to mitochondrial pathway is an
important element of developing strategies to intervene in
RGC death.

GRP75 (mortalin/mtHsp70/PBP74/HSPA9B) is primarily
of mitochondrial origin, though it is also found in endoplasmic
reticulum, cytosol, and cytoplasmic vesicles (Bhattacharyya
et al. 1995; Ran et al. 2000). The various names given to
GRP75 reflect the multifunctional nature of the protein such
as the regulation of the glucose response in rats (GRP75), the
involvement in antigen processing in mice (PBP74), the

Fig. 4 (continued)

Fig. 5 Association of GRP75 with Bax and Cytc in the retina after ONC.
a The time courses of Bax and Cytc in retina after ONC. The expressions
of Bax and Cytc were increased in the retina after ONC and peaked at
2 days. b, cRatio of Bax and Cytc toβ-actin at each time point; these data

were mean±SEM. Illustrations were representative of three separate
experiments (*P<0.05; **P<0.01 significantly different from the
normal group)
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mitochondrial protein transport pathway in humans
(mtHSP70), and in-cell mortality in mice (mortalin) (Wadhwa
et al. 2002). GRP75 expression also can be induced by cere-
bral ischemia (Massa et al. 1995), GD (Liu et al. 2005), and
low doses of ionizing radiation (Sadekova et al. 1997). Previ-
ous studies demonstrated that over-expression of GRP75
could attenuate GD-induced apoptosis in PC12 cells, which
is due to the inhibition of mitochondrial activity and biogen-
esis (Ornatsky et al. 1995; Yang et al. 2008). Notably, in our
study, we found that the expression of GRP75 was enhanced
obviously in the injured retina compared with the sham con-
trol. These changes were strikingly located in apoptotic RGCs
and also be paralleled with increased expressions of active
caspase3, Bax, and Cytc. Collectively, our data were consis-
tent with the hypothesis that GRP75 was involved in the RGC
apoptosis after ONC, and it might be relevant to mitochondrial
pathway.

Accumulated evidence has demonstrated the role of
GRP75 in regulating cellular stress responses, mitochondrial
homeostasis, intracellular trafficking, antigen presenting, cell
proliferation, differentiation, and tumorigenesis (Wadhwa
et al. 2002). So GRP75 might play its vital role both in the
cytoplasm (mitochondrion) and nuclear. In our present study,
most of increased GRP75 was located in the cytoplasm
(mitochondrion) in apoptotic RGCs after ONC. Moreover,
both the expressions of Bax and Cytc were upregulated at
2 days after ONC. These results indicated that GRP75 might
be involved in RGC apoptosis via a mitochondrial-dependent
pathway after ONC. In addition, GRP75 also plays an impor-
tant role in cell proliferation and differentiation. But in our
present study, only a little GRP75 was located in the nucleus
of RGCs, which might be involved in the RGC proliferation
and differentiation. Previous studies have shown that optic
nerve crush (ONC) can induce RGC death, and ONC has been
used as an animal model to investigate axonal degeneration of
the CNS (Huang et al. 2014). The animal model of ONC was
an ideal model to explore the mechanism of RGCs apoptosis,
so we did not pay attention to the little location of GRP75
in nuclear.

Members of the Bcl-2 family have been shown to be targets
of the kinases that actively respond to stress. GRP75 may
affect the Bcl-2 family and caspase family through its interac-
tion with the members of some signal pathway (Lin and
Kuang 2014). The AKT pathway is an important signal trans-
duction pathway that regulates cell survival of neurons and of
other cell types (Huang et al. 2008; Tsai et al. 2010). Various
cellular stresses can activate AKT through phosphorylation.
Once activated, AKT phosphorylates the downstream targets
in various subcellular locations. A wide variety of putative

Fig. 6 Association of GRP75 with p-AKT and p-ERK1/2 in the retina
after ONC. a The time courses of p-AKTand p-ERK1/2 in the retina after
ONC. The expressions of p-AKT and p-ERK1/2 were increased in the
retina after ONC and peaked at 2 days. But there was no change in the

expression of total AKTand ERK1/2. b, cRatio of p-AKTand p-ERK1/2
to β-actin at each time point; these data were mean±SEM. Illustrations
were representative of three separate experiments (*P<0.05; **P<0.01
significantly different from the normal group)

Fig. 7 Possible mechanisms by which increased GRP75 expression was
involved in RGC apoptosis. AKTand ERK are activated by upregulation
of GRP75 after ONC, in order to suppress the conformational change in
Bax, Cytc release, caspase3 activity, and subsequent apoptosis
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downstream effectors have been identified that could contrib-
ute to the anti-apoptotic effects of AKT, which is involved in
Bcl-2 family and caspase family. The interaction of AKT path-
ways with ERK pathway has shown crosstalk on multiple
levels. The AKT pathway (Chen et al. 2008; Dong and
Larner 2000; Naito et al. 2009; Schneider et al. 2005) and
ERK pathway (Huang et al. 2007; Schneider et al. 2005) have
all been reported for its anti-apoptotic effects in the CNS in-
jury models. Phosphorylation events occurring in these path-
ways have rescue effects on RGCs after an ON injury (Huang
et al. 2008; Kermer et al. 2000; Luo et al. 2007; Nakazawa
et al. 2003; Tsai et al. 2010). Previous study showed that the
expressions of p-AKT and p-ERK1/2 were universally upreg-
ulated in the RGCs after ONC (Tsai et al. 2010; Zhang et al.
2012). In this study, we observed the similar results. The AKT
could also prevent apoptosis by inhibiting the Bax conforma-
tions (Yamaguchi and Wang 2001). Our present study also
showed that increased expressions of p-AKT and p-ERK1/2
were consistent with the result of Bax in the retina after ONC.
Recent report showed that the activated AKT and ERK1/2 by
GRP75 inhibited the Bax conformational change and subse-
quent apoptosis (Yang et al. 2011). Therefore, it is reasonable
to believe that GRP75 was implicated in the RGC apoptosis
after ONC through modulating the AKT- and ERK-dependent
pathway.

In conclusion, this study provides novel evidence that
GRP75 was implicated in the Bcl-2- and caspase-dependent
apoptosis of RGCs after ONC through modulating the AKT-
and ERK-dependent pathway (Fig. 7). However, the detailed
mechanism through which GRP75 participates in RGC apo-
ptosis requires further studies. A better understanding of its
contribution in future investigations may extend our knowl-
edge in glaucoma.
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