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P2X7 receptor antagonist protects retinal ganglion
cells by inhibiting microglial activation in a
rat chronic ocular hypertension model

LINGDAN DONG', YANHONG HU2, LONG ZHOU® and XIANGLIN CHENG*

!Central Laboratory, First Affiliated Hospital of Yangtze University; 2Nursing Department,

Medical School of Yangtze University; Departments of 3Pathology and 4Neurology,
First Affiliated Hospital of Yangtze University, Jingzhou, Hubei 434000, P.R. China

Received August 11,2017; Accepted November 9, 2017

DOI: 10.3892/mmr.2017.8137

Abstract. Microglial activation and the release of
pro-inflammatory cytokines occur during early glaucoma.
However, the exact mechanism underlying the initiation of
the microglial activation process remains unclear. Thus,
the present study investigated the potential role of a purine
receptor subtype, the P2X purinoceptor 7 (P2X7) receptor,
during microglial activation in the retinal tissues of a rat
chronic ocular hypertension (COH) model. This was achieved
by cauterizing 3 of the 4 episcleral veins. Microglial activation
and caspase-1 upregulation were observed in COH rat retinas
by immunohistochemical and western blotting techniques.
Intravitreal injection of 2'3'-O-(4-benzoylbenzoyl)-ATP
(BzATP), a P2X7 receptor agonist, induced microglial acti-
vation in normal rat retinal tissues, which was alleviated by
pretreatment with the P2X7 receptor antagonist, Brilliant
Blue G (BBG). BBG further attenuated caspase-1 incre-
ment in COH rat retinal tissues. The data demonstrated that
BBG reduced TUNEL-positive retinal ganglion cells in
whole-mount retinal tissues with COH and normal retinal
tissues following intravitreal injection with BZATP. One may
conclude that the P2X7 receptor may be involved in microglial
activation in the COH retina and could be considered a target
for neuronal protection in glaucoma.
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Introduction

Glaucoma is a disease, which is characterized by progressive
visual loss, irreversible optic nerve degeneration and retinal
ganglion cell (RGC) apoptosis. Currently there is a lack of
effective therapy for glaucoma, due to the irreversible nature
of the induction of the RGCs apoptosis. Although higher
intraocular pressure (IOP) is often considered as the major
cause for this ophthalmopathy, the treatment that targets the
reduction of the IOP is not always successful. This occurs due
to abnormal IOP and/or IOP-independent mechanisms under-
lying the induction of apoptosis of RGCs of the patients with
glaucoma (1-4).

It has been reported that the immune-inflammatory
response is involved in the pathology of glaucoma (5,6).
Microglia are a type of glia cells that act as the main form
of active immune defense in the CNS and are implicated in
the development of various neurodegenerative diseases (7-9).
Once stimulated by infectious agents, microglia become
activated, leading to hypertrophy and rapid proliferation.
Microglia can scavenge damaged neurons, although their
cytokine-releasing function causes inhibition of nerve regen-
eration. The inflammasome, which is an important part of the
innate immune system, is a multi-protein complex consisting
of the following parts: 1, nucleotide-binding domain and
leucine-rich repeat containing receptors (NLR) also called
pattern recognition receptors (PRRs); 2, adaptor protein,
mainly the apoptosis-associated speck-like protein containing
a caspase-recruitment and activation domain (ASC); 3, the
effector, mainly caspase proteins. NLR family is classified
to four subfamilies, namely the NLRA, NLRB, NLRC and
NLRP subfamilies, on the basis of their N-terminal domain
configuration (10). NLRP3 inflammasome activation of
microglia is caused by different foreign pathogen associated
molecular patterns (PAMPs) and/or innate danger associated
molecular patterns (DAMPs), and results in the recruitment
of procaspase-1 in order to produce activated caspase-1. This
leads to the release of proinflammatory cytokines, such as
IL-1p and IL-18.

Recent studies have suggested that microglia are present
in the early stage of glaucoma. Using DBA/2J mice, which
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is a type of spontaneous model of glaucomatous neurodegen-
eration, Bosco et al demonstrated that microglia activation is
mainly evident in the retina at 3 months of age. This process
persisted between the 5th and the 8th month of age. The
authors of this study suggested that microglia activation might
contribute to the onset and/or progression of glaucoma (11).
Significant microglia activation was noted in the retinal tissues
of experimental glaucoma. Microglia activation was positively
associated with the optic nerve axon damage when the IOP
was lower than the normal levels (12). The results of this
study were in accordance with the data reported in a similar
study that was conducted in human glaucoma optic nerve
head (13). The aforementioned data suggest that regulation of
microglia activation is significant for the development of the
glaucomatous optic nerve and/or the protection of RGCs. The
compounds minocycline and triptolide, which is a bioactive
component isolated from Tripterygium wilfordi Hook F, could
improve optic nerve integrity and/or RGCs survival via inhibi-
tion of microglial activation in DBA/2J mice (14,15). However,
the mechanisms underlying microglial activation in glaucoma
are not clear. Thus the investigation of the major pathways that
are involved in this process is important in order to identify
new regulators of microglial activation and targets for RGCs
and/or optic nerve protection.

P2X purinoceptor 7 (P2X7) receptor is a ligand-gated ion
channel that is a member of the purine receptor family. P2X7
receptor can mediate cytokine release through microglial
activation during the development of CNS diseases (16). The
elevated levels of extracellular ATP that act via the stimula-
tion of the P2X7 receptor are toxic to RGCs both in vitro
and in vivo (17,18), while the inhibition of the P2X7 receptor
could protect RGCs from ischemic neurodegeneration in a
human retinal tissue model (19). It is not clear whether the
same mechanism of action applies for glaucomatous retina
and whether an association with microglial activation exists.
In order to address this hypothesis, we investigated the role of
P2X7 receptor in microglial activation in a COH model. The
data indicate that the intravitreal injection of the P2X7 receptor
agonist, 2',3'-O-(4-benzoylbenzoyl)-ATP (BzATP), to normal
rat eyes, induced microglial activation and RGCs apoptosis,
which could be attenuated by pretreatment of Brilliant Blue G
(BBG), the antagonist of the P2X7 receptor.

Materials and methods

Rat chronic ocular hypertension (COH) model. All experi-
mental procedures described were in accordance with the
National Institutes of Health guidelines for the Care and Use
of Laboratory Animals and the Guidelines of the Yangtz
University on the Ethical Use of Animals. Care and use of
animals were also approved by the ethics committee of First
Affiliated Hospital of Yangtze University. All efforts were
made to minimize the number of animals used. Male Sprague
Dawley rats that were 3 to 4 weeks of age and weighted 80
to 100 g were used for the experiments. The animals were
obtained from the SLAC Laboratory Animal Company
(Shanghai, China) and were housed at a 12 h light/dark cycle.
A rat COH model was established according to previously
published studies (20,21). Briefly, rats were anesthetized
with a mixture of ketamine (25 mg/kg, im) and xylazine
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(10 mg/kg, im), and the eyes were locally anesthetized with
0.4% oxybuprocaine hydrochloride drops (Benoxil, Santen
Pharmaceutical, Ishikawa, Japan). A total of 3 episcleral veins
were carefully separated from the left eye and cauterized under
an OPMI VISU 140 microscope (Carl Zeiss, Oberkochen,
Germany). In sham-operated control eyes, the surgery was
conducted using a similar procedure, although veins were
not occluded. Sham-operations were carried out on the eyes
of other rats, and not on the contralateral eye of the operated
animal. Following surgery, the eyes were flushed with saline
and covered with chlorotetracycline eye ointment (Shanghai
General Pharmaceutical Co., Ltd, Shanghai, China) in order to
avoid bacterial infection. IOP was measured using a handheld
digital tonometer (Tonopen XL; Mentor O&O, Norwell, IL,
USA) under general and local anesthesia as described above.
The average value of five consecutive acceptable measure-
ments with a deviation of less than 5% (<5%) was recorded.
All measurements were conducted at 9 o'clock in the morning
in order to avoid possible circadian differences. The IOPs of
both eyes were measured prior to surgery (baseline), immedi-
ately following surgery (day 0), the first day following surgery
(Gl day), the third day following surgery (G3 days) and weekly
thereafter. The term G was used for the glaucomatous model
under COH surgery.

Intravitreal injection. Intravitreal injection was conducted
as previously described (21). The pupil was dilated with
tropicamide drops. Subsequently, BZATP (300 xM)
(B6396-25MG; Sigma-Aldrich; Merck KGaA, Darmstadt,
Germany) and BBG (1 yM) (B0770-5G; Sigma-Aldrich;
Merck KGaA) were dispersed in 2 ul of 0.9% saline.
Alternatively, saline was injected into the vitreous space via a
postlimbus spot using a microinjector (Hamilton Medical AG,
Bonaduz, Switzerland), under a stereoscopic microscope
(Carl Zeiss). A 30-gauge needle was inserted 2 mm
behind the temporal limbus and directed toward the optic
nerve. The eyes that received saline only were used as vehicle
controls.

Immunohistochemistry. The method has been previously
described (20,21). The retinal sections were examined by
immunohistochemistry. The rats were anesthetized with ethyl
carbamate (1.25 g/kg, ip; Sinopharm Chemical Reagent Co.,
Ltd, Shanghai, China) and transcardially perfused with 4%
paraformaldehyde (PFA; in 0.1 M phosphate buffer, pH 7.4).
The eyes were post-fixed in 4% PFA for 2 to 4 h and then
dehydrated with graded sucrose solutions at 4°C (4 h in 20%
and overnight in 30% solutions). The retinal tissues were verti-
cally sectioned (14 pym; Leica, Wetzlar, Germany), and the
sections were mounted on chrome-alum-gelatin-coated slides
(Thermo Fisher Scientific, Inc., Waltham, MA, USA). The
sections were blocked for 2 h in 6% normal donkey serum,
1% bovine serum, and 0.2% Triton X-100, and subsequently
dissolved in PBS at room temperature. The sections were
incubated with the following primary antibodies at 4°C for 24
to 48 h: polyclonal goat anti-Iba-1 (ab107159, 1:2,000; Abcam,
Cambridge, MA, USA) and/or polyclonal rabbit anti-P2X7
(ARP-004, 1:200; Alomone Labs, Jerusalem, Israel). The
binding sites of the primary antibodies were visualized by
incubating the sections with cy3/488-conjugated donkey
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anti-rabbit (711-165-152) and/or anti-goat (705-545-003)
IgG (1:400; Jackson ImmunoResearch Laboratories,
Inc., West Grove, PA, USA) for 2 h at room temperature.
The sections were visualized and photographed with a
Leica SP2 confocal laser-scanning microscope. To avoid
reconstruction stacking artifacts, double labeling was evalu-
ated by sequential scanning on single-layer optical sections at
1.0 ym intervals.

Western blot analysis. Western blot analysis was conducted
as previously described with some modifications (20,21).
The retinal tissues were homogenized in radio-immuno-
precipitation Assay (RIPA) lysis buffer (Pierce; Thermo
Fisher Scientific, Inc.) supplemented with protease and
phosphatase inhibitor cocktail (Roche Applied Science,
Mannheim, Germany). The concentration of the total
proteins was measured using a standard bicinchoninic
acid assay kit (Pierce; Thermo Fisher Scientific, Inc.). The
extracted whole protein samples (50 ug) were resolved
by a 10% dodecyl sulfate sodium salt-polyacrylamide
gel electrophoresis (SDS-PAGE) gel and electroblotted
onto polyvinylidene fluoride (PVDF) membranes
(Immobilon-P; EMD Millipore, Billerica, MA, USA)
using a Mini-PROTEAN 3 Electrophoresis System and
Mini Trans-Blot Electrophoretic Transfer System (Bio-Rad
Laboratories, Inc., Hercules, CA, USA). Following
blocking in 5% nonfat milk at room temperature for 1.5 h,
the membranes were incubated overnight at 4°C with the
followingprimary antibodies: monoclonalmouseanti-f3-actin
(A2228, 1:3,000 dilution; Sigma-Aldrich; Merck KGaA)
and monoclonal mouse anti-caspase-1 (sc-392736, D-3;
1:500 dilution; Santa Cruz Biotechnology, Inc., Dallas, TX,
USA). Following washing in Tris-buffered saline-Tween-20
(TBST) for three times (5-10 min per time), the blots were
incubated with horseradish-peroxidase (HRP)-conjugated
donkey anti-mouse secondary antibody (715-035-151,
1:5,000; Jackson ImmunoResearch Laboratories, Inc.) for
2 h at room temperature. The membranes were washed in
TBST for three times and finally incubated with chemo-
fluorescent reagent (Pierce; Thermo Fisher Scientific, Inc.).
The membranes were exposed to X-ray films in a dark
room. The experiments were conducted in triplicate. The
protein bands were quantitatively analyzed with the NIH
Image Analysis software (Image J, version 1.38x; National
Institutes of Health, Bethesda, MD, USA).

Apoptosis assay. Terminal deoxynucleotidyl transferase-medi-
ated dUTP-biotin nick end labeling (TUNEL) assay was used
to measure apoptosis (20,22) in whole flat-mounted retinal
tissues, using a DeadEnd Fluorometric TUNEL System G3250
kit (Promega Corporation, Madison, WI, USA) according to
the manufacturer's instructions. TUNEL signals were visual-
ized with a confocal laser scanning microscope using a 20x
objective (FluoView 1000; Olympus Corporation, Tokyo,
Japan). Retinal tissues were mounted on top of ganglion cell
layers (GCL), and serial deep scanning was carried out only
in the GCL according to the 4,6-diamino-2-phenyl indole
(DAPI) staining results. All TUNEL-positive signals that
were merged adequately with DAPI in each retinal tissue in
GCL were counted. The inner nuclear layer (INL) exhibited a
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Figure 1. IOP measurements in COH eyes compared with sham controls.
“"P<0.001 vs. the corresponding sham control eyes at the same time point.
IOP, intraocular pressure; COH, chronic ocular hypertension.

larger cell body in GCL compared with the outer nuclear layer
(ONL).

Data analysis. The data derived from the TUNEL assay and the
IOP monitoring were presented as mean += SEM. For western
blotting experiments, the expression levels of caspase-1 were
initially normalized to the corresponding pro-caspase-1 levels
and subsequently to the f-actin expression levels. The relative
expression levels were averaged for all samples. The mean
values of the data obtained during different postoperational
time periods and BBG treatments, were normalized according
to the mean value of the control group. The data were presented
as the mean + SEM. A one-way ANOVA with LSD's post hoc
test (for protein analysis and RGCs apoptosis), or t-test (paired
data for IOP analysis) were used and P<0.05 was considered to
indicate a statistically significant difference.

Results

Microglial activation in COH retinas. The rat COH model
was successfully established and the changes in the IOP of the
operated eyes were similar to those reported previously (20,21).
As Fig. 1 showed, the average IOP of the operated eyes was
higher (25.1+0.7 to 28.2+1.2 mmHg, n=10-74) compared
to that noted in the controls (19.0+£0.6 to 19.7+0.9 mmHg,
n=10-65) and the non-operated eyes (19.8+1.0 mmHg, n=9, all
P<0.001). Although microglial activation in rat retinal tissues
following induction of IOP by a different COH model has
been reported (23,24), the mechanism is unclear. In order to
add insight to the time course of the COH retinal microglial
activation, we initially measured the change in the Ionized
calcium binding adaptor molecule 1 (Iba-1) at different time
points following COH surgery by immunohistochemistry.
Iba-1 was used to label the majority of the activated microglia
cells in the retinal tissues (25). Fig. 2 indicated that the Iba-1
signal was minimal in the control group [Fig. 2A and B (a)].
The Iba-1 signals were enhanced from week G1 to week G4
notably in the inner retina including the GCL and the IPL. The
data showed effective labeling of the activated microglia cells
with enlarged round cell bodies [Fig. 2A and B (b-g)]. The
microglial activation was robust in the retinal tissues of the
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Figure 2. Microglial activation in COH retinas. (A) Images a-g present microglial activation indicated by immunohistochemistry with Iba-1 in control and
COH rat retinas. (B) Images a-g are the merged pictures of Iba-1 and DAPI staining in the same slices. Scale bars=20 pm. Ctr, control; G, glaucomatous model;
COH, chronic ocular hypertension; G1 day, 1 day following COH surgery; G3 days, 3 days following COH surgery; G1 week, 1 week following COH surgery;
G2 weeks, 2 weeks following COH surgery; G3 weeks, 3 weeks following COH surgery; G4 weeks, 4 weeks following COH surgery; GCL, ganglion cell layer;
IPL, inner plexiform layer; INL, inner nuclear layer; OPL, outer plexiform layer; ONL, outer nuclear layer; Iba-1, ionized calcium binding adaptor molecule 1.

G3 days, the G1 and G2 weeks. During the G3 and G4 weeks
the microglial activation was lessened, although it remained to
a higher level compared with the controls.

Involvement of the P2X7 receptor in COH retinal microglial
activation. To identify whether the P2X7 receptor is involved
in microglial activation, an intravitreal injection of BZATP
(300 uM) was conducted. BZATP is a P2X7 receptor agonist.
This compound causes an increase in P2X7 expression in
the inner plexiform layer [Fig. 3B (a)] and robust microglial
activation [Fig. 3B (b)] in normal retinas. The pretreatment
with the P2X7 receptor antagonist BBG (1 uM) alleviated the
effect of BZATP [Fig. 3C (a and b)]. In addition, the expression
of the P2X7 receptor was evident but not limited in enlarged
cell bodies of Iba-1-positive microglia [Fig. 3B (b and d)].
Subsequently, the ability of BBG to inhibit microglial activa-
tion was tested in COH retinal tissues. The G3 days and the
G1 week were selected as optimal time periods for microglial
activation compared with the other groups (data not shown for
the G3 days period). Microglial activation in retinas that were
pretreated with BBG at G1 week was alleviated compared with
saline-injected G1 week retinas (Fig. 4). There were smaller
cell bodies of microglia and less cellular staining for Iba-1 in
the BBG treated group.

Effect of BBG on caspase-1 expression in COH retinas.
Caspase-1, is cleaved from pro-caspase-1 and plays a key role
in the processing of pro IL1f to IL1f via the canonical inflam-
masome pathway, which occurs during inflammation caused
by microglial activation in ischemia injury (26-28). The
pathological state of ischemia injury includes retinal injury
following ischemia. In an acute glaucoma model, caspase-8
was reported to mediate the NRLP1/NLRP3 inflammasome
formation, whereas a recent study demonstrated that the
main signaling pathway that was involved notably the NF-«xB
pathway (29,30). In the present study, the association of
caspase-1 expression with microglial activation was examined

A Iba-1

Saline

BzATP

BBG+
BzATP

Figure 3. Microglial activation and alleviation by intravitreal injection of
BzATP and BBG, respectively in normal retinas. (A) Immunostaining images
of (a) the P2X7 receptor, (b) Iba-1 and (c) DAPI staining in saline-injected
retinas, and (d) the merged image. (B) Immunostaining images of (a) the P2X7
receptor, (b) Iba-1 and (c) DAPI staining in BZATP-injected retinas, and (d) the
merged image. (C) Immunostaining images of (a) the P2X7 receptor, (b) Iba-1
and (c) DAPI staining in BBG plus BzZATP-injected retinas, and (d) the merged
image. Scale bars=20 ym. BzATP, 2'3'-O-(4-benzoylbenzoyl)-ATP; BBG,
Brilliant Blue G; Iba-1, ionized calcium binding adaptor molecule 1; P2X7, P2X
purinoceptor 7.

in the COH model. On day 1 (GI day) the protein levels of
caspase-1 were increased to 141.5+13.5% (n=3, P=0.019)
compared with the control tissues (Fig. 5). The expression
of this protein was further increased to 175.8+14.0% (n=3,
P<0.001) and 169.5£14.9% (n=3, P=0.001) compared with the
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Figure 4. Alleviation of microglial activation during week G1 in retinal tissues
that were pretreated with BBG. (A) Immunostaining images of (a) Iba-1 and
(b) DAPI staining in retinal tissues of Gl week, and (c) the merged image.
(B) Immunostaining images of (a) Iba-1 and (b) DAPI staining in retinal
tissues that were pretreated with BBG at G1 week, and (c) the merged image.
Scale bars=20 ym. BBG, Brilliant Blue G; Iba-1, ionized calcium binding
adaptor molecule 1; G, glaucomatous model; G1 week, 1 week following
chronic ocular hypertension surgery; GCL, ganglion cell layer; IPL, inner
plexiform layer; INL, inner nuclear layer; OPL, outer plexiform layer; ONL,
outer nuclear layer.
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Figure 5. Differences in the protein levels of caspase-1 in COH retinas
and BBG-induced effects on caspase-1 expression in G1 week retinas.
(A) Representative immunoblots presenting the pro-caspase-1 and caspase-1
levels in the Ctr and COH retinal extracts at different postoperational time
periods. The immunoblot of G1 week retinas following BBG pretreatment
is displayed in the last lane. (B) Bar chart summarizing the average densi-
tometric quantification of immunoreactive bands of the relative caspase-1
expression, according to pro-caspase-1 among the different groups
(n=3/group). "P<0.05 and “P<0.01 vs. Ctr; P<0.01 vs. IW (Gl week). Ctr,
control; G, glaucomatous model; COH, chronic ocular hypertension; BBG,
Brilliant Blue G; 1D, 1 day following COH surgery; 3D, 3 days following
COH surgery; G1 week/IW, 1 week following COH surgery; 2W, 2 weeks
following COH surgery; 3W, 3 weeks following COH surgery; 4W, 4 weeks
following COH surgery; BBG+1W, BBG pretreatment in G1 week retinas.
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control tissues on the G3 days and at the G1 week, respectively
(Fig. 5). Caspase-1 expression was retained at high levels
during the G2 (161.5+8.8%, n=3, P=0.002) and G3 weeks
(154.8+16.2%,n=3, P=0.004) compared with the control group.
Subsequently, at the G4 weeks, the caspase-1 protein levels
were decreased to similar levels noted for the control group
(115.6+15.0%, n=3, P=0.321). Concomitantly, a single group
(G1 week) with apparent microglial activation was selected
in order to assess the effects of the P2X7 receptor antagonist
BBG on the expression levels of caspase-1. The pretreatment
of the tissues with BBG significantly attenuated the increase
in the expression of caspase-1 (102.8+12.8% of control, n=3,
P=0.001 compared with G1 week, last lane of the immunoblot
in Fig. 5A).

Neuron protection by BBG occurs both in COH retinas and
normal retinas pre-treated with BzATP. It was suggested that
microglial activation was related with RGCs loss and nerve
injury (12,24). The aforementioned data suggested that the
agonist and the antagonist of the P2X7 receptor could induce
and inhibit microglia activation, respectively in normal retinas.
Consequently, we further explored whether they would affect
the induction of RGCs apoptosis under different conditions.
BzATP induced microglial activation in normal retinas and
caused abnormal induction of RGCs apoptosis as demonstrated
by TUNEL assay (Fig. 6). As summated in Fig. 8, the mean
number of TUNEL-positive cells in saline injected retinas
was 12.7+1.7, while in BzATP-injected retinas the number
was increased to 534.7+31.9, which was considerably higher
compared with the saline group (n=6, P<0.001). The pretreat-
ment of the tissues by BBG significantly reduced the number
of TUNEL-positive cells (167+17.5, n=6, P<0.001 compared
with BZATP group). We further tested the protective function
of BBG on the retinal tissues during the G2 weeks period. The
G3 days and/or the G1 week time periods were not selected
since in the previous study the induction of RGCs apoptosis
was not significant until the G2 weeks period (20,21). BBG
prevented the induction of RGCs apoptosis in the retinal
tissues at the G2 weeks period (Figs. 7 and 8, 154.2+11.3
vs. 404+8.8, n=6, P<0.001), which was consistent with the
results reported from the human retinal model of the ischemic
neurodegeneration (18).

Discussion

Although generalized cascades regarding the induction of
RGCs apoptosis and cell death in glaucoma have been well
reviewed (2,4), the initial pathways involved in these processes
remain poorly defined. RGCs respond to the mechanical
force caused by increased IOP with pannexin-mediated
ATP release and autostimulation of the P2X7 receptor (31).
However, whether the downstream signaling contributes to
RGCs injury has not been discovered to date. In the present
study, microglial activation was evident in retinal tissues
with COH following 1 day of surgery, whereas the P2X7
receptor inhibitor BBG could alleviate the induction of RGCs
apoptosis caused by high IOP during inhibition of microglial
activation.

The P2X7 receptor has been implicated in CNS-induced
inflammation (32,33). Furthermore, the inflammation caused
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by microglial activation was frequently reported in various
neurodegenerative diseases (34,35). Both microglial activa-
tion and P2X7 receptor were reported to be involved in
neuron injury in tissues of glaucomatous optic nerves and/or
retinas (12,13,16,17). In addition, the P2X7 receptor agonist
BzATP was shown to cause microglial activation and induc-
tion of RGCs apoptosis in normal rat retina, which could
also be attenuated by BBG to some extent. Moreover, BBG
reduced the elevated expression levels of caspase-1 in COH
retinal tissues at the G1 week. The results suggested that P2X7
receptor was involved in the microglial activation via caspase-1
signaling and resulted in the induction of RGCs apoptosis in
retinal tissues with COH.

Several inconsistencies were noted with regard to the results
of the present study. Specifically, the autostimulation of the P2X7
receptor has been shown to be reduced under IOP, as reported
by Lim et al in a recent paper (36). This study demonstrated

.
.
.

Figure 6. Induction of retinal ganglion cell apoptosis following the activation of the P2X7 receptor via an intravitreal injection of BZATP. (A) Representative
images of (a) TUNEL staining, (b) DAPI staining and (c) the merged staining image of retinal tissues in the saline group. (B) Representative images of
(a) TUNEL staining, (b) DAPI staining and (c) the merged staining image of retinal tissues in the BZATP group. (C) Representative images of (a) TUNEL
staining, (b) DAPI staining and (c) the merged staining image of retinal tissues of BBG treatment with BZATP. Scale bars=50 ym. P2X7, P2X purinoceptor 7;
BzATP, 2',3'-O-(4-benzoylbenzoyl)-ATP; BBG, Brilliant Blue G.
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in vitro and in vivo that cytokine IL-3 release via mechanosen-
sitive autostimulation of the P2X7 receptor alleviated RGCs
injury in IOP tissues, which contradicts to our findings. This
inconsistency might result from the different IOP models. The
study by Lim et al (36) used a model by direct injection of
PBS into the anterior chamber in order to cause an instant IOP
elevation and animals were sacrificed 24 h following the IOP
elevation. Microglial activation in the acute phase of inflam-
mation exhibited beneficial effects by the induction of immune
reactions and/or the stimulation of macrophages with regard to
the elimination of hazardous factors. The minor microglial acti-
vation might serve as a stressor in order to improve the immune
function of the body. However, the continuous activation of
microglia, as demonstrated in the current COH model and/or
the activation of P2X7 with BZATP, could lead to constant cyto-
kine release and/or gliosis which are considered obstacles for
tissue regeneration (25).
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Figure 7. Alleviation of the induction of retinal ganglion cell apoptosis following pretreatment with BBG in COH retinal tissues. (A) Representative images of
(a) TUNEL staining, (b) DAPI staining and (c) the merged staining image of retinal tissues in the G2 weeks group. (B) Representative images of (a) TUNEL
staining, (b) DAPI staining and (c) the merged staining image of retinal tissues that were pretreated with BBG during the G2 weeks. Scale bars=50 ym. BZATP,
2'3'-O-(4-benzoylbenzoyl)-ATP; BBG, Brilliant Blue G; COH, chronic ocular hypertension; G, glaucomatous model; G2 weeks, 2 weeks following COH

surgery.
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Figure 8. Bar chart depicting the data obtained in the TUNEL assay, showing
the average number of TUNEL-positive cells in the whole flat-mount retinal
tissues under different conditions. BBG (1 M, 2 pl) pretreatment was injected
3 days prior to saline and BZATP (300 uM, 2 ul) injections or COH surgery.
“P<0.001 vs. control; #*P<0.001 vs. BZATP; ¥4¢P<0.001 vs. G2 weeks.
BzATP, 2',3'-O-(4-benzoylbenzoyl)-ATP; BBG, Brilliant Blue G; COH,
chronic ocular hypertension; G, glaucomatous model; G2 weeks, 2 weeks
following COH surgery.

In the present study, the mechanism by which the P2X7
receptor is involved in the activation of microglia with COH
was not fully elucidated, although its large pore formation
across the cell membrane facilitated the efflux of K* and the

influx of Ca* (37). ATP and K* are released following apop-
tosis and necrosis of cells under high IOP and/or ischemia
(normal IOP) in glaucoma. During these processes both
innate DAMPs can activate the NLRP3 inflammasome (38).
Although it has been shown that ATP activates NLRP3 in
biovine monocytes in a P2X7-independent fashion (39), the
studies that have been conducted in mice peritoneal microglia
cells demonstrated that the P2X7 receptor directly interacted
with the NLRP3 inflammasome (32). In this study, the NLRP3
protein levels were reduced by ATP stimulation in genetic
ATP resistant microglia cells (N13ATPR), which confirmed
that the activation of NLRP3 occurs by the P2X7 receptor.
The reduction in NLRP3 levels was characterized by reduced
P2X7 receptor expression in NI3ATPR cells compared with
the wild type microglia cell line (N13wt). It should be empha-
sized that microglia activation in retinal tissues under higher
IOP in vivo may influence the expression of the P2X7 receptor
and consequently the activation of NLRP3 activation from
single stimuli (such as LPS, ROS, BZATP or ATP) applied to
in vitro cultured cells. This is mainly due to the contribution
of glial cells that regulate K* homeostasis in retinas especially
under higher IOP condition (40).
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