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Abstract

e AIM: To explore the role of Pioglitazone (Pio) on a mouse
model of retinal ischemial/reperfusion (I/R) injury and to
elucidate the potential mechanism.

e METHODS: Retinal ischemia was induced in mice by
increasing the intraocular pressure, and Pio was administered
4h though periocular injection before I/R. The number
of cells in the ganglion cell layer (GCL) was counted 7d
after retinal I/R injury. Glial fibrillary acidic protein (GFAP),
nuclear factor-kappa B (NF-kB), p38, phosphorylated-p38,
PPAR-y, interleukin-1B (IL-1B), Toll-like receptor 4 (TLR4),
NLRP3, cleaved caspase-1, caspase-1 were determined by
real-time polymerase chain reaction and Western blotting.

e RESULTS: Pio promoted the survival of retinal cells in
GCL following retinal IIR injury (P<0.05). Besides, retinal I/R
injury stimulated the expression of GFAP and TLR4, which
were partially reversed by Pio treatment (P<0.05). Retinal
I/R injury-upregulated expression of NLRP3, cleaved
caspase-1, IL-18 was attenuated after Pio treatment
(P<0.05). Moreover, I/R injury induced activation of NF-kB
and p38 were inhibited by Pio treatment (P<0.05).

e CONCLUSION: Pio promotes retinal ganglion cells
survival by suppressing I/R-induced activation of TLR4/
NLRP3 inflammasomes via inhibiting NF-kB and p38
phosphorylation.
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INTRODUCTION

etinal ischemia/reperfusion (I/R) injury is considered
R to be associated with multiple ocular diseases such as
glaucoma, retinopathy of prematurity, central retinal artery
occlusion!"’. It is known that I/R injury triggers loss of the retinal
cells and damages retinal functions, often resulting in blindness™.
And inflammation, oxidative stress, excitotoxicity, and apoptosis
are reported related to for the I/R-induced retinal changes"™.
In retinal I/R injury, damage associated molecular patterns
released by necrotic cells activate pattern recognition receptors
(PRRs) and initiate inflammation. Among these PRRs,
NLRP3 have recently been identified as important molecular
of inflammation””. The NLRP3 inflammasome complex
activates caspase-1 and regulates the mature and production
of proinflammatory cytokine interleukin-1f (IL-1p) and
interleukin 18 (IL-18)™”\. Recently it is shown that the
activation of NRLP3 inflammasome and the release of mature
IL-1B and IL-18 is involved in retinal I/R injury"®. Toll-
like receptor 4 (TLR4) is one of classic PRRs, and it delivers
signals to downstream nuclear factor-kappa B (NF-kB), p38
mitogen-activated protein kinase (MAPK) family members'".
It’s showed TLR4 played an important role in regulation of
NLRP3 inflammasome induced inflammation response'”.
Peroxisome proliferator-activated receptors (PPARs) belong
to the nuclear receptor superfamily">"*. The three isoforms
of PPAR (PPAR-a, PPAR-f/5, and PPAR-y) are encoded by
different genes and exhibit isotype-specific expression patterns
and functions'"”. PPAR-a is expressed predominantly in the
liver, heart, muscle and participates in free fatty acid oxidation
and anti-inflammation. While PPAR-B/5, which associates
with tissue repair, is mainly expressed in skin, brain and
adipose tissue. Here we focused on PPAR-y, which involves
in several biological processes, such as adipogenesis, glucose
metabolism, and angiogenesis'”. As activation of PPAR-y was
originally found to take part in lipid and glucose metabolism,
in 1999, Pioglitazone (Pio), one class of thiazolidinediones,
which are selective ligands of PPAR-y, was approved as type
2 diabetes drug by US Food and Drug Administration". More
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interestingly, previous researches have indicated that Pio play
a neuroprotective role in multiple models of central nervous

117201 But the underlying mechanism remain

system discases
elusive, especially the role of Pio and NRLP3 inflammasome
in retina are limited. It’s recently reported that interactions
of TLR4 and PPAR-y contribute to anti-inflammatory
depending on p38 MAPK signaling pathway"”". And Pio also
mediated the regulation of TLR4 expression”. Therefore,
Pio may attenuate retinal I/R injury through TLR4/NLRP3
inflammasome regulation. The present study is aimed to
confirm and characterize the neuroprotective effects of Pio
in a mouse model of retinal I/R injury and to elucidate the
mechanism through which Pio ameliorated retinal I/R injury.
MATERIALS AND METHODS

Animals All experiments were approved by the Animal
Ethics Committee of School of Medicine Shanghai Jiao
Tong University. The experimental process is in line with the
guide of the Care and Use of Laboratory Animals of National
Institutes of Health All animal surgery was performed after
anesthesia to minimize suffering. All experimental mice were
fed with food and water freely, and housed in same room with
20°C temperature, 50% relative humidity and with a 12h light/
dark cycle for 7d before experiment.

Drug Delivery Twenty-five 6-week-old male mice were
randomly assigned to five groups: control group with VEH
(0.05% DMSO); I/R with Pio (500 pg/kg); I/R with GW9662
(a PPAR-y antagonist; 100 pg/kg); I/R with Pio and GW9662;
I/R with VEH (0.05% DMSO). All the reagents for periocular
injection were dissolved in 0.05% DMSO. And injections
were performed in right eyes through periocular injection
(transconjuncatival peribulbar injections in inferotemporal
quadrant). Transient retinal ischemia was induced 4h following
periocular injection.

Transient Retinal Ischemia Model Transient retinal ischemia
was built in the right eyes as previously described™?*. The
left eyes used as nonischemic controls. After intraperitoneal
injection with mixed solution (75 mg/kg ketamine, 5 mg/kg
xylazine hydrochloride, atropine was administrated to eyes for
mydriasis. A 30-gauge needle connected to sterile saline-filled
bottle was puncture into the anterior chamber. The saline bottle
was placed in 150 cm higher than the eye level for 60min.
Then remove the needle and administrated vetropolycin
ophthalmic ointment to prevent infection.

Cell Counting of Retinal Ganglion Cells in Retinal Cross-
sections At seven days after retinal I/R injury, eyes were
removed and fixed in 4% paraformaldehyde and embedded
in paraffin. One, 2, and 3 mm from the optic disc of retinal
section was considered as three different regions. Serial
sections (5 pm) were stained with hematoxylin-eosin using
standard techniques””. The numbers of retinal ganglion cells

(RGCs) were obtained in 12 distinct retinal sections (4 for
each region). The cells of 12 distinct retinal sections with same
area were counted by “multi-point” command in Image J, and
the average of 12 values was recorded as “the cell number per
HPF” of each sample and used for statistic analyze.

Western Blotting For analysis of the protein expression
of glial fibrillary acidic protein (GFAP), TLR4, NLRP3,
cleaved caspase-1, caspase-1, IL-1p, phosphorylated-NF-«B
p65, phosphorylated-p38, and IL-1p, whole retinas were
dissected and homogenized on ice in a modified RIPA buffer.
The homogenates (50 pg) were separated by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE),
transferred to polyvinylidene difluoride membranes, and
reacted with anti-GFAP (abcam, MA, USA), anti-TLR4
(abcam, MA, USA), anti-NLRP3 (abcam, MA, USA), anti-
cleaved caspase-1 (Santa Cruz Biotechnology, TX, USA),
anti-caspase-1 (Santa Cruz Biotechnology, TX, USA), anti-
IL-1B (Bioworld Biotechnology, Wuhan, China), anti-
phosphorylated-NF-«B p65 (Cell Signaling Technology, MA,
USA), anti-NF-kB p65 (Cell Signaling Technology, MA,
USA), anti-phosphorylated-p38 (Cell Signaling Technology,
MA, USA), anti-p38 (Cell Signaling Technology, MA,
USA). The membranes were then incubated with horseradish
peroxidase-linked secondary antibodies and exposed to
enhanced chemiluminescence reagents (Amersham Pharmacia,
San Francisco, CA, USA). Western blot images were
calculated semiquantitatively as integrated optical density
(IOD) by Image J software. The values of each repeat were
used for IOD ratio statistical analyzes.

Real-time Polymerase Chain Reaction Analysis Total
RNA was extracted from mouse retinas using Trizol
reagent (Invitrogen). RNA (1 pg) was reverse transcribed
into first-strand complementary deoxyribonucleic acid
(cDNA). The reaction in a 25 pL volume containing a 2 pL
cDNA template was conducted with PrimeScript RT
reagents Kit (Takara) according to the manufacturer's
instructions. The primer sequences (sense/antisense) were
as follows: PPAR-y: 5'-GGGCTGAGGAGAAGTCACAC-
3'/5'-GGAATGCGAGTGGTCTTCCA-3'; B-actin:
5'-CCACCATGTACCCAGGCATT-3"/5'-AGGGTGT
AAAACGCAGCTCA-3'". Quantification was conducted by
normalizing the signals of genes relative to the B-actin signal.
Statistical Analysis All experiments were repeated three
times independently and data were analyzed using Graphpad
prism 6.01 software. Statistical analysis was performed with
one-way ANOVA and Student’s #-test. Significance was set at
P<0.05.

RESULTS

Protective Effects of Pioglitazone on the Survival of Retinal
Ganglion Cells After Retinal Ischemia/reperfusion Injury
First, PPAR-y mRNA was significantly increased after Pio
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Figure 1 Cell number in RGC layers on 7d after I/R A: Cells in the RGC layers labeled with hematoxylin was counted 7d after I/R; B:
PPAR-y mRNA was determined by RT-PCR assay; C: Quantitative assessment of the data were presented. Data were shown as mean+SEM, n=3
in each group. *P<0.05.
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Figure 2 Effects of Pio on protein expression of GFAP and TLR4 in retina after /R A: SDS-PAGE analysis of GFAP and TLR4 in control
and I/R groups; B: Quantitative assessment of the data. Data were shown as mean+SEM, 1=3 in each group. “P<0.05, °P<0.05 versus control + VEH group.

treatment, and the upregulation of PPAR-y was blocked by Pio
antagonist GW9662. To test the neuroprotective role of Pio, we
counted cell numbers in the RGC layers of the retina following
transient retinal I/R injury. Numbers of RGCs were obtained
7d after retinal I/R injury with or without Pio treatment. It
was showed that cell numbers in ganglion cell layer (GCL)
was markedly reduced following retinal I/R injury, which
was eliminated after Pio treatment. And the effect of Pio was
partially reversed by GW9662 (Figure 1).

Effect of Pioglitazone on Protein Expression of Glial
Fibrillary Acidic Protein and Toll-like Receptor 4 in Retina
After I/R Western blot was performed to obtain the protein
level of GFAP in retinal tissues. As seen in Figure 2, the
protein level of GFAP was upregulated in retina 7d following I/R
injury. The increase of GFAP protein level induced by retina
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I/R injury was partially reversed by Pio treatment. Next, we
quantitatively evaluated the changes of TLR4 protein levels.
TLR4 protein level was elevated after I/R, and the increase of
TLR4 expression was inhibited by Pio pretreatment. Besides,
GW9662 could block the effect of Pio on expression of GFAP
and TLR4.

Effect of Pioglitazone on NLRP3 Inflammasome Activities
in Retina After I/R Injury SDS-PAGE analysis showed that
the expression of NLRP3, cleaved caspase-1 and IL-1 were
elevated markedly in retina after I/R injury. Pretreatment with
Pio markedly reduced the high levels of NLRP3 protein and
caspase-1 activation. Moreover, protein level of IL-1p was
elevated after I/R injury. And Pio pretreatment reduced the
increased level of IL-1p significantly. By using GW9662, the
effect of Pio on expression of NLRP3, cleaved caspasel and
IL-1 partially reversed (Figure 3).
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Figure 3 Effects of Pio on NLRP3 inflammasome activities in retina after I/R injury A: The expression of NLRP3, cleaved caspase-1,

caspase-1 and IL-1 was assessed by Western blot; B: Quantitative assessment of the data. Data were shown as mean+SEM, #=3 in each group.

*P<0.05, °P<0.05 versus control + VEH group.
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Figure 4 Effects of Pio on the p38/NF-kB signaling pathways in retina after I/R injury A: The expression of phosphorylated NF-kB, p65,

phosphorylated p38, p38 were determined by SDS-PAGE; B: Quantitative assessment of the data. Data were shown as mean+SEM, n=3 in each

group. “P<0.05, °P<0.05 versus control + VEH group.

Effects of Pioglitazone on the p38/NF-kB Signaling
Pathways in Retina After I/R Injury As shown in Figure 4,
expression of phosphorylated NF-kB p65 was upregulated
7d after I/R injury. Pio pretreatment significantly attenuated
p65 activation. Besides, phosphorylated p38 was increased
in I/R groups compared with control group. Pio pretreatment
alleviated the activation of phosphorylated p38 induced by I/R
injury. And the action of Pio was blocked by GW9662.
DISCUSSION

In present study, we explored the role of the PPAR-y agonist
Pio on mouse model of I/R injury. After retinal I/R injury,
there was a marked loss of cell number in GCL, which was
partially reversed after Pio treatment. The results implied
that retinal I/R injury triggered damage of RGCs and Pio
exerted a neuroprotective role on retinal I/R insults. Moreover,
Pio supressed the activation of the glial cell and NLRP3
inflammasome, suggesting that Pio may mitigate the effects of
I/R in vivo by attenuating retinal glial activation and reducing
inflammation.

Glial cell activation induced by central nervous system is
characterized by upregulation of multiple molecules, the best
known of which is GFAP™®!. Since retina is a part of the

central nervous system (CNS), similar effects may occur in

this organ. Miiller cell is retina-specific glia type which spans
the full thickness of the retina””. GFAP-positive Miiller cells
in retina have great effects on regulating the extracellular
ionic environment and have been shown to protect neurons
from oxidative stress, excitotoxicity, and I/R*>*'**. However,
excessive Miiller cell activation induced by acute elevation of
intraocular pressure maybe responsible for contributing to the
ongoing neurodegeneration”. Previous studies reported that
optic nerve crush (ONC) increased the expression of PPAR-y
in rat retina and Pio treatment protect RGCs via the reduction
of Miiller cell activation, which is in consistent with our
findings".

Following stimulation, reactive GFAP-positive Miiller cells
undergo hypertrophy, increase the expression of GFAP, and
release a wide array of mediators, including pro-inflammatory

(%337 In this study, we found that Pio pre-treatment

cytokines
decreased the activation of GFAP in retinas induced by I/R. In
addition, the production of IL-1f in retinas stimulated by I/R
was significantly suppressed. Retinal I/R injury belongs to a
class of sterile inflammation diseases which are triggered by
PRRs. Toll-like receptors (TLRs) and NOD-like receptors
(NLRs) are two typical PRRs"**". It is recently discovered that

retinal I/R injury induced TLR4 and NLRP3 inflammasomes
1815
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activation, and inhibition of TLR4 was found to block NLRP3
inflammasome activation, shedding light that TLR4/NLRP3
inflammasomes was associated with the function of retina
in I/R injury"”. In this study, our data demonstrated that
retinal I/R injury induced the activation of TLR4/NLRP3
inflammasomes, and Pio treatment inhibited the activation of
NLRP3 inflammasomes, suggesting that Pio exerted protective
effect through inhibition of NLRP3 inflammasomes activation
in retinal I/R injury.

To further investigate the underlying mechanisms for the
neuroprotective role of Pio, we investigated the NF-kB and
MAPK activation following I/R injury. It is shown that NF-xB
binds to specific sites on DNA to regulate the transcription
of many pro-inflammatory genes which are involved in the

pathogenesis of CNS-related diseases””*"

and in maintaining
the functions of the optic nerve and retina'”*"'. Moreover, it
is reported that GFAP is a target gene of NF-kB*". Previous
reports have shown that PPAR-y supresses cytokines release
in lipopolysaccharide-stimulated macrophages via NF-kB'*”,
Moreover, PPAR-y activation in the colon supresses mucosal
release of inflammatory cytokines by inhibiting NF-kB and
MAPK pathways*®. MAPK is another important pathway
that participates in inflammatory response'*”. In this study,
we showed that Pio inhibited I/R-induced NF-kB and p38
phosphorylation in mice retinas. Thus, our results suggested
that suppression of NF-kB and p38 MAPK signaling may
possibly be the mechanism through which Pio attenuated
I/R-induced inflammatory responses in RGCs.

Whether Pio causes an increased risk of cardiac events and
cancer has been debated for several years. However, recent
researches reported that Pio lowerd the risk of recurrent
major adverse cardiovascular events, stroke and myocardial

“41And Pio prevents lung adenoma, malignant

infarction!
glioma and prostate carcinoma formation®*”). So the side
effects of Pio need more investigation in the future studies.
In conclusion, our findings indicate that Pio promotes RGCs
survival by suppressing the I/R-mediated activation of glial cell
and TLR4/NLRP3 inflammasomes via inhibiting NF-kB and p38
phosphorylation. Thus, These data collectively indicated the
application of Pio as a neuroprotective agent for the treatment
of retinal I/R injury.
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