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NLRX1 increases human retinal pigment epithelial autophagy
and reduces H,0,-induced oxidative stress and inflammation
by suppressing FUNDC1 phosphorylation and NLRP3 activation
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age-related macular Background: Age-related macular degeneration (AMD) is a leading cause of impaired vision
degeneration; as well as some earlier effects, such as reading and face recognition. Oxidative damage and
autophagy; inflammation of retinal pigment epithelial (RPE) cells are major causes of AMD. Additionally,
FUNDCT; autophagy in RPE cells can lead to cellular homeostasis under oxidative stress. Nucleotide-
Inflammation; binding oligomerization domain (NOD)-like receptor X1 (NLRX1) is a mysterious modulator of
NLRX1; the immune system function which inhibits inflammatory response, attenuates reactive oxy-
NLRP3 gen species (ROS) production, and regulates autophagy. This study attempted to explore the
inflammasome; role of NLRX1 in oxidative stress, inflammation, and autophagy in AMD.

oxidative stress Methods: An in vitro model of AMD was built in human retinal pigment epithelial cell line 19 (ARPE-

19) treated with H,0,. The cell viability, NLRX1 expressions, levels of superoxide dismutase (SOD),
glutathione (GHS), and ROS, concentrations of interleukin (IL)-13, tumor necrosis factor-o. (TNF-a),
IL-6, and monocyte chemoattractant protein-1 (MCP-1), expressions of NLRX1, p62, LC3-1I/LC3-I,
FUNDC1, and NOD-like receptor protein 3 (NLRP3) inflammasome were expounded by cell counting
kit-8, colorimetric, enzyme-linked immunosorbent serologic assay (ELISA), and Western blot assay.
Results: H,0, treatment notably reduced the relative protein expression of NLRX1. Meanwhile,
H,0, incubation decreased cell viability, diminished SOD and GSH concentrations, accompanied
with the increased level of ROS, enhanced IL-13, TNF-a, IL-6, and MCP-1 concentrations, and
aggrandized the relative protein expression of p62 with reduced LC3-11/LC3-1 ratio. Moreover,
these results were further promoted with knockdown of NLRX1 and reversed with overex-
pression. Mechanically, silencing of NLRX1 further observably enhanced the relative levels
of phosphorylated FUNDC1/FUNDC1, and NLRP3 inflammasome-related proteins, while overex-
pression of NLRX1 exhibited inverse results in the H,0,-induced ARPE-19 cells.

Conclusion: NLRX1 suppressed H,0,-induced oxidative stress and inflammation, and facilitated
autophagy by suppressing FUNDC1 phosphorylation and NLRP3 activation in ARPE-19 cells.
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Introduction

Age-related macular degeneration (AMD) is a prevalent
retinal eye disease which is characterized by injury to the
macular region of the retina involved in central vision acu-
ity," and appeared as choroidal neovascularization (CNV)
or geographic atrophy and drusen in the macula.??® The
manifestations of AMD are inability to see fine details and
colors clearly, and blurring or dark spots in the middle
part of the visual field, thereby resulting in progressive
loss of central vision. AMD is a leading cause of blindness
among the elderly, with a prevalence of 8.69% in people
aged 45-85 years in 2014.4 Moreover, it has been estimated
that AMD because of its steadily increasing rate would
affect 288 million people globally by 2040.5 The pathogen-
esis of AMD is complicated and remains to be explored.
Nevertheless, several molecular mechanisms, such as
inflammation, oxidative stress, autophagy, and impaired
angiogenesis, have been expounded to be strongly asso-
ciated with the process of AMD.%¢® Numerous treatments,
including photodynamic therapy and anti-vascular endo-
thelial growth factor (VEGF) injections, have been intro-
duced for managing AMD. However, they severely lack the
approaches to protect light-sensitive cells in the macula
from progressive irreversible degeneration, particularly in
the atrophic AMD.? Therefore, in-depth exploration of the
molecular mechanism of AMD and screening of potential
therapeutic targets are crucial for the clinical treatment
of AMD.

The nucleotide-binding oligomerization domain (NOD)-
like receptor (NLR) family covers evolutionarily conserved
constituents of the immune system and exercises cru-
cial roles in inflammation and immune defense.” NOD-like
receptor X1 (NLRX1) is a unique member of NLR family that
negatively modulates the expression level of pro-inflam-
matory factors and serves the role of inflammasome.?’ In
addition, NLRX1 has been demonstrated to participate in
diverse pathological progresses because of its wide vari-
ety of biological functions, such as apoptosis, autophagy,
modulation of mitochondrial injury, regulation of reactive
oxygen species (ROS) generation, negative modulation
of signaling pathways, including nuclear factor kappa B
(NF-xB), mitogen-activated protein kinase (MAPK), c-Jun
N-terminal Kinase (JNK), and interferon-1 (IFN-1)."%"" Thus,
NLRX1 has been involved in multitudinous diseases, includ-
ing the nervous, circulatory, respiratory, urinary, motor,
and digestive systems.”? Additionally, NLRX1 can regulate
another key factor in mitophagy, FUN14 domain contain-
ing 1 (FUNDC1), in which it can activate FUNDC1 through
dephosphorylation of Tyr 18 of FUNDC1, induce autophagy,
and relieve intestinal oxidative stress and inflammation
caused by ischemia-reperfusion.”” FUNDC1 is a mamma-
lian mitochondrial autophagy receptor expressed in outer
membrane of the mitochondria." FUNDC1 has been under-
lined to activate autophagy via directly binding to LC3,'>
and regulates hypoxia-induced mitochondrial autophagy."”
Furthermore, FUNDC1 is able to regulate autophagy by
inhibiting ROS-NOD-like receptor protein 3 (NLRP3) sig-
naling to avoid lipopolysaccharide-induced lung apoptosis
in mouse models.”® Nevertheless, the role and underly-
ing molecular mechanisms of NLRX1 in AMD require more
analyses.

In the current study, an in vitro model of AMD was built
in human retinal pigment epithelial cell line 19 (ARPE-19)
treated with H,0,. The role and mechanisms of NLRX1 were
revealed in H,0,-induced ARPE-19 cell line. We hope our
results could lay a theoretical basis for the clinical diagno-
sis and treatment of AMD.

Materials and methods
Cell culture

Human retinal epithelial cells 19 (ARPE-19, CL-0026;
Procell, Wuhan, China) were maintained in Dulbecco's
modified eagle medium (DMEM)/nutrient mixture F-12
(PM150312; Procell) provided with 10% fetal bovine serum
(FBS, 164210-50; Procell) and 1% penicillin/streptomycin
(PB180120; Procell) in an incubator with 5% carbon dioxide
(CO,) at 37°C. All ARPE-19 cells used in this study were third
to seventh passages after recovery.

Cell treatment and transfection

ARPE-19 cells were challenged with 300-uM H,0O, (diluted
into phosphate buffer saline (PBS, P1020; Solarbio, Beijing,
China) for 24 h to induce an in vitro model of AMD, as done
in a previous study."” To knockdown of expression of NLRX1,
small interfering (si)RNAs targeting NLRX1 (siNLRX1) and
the relevant negative control (siNC) were acquired from
GenePharma (Shanghai, China). On the other hand, plasmid
cloning (pc)DNA vector plasmids hiding the sequences of
NLRX1 or the empty pcDNA vector plasmids (vector) were
obtained to overexpress the level of NLRX1. All the siN-
LRX1, siNC, NLRX1, and vector were transfected into ARPE-
19 cells with lipofectamine 3000 (Invitrogen, Carlsbad, CA,
USA). Cells were harvested through centrifugation with
1000 g for 5 min after transfection for 48 h and treated
with 300-uM H,0, for 24 h.

Cell counting kit-8 (CCK-8) analysis

The viability of ARPE-19 cells was examined by CCK-8 cell
proliferation and cytotoxicity assay kit (CA1210; Solarbio)
as described in a previous paper.? In brief, following H,0,
treatment with or without transfection, ARPE-19 cells were
seeded into 96-well plates with 40,000 cells/well, and main-
tained with 5% CO, at 37°C for 24 h. Then, 10-pL of CCK-8
reagents were added into each well for further incubation
of 2 h. The optical density (OD) was tested using a micro-
plate reader (Thermo Fisher Scientific, Waltham, MA, USA)
at 450 nm. Data were yielded from at least 10,000 cells.

Western blot analysis

Based on previous studies,?"?? total proteins from cells were
lysed with radioimmunoprecipitation assay (RIPA) buffer
(RO010; Solarbio), harvested through centrifugation with
12,500 g for 5 min at 4°C, and quantified with the bicin-
choninic acid (BCA) protein assay kit (PC0020; Solarbio)
according to operating instructions. Protein samples, 20 ug,
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were dissolved with sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) and transferred electrically
onto a polyvinylidene fluoride (PVDF) membrane (EMD
Millipore; Billerica, MA, USA). Then, 3% bovine serum albu-
min (BSA) was used to seal the membranes for 60 min at
room temperature. Next, the membranes were treated
with primary antibodies overnight at 4°C. The second anti-
body goat anti-rabbit immunoglobulin G (IgG) H&L (HRP)
(1:20,000; Abcam, Cambridge, UK) was hatched with the
membranes at room temperature for 2 h. Subsequently, the
membranes were visualized by the ECL Western blotting
substrate (PE0010; Solarbio). The gray value was quantified
by QUANTITY ONE software (Bio-Rad, Hercules, CA, USA).
The primary antibodies included rabbit anti-NLRX1 (1:1000,
ab107611; Abcam), rabbit anti-p62 (1:1000, ab91526;
Abcam), rabbit anti-LC3-I/1l (1:1000, ab128025; Abcam),
rabbit anti-FUNDC1 (1:5000, ab224722; Abcam), rabbit
anti-NLRP3 (1:1000, 15101; Cell Signaling Technology Inc.,
Danvers, MA, USA), rabbit anti-apoptosis-associated speck-
like protein (ASC) containing a caspase recruitment domain
(CARD) (1:2000, ab180799; Abcam), rabbit anti-pro-caspase
1 (1:1000, 2225; Cell Signaling Technology Inc., Danvers,
MA, USA), rabbit anti-cleaved-caspase 1 (1:1000, 4199;
Cell Signaling Technology), and rabbit anti-glyceraldehyde
3-phosphate dehydrogenase (GAPDH; 1:2500, ab9485;
Abcam). The primary antibodies of phosphorylated (p-)
FUNDC1 (Tyr18; 1:500) were generated through immuniz-
ing rabbits with synthesized and purified phosphorylated
peptides from FUNDC1 (Abgent, Suzhou, China) based on
previous studies.'>??

Measurement of superoxide dismutase (SOD) and
glutathione (GSH) levels

The concentrations of SOD and GSH were detected with
the SOD assay kit (A001-3-2) and the total GSH/oxidized
GSH assay kit (A061-2-1; both from Nanjing Jiancheng
Bioengineering Institute, Nanjing, China) according to oper-
ating directions at 450 nm and 405 nm with a microplate
reader (Thermo Fisher Scientific, Waltham, MA, USA), sep-
arately. Data were yielded from at least 10,000 cells.

Detection of ROS level

ARPE-19 cells with a density of 2.5 x 10° cells/well were
plated into 24-well plates and maintained at 37°C for
48 h. Following H,0, induction and transfection, cells
were collected and rinsed and then administrated with
10-pM 5-(and-6)-chloromethyl-2-,7-dichlorofluorescin diace-
tate (DCFH-DA, D6470; Solarbio) in dark at 37°C for 30 min.
The images were obtained by a fluorescence microscope
(Olympus, Tokyo, Japan). Data were yielded from at least
10,000 cells.

Enzyme-linked immunosorbent serologic assay
(ELISA)

The cell culture media were centrifuged at 1000xg to
remove debris. Then, the concentrations of interleukin
(IL)-1B, IL-6, tumor necrosis factor (TNF)-«, and monocyte

chemoattractant protein (MCP)-1 in cell culture superna-
tant were measured by human IL-13 ELISA kit (SEKH-0002;
Solarbio), Human TNF-« ELISA kit (SEKH-0047; Solarbio),
human MCP-1 ELISA kit (SEKH-0236; Solarbio), and Human
IL-6 ELISA kit (SEKH-0013; Solarbio) according to the manu-
facturer’s protocol.

Real-time quantitative polymerase chain reaction
(RT-gPCR)

Total RNA was obtained from ARPE-19 cells by TRIzol
reagent (15596026; Thermo Fisher). Total RNA, 1 ug, was
reversely transcribed into complementary DNA (cDNA) by a
PrimeScript RT reagent kit (RR0O47A; Takara, Dalian, China).
RT-gPCR was carried out by using TB Green TM Premix
Ex TagTM II (Tli RNaseH Plus) (RR820A; Takara) on the A
PIKORed 96 (ThermoFisher). The PCR amplification condi-
tions were 95°C for 10 min, 95°C for 10 s, and 56°C for 30 s
for 40 cycles. GAPDH served as an internal reference. The
expressions of genes were analyzed with the comparative
threshold cycle method (22T method), in which AACT =
ACTtreatment - AC-I—cuntral and ACT = Cttarget - Ctreference' Primer
sequences were NLRP3: 5-GCACCTGTTGTGCAATCTGAA-3’
(forward) and 5-TCCTGACAACATGCTGATGTGA-3' (reverse),
and GAPDH: 5'- TGCACCACCAACTGCTTCGC-3' (forward) and
5-GGCATGGACTGTGGTCATGAG-3' (reverse).

Statistical analysis

The experiments were performed with three replicates,
and the results were expressed as mean + standard devi-
ation (SD). The one-way analysis of variance (ANOVA)
was used for statistical analysis of the data, followed by
post hoc Bonferroni test by the SPSS 26.0 software (IBM,
Armonk, NY, USA); P < 0.05 was considered as statistically
significant.

Results

H,0, induced the downregulation of NLRX1 in
ARPE-19 cells

In order to investigate the role of NLRX1 in ARPE-19 cells,
cells were treated with 300-uM H,O, for 3, 6, 12, and 24 h.
H,0, induced a prominent decrease in the viability of ARPE-
19 cells, compared to that in cells without H,0, treatment
(control group) in a time-dependent manner (Figure 1A).
Meanwhile, H,0, administration also significantly downreg-
ulated the relative protein expression of NLRX1 in ARPE-19
cells, compared to the control group in a time-dependent
manner (Figure 1B). Compared to the cells in the control
group without transfection and H,0, treatment, the cell
viability notably diminished in H,O,-induced ARPE-19 cells
transfected with siNC (Figure 1C). Moreover, transfection
of siNLRX1 into H,0,-induced ARPE-19 cells further promi-
nently reduced cell viability, while overexpression of NLRX1
in H,0,-induced ARPE-19 cells notably rescued cell viability,
compared to that in H,0,-induced cells transfected with
siNC (Figure 1C). Correspondingly, silencing of NLRX1 further
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Figure 1 Analysis of viability and expression of NLRX1 in ARPE-19 cells. (A) The cell viability was determined by CCK-8 assays

after ARPE-19 cells were treated with 300-uM H,0, for 0, 3, 6, 12, and 24 h. (B) The relative protein expression of NLRX1 in ARPE-19
cells treated with 300-uM H,0, for 0, 3, 6, 12, and 24 h was determined by Western blot analysis. The data were expressed after
normalized with GAPDH. (C) The cell viability was measured by CCK-8 assays after ARPE-19 cells were transfected with siNLRX1,
overexpression plasmids, and their corresponding negative control (NC). After transfection for 48 h, cells were treated with 300-
uM H,0, for 24 h. (D) The relative protein expression of NLRX1 was examined by Western blot analysis after ARPE-19 cells were
transfected with siNLRX1, overexpression plasmids, and their corresponding negative control. After transfection for 48 h, cells
were treated with 300-uM H,0, for 24 h. The data were expressed after normalized with GAPDH. The experiments were performed
with three replicates, and the data were expressed as mean + SD. *P < 0.05, **P < 0.01, and ***P < 0.001; ns: nonsignificant.

observably diminished the relative protein expression of
NLRX1 whereas upregulation of NLRX1 markedly restored
the relative protein expression of NLRX1 in H,0,-treated
ARPE-19 cells (Figure 1D). Thus, H,0, induced downregula-
tion of NLRX1 and reduction of viability in ARPE-19 cells.

NLRX1 inhibited oxidative stress in H,0 -evoked
ARPE-19 cells

Then, the role of NLRX1 in oxidative stress was discussed
in ARPE-19 cells through the detection of SOD, GSH, and
ROS levels. H,0, treatment had no influence on the con-
centrations of SOD and GSH, while overexpression of NLRX1
markedly increased the concentrations of SOD and GSH
in ARPE-19 cells (Supplementary Figure S1). Compared to
the cells in the control group without transfection and
H,O, treatment, the SOD and GSH concentrations observ-
ably diminished in H,0,-induced ARPE-19 cells transfected
with siNC (Figure 2A). Interference of NLRX1 further nota-
bly reduced the concentrations of SOD and GSH in H,0,-
treated ARPE-19 cells, while overexpression of NLRX1 lead
to a reverse result in the concentrations of SOD and GSH
in H,O,-treated ARPE-19 cells, compared to those in the
H,0,+siNC group (Figure 2A). On the contrary, knockdown
of NLRX1 further significantly boosted the level of ROS,
and upregulation of NLRX1 markedly neutralized the level
of ROS in H,0,-treated ARPE-19 cells (Figures 2B and C).
Therefore, NLRX1 suppressed oxidative stress in H,O,-
induced ARPE-19 cells.

NLRX1 restrained inflammation in H,0,-induced
ARPE-19 cells

The levels of cytokine release were detected after ARPE-
19 cells were treated with H,0, alone or overexpressed
with NLRX1. The results demonstrated that H,0, treatment
alone observably enhanced the concentrations of IL-1p,
TNF-o, MCP-1, and IL-6, while overexpression of NLRX1 had
no influence on the concentrations of IL-18, TNF-«, MCP-1,
and IL-6 in ARPE-19 cells (Supplementary Figure S2). Results
demonstrated in Figure 3 revealed that compared to the
cells in the control group without transfection and H,0,
treatment, the concentrations of L-18, TNF-«, MCP-1, and
IL-6 were observably elevated in H,0,-induced ARPE-19 cells
transfected with siNC (Figure 3). Moreover, the concentra-
tions of IL-18, TNF-a, MCP-1, and IL-6 were dramatically
augmented with the knockdown of NLRX1, and signally
declined with the upregulation of NLRX1 H,0,-induced
ARPE-19 cells, compared to those in the H,0,+siNC group
(Figure 3). Hence, NLRX1 repressed H,0,-induced inflamma-
tion in ARPE-19 cells.

NLRX1 restored H,0,-blocked autophagy in ARPE-
19 cells

As demonstrated in Figure 4, the relative protein
expression of p62 was significantly upregulated and the
LC3II/LC3I ratio was prominently downregulated in H,0,-
induced ARPE-19 cells transfected with siNC, compared
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Figure 2 Examination of the levels of SOD, GSH and ROS. (A) The concentrations of SOD and GSH were measured through
commercial kits, after ARPE-19 cells were transfected with siNLRX1, overexpression plasmids and their corresponding NC. After
transfection for 48 h, cells were treated with 300-uM H,0, for 24 h. (B and C) ARPE-19 cells were transfected with siNLRX1,
overexpression plasmids and their corresponding NC. After transfection for 48 h, cells were treated with 300-uM H,0, for 24 h,
and then the level of ROS was imaged by fluorescence microscope after ARPE-19 cells were loaded with DCFH-DA. Scale bar = 100
um for all images. The experiments were performed with three replicates, and the data were expressed as mean + SD. *P < 0.05,

**P <0.01, and ***P < 0.001.

Figure 3 Measurement of the concentrations of IL-1B, TNF-a,
MCP-1 and IL-6. The concentrations of IL-13, TNF-o,, MCP-1 and
IL-6 were detected with commercial kits, after ARPE-19 cells
were transfected with siNLRX1, overexpression plasmids and
their corresponding NC. After transfection for 48 h, cells were
treated with 300-uM H,0, for 24 h. The experiments were
performed with three replicates, and the data were expressed
as mean + SD. *P < 0.05, **P < 0.01, and ***P < 0.001.

to the cells in the control group without transfection
and H,0, treatment. Moreover, an outstanding increase
in the p62 protein levels and a remarkable decrease
in the LC3II/LC3I ratio were indicated in H,0,-induced
ARPE-19 cells transfected with siNLRX1, compared to
those in the H,0,+siNC group (Figure 4). Meanwhile,
inverse results were observed after H,0,-induced ARPE-
19 cells overexpressed with NLRX1 (Figure 4). Hence,
H,0, inhibited autophagy, which was rescued by NLRX1
in ARPE-19 cells.

NLRX1 suppressed FUNDC1 phosphorylation and
NLRP3 activation in ARPE-19 cells

Furthermore, the possible molecular mechanism was
investigated by examining the relative protein expres-
sions of FUNDC1, p-FUNDC1 (Tyr 18), and NLRP3 inflam-
masome-related proteins. The results revealed that
silencing of NLRX1 further observably enhanced the rel-
ative protein levels of p-FUNDC1/FUNDC1, while over-
expression of NLRX1 prominently reduced the relative
protein levels of p-FUNDC1/FUNDC1 in H,O,-induced ARPE-
19 cells (Figure 5A). Since the protein level of NLRP3
detected by Western blot analysis was extremely low
(Figure S3), the protein expression of caspase-1 and the
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Figure 4 NLRX1 enhanced H,0,-induced autophagy in ARPE-19 cells. The relative protein expressions of p62, LC3-Il, and LC3-I were
detected by western blot, after ARPE-19 cells were transfected with siNLRX1, overexpression plasmids and their corresponding
negative control (NC). After transfection for 48 h, cells were treated with 300-uM H,O, for 24 h. The data were expressed after
normalized with GAPDH. The experiments were performed with three replicates, and the data were expressed as mean + SD.
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Figure 5 NLRX1 inhibited FUNDC1 phosphorylation and NLRP3 activation in ARPE-19 cells. (A and B) The relative protein expression
of FUNDC1, phosphorylated FUNDC1 (Tyr 18) and ASC, pro-caspase-1, and cleaved-caspased-1 were determined by Western blot
analysis, after ARPE-19 cells were transfected with siNLRX1, overexpression plasmids and their corresponding negative control
(NC). After transfection for 48 h, cells were treated with 300-uM H,0, for 24 h. The data were expressed after normalized with
GAPDH. (C) The relative mRNA level of NLRP3 was measured by RT-qPCR. The data were expressed after normalized with GAPDH.
The experiments were performed with three replicates, and the data were expressed as mean + SD. *P < 0.05, **P < 0.01, and

***P < 0.001.

messenger RNA (mRNA) level of NLRP3 were examined in
H,O,-treated ARPE-19 cells. As shown in Figures 5B and C,
NLRX1 inhibited the relative protein level of cleaved-
caspase-1/pro-caspase-1 and the transcriptional expres-
sion of NLRP3 in H,0,-induced ARPE-19 cells. Therefore,
NLRX1 refrained FUNDC1 phosphorylation and NLRP3 acti-
vation in ARPE-19 cells.

Discussion

In the present study, an in vitro model of AMD was built
in ARPE-19 cells treated with H,0,. NLRX1 suppressed H,0,-
induced oxidative stress and inflammation, and restored
H,0,-blocked autophagy by inhibiting the FUNDC1 phos-
phorylation and NLRP3 activation in ARPE-19 cells.
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NLRX1 is a negative modulatory NLR that plays a sup-
pressive role in inflammatory signaling.®® It has been
revealed to be dysregulated in various disease models.
NLRX1 has been discovered to be downregulated in celiac
disease though transcriptomics data,** and intestinal isch-
aemic reperfusion injury.™ Moreover, Pickering et al.?> sum-
marized the emerging roles of NLRX1 in human diseases, in
which NLRX1 was strongly associated with neuroinflamma-
tory disorders, inflammatory bowel disease, autoimmunity,
metabolic disease, ischaemia reperfusion injury, and can-
cers. In the mentioned study, the relative protein level of
NLRX1 was also downregulated in the H,0,-induced ARPE-19
cells with a prominent decrease in the viability of ARPE-
19 cells, which was confirmed with the loss-of-function and
gain-of-function assays.? Thus, downregulation of NLRX1
was observed in the H,O,-treated ARPE-19 cells and was
closely involved in cell viability.

Inflammation, oxidative stress, and autophagy
are pivotal pathogeneses involved in a variety of dis-
eases.?®? Similarly, the above pathogeneses are also
tightly involved with AMD progression. Inflammation
exerts a vital role in the etiology and pathogenesis of
AMD, thus a series of therapeutic approaches that tar-
get the reduction in chronic inflammation have been
applied to postpone or prevent retinal degeneration in
AMD.3%3" Also, oxidative stress is a mechanism related to
the pathogenesis and progression of AMD, in which oxida-
tive stress-induced retinal pigment epithelial (RPE) injury
is one of the dominating causes. Pentraxin 3 induced by
oxidative stress promotes RPE cell death correlated to
the development of AMD.3? Oxidative stress decreased
the ability of RPE stem cells and influenced the onset and
progression of AMD.3 In addition, Mitter et al. reported
that impairment of autophagy promoted the progres-
sion of AMD.3* Peroxisome proliferator-activated recep-
tor gamma coactivator 1-alpha (PGC-1a) was reported to
be a putative therapy targeted against AMD, which was
involved in oxidative stress and autophagy.?® Consistently,
our results have revealed that H,0, treatment promoted
oxidative stress and inflammation, and inhibited autoph-
agy in ARPE-19 cells. Moreover, NLRX1 inhibited inflam-
matory responses in chondrocytes®*® and myocardial
ischemia® NLRX1 suppressed inflammation and oxida-
tive stress in inflammatory bowel disease both in vitro
and in vivo.’” Aikawa et al. demonstrated that NLRX1
negatively modulated invasion and autophagy through
interaction with the Beclin 1-ultraviolet radiation resis-
tance-associated gene protein (UVRAG) complex during
Group A streptococcus infection.® Thus, these findings
indicated that NLRX1 mediated inflammation, oxidative
stress, and autophagy in different disease models. Here,
the results also revealed that NLRX1 inhibited inflamma-
tion and oxidative stress with enhanced autophagy in the
H,0,-induced ARPE-19 cells via both loss-of-function and
gain-of-function assays. Altogether, NLRX1 inhibited H,0,-
induced oxidative stress and inflammation, and restored
H,0,-blocked autophagy in ARPE-19 cells.

Mechanically, NLRX1 repressed FUNDC1 phosphoryla-
tion and NLRP3 activation in H,0,-induced ARPE-19 cells. Li
et al. demonstrated that NLRX1 activated FUNDC1 through
dephosphorylation of Tyr 18, which mediated induced
inflammation, oxidative stress, and mitophagy in intestinal

ischaemic reperfusion injury.” Moreover, FUNDC1 modu-
lated autophagy by suppressing ROS-NLRP3 signaling, which
prevented the lung from apoptosis in a lipopolysaccha-
ride (LPS)-induced mouse model.”® NLRP3 inflammasome
grouped with the adaptor, that is, apoptosis-associated
speck-like protein (ASC) containing CARD that enhanced
the binding of the pyrin domain (PYD) at the N-terminus
of NLRP3 and the CARD domain of the effector pro-
caspase-1 to recruit NLRP3.3 NLRP3 inflammasome effec-
tively promoted the modulation of immune responses and
the recruitment of inflammatory cells in various organs.*
Therefore, NLRX1 suppressed FUNDC1 phosphorylation and
NLRP3 activation in ARPE-19 cells.

Conclusion

The expression of NLRX1 was downregulated in H,0,-
induced ARPE-19 cells. Results of both loss-of-function and
gain-of-function assays revealed that NLRX1 suppressed
H,0,-induced oxidative stress and inflammation, and facil-
itated autophagy, which could be strongly involved in the
regulation of FUNDC1 and NLRP3 inflammasome in ARPE-
19 cells. Nevertheless, several limitations remained in
this study that could be dealt with in the following study.
First, an in vivo validation is essential in the future study.
Next, direct role between FUNDC1-NLRP3 inflammasome
and NLRX1 function must be confirmed through pharma-
cological block or other effective interventions. In addi-
tion, NLRX1, as a mitochondrial protein, had a crucial
role in the intestinal ischaemic reperfusion injury by the
modulation of mitophagy. Thus, the future study on the
role of NLRX1 in the mitophagy of H,O,-induced ARPE-19
cells could be an interesting direction. In addition, dys-
regulated autophagy contributed to the deterioration of
oxidative stress and the pathogenesis of AMD.3* Chronic
oxidative stress has been found to induce and/or main-
tain a pro-inflammatory retinal microenvironment, thus
affecting the onset and progression of AMD.** Hence, the
modulatory role of oxidative stress, inflammation, and
autophagy must be focused in the prospective study.
Briefly, our study indicated that NLRX1 is a potential tar-
get for the treatment of AMD.
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Figure S1 Levels of SOD and GSH after ARPE-19 cells were treated with H,0, or overexpressed with NLRX1. The concentrations of
SOD and GSH were measured using commercial kits. The experiments were performed with three replicates, and the data were

expressed as mean + SD.
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Figure S2 Concentrations of IL-18, TNF-a, MCP-1, and IL-6 after ARPE-19 cells treated with H,0, or overexpressed with NLRX1.
The concentrations of IL-1B, TNF-a, MCP-1, and IL-6 were determined by commercial ELISA kits. The experiments were performed

with three replicates, and the data were expressed as mean + SD.

Figure S3 The relative protein expression of NLRP3 was examined by Western blot analysis through NLRP3 antibody (15101, CST).



