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Abstract: Objective: Severe inflammation, mediated by innate immune sensors, can be observed in the retina and is
considered to play an important role in the pathogenesis of retinal degeneration caused by all-trans-retinal (atRAL).
However, the underlying mechanism thereof remains elusive. This study investigated the effects of atRAL on the
macrophage cell line THP-1 and determined the underlying signaling pathway through pharmacological and ge-
netical manipulation. Methods: The cytotoxicity of atRAL in THP-1 macrophage cells was assessed using the cell
counting kit-8 (CCK-8) assay, and mature IL-1p3 was detected by enzyme-linked immunosorbent assay (ELISA). We
measured levels of NLRP3 and cleaved caspase-1 by western blotting to evaluate the activation of NLRP3 inflam-
masomes. Oxidative stress was validated by measuring mitochondria-associated reactive oxygen species (ROS)
with MitoSOX™ Red staining. Autophagy was assessed with the LC3BII turnover assay and tandem mCherry-eGFP-
LC3B fluorescence microscopy. Results: The maturation and release of IL-13 were regulated by the activation of
the NLRP3 inflammasome. Mitochondria-associated ROS were involved in the regulation of NLRP3 inflammasome
activation and caspase-1 cleavage. In addition, atRAL functionally activated autophagy in THP-1 cells, and atRAL-
induced NLRP3 inflammasome activation was suppressed by autophagy. Conclusions: atRAL activates both the
NLRP3 inflammasome and autophagy in THP-1 cells, and the increasing level of autophagy leads to the inhibition
of excessive NLRP3 inflammasome activation. These findings shed new light on the pathogenesis of age-related
retinal degeneration.

Keywords: All-trans-retinal, NLRP3 inflammasome, autophagy, age-related macular degeneration, reactive oxygen
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Introduction (CARD), and caspase-1 [6]. The NLRP3 inflam-
masome formation activates caspase-1, which

The eye has previously been considered as an proteolytically cleaves pro-interleukin (IL)-1B

immune privileged organ, but recent findings
have suggested that inflammation that is medi-
ated by innate immune sensors occurs in the
retina [1]. Inflammasomes are critical innate
immune components, and increasing evidence
has suggested that the activation of the NLRP3
inflammasomes is involved in the development
and progression of age-related macular degen-
eration (AMD) and Stargardt’s disease [2-5].
The NLRP3 inflammasome is a large intracellu-
lar multimeric protein complex consisting of the
NLRP3 receptor, the adaptor molecule apopto-
sis-associated speck-like protein containing a
Caspase Activation and Recruitment Domain

and pro IL-18 [6, 7]. Although research has
demonstrated that the activation of NLRP3
inflammasomes was protective in neovascular
AMD, its role in promoting pathogenesis of geo-
graphic atrophy has been documented [1, 2]. A
previous clinical report indicated that up to 90%
of advanced AMD was atrophic, suggesting that
NLRP3 inflammasome activation could contrib-
ute to the pathogenesis of AMD [7].

All-trans-retinal (atRAL) (Figure 1A) is an impor-
tant intermediate in the visual cycle, a complex
enzymatic pathway for retinoid metabolism and
regeneration within the retina. Allostatic over-
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Figure 1. atRAL induces the release of IL-1p in THP-1 cells. (A) Structure of all-trans-retinal (atRAL). (B) Viability of
THP-1 cells was measured using CCK8 after incubated with atRAL (O, 5, 10, 20 uM) for 24 h. n=6, **P<0.01. (C)
Concentration of IL-1f3 in the cell culture medium was assayed by ELISA after the cells were exposed to atRAL for O,
6, 12, or 24 h. n=3; **P<0.01; ***P<0.001. (D and G) After cells were treated with atRAL (5 uM) for O, 6, 12, or
24 h, NLRP3 was determined by western blotting. Densitometric quantification of NLRP3 was analyzed with Image
Lab™ software (n=3). (E and H) NLRP3 and (F and ) cleaved-caspase 1 (C-caspase 1) were detected by western
blotting after THP-1 cells were incubated with atRAL (0-10 uM) for 24 h. Densitometric quantification of NLRP3 and
C-caspase 1 was analyzed with Image Lab™ software (n=3). The expression of these proteins was compared relative
to GAPDH or B-actin. **P<0.01 and ***P<0.001.

load, which can be caused by aging, genetic receptor apoptosis can result in double-strand-
predisposition, or environmental factors, dis- ed RNA or protein release, which in turn acti-
rupts the visual cycle, leading to the progres- vates toll-like receptor (TLR)3 and TLR4 [8,
sion of AMD [5]. Thus, atRAL clearance failure 10], respectively. These findings suggest that
is associated with retinal degeneration [8-11]. immunoregulatory mechanisms are implicated

in the pathogenesis of atRAL-induced retinal
Previous studies have demonstrated that degeneration. The NLRP3 inflammasome has
delayed atRAL clearance after light exposure been foundto be involved in sensing endoge-
can cause the sub-retinal infiltration of microg- nous danger signals, including uric acid crys-
lia/macrophages [8], indicating that the resi- tals, extracellular ATP, and fatty acids [12-14].
dentor infiltrating immune cells may be involved In the present study, we hypothesized that
in atRAL-induced inflammation of the retina. It atRAL could activate NLRP3 inflammasomes in
has also been found that atRAL-induced photo- the macrophage cell line THP-1. We found that
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the maturation and release of IL-13 was regu-
lated by the caspase-1 pathway, and the activa-
tion of the NLRP3 inflammasome was essential
for the release of IL-1B. Further, mitochondria-
associated reactive oxygen species (ROS) were
involved in the regulation of the NLRP3 inflam-
masome activation and caspase-1 cleavage. In
addition, atRAL functionally activated autopha-
gy in the THP-1 cells, and the NLRP3 inflamma-
some activation was inhibited by enhancing
autophagy. Collectively, these results demon-
strated the role of atRAL in the NLRP3 inflam-
masome activation and elucidated its underly-
ing mechanism.

Materials and methods
Reagents and cell line

atRAL and trehalose were purchased from
Sigma-Aldrich (St. Louis, MO, USA), and atRAL
was dissolved in dimethyl sulfoxide as a stock
solution (20 mM) and kept in the dark. The cas-
pase-1 inhibitor Z-YVAD-FMK was obtained
from Abcam (UK), and 3-methyladenine (3-MA)
was obtained from Selleck Chemicals (Shang-
hai, China). Chloroquine (CQ) was obtained
from Solarbio (Beijing, China), and the antioxi-
dant N-Acetyl-L-cysteine (NAC) was purchas-
ed from Beyotime Biotechnology (Shanghai,
China). The primary antibodies, rabbit anti-B-
actin and mouse anti-GAPDH, were obtained
from Proteintech Company (USA); rabbit anti-
LC3B, rabbit anti-NLRP3, and rabbit anti-
cleaved caspase-1 were provided by Cell
Signaling Technology (USA).

The human acute monocytic leukemia cell line
THP1 was provided by the cell bank of the
Chinese Academy of Sciences (Shanghai,
China). The THP1 cells were maintained in
RPMI1640 medium supplemented with 10%
fetal bovine serum (Gibco, USA) and 1% penicil-
lin/streptomycin in a humidified incubator at
37°Cand 5% CO,. The THP1 cells were seeded
in 6- or 96-well cell culture plates (Corning,
Shanghai) and stimulated with 100 ng/mL
phorbol 12-myristate 13-acetate (PMA) (Sigma-
Aldrich) for 48 h prior to subsequent experi-
ments.

Analysis of cell viability

Cells were treated with atRAL (0-20 uM) for 24
h, and then the cell viability was examined
using the cell counting kit-8 (CCK8) (Dojindo,
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Japan) assay. The culture supernatant in each
well was aspirated, then 10 yL of CCK8 and
90 pL of medium was added to the cells and
incubated for 1 h at 37°C. The absorbance
was measured at 450 nm in each well with a
microplate spectrophotometer (Multiskan FC,
Thermo Scientific, USA). Cell viability was pre-
sented as a proportion of the control optical
density.

Enzyme-linked immunosorbent assay (ELISA)

The concentration of IL-1p in the cell culture
supernatant was evaluated using an L1
ELISA Kit (Invitrogen, USA) according to the
manufacturer’s instructions.

Measurement of mitochondria-associated ROS
in THP1 macrophages

Mitochondrial superoxide, which is generated
as a by-product of oxidative phosphorylation, is
the predominant ROS in mitochondria [15]. In
the present study, mitochondrial superoxide
within the THP1 macrophages was measured
using MitoSOX™ red (Invitrogen Molecular
Probes, USA) staining. Briefly, the THP1 cells
were challenged with 5 yM atRAL for 24 h, and
then incubated with 2.5 yM MitoSOX™ Red
solution in Dulbecco’s Modified Eagle Me-
dium at 37°C for 10 mins. The cells were rins-
ed three times with PBS, and were subsequent-
ly observed and photographed using an invert-
ed fluorescence microscope (Olympus, Japan).

SiRNA transfection

NLRP3 siRNA (5-GUAAGCCUAGGUGUUGUCA-
TT-3’) and a negative control (NC) siRNA (5-
GCGACGAUCUGCCUAAGAUdTAT-3’) were pur-
chased from GenePharma Company (Shang-
hai, China). The NLRP3 siRNA or NC siRNA
(100 nM) transfection solutions were prepared
with Lipofectamine 3000 (Invitrogen) and Opti-
MEM™ (Gibco) according to the manufactur-
er’'s instructions. The THP-1 cells were incubat-
ed with the siRNAs for 6 h and cultured in com-
plete medium for another 24 h.

Autophagic flux monitoring

Autophagic flux in the THP-1 macrophage cells
was monitored by tandem mCherry-eGFP fluo-
rescence microscopy. Briefly, THP1 cells were
infected with 1 uL of the recombinant adenovi-
rus (3.2 x 10%° pfu/mL) carrying a tandem
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monomeric mCherry-eGFP-tagged LC3B (Vi-
gene Biosciences, Shandong, China) for 24 h.
The cells were exposed to atRAL for a further
24 h. After the culture supernatant was
replaced with fresh medium, and the cells were
observed and analyzed using fluorescence
microscopy (Olympus).

Western blot analysis

Cell lysates were prepared with a RIPA lysis
buffer (Beyotime) containing 1% protease in-
hibitor cocktail (Hangzhou Fude Biological
Technology, China). Cell protein concentration
was determined using an enhanced BCA pro-
tein assay kit (Beyotime). Subsequently, each
sample was combined with an appropriate vol-
ume of loading buffer and boiled for 5 min
with an intelligent constant temperature metal
bath. The proteins were subjected to gel elec-
trophoresis with SDS-PAGE denaturing gels
and transferred to a PVDF membrane by elec-
troblotting (Millipore, USA). Membranes were
blocked with 5% skimmed milk at room tem-
perature for 1 h. Each membrane was incubat-
ed with primary antibodies at 4°C overnight.
Membranes were then rinsed three times
with the wash buffer, Tris-buffered saline with
Tween-20 (TBST) and incubated with the corre-
sponding horseradish peroxidase-conjugated
secondary antibody (Beyotime) at room tem-
perature for 1 h. The protein bands were visual-
ized using the Clarity™ Western ECL Substrate
(Bio-Rad, USA). The ChemiDox™ XRS + system
(Bio-rad) and Image Lab™ software (Bio-Rad)
were used for the determination and analysis of
all western blot results.

Statistical analysis

All data in the present study were expressed
as the mean + standard error of the mean. For
statistical analysis, one-way analysis of vari-
ance followed by Tukey’s test for multiple com-
parisons was used for data containing more
than two groups. All data were analyzed using
GraphPad Prism software (version 7.0; San
Diego, CA, USA), and a P<0.05 was considered
significant.

Results

atRAL induces the release of IL-13 in THP-1
cells

We first examined atRAL-induced cytotoxicity in
the THP-1 cells. As depicted in Figure 1B, the
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test concentrations of 5 or 10 uM atRAL
appeared to produce no cytotoxicity in the
THP1 cells, whereas at the concentration of 20
uM, the cell viability was significantly reduced
after treatment for 24 h. To avoid the cytotoxic
effects induced by high doses, we used 5 uM
of atRAL in the subsequently experiments. We
observed that the expression of NLRP3 (Figure
1D and 1G) and resulting release of IL-13
(Figure 1C) were significantly increased by 5
MM atRAL treatment within 24 h. Also, THP-1
cells exposed to 5 or 10 uM of atRAL demon-
strated a dose-dependent increase in the
expression of NLRP3 (Figure 1E and 1H) and
activation of caspase-1 (Figure 1F and 1l).
These findings suggest that atRAL can cause
an increase in NLRP3 and activation of cas-
pase-1, and consequently the production of
mature IL-1[.

NLRP3 inflammasome activation is implicated
in atRAL-induced IL-13 maturation

Activated caspase-1 is the key regulatory com-
ponent of the inflammasome multiprotein
complex responsible for the processing of pro-
IL1B into the mature IL-1B [6]. We therefore
evaluated the role of caspase-1 in the atRAL-
induced maturation of IL-1f using the cas-
pase-1 inhibitor Z-YVAD-FMK. It was found that
incubation with Z-YVAD-FMK (1, 5, and 10 uM)
significantly decreased the expression of
cleaved caspase-1 (Figure 2A and 2F) and
attenuated the maturation of IL-1 (Figure 2B).
This suggests that atRAL-induced IL-1 produc-
tion is mediated by caspase-1 regulation. We
further genetically knocked down NLRP3 using
a specific siRNA and found that the NLRP3-
targeted siRNA dramatically diminished the
NLRP3 protein levels (Figure 2C and 2G) and
abolished atRAL-induced cleaved caspase-1
expression (Figure 2D and 2H). Moreover, we
found that silencing NLRP3 suppressed the
maturation and release of IL-1B induced by
atRAL in THP-1 cells (Figure 2E). Taken togeth-
er, these data indicate that atRAL exposure
may induce NLRP3 inflammasome activation in
THP-1 cells.

atRAL-induced ROS generation is involved in
NLRP3 inflammasome activation

Mitochondrial ROS production was found to be
important in the NLRP3 inflammasome activa-
tion, so we determined whether the mitochon-
drial ROS was generated in response to atRAL
treatment in the THP-1 cells. As shown in Figure
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Figure 2. NLRP3 inflammasome activation is implicated in atRAL-induced IL-13 maturation. A and F. C-caspase 1
was detected by western blotting after the cells were incubated with or without atRAL (5 pM) in the presence or
absence of 1, 5, or 10 uM YVAD for 24 h. Densitometric quantification of C-caspase 1 was analyzed with Image
Lab™ software (n=3). B. The effect of NLPR3 inhibitor YVAD on the production of IL-1( in the cell culture medium.
n=3; ***P<0.001. C and G. The knockdown efficiency of si-NLRP3 on the expression of NLRP3 in the presence or
absence of atRAL. Densitometric quantification of NLRP3 was analyzed with Image Lab™ software (n=3). **P<0.01
and ***P<0.001. D and H. The effects of suppressing NLRP3 by siRNA on the activation of C-caspase 1 (p20) in
the presence or absence of atRAL. Densitometric quantification of C-caspase 1 was analyzed with Image Lab™ soft-
ware. Expression of these proteins was compared relative to B-actin. n=3; **P<0.01 and ***P<0.001. E. The effect
of NLPR3 interference by siRNA on the production of IL-1 in the cell culture medium. n=3; **P<0.01.

3A and 3D, exposure of the THP-1 macro- atRAL-induced NLRP3 inflammasome activa-
phages to atRAL significantly increased the tion is suppressed by autophagy

generation of mitochondria-associated ROS.

Treatment with NAC, a frequently used ROS LC3BIl is frequently used as a marker for
scavenger, significantly inhibited the accumula- autophagosomes and is converted from LC3BI
tion of NLRP3 in the THP-1 cells after atRAL during autophagy. We therefore utilized it to
exposure (Figure 3B and 3E). In addition, we determine whether autophagy plays a role in
found that NAC could diminish the expression the activation of NLPR3 inflammasomes
of cleaved caspase-1 (Figure 3C and 3F). These induced by atRAL. We found that incubation
data suggest that the activation of the NLRP3 with atRAL (5 puM) significantly increased the
inflammasomes requires atRAL-induced mito- expression of LC3BII after 6 h, with the expres-
chondrial ROS overproduction by THP-1 cells. sion level remaining stable from 12 to 24 h

4384 Am J Transl Res 2023;15(6):4380-4389



Autophagy inhibits atRAL-induced NLRP3 inflammasome activation

B
Con. atRAL NAC NAC+atRAL
NLRP3 s S . amm
caroH (VD S SN
E
2.5
= 2.0
59 T
n_ -
< 5 1.5
o8
> %= T
o © 4
E < 1.0
(=]
Z < 0.5-
0.0 T T T T

@ 1.5-
o
-
i 1.24 —_—
e _ T
E 0.9
*
?
8 0.6+
E T L} L} T
N % QS ®
Concentration of atRAL (pM)
d\&\% m‘@ *33‘
@§ ig? ng QSQ
LS, N
Con. atRAL <% 9@? b@?‘ 6@?‘

C-Caspase-1' - - . . -

n

C-Caspase-1/GAPDH

GAPDH D D D 4N aun

*dkedk F*kk

* %k

(fold of control)
o o -
° v °

Figure 3. atRAL-initiated ROS generation is involved in NLRP3 inflammasome activation. A and D. After THP-1 cells
were incubated with atRAL (0, 5, 10, 20 uM) for 24 h, the mitochondrial ROS were measured with MitoSOX™ red
staining and visualized by fluorescence microscopy. Con., Control, Scale bar, 50 um. Densitometric quantifications
of red signal was achieved with ImageJ (n=3). **P<0.01. B and E. NLRP3 was detected after treatment with atRAL
(5 uM) in the presence or absence of NAC (2 mM). Densitometric quantification of NLRP3 was analyzed with Image
Lab™ software (n=3). C and F. C-caspase 1 was evaluated after treatment with atRAL (5 uM) in the presence or
absence of NAC (1, 2, and 4 mM). Densitometric quantification of C-caspase 1 was analyzed with Image Lab™ soft-
ware. Expression of these proteins was compared relative to B-actin. n=3; *P<0.05, **P<0.01 and ***P<0.001.

(Figure 4A and 4C). The LC3B turnover assay
was utilized to further examine atRAL-induced
autophagy in THP-1 cells. Our data showed that
atRAL-induced LC3BIl accumulation could be
further enhanced with CQ treatment (Figure 4B
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and 4D). Furthermore, tandem mCherry-eGFP
fluorescence microscopy was used to monitor
the autophagic flux [16]. The THP-1 cells were
infected with the recombinant adeno-associat-
ed virus vectors carrying tandem sensor
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Figure 4. atRAL-caused NLRP3 inflammasome activation is suppressed by autophagy. A and C. LC3BIl was deter-
mined by western blotting after THP-1 cells were treated with atRAL (5 uM) for O, 6, 12 h. Densitometric quantifica-
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tions of LC3BII was analyzed with Image Lab™ software (n=3). **P<0.01. B and D. After THP-1 cells were incubated
with atRAL (5 uM) for 24 h in the presence or absence of 20 uM CQ, LC3BIl was measured for autophagy monitoring.
Densitometric quantifications of LC3BII was analyzed with Image Lab™ software (n=3). **P<0.01. E. Recombinant
adeno-associated virus vectors carrying mCherry-EGFP-LC3B were incubated with THP-1 cells for 24 h. Cells were
then exposed to 5 uM atRAL for 24 h and analyzed by fluorescence microscopy. Con., Control, Scale bar, 25 pum.
F-I. Cells were incubated with 5 uM atRAL for 24 h in the absence or presence of 20 uM CQ or 5 mM 3-MA, and
immunoblotted for NLRP3. Densitometric quantifications of NLRP3 was analyzed with Image Lab™ software (n=3).
**P<0.01; ***P<0.001. J-L. After cells were incubated with 5 uM atRAL for 24 h in the absence or presence of 100
UM Tre, LC3B, and NLRP3 were evaluated with immunoblotting. Densitometric quantifications of LC3BIl and NLRP3

were analyzed with Image Lab™ software (n=3). **P<0.01.

mCherry-eGFP-LC3B constructs. The eGFP is
easily degraded in the lysosome, but the
mCherry is more stable under low pH and/or
proteolytic conditions. Thus, autolysosomes
exhibit only a red signal under fluorescence
microscope, whereas yellow fluorescence indi-
cates a phagophore or autophagosome that
has failed to fuse with the lysosome. We found
that atRAL exposure elevated the number of
cells with more puncta in red (Figure 4E, white
arrow heads). However, 3-MA, a classic au-
tophagy inhibitor, significantly suppressed the
increase in red fluorescence in the THP-1 cells
(Figure 4E, white arrow heads). We also
observed that the autophagy inhibitors CQ
or 3-MA augmented atRAL-induced NLRP3
expression (Figure 4F-1). Moreover, the novel
autophagy activator, trehalose (Tre), upregulat-
ed the expression of atRAL-induced LC3BIl and
suppressed the NLRP3 accumulation (Figure
4J)-L). These data indicate that atRAL activat-
es autophagy, which may inhibit NLRP3 inflam-
masome activation in THP-1 cells.

Discussion

Aging, gene defects, or the accumulation of
certain environmental factors may contribute
to the failure of atRAL clearance, resulting in
atRAL accumulation and causing cytotoxicity
in the retina [17, 18]. Under these circumstanc-
es, retinal pigment epithelium (RPE), photore-
ceptor cells, microglia, or macrophages may
be exposed to free atRAL. Accumulating evi-
dence demonstrates that danger signals such
as Alu RNA, A2E, and atRAL, can activate the
NLRP3 inflammasomes in RPE [1, 3, 19]. How-
ever, a recently reported study argued that
there may be negligible expression of NLRP3 in
RPE cells, suggesting minimal contributions for
the activation of the NLRP3 inflammasomes
[20]. These results indicate that the intra-reti-
nal immune cells, such as macrophages, either
resident or infiltrating, rather than the RPE
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cells, are implicated in the detrimental effect of
atRAL in retinal degeneration. Therefore, the
present study used PMA-differentiated THP-1
macrophage cells, which are widely used in
NLRP3 inflammasome research [21], to verify
whether atRAL exposure activates the NLRP3
inflammasomes.

Excessive concentrations of free atRAL in the
retina can lead to severe cytotoxicity due to its
highly reactive aldehyde, which may directly
react with biological macromolecules [9]. Our
results demonstrated this when an atRAL
dose of 20 uM not only led to the pathogenesis
effect of atRAL on AMD (low-dose effect), but
also caused immunotoxicity in the retina (high-
dose effect). We found that atRAL treatments
increased the maturation and release of IL-13
and upregulated the expression of NLRP3 and
cleaved caspase-1 in the macrophage THP-1
cell line in a time-dependent manner. These
findings corroborate previously reported data
that free atRAL may create a proinflammatory
microenvironment in the retina and contribute
to the pathogenesis of AMD [3, 19]. By using
the caspase-1 inhibitor, ZYVAD-FMK, and
knockdown of NLRP3, we clarified the underly-
ing mechanism, i.e., NLRP3 recruits ASC and
procaspase-1 in response to cellular stress to
form the NLRP3 inflammasome, resulting in
caspase-1 activation, and IL-1p maturation
[22]. The present study confirmed that the
accumulation of atRAL may activate NLRP3
inflammasomes in macrophage cells and con-
tribute to the para-inflammation or chronic
inflammation in the retina [23].

Accumulating evidence has suggested that
ROS play a positive role in NLRP3 inflamma-
some activation [12, 21, 22], which is consis-
tent with the present study, as our data demon-
strated that the ROS quencher NAC suppressed
NLRP3 expression and caspase-1 cleavage.
ROS are verified to be early inducers of autoph-
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agy [11]. This study found that the autophagic
flux was elevated following atRAL-incubation. It
is well recognized that autophagy activation
contributes to NLRP3 degradation and inhibits
IL-1B8 expression [24]. Consistently, we found
that atRAL-induced autophagy suppressed
NLRP3 expression levels, suggesting that
atRAL simultaneously activates NLRP3 inflam-
masomes and autophagy in THP-1 cells, and
the latter inhibits the excessive activation of
NLRP3 inflammasomes.

A previous study demonstrated that atRAL
could activate caspase-3/gasdermin E (GSD-
ME)-mediated pyroptosis, which was accompa-
nied by the activation of the NLRP3 inflamma-
some and elevation of IL-1B secretion in RPE
cells [3]. Another recent work emphasized that
GSDME-induced cell death played a role in
atRAL-mediated retina damage [25], which
strengthens the idea that repressing pyroptosis
may be a treatment for photoreceptor atrophy
in dry AMD and Stargardt’s disease. Our results
are consistent with these reported data.

However, there are several limitations in this
research. First, though THP1 cells are widely
used macrophage model, they are a kind of
leukemia cells. Our results need to be further
verified using other macrophages such as pri-
mary murine bone marrow-derived macro-
phages or peritoneal macrophages in the
future. Second, the role of NLRP3 inflamma-
some activation in the pathogenesis of dry
AMD is still unclear, thus further animal experi-
ments with Abca4”"Rdh8”" mice are needed to
verify these findings.

Conclusions

atRAL may activate the NLRP3 inflammasome
and accelerate the secretion of IL-1B in intra-
retinal immune cells. Mitochondrial ROS gen-
eration plays an important role in the atRAL-
induced NLRP3 inflammasome activation.
Moreover, atRAL-related autophagy suppresses
NLRP3 inflammasome activation in the retina.
This work provides further insight into atRAL-
associated retinopathy.
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