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Apurinic/apyrimidinic endonuclease 1/reduction-oxidation effector
factor-1 (APE1) regulates the expression of NLR family pyrin
domain containing 3 (NLRP3) inflammasome through modulating
transcription factor NF-kB and promoting the secretion of
inflammatory mediators in macrophages
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Background: Inflammatory mediators play an important role in the occurrence, development, and
metastasis of tumors. The aim of the present study was to elucidate the effect of apurinic/apyrimidinic
endonuclease 1/reduction-oxidation effector factor-1 (APE1) on inflammatory mediator secretion, which is
dependent on the APE1-mediated NLR family pyrin domain containing 3 (NLRP3) regulatory mechanism.

Methods: The human myeloid leukemia mononuclear cell line (THP-1) cells were cultured and polarized
to M2 subset macrophages. Enzyme-linked immunosorbent assay was used for determining tumor necrosis
factor-a (TNF-a), interleukin (IL)-1pB, IL-18, IL-10, and IL-33 levels. Reverse transcription—polymerase
chain reaction and western blot were used for evaluating TNF-0, NLR family pyrin domain containing 1
(NLRP1), NLRP3, caspase-1, and apoptosis-associated speck-like protein containing a card expression.
Plasmid silencing APEI gene (APE1"™™™") was synthesized and packaged into lentiviral. For activating

I""NA incubated with

inflammasomes, M2-type THP-1 cells were transfected with lentiviral vector APE
lipopolysaccharide (LPS) (100 ng/mL)/APEI inhibitor (E3330, 20 pM) and ATP. Electrophoretic mobility
shift assay and dual-luciferase reporter assay were used for determining the interaction between NLRP3 and
nuclear factor-kB (NF-kB) molecule.

Results: APEI significantly induced LPS-induced pro-inflammatory cytokine production, including
TNF-a, IL-1B, and IL18, compared with THP-1 cells without APE1 treatment (P<0.05). APE1 promoted
LPS-induced NLRP3 inflammasome activation by modulating the gene transcription of NLRP3-associated
molecules. APEI enhanced LPS-induced NLRP3 inflammasome activation by regulating NLRP3 and
caspase-1 protein expression. APE1 improved NLRP3 activity by modulating the interaction between
NLRP3 and NF-«B, and the modulation of NF-kB. APE1 promoted LPS-induced NLRP3 inflammasome
activation through an NF-kB-dependent pathway.

Conclusions: APE1 regulates the expression of NLRP3 by modulating transcription factor NF-«xB

and further promoting the secretion of inflammatory mediators IL-1B and IL-18 in macrophages. The
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findings of the present study provide theoretical and experimental bases for the design of tumor-associated

macrophage (TAM)-targeted therapy, with APE1 as the target molecule.
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Introduction

Inflammatory mediators are important components
of the innate immune system, and play an important
role in the occurrence, development, and metastasis of
tumors; immune surveillance; and sensitivity of tumors to
chemoradiotherapy (1,2). Tumor-associated macrophages
(TAMs) are the main inflammatory-mediated secretory cells
in tumor stroma, which mainly secrete interleukin (IL)-
1B, IL-18, matrix metalloprotein, and vascular endothelial
growth factor (3). In some cases, TAMs even can constitute
50-80% of the solid tumor cell population (4). TAMs can
promote tumor growth, invasion, metastasis, angiogenesis,
matrix degradation, remodeling, and inhibit the acquired
immunity (5). Therefore, TAMs play critical roles in the
inflammatory-mediated occurrence and progression of
tumors.

It has been found that NLR family pyrin domain
containing 1 (NLRP1) and 3 (NLRP3) are widely expressed
in tissues and cells of the whole body, and a high expression
in the monocyte macrophage system (6). When tumor cells
undergo changes in microenvironment, such as hypoxia
and radiotherapy/chemotherapy, oxidative stress usually
occurs in the TAMs, with the production of endogenous
reactive oxygen species (ROS) (7,8). The produced ROS
in TAMs could promote the binding of NLRP1/NLRP3
proteins with apoptosis-associated speck-like protein
containing a card (ASC) and/or caspase-1 to form a high
molecular weight protein complex inflammasome (9,10).
Subsequently, caspase-1 is activated and involved in the
activation and secretion of IL-1f and IL-18. However, the
redox mechanism of NLRP1 and NLRP3 in TAMs is still
unclear.

Apurinic/apyrimidinic endonuclease 1/reduction-
oxidation effector factor-1 (APE1) is a unique bi-functional
oxidative stress response protein that can activate activating
protein-1 (AP-1), nuclear factor-xB (NF-kB), and other
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transcription factors through redox to regulate cell
proliferation, differentiation, and inflammatory response
(11-13). A bioinformatics analysis also showed that both
NLRPI and NLRP3 gene promoters contain potential
AP-1 and NF-«B binding sites (14). Therefore, we speculate
that APE1 may regulate the expression of NLRP1I and
NLRP3 in TAMs by activating transcription factors.

The aim of the present study was to elucidate the effect
of APEL on the secretion of inflammatory mediators by
TAMs, which is dependent on the APE1-mediated NLRP1
and NLRP3 regulatory mechanism. The study provides
theoretical and experimental bases for the design of TAM-
targeted therapy, with APE1 as the target molecule.

We present the following article in accordance with
the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-7752).

Methods
Cell culture and macrophages polarization

The human myeloid leukemia mononuclear cell line,
THP-1, was purchased from American Type Cell Culture
Cell Bank (Category No. TIB-202, Manassas, VA, USA).
THP-1 cells were cultured with the RPMI-1640 medium
(Gibco, Grand Island, NY, USA) containing 100 pg/mL
streptomycin (Beyotime Biotechnology, Shanghai, China)
and 100 U/mL penicillin (Beyotime Biotechnology, China),
and supplemented with 10% fetal bovine serum (Gibco,
USA) at 37 °C with 5% CO,. M2 macrophage polarization
was carried out, as described in a previous study (15), with
modifications. Briefly, the THP-1 cells were adjusted
to a density of 1x10° cells/mL medium and treated with
200 ng/mL phorbol-12-Myristate-13-Acetate (PMA) for
6 h. THP-1 cells were polarized into M2 subset
macrophages by incubating with IL-4 (20 ng/mL) and IL-
13 (20 ng/mL) for 18 h. M2 subset macrophages were
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Table 1 Specific primers for reverse transcription—polymerase chain
reaction assay used in present study

Genes Gene sequences (5'-3")
TNF-a

Forward CCTGGTATGAGCCCATCTATCTG

Reverse AGAGGTTGAGGGTGTCTGAAGG
NLRP1

Forward CCCTGGTCAAGAGAAGCTGG

Reverse AGCCCCCTGCAGTATGACTA
NLRP3

Forward AGGAGGACTTCGTGCAAAGG

Reverse GTGACTCCACCCGATGACAG
Caspase-1

Forward CCTGCCGTGGTGATAATGTT

Reverse GCATCTGCGCTCTACCATCT
ASC

Forward TGGATGCTCTGTACGGGAAG

Reverse CCAGGCTGGTGTGAAACTGAA
p-actin

Forward ACACCCAGCCATGTACGT

Reverse ATGGGCACAGTGTGGGTGA

ASC, apoptosis-associated speck-like protein containing a
card; NLRP1, NLR family pyrin domain containing 1; NLRP3,
NLR family pyrin domain containing 3; TNF-a, tumor necrosis
factor-a.

sorted and by flow cytometry with the CD206 biomarker.

Enzyme-linked immmunosorbent assay (ELISA)
measurement for cytokines

The supernatants of culture medium were collected from
polarized M2-type THP-1 cells (M2 macrophages) by
centrifuging for 15 min at 450 xg. In the present study,
cytokines, including tumor necrosis factor-a (TNF-o),
IL1B, IL-18, IL-10, and IL-33, were analyzed with a human
TNF-o ELISA kit (Category No. PT518), human IL-1p
ELISA kit (Category No. PI305), human IL-18 ELISA kit
(Category No. PI558), a human IL-10 ELISA kit (Category
No. PI528), and human IL-33 ELISA kit (Category No.
PI1631), according to the manufacturer’s instructions
(Beyotime Biotechnology, China).
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Real-time polymerase chain reaction (RT-PCR) for
determining inflammatory mediators

Total RNAs were extracted from the M2-type THP-1
cells with the RNeasy Mini RINA Extraction Kit (Category
No. 74104; Qiagen, Hilden, Germany), according to the
manufacturer’s instructions. RNAs were then synthesized
to first-strand complementary DNA with QuantiTect
Reverse Transcription Kit (Category No. 205311; Qiagen,
Germany), according to the manufacturer’s instructions. The
RT-PCR assay was conducted using the SYBR Green PCR
kit (Category No. DRR820A; TaKaRa, Dalian, China) in
Applied Biosystems 7500 Fast Real-time PCR system (Foster
City, CA, USA). The specific primers for the amplified
TNF-a, NLRPI, NLRP3, caspase-1, ASC, and f-actin are
listed in 7able 1. The transcriptions of targeted genes were
normalized to B-actin, and the relative values were calculated

with the previously described 27**“* (Livak) method (16).

Plasmid construction and lentivirus packaging

The lentiviral vector PDS019-pL-shRNA-F (NovoBio
Scientific, Shanghai, China) was applied to synthesize APE1
shRNA-containing plasmid (PDS019_pL_shRNA_GFP-
hAPEL), as described in a previously published study (17).
We used 3 pairs of primers based on the APE1 gene sequence
(NM_080649.2), and synthesized 3 lentiviral plasmids,
including VL1275-PDS019_pL_shRNA_GFP-hAPE1-446,
VL1276-PDS019_pL_shRNA_GFP-hAPE1-609, and
VL1277-PDS019_pL_shRNA_GFP-hAPE1-839 (APE1"™™)
(Figure 14). By examining interference efficiency, we found
that APET™™* demonstrated the highest interference
efficiency (81.82%) (Figure 1B), as seen in the following
experiments. Briefly, 1 day before the transfection of
APET"™ A 293T cells (Shanghai Institute of Cells, Chinese
Academy of Science, Shanghai, China) were seeded onto a
10-cm dish (Corning-Costar, Corning, NY, USA). The
APET™™* plasmid and packing plasmids were transfected
into 293T cells, according to the manufacturer’s instructions.
Appropriately 72 h post-transfection, the supernatants of 293T
cells were harvested by centrifuging at 2,000 xg for 5 min at
4 °C. Cell supernatants were purified with a 0.5-pm syringe
filter, and products were re-centrifuged at 20,000 xg at 4 °C for
1 h. The APE1"™* were packaged into lentiviral.

Activation of inflammasomes

In the present study, the M2-type THP-1 cells were seeded
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Primers
hAPE1-446-F(NP9172
hAPE1-446-R(NP9173
hAPE1-609-F(NP9174
hAPE1-609-R(NP9175
hAPE1-839-F(NP9176
hAPE1-839-R(NP9177

A e & R

Sequences (5°-3’)

CACCGCAAACCTGCCACACTCAAGACGAATCTTGAGTGTGGCAGGTTTGC
AAAAGCAAACCTGCCACACTCAAGATTCGTCTTGAGTGTGGCAGGTTTGC
CACCGCCTGGACTCTCTCATCAATACGAATATTGATGAGAGAGTCCAGGC
AAAAGCCTGGACTCTCTCATCAATATTCGTATTGATGAGAGAGTCCAGGC
CACCGGGATGAAGCCTTTCGCAAGTCGAAACTTGCGAAAGGCTTCATCCC
AAAAGGGATGAAGCCTTTCGCAAGTTTCGACTTGCGAAAGGCTTCATCCC

100.00%

80.00%

82.81%

60.00%

40.00%

20.00%

Interference efficiency for APE gene

0.00% ~—- T
K

-20.00% -

Figure 1 Primers for plasmid construction and evaluation for interference efficiency. (A) Three pairs of primers. (B) Examination for the

interference efficiency of 3 interference plasmids.

at a density of 1x10° cells/mL. medium and cultured on
6-well plates. M2-type THP-1 cells were transfected with
lentiviral vector APE1"™™™* for 24 h and then incubated
with lipopolysaccharide (LPS) (100 ng/mL)/APE1 inhibitor
(E3330, 20 pM) for another 24 h. About 2 h post-priming,
a total of 5 mM ATP was used to incubate the THP-1 cells
for 45 min, and the conditioned medium of each well was
collected for the following analyses.

Electrophoretic mobility shift assay (EMSA) for AP-1 and
NF-kB DNA binding and western blot

Extraction of the nuclear proteins in M2-type THP-
1 cells were prepared using NE-PER Nuclear and
Cytoplasmic Extraction Reagents, as per the manufacturer’s
instructions (Category No. 78833, Thermo Scientific
Pierce, Rockford, IL, USA) and previously published
studies (18,19). Briefly, AP-1 and NF-xB DNA binding
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in M2-type THP-1 cells was evaluated using EMSA
with associated probes. The biotin-labeled AP-1 probes
were synthesized and are follows: wild AP-1 probe-sense:
5'-CATTTGGAAAATCCAGCTATG-3', anti-sense:
5'-CATAGCTGGATTTTCCAAATG-3'; cold AP-1 probe-
sense: 5'-CATTTGGAAAATCCAGCTATG-3', anti-sense:
5'-CATAGCTGGATTTTCCAAATG-3'; and mutant AP-1
probe-sense: 5'-CATTTTCAAAATAGAGCTATG-3',
anti-sense: 5'-CATAGCTCTATTTTGAAAATG-3".
Specificity for the AP-1 and NF-kB binding was examined
using the competition assay. To evaluate the subunit
composition for the DNA-binding molecules, a specific
antibody, anti-human NF-«xB p105/p50 antibody (Category
No. ab32360, RRID:AB_776748, Abcam Biotechnology,
Cambridge, MA, USA) was employed for the super shift
assay. The above samples were loaded on non-denaturating
6% polyacrylamide gels and let free probe running till
reaching the end of gel. The AP-1 and NF-xB bands
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were examined using the LightShift Chemiluminescent
EMSA Kit, (Category No. 20148; Thermo Fisher
Scientific, USA), while the bands were quantified using
densitometry with Quantity-One 1-D software (version:
4.6.9; Bio-Rad, Hercules, CA, USA). For western blot,
Commercial antibodies were purchased from indicated
vendors: anti-NLRP1 antibody (Category No. ab16091,
RRID:AB_302253, Abcam Biotechnology, Cambridge, MA,
USA); anti-NLRP3 antibody (Category No. ab214185,
RRID:AB_2819003, Abcam Biotechnology, Cambridge,
MA, USA); anti-pro caspase-1 + pl0 antibody (Category
No. ab179515, RRID:AB_2884954, Abcam Biotechnology,
Cambridge, MA, USA); GAPDH (Category No. 2118,
RRID:AB_561053, Cell Signaling Technology, Danvers,
MA, USA); anti-APE1 antibody (Category No. ab194,
RRID:AB_302694, Abcam Biotechnology, Cambridge, MA,
USA); anti-NF-kB p65 antibody (Category No. ab16502,
RRID:AB_443394, Abcam Biotechnology, Cambridge,
MA, USA); anti-c-Jun antibody (Category No. ab32137,
RRID:AB_731608,Abcam Biotechnology, Cambridge,
MA, USA)

Dual-luciferase reporter assay

The 3" untranslated region (UTR) of the APEI gene was
cloned into firefly luciferase reporter vector to generate
the recombinant vector of PDS160_pL6.3-CMV-EGFP-
T2A-Rluc, which was assigned as the wide-type vector.
APE ™™™ was assigned as the mutant-type vector, and used
for dual-luciferase reporter assay. The 293T cells were
cultured for 24 h on 24-well plates and co-transfected using
the PDS160_pL6.3-CMV-EGFP-T2A-Rluc (or APEI™™)
vector and VL.1471_PDS074_pL-TO-IRES-Luc- NLRP3
(or PDS019 vector as control) mimics. Transfections were
conducted with the Lipofectamine 2000 reagent (Invitrogen,
Carlsbad, CA, USA). At 48 h post-transfection, the dual-
luciferase reporter assay system (Promega, Madison, MI,
USA) and the Turner Designs TD-20/20 Luminometer
(Promega, USA) were used to verify luciferase activity
normalizing to the Renilla.

Statistical analysis

In the present study, each experimental condition was
independently repeated three times, data derived from
experiments or tests were defined as mean = standard
deviation and analyzed with SPSS software version 20.0
(SPSS, Chicago, IL, USA). Data were analyzed with the
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Bonferroni post-hoc validated analysis of variance test to
compare differences between groups. P<0.05 was considered
statistically significant.

Results

APE1I induces LPS-induced pro-inflammatory cytokine
production

LPS treatment for THP-1 cells induced significantly
increased levels of pro-inflammatory cytokines, including
INF-a (Figure 2A4), IL1-B (Figure 2B), 1L-18 (Figure 2C),
IL-10 (Figure 2D), and IL-33 (Figure 2E), compared
with those of THP-1 cells without LPS treatments (all
P<0.05). We employed 2 reagents (APEL inhibitor E3330
and APE1™™) for blocking APE1 expression in the
THP-1 cells. The results verified that both E3330 (at
dosage of 2 and 10 uM) and APE1""™* induced the LPS-
triggered production of pro-inflammatory cytokine TNF-a
(Figure 2A), IL-1p (Figure 2B), and 1L-18 (Figure 2C) (all
P<0.05). However, there were no significant effects of
E3330 and APE1"™™* treatment on the production of IL-10
(Figure 2D) and 1L-33 (Figure 2E) (all P>0.05).

APEI promotes LPS-induced NLRP3 inflammasome
activation by modulating gene transcription of NLRP3-
associated molecules

According to the RT-PCR findings, the transcriptions
of inflammatory factors, including TNF-a, NLRPI, and
NLRP3, were obviously increased compared with those
of THP-1 cells without LPS treatments (all P<0.05)
(Figure 34). TNF-o. gene transcriptions were remarkably
suppressed in both THP-1 cells undergoing E3330 and
APE1"™* treatment compared with those in THP-1 cells
without treatments (P<0.05) (Figure 34). Meanwhile,
both E3330 and APE1™™* treatments also significantly
inhibited NLRP3 gene transcriptions in THP-1 cells
compared with those in THP-1 cells without the above
treatments (P<0.05) (Figure 34). However, there were no
obvious effects of E3330 or APE1"™™ treatment on the
gene transcription of the NLRPI molecule in THP-1 cells
(Figure 34).

Moreover, the NLRP3-associated molecules, caspase-1
and ASC, were also determined in LPS-treated THP-1 cells.
The results showed that both E3330 (in a dose-dependent
manner) and APE1™* could decreased caspase-1 (Figure 3B)
and ASC (Figure 3C) gene transcription compared with
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Figure 2 Apurinic/apyrimidinic endonuclease 1/reduction-oxidation effector factor-1 triggered lipopolysaccharide-induced pro-

inflammatory cytokine production in THP-1 cells. Pro-inflammatory cytokine production was detected using enzyme-linked
immunosorbent assay (ELISA). (A) Production and statistical analysis of tumor necrosis factor-a, interleukin (IL)-1p (B), IL-18 (C), IL-10 (D),
and IL-33 (E). *P<0.05 represents significant differences between the two groups.

those in LPS-treated THP-1 cells.

APE1 enbances LPS-induced NLRP3 inflammmasome
activation by regulating NLRP3 and caspase-1 protein
expression

In the present study, the protein expressions of NLRP1,
NLRP3, and caspase-1 were also detected using western blot
assay (Figure 44). The findings indicated that both E3330 (in
a dose-dependent manner) and APE1™™* could remarkably
increase the NLRP3 protein expression (Figure 4B)
and caspase-1 protein expression (Figure 4C) compared with

© Annals of Translational Medicine. All rights reserved.

those in the LPS-treated THP-1 cells (P<0.05). However,
no obvious effects of E3330 and APE1"™™* on NLRPI
protein expression were observed in the LPS-treated THP-
1 cells (P>0.05) (Figure 4B).

APEI improves NLRP3 activity by modulating the
interaction between NLRP3 and NF-xB

To verify whether NLRP3 activation was mediated
by the activation of NF-«kB, the effects of anti-NF-«xB
antibody on NLRP3 activation were determined using the
EMSA method. The EMSA results showed that NLRP3
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Figure 3 Effects of apurinic/apyrimidinic endonuclease 1/reduction-oxidation effector factor-1 (APE1) on the gene transcriptions of NLR

family pyrin domain containing 3 (NLRP3)-associated molecules. APE1 inhibitor (E3330) and plasmid silencing APE1 gene (APE

lshRNA)

were used to treat THP-1 cells. Gene transcriptions of NLRP3-associated molecules, including tumor necrosis factor-a (TNF-o), NLR

family pyrin domain containing 1 (NLRP1), NLRP3, caspase-1, and apoptosis-associated speck-like protein containing a card (ASC) were

determined using reverse transcription-polymerase chain reaction assay. (A) Statistical analysis of the gene transcriptions of TNF-a, NLRP1,

and NLRP3. (B) Statistical analysis of the gene transcriptions of caspase-1. (C) Statistical analysis of the gene transcriptions of ASC. *P<0.05

represents significant differences between the two groups.

could interact with NF-«xB (Figure 5A). The chromatin
immunoprecipitation (ChIP) findings showed that APE1
improved NLRP3 activity by triggering the interaction
between NLRP3 and the NF-«kB molecule (Figure 5B).
Moreover, the dual-luciferase reporter assay also indicated
that both E3330- and APE1"™™*-treated THP-1 cells
demonstrated an interaction between APE1 and the NLRP3
molecule (Figure 5C). Therefore, on the basis of the results,
we found that APE1 could improve NLRP3 activity by its
redox regulation of NF-kB.

© Annals of Translational Medicine. All rights reserved.

APEI upregulates NLRP3 activity through its redox
modulation of NF-kB

APEl-associated transcriptional factors, including p65
and NF-kB, were administrated to the THP-1 cells, and
expressions of NLRP3, p65, and c-Jun were determined
using western blot assay (Figure 64). The statistical analysis
results showed that AP-1 inhibitor treatment decreased
NLRP3 expression in a dose-dependent manner; however,
without significant changes (P>0.05) (Figure 6B). The
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caspase-1 were examined with western blot assay (A). (A) Statistical analysis of NLR family pyrin domain containing 1 and NLRP3 protein

expression in THP-1 cells. (C) Statistical analysis of caspase-1 protein expression in THP-1 cells. *P<0.05 represents significant differences

between the two groups.

administration of the NF-kB inhibitor significantly reduced
NLRP3 expression compared with that in LPS-treated THP-
1 cells (P<0.05) in a dose-dependent manner (Figure 6B).

APE] promotes LPS-induced NLRP3 inflammasome
activation through an NF—KB-dependent pathway

To confirm APEIl-triggered NLRP3 inflammasome
activation, NLRP3 gene transcription was examined in
THP-1 cells undergoing APE1 treatment and/or NF-xB
siRNA interference treatment using RT-PCR assay. The
results indicated that APE1 treatment could obviously
increase NLRP3 gene transcription in LPS-treated
THP-1 cells compared with that in cells without APEI
administration (Figure 74). However, the increased effect

© Annals of Translational Medicine. All rights reserved.

of APEI treatment on NLRP3 gene transcription was
obviously blocked by the additional treatment of NF-
kB siRNA interference (Figure 74). The RT-PCR results
also showed that NF-«kB siRNA interference treatment
significantly inhibited APE1 administration and triggered
a stronger effect on NLRP3 gene transcription (P<0.05)
(Figure 7B). Moreover, we also found that APE1 promoted
LPS-induced NLRP3 inflammasome activation by
increasing the secretion of NF-kB-mediated inflammatory
factors IL-1B and IL-18 (Figure 7C).

Discussion

In the tumor microenvironment, TAMs communicating
with tumors commonly affect the development and

Ann Transl Med 2021;9(2):145 | http://dx.doi.org/10.21037/atm-20-7752
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Figure 5 Determination for the effects of apurinic/apyrimidinic endonuclease 1/reduction-oxidation effector factor-1 on the interaction
between NLR family pyrin domain containing 3 (NLRP3) and nuclear factor-kB (NF-«B) in lipopolysaccharide-treated THP-1 cells. (A)
Interaction between NLRP3 and NF-«B, as determined by electrophoretic mobility shift assay. (B) Interaction between NLRP3 and NF-«B,

as determined by chromatin immunoprecipitation. (C) Interaction between NLRP3 and NF-«B, as determined with dual-luciferase reporter

assay. “P<0.05 represents significant differences between the two groups.

progression of cancers (20,21). Therefore, the polarization
of macrophages is critical for therapeutic effects of reagents
in cancer treatment. In the present study, THP-1 cells
were polarized into the M2 subset macrophages, which
were then incubated with APE1 siRNA interference or
APEL inhibitor. The DNA repair system is crucial for
genomic stabilization and genomic integrity; however, the
high levels of DNA repair might cause drug resistance
or radiation resistance in cancer cells (22). Therefore,
reduction in DNA repair capability can indirectly decrease
the therapeutic effects of anti-tumor drugs. According to
previous reports, DNA repair-associated molecules are
effective targets for cancer treatment (23,24). Of these

© Annals of Translational Medicine. All rights reserved.

molecules, APE1 is considered to be a key target because of
its role in the DNA-base excision repair process, and could
exert oxidation-reduction modifying activity on a series of
transcriptional factors (25,26). APE1 can also activate AP-
1, NF-«B, and other transcription factors through redox,
therefore regulating cell proliferation and differentiation, as
well as inflammatory response. Therefore, we would like to
evaluate the effects of APE1 on the inflammasome in THP-
1 cells and explore the associated mechanisms.

In the present study, we first treated the THP-1 cells
with LPS to generate the inflammatory status, and then
incubated cells with APE-1 inhibitor (E3330) and/or APE-
"™ (27). According to the ELISA results, both E3330

Ann Transl Med 2021;9(2):145 | http://dx.doi.org/10.21037/atm-20-7752
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Figure 6 Apurinic/apyrimidinic endonuclease 1/reduction-oxidation effector factor-1 regulated NLR family pyrin domain containing 3

(NLRP3) activity by modulating the nuclear factor-kB molecule. (A) Western blot assay for the expression of NLRP3, p65, and c-Jun in the

lipopolysaccharide-treated THP-1 cells. (B) Statistical analysis of NLRP3 expression. *P<0.05 represents significant differences between the

two groups.

and APE1"™™* remarkably induced the LPS-triggered
production of pro-inflammatory cytokines TNF-o, IL-1p,
and IL-18. However, there were no significant effects of
E3330 and APE1"™™* treatment on the production of TL.-10
and IL-33. These findings suggest that APEI induced LPS-
induced pro-inflammatory cytokine production. However,
Sawakami ez al. reported that APE-1 silencing causes an
obvious increase in the expression of TNF-a and IL-18
in L-02 cells, which is contrast to our results (28). The
difference in results could be a result of the different applied
cell lines, which need further clarification in future studies.
Based on the APE-1 induced production of pro-
inflammatory cytokine and potential binding site with the
NLRP3 gene, we speculated that APE-1 might also be
involved in the activation of NLRP3 inflammasome (29).
Both E3330 and APE1™"™™* treatments also significantly

© Annals of Translational Medicine. All rights reserved.

inhibited the TNF-a gene and NLRP3 gene transcriptions in
THP-1 cells compared with those in THP-1 cells without
the above treatments; however, without effects on NLRPI
gene transcription. Moreover, the NLRP3 inflammasome-
associated molecules, caspase-1 and ASC (30),
were also determined in LPS-treated THP-1 cells. The
results showed that both E3330 and APE1I"™™* could
decreased caspase-1 and ASC gene transcription. These
results suggest that APE1 could promote LPS-induced
NLRP3 inflammasome activation by modulating the gene
transcription of NLRP3-associated molecules.

A bioinformatics analysis showed that the NLRP3 gene
promoter contains potential AP-1 and NF-«B binding
sites (14), therefore, the effect of APE1 on NLRP3
inflammasome activation might be mediated by the binding
of NLRP3 with transcription factors. The EMSA findings,
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pathway. (A) Western blot assay for APE1 and NLRP3 expression in LPS-treated THP-1 cells. (B) Statistical analysis of NLRP3 expression.

(C) Determination of section of inflammatory factors interleukin (IL)-1p and IL-18 using enzyme-linked immunosorbent assay. *P<0.05

represents significant differences between the two groups.

ChIP results, and dual-luciferase reporter assay found that
APE-1 could improve NLRP3 activity by triggering the
interaction between NLRP3 and the NF-kB molecule.
Therefore, APE1 could improve NLRP3 activity by its
redox regulation of NF-«B. Moreover, we also found that
APE1L upregulated NLRP3 activity through its redox
modulation of NF-kB, which also confirmed the interaction
of NLRP3 and NF-«B.

To evaluate whether the NF-«B signaling pathway
participates in APE1-triggered NLRP3 inflammasome
activation (31), NLRP3 gene transcription was examined
in THP-1 cells undergoing APE!1 treatment and/or NF-xB
siRNA interference treatment. APEI treatment obviously
increased NLRP3 gene transcription in LPS-treated THP-
1 cells; however, this increased effect was obviously blocked

© Annals of Translational Medicine. All rights reserved.

by the additional treatment of NF-kB siRNA interference.
Moreover, APE1 could also promote LPS-induced NLRP3
inflammasome activation by increasing the section of
NF-«B-mediated inflammatory factors IL-1P and IL-18.
These results suggest that APE1 promotes LPS-induced
NLRP3 inflammasome activation through an NF-kB-
dependent pathway.

Conclusions

The present study showed that APE1, as an important
oxidative stress effector molecule, regulates NLRP3
expression through its redox modification, therefore further
promoting the secretion of inflammatory mediators IL-1f
and IL-18 via THP-1 cells (Figure §). The study confirmed

Ann Transl Med 2021;9(2):145 | http://dx.doi.org/10.21037/atm-20-7752
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Figure 8 Diagrammatic sketch for the mechanism of apurinic/apyrimidinic endonuclease 1/reduction-oxidation effector factor-1 (APEI)

regulating NLR family pyrin domain containing 3 (NLRP3) to promote the secretion of inflammatory mediators by tumor-associated

macrophages. Inflammatory mediators stimulate the APE1 molecule, which trigger the interaction between NLRP3 and the nuclear

factor-kB molecule in the cytoplasm of cells. Inflammatory factors, such as pro-inflammatory interleukin-1pB, were produced, and NLRP3

inflammasome was generated in the macrophages.

that APE1 may regulate the expression of NLRP3 by
modulating transcription factor NF-«kB. We explored
the regulatory mechanism of NLRP3 transcription and
secretion of inflammatory mediators in TAMs from a new
perspective, and provided theoretical and experimental
bases for the design of TAM-targeted therapy, with APEI

as the target molecule.
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