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Neutrophil extracellular traps (NETs) are upregulated and promote thrombosis in Behçet’s
disease (BD). However, whether NETs promote autoinflammation in BD remains unclear.
This study aimed to investigate the potential role of NETs in promoting macrophage
activation in BD. Firstly, we quantified NETs by measuring double-stranded DNA (dsDNA)
using PicoGreen and calculating the proportion of NETosis. Then macrophages were
stimulated with BD- or healthy controls (HC)-derived NETs, and IL-8 and TNF-a
production and IFN-g+ CD4+ T cells differentiation were measured using ELISA and flow
cytometry, respectively. The protein components in NETs were analyzed by western blot.
Macrophages were stimulated with Histone H4 neutralized NETs, and IL-8 and TNF-a
production were measured using ELISA. The level of 8-hydroxydeoxyguanosine (8-
OHdG) DNA in NETs was measured using ELISA. The levels of reactive oxygen species
(ROS) in serum and neutrophils were measured using ROS probes by a microplate reader
and flow cytometry. We found that circulating NETs and neutrophil-derived NETs were
significantly higher in BD than HC. BD NETs stimulated macrophages produced higher
levels of IL-8 and TNF-a, and promoted IFN-g+ CD4+ T cells differentiation. BD NETs were
enriched in Histone H4, and neutralizing Histone H4 abrogated the BD NETs-mediated IL-
8 production by macrophages, but not TNF-a. Also, BD neutrophils produced more 8-
OHdG DNA than HC neutrophils, and the percentage of 8-OHdG DNA in dsDNA from BD
neutrophils was also higher than that of HC neutrophils. The ROS levels in serum and
neutrophils were both higher in BD than HC. Our findings suggested that excessive BD
NETs promoted macrophages activation and facilitated IFN-g+ CD4+ T cells differentiation.
Higher levels of Histone H4 and oxidized DNA in BD NETs might mediate
macrophages hyperactivation.
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INTRODUCTION

Behçet’s disease (BD) is a chronic inflammatory disease characterized
with neutrophils hyperactivation (1). Beyond chemotaxis,
phagocytosis, and superoxide production, neutrophils release
neutrophil extracellular traps (NETs), the extracellular web-like
structures of decondensed chromatin decorated with proteins from
the cytosol and neutrophil granules (2). NETs are enriched in serum
and deposit in inflamed vessels, cutaneous vasculitis and panniculitis
in BD patients (3, 4), which are cytotoxic for endothelial cells (4) and
promote procoagulant state (3) in BD patients.

NETs are internalized and degraded by macrophages (5) and
promote the release of proinflammatory cytokines (6, 7). NETs
are the primary source of extracellular DNA and induce
macrophages activation in Adult-onset Still’s disease (8).
However, it remains unclear whether NETs contribute to the
inflammatory milieu in BD, such as regulating macrophage
activation and imbalanced Th1 cells polarization.

In this study, we aimed to investigate whether NETs promoted
macrophages activation in BD and its underlying mechanisms.
METHODS

Patients and Controls
Treatment-naive BD patients (n = 38) fulfilled the international
criteria for Behçet’s disease (ICBD) were enrolled in Peking
Union Medical College Hospital (PUMCH) from April 2018 to
November 2020. The following clinical data were collected:
clinical manifestations, erythrocyte sedimentation rate (ESR), C
reaction protein (CRP), and BD Current Activity Form 2006
(BDCAF2006) (Supplementary Table). Age- and sex-matched
healthy volunteers (n = 36) without a history of autoimmune
diseases were enrolled as healthy controls (HC). The study was
approved by the institutional ethics review board of PUMCH. All
participants provided written informed consent.
Neutrophils Isolation and Serum Collection
Peripheral blood samples were collected from BD and HC.
Neutrophils were isolated using Ficoll density gradient
centrifugation according to the manufacturer’s instructions at
1,800× rpm/min for 20 min at 24°C. The neutrophil layer was
harvested, treated with erythrocyte lysis buffer, washed with PBS,
and resuspended in RPMI-1640 medium. HC and BD serum
was prepared from serum collection tubes and collected after
centrifugation at 3,500×rpm/min for 5 min and stored at −80°C
until analysis.
Double-Stranded DNA (dsDNA)
Quantification
HC and BD neutrophils (1×106) were unstimulated or stimulated
with 25 nM PMA (Sigma, USA) for 4 h at 37°C, 5% CO2 in 24-
well plates. The supernatant was centrifuged at 500×g for 10 min
and was stored at −80°C until use. The supernatant and HC and
BD serum were 1:10 diluted and quantified using Quant-iT
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PicoGreen dsDNA assay kit (Invitrogen, USA). The samples
were incubated with PicoGreen 5 min at room temperature and
protected from light. The plates were then excited at 485 nm, and
the fluorescence emission intensity was measured at 520 nm.

Immunofluorescence Staining of NETs
Neutrophils (5 × 105) were seeded onto poly-L-Lysine-coated
coverslips in 24-well plates and were unstimulated or stimulated
with 25 nM PMA for 4 h at 37°C, 5% CO2. Cells were fixed with
4% paraformaldehyde for 10 min, then were washed with PBS,
permeabilized with 0.5% Triton X-100 for 10 min and blocked
with 2% BSA for 30 min. Cells were incubated with rabbit anti-
neutrophil elastase (NE) antibody (1:500; Abcam, UK, ab131260)
overnight at 4°C, washed with PBS, and incubated with Alexa
488-conjugated goat anti-rabbit antibody (Invitrogen, USA,
A11034) for 1 h, then incubated with DAPI (Beyotime, China)
for 5 min at room temperature. The washed coverslips were
mounted onto slides and were imaged using confocal microscopy
(Nikon microscope, Nikon NIS Elements v 4.20 software; Japan).
The proportion of NETs formation (NETosis) induced in
neutrophils was quantified using Image J software. The percent
of NETosis was calculated as follows: (Number of cells showing
NETosis/Total number of cells) × 100%.

NETs Production
Neutrophils (2×106) were stimulated with 25 nM PMA for 4 h at
37°C, 5% CO2 in 6-well plates to induce NETs formation. The
supernatant was discarded and wells were washed with ice-cold
DPBS. The washed solution was centrifuged at 400×g for 10 min
at 4°C. Neutrophils and cell debris were pelleted at the bottom,
leaving the supernatants enriched with NETs. Then NETs were
pelleted at 17000×g for 10 min at 4°C. Pellets containing NETs
were resuspended together in cold PBS and stored at −80°C until
use. The DNA concentrations of NETs were measured using a
spectrophotometer (9).

NETs Stimulated Macrophages
Monocytes were isolated from HC peripheral blood mononuclear
cells (PBMC) using CD14 magnetic beads (Miltenyi, Germany)
and were incubated in DMEM supplemented with 10 ng/ml M-
CSF (Sigma, USA) and 10% FBS for 7 days to differentiate to
human monocyte-derived macrophages (HMDM). HMDM were
stimulated with NETs (10 mg) from PMA-stimulated HC and BD
neutrophils for 24 h. Supernatant IL-8 and TNF-a were measured
by ELISA (Biolegend, USA). Furthermore, naive CD4+ T cells
(1×105) were isolated from HC PBMCs using naive CD4+ T
magnetic beads (Miltenyi, Germany) and were incubated with
HMDM (2×104) stimulated with plate-bound anti-CD3, soluble
anti-CD28, IL-2, and anti-IL-4 for 5 days. Cells were stimulated
with a leukocyte activation cocktail (Bioscience, USA) for 5 h, and
IFN-g+ CD4+ (Biolegend, USA) T cells were measured by a
flow cytometer.

Immunoblotting of NETs Proteins
NETs from PMA-stimulated HC and BD neutrophils with equal
DNA quantity were digested with 20 U/ml DNaseI (Sigma, USA)
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https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Li et al. Neutrophil Extracellular Traps Promote Aberrant
for 30 min at 37°C and stopped with 5 mM EDTA. Proteins were
precipitated with cold acetone at −20°C overnight and pelleted at
14,000×g for 10 min at 4°C. The pellets were resuspended in lysis
buffer containing 1% Triton X-100, 150 mM NaCl, 20 mM
HEPES and protease inhibitors (Beyotime, China). Proteins
were loaded with SDS loading buffer, denatured at 95°C for
5 min, and stored at −80°C. NETs proteins were loaded onto 4%–
20% polyacrylamide gels, and the gels were transferred to PVDF
membranes for 1 h at 200 mA. Membranes were blocked with
QuickBlock blocking buffer (Beyotime, China) and were
incubated with anti-Histone H1, anti-Histone H2A, anti-Histone
H2B, anti-Histone H3, anti-Histone H4, anti-NE, anti-S100A8
(rabbit, Abcam, UK) antibody at 4°C overnight. HRP-conjugated
goat anti-rabbit antibodies (Abcam, UK) were incubated for 1 h.
Blots were developed with chemiluminescence and detected by
Tanon 5200 (China). Protein levels were quantified by Image J
software and measured with absolute optical density values, given
no reference control protein available.
Histone H4 Neutralization
NETs (10 mg) from PMA-stimulated HC and BD neutrophils
were digested with 20 U/ml DNaseI (Sigma, USA) for 30 min,
and NETs and Histone H4 were pretreated with 1:50 anti-
Histone H4 antibody (Cell signaling, USA) for 1 h.
Macrophages were stimulated with anti-Histone H4-treated or
untreated Histone H4 (20 mg, Biolabs, USA), BD NETs or HC
NETs for 24 h. Supernatant IL-8 and TNF-a were measured by
ELISA (Biolegend, USA) at 450 and 570 nm.
8-hydroxydeoxyguanosine (8-OHdG) DNA
Quantification
Oxidized DNA in HC and BD serum and neutrophils culture
supernatant were measured using 8-OHdG ELISA Kit (CUSABIO,
China), according to the manufacturer’s instructions. The samples
were incubated with diluted 8-OHdG antibody 30 min at 37°C,
followed by washing three times wells and incubating with HRP-
conjugated streptavidin 30 min at 37°C. The assay was developed
with TMB, and absorbance was analyzed at 450 nm.
Reactive Oxygen Species (ROS) Detection
HC and BD neutrophils (1×106) were unstimulated or stimulated
with 25 nM PMA (Sigma, USA) for 10 min at 37°C, 5% CO2 in
24-well plates. Then neutrophils were incubated with ROS probe
(DCFH-DA, Solarbio, China), and median fluorescence intensity
(MFI) was measured by flow cytometry. HC and BD serum ROS
were detected by BBoxiProbe O12 assay kit (BestBio, China). HC
and BD serum were incubated with O12 probe 15 min at 37°C
and protected from light. The samples were excited at 488 nm,
and the fluorescence emission intensity was measured at 530 nm.
Statistical Analysis
Data were expressed as mean ± Standard Deviation or median
(range). The Kolmogorov-Smirnov test tested the normality of
the distribution of data. Comparisons between two groups were
Frontiers in Immunology | www.frontiersin.org 3
performed using Student’s t-test or Mann-Whitney U test, and a
paired t-test was used to compare the differences between before
and after treatment. Multiple comparisons were performed by
ANOVA with LSD for post hoc test if the data is normal
distribution and homogeneity of variance. Correlations were
calculated using Pearson correlation analysis. A two-tailed p-
value < 0.05 was considered statistically significant. All statistical
analysis was performed using SPSS V.22.0 software (IBM, USA).
RESULTS

BD Neutrophils Produced a Higher Level
of NETs
We first measured circulating NETs in BD patients and HC. The
serum dsDNA level was significantly higher in BD patients than
that in HC [2290 (1272, 3345) ng/ml vs. 1355 (904.1, 2847) ng/ml,
p = 0.0031] (Figure 1A), which was positively correlated with CRP
(r2 = 0.5, p = 0.005) (Figure 1B). Furthermore, both unstimulated
(849 ± 302.3 ng/ml vs. 503.8 ± 130.5 ng/ml, p = 0.0004) and PMA-
stimulated (1,641 ± 827.4 ng/ml vs. 1,137 ± 419.8 ng/ml, p =
0.0443) neutrophils from BD patients produced more dsDNA
than those from HC (Figure 1C). Immunofluorescence staining
revealed that both unstimulated (15.1 ± 4.6% vs. 3.3 ± 3%, p =
0.0015) and PMA stimulated (41.3 ± 7.8% vs. 12.9 ± 2.5%, p <
0.0001) neutrophils from BD patients produced significantly more
NETs than HC neutrophils, showing extensive NETs formation
characterized with neutrophils swollen, changed in shape and
spontaneously releasing net-like structure containing NE and
DNA (Figures 1D, E). Together, neutrophils from BD produced
more NETs than those from HC.
BD NETs Promoted Macrophages
Activation
We then examined whether NETs promoted macrophages
activation in BD. We stimulated HC macrophages with the
equal DNA quantity of NETs and found that BD NETs
significantly induced macrophages to produce IL-8 (16.7 ± 4.3
ng/ml vs. 12.9 ± 4.1 ng/ml, p = 0.04) and TNF-a (166.4 ± 61.1 pg/
ml vs. 102.4 ± 48.4 pg/ml, p = 0.005) compared with HC NETs
(Figures 2A, B). We further incubated NETs-stimulated
macrophages with naive CD4+ T cells and observed that BD
NETs-stimulated macrophages promoted more IFN-g+ CD4+ T
cells differentiation than HC NETs-stimulated macrophages (29.6 ±
7.8% vs. 19.9 ± 6.8%, p = 0.007) (Figures 2C, D). Therefore, BD
NETs promoted macrophages to produce more proinflammatory
cytokines and facilitated Th1 cells differentiation, suggesting that
NETs played a role in macrophages activation in BD.
Elevated Histone H4 in BD NETs Promoted
Macrophages to Overproduce IL-8
We further elucidated the mechanism of the proinflammatory
effect of BD NETs. Given histones are the backbone proteins of
DNA and are essential components of NETs. We first investigated
the main protein composition in BDNETs. We measured Histone
February 2021 | Volume 11 | Article 590622
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H1, Histone H2A, Histone H2B, Histone H3, Histone H4, as well
as NE and S100A8, the major non-histone proteins of NETs. We
observed that BD NETs were enriched in Histone H4 [OD,
289,076 (144,365, 544,038) vs. 42,121 (6,958, 129,625], p =
0.0286) (Figures 3A, B). Additionally, we found that serum
Histone H4 level was significantly higher in BD patients than
HC [92.6 (15.9, 341.9) pg/ml vs. 48.1 (15.8, 71.4) pg/ml, p = 0.03]
(Figure 3C). To confirm whether Histone H4 promoted
macrophage activation, we neutralized Histone H4 in NETs and
evaluated IL-8 and TNF-a production by macrophages.
Neutralizing Histone H4 abrogated the BD NETs-mediated IL-8
overproduction by macrophages (14 ± 2.9 ng/ml vs. 10 ± 2.1 ng/
ml, p = 0.02), but not HC NETs (Figure 3D). In contrast, there
was no difference in TNF-a production before and after
Frontiers in Immunology | www.frontiersin.org 4
neutralizing Histone H4 both in HC and BD NETs
(Supplementary Figure 1), suggesting Histone H4 might
promote the overproduction of IL-8 but not TNF-a. In
summary, BD NETs abnormally contained a higher level of
Histone H4, and elevated Histone H4 in BD NETs might
contribute to promote macrophages activation to overproduce
IL-8.

BD NETs Contained More Oxidized DNA
We also explored the abnormal DNA composition in BD NETs.
Given that oxidized DNA of NETs was reported as a potent
inducer of proinflammatory cytokines (10), we measured the
percentage of 8-OHdG DNA, an oxidized DNA, in dsDNA in
BD NETs and HC NETs. Consistently with prior result, the
A

C

E 

D

B

FIGURE 1 | BD neutrophils produce higher level of neutrophil extracellular traps (NETs). (A) Serum dsDNA from HC (n = 11) and BD (n = 13). (B) Correlation of
serum dsDNA with CRP in BD (n = 13). (C) Unstimulated or PMA-stimulated HC (n = 15) and BD (n = 15) neutrophils were incubated for 4 h, and supernatant
dsDNA was measured using PicoGreen. (D) Representative immunofluorescence staining of NETs produced by unstimulated or PMA-stimulated HC and BD
neutrophils. Green and blue denote neutrophil elastase (NE) and DNA, respectively. magnification 400×, zoom in×3, scale bars = 10 µm. (E) The proportion of
NETosis induced in unstimulated and PMA-stimulated HC (n = 5) and BD (n = 5) neutrophils. Bars indicate mean value and Standard Deviation. Mann-Whitney U test
(A), Pearson correlation analysis (B) and Student’s t-test (C, E) were applied. *p < 0.05, **p < 0.01, ***p < 0.001. BD, Behçet’s disease; HC, healthy controls; ns,
not significant.
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serum dsDNA level was higher in BD (Figure 4A). As expected,
the quantity of 8-OHdG DNA and the percentage of 8-OHdG
DNA in dsDNA were higher in BD serum than HC serum
(176.8 ± 38.9 ng/ml vs. 91.6 ± 29 ng/ml, p = 0.0006; 9.4 ± 2.2% vs.
7 ± 1.7%, p = 0.0375, respectively) (Figures 4B, C). The
supernatant dsDNA level was higher in unstimulated and
stimulated BD neutrophils than that of HC neutrophils
(Figure 4D). Furthermore, we measured supernatant 8-OHdG
DNA from BD and HC neutrophils. Consistently, both
unstimulated and stimulated BD neutrophils produced more 8-
OHdG DNA than HC neutrophils (2.6 ± 0.8 ng/ml vs. 1.3 ± 0.3
ng/ml, p = 0.0032; 3.8 ± 1.6 ng/ml vs. 1.8 ± 0.3 ng/ml, p = 0.0111,
respectively) (Figure 4E), and the percentage of 8-OHdG DNA
in dsDNA from BD neutrophils were also higher than that of HC
neutrophils, (0.3 ± 0.1% vs. 0.2 ± 0.1%, p = 0.0281; 0.4 ± 0.1% vs.
0.3 ± 0.1%, p = 0.0088, respectively) (Figure 4F). Thus, these
results indicated that BD NETs were enriched in oxidized DNA.
Because the oxidized DNA was induced by ROS, we further
compared the ROS levels in serum and neutrophils isolated from
HC and BD. The serum ROS level was higher in BD patients than
that of HC (OD, 8.4 ± 4.7 vs. 5.6 ± 3.4, p = 0.0288)
(Supplementary Figure 2A), and BD neutrophils produced
more ROS than HC neutrophils both in resting (564.3 ± 98.5
MFI vs. 464.3 ± 59.3 MFI, p = 0.013) and PMA-stimulation
conditions (1,311 ± 265.1 MFI vs. 1,000 ± 129.1 MFI, p = 0.0037)
(Supplementary Figure 2B). Therefore, these data suggest the
Frontiers in Immunology | www.frontiersin.org 5
overproduction of ROS in BD neutrophils, which potentially
induced the more oxidized DNA in BD NETs and then the
higher proinflammatory macrophages’ response.
DISCUSSION

In this study, we confirmed that NETs were overproduced in BD.
Furthermore, we demonstrated that BD NETs induced aberrant
macrophages activation and the underlying mechanisms, which
might be mediated by the higher levels of Histone H4 and
oxidized DNA.

We confirmed that BD neutrophils produced more NETs than
HC neutrophils, which indicated that BD neutrophils were
overactivated. The underlying mechanism remains largely
unknown. Sandro et al. show that a higher level of plasma
sCD40L promotes excessive oxidative burst of neutrophils and
the production of NETs in BD (11). In addition, elevated
proinflammatory cytokines, chemokines and adhesion molecules
in BD, such as IL-17, IL-8, MIP-2, CD54, and CD62E (12, 13), also
regulate neutrophils activation, which might be the potential
mechanism of NETs overproduction in BD.

NETs induce macrophages to produce proinflammatory
cytokines in pyogenic arthritis, pyoderma gangrenosum and acne
syndrome (6), and systemic lupus erythematosus (7). Given that BD
A

C

B D

FIGURE 2 | BD neutrophil extracellular traps (NETs) promote macrophages activation. Macrophages were stimulated with HC NETs (n = 11) or BD NETs (n = 11)
for 24 h, and (A) IL-8 and (B) TNF-a production were measured using ELISA. NETs-stimulated or untreated macrophages were incubated with naive CD4+

T cells for 5 days, and (C, D) IFN-g+ CD4+ T cells (n = 9) were measured by flow cytometry. Bars indicate mean value and Standard Deviation. One-way ANOVA
with LSD for post-hoc test was applied. *p < 0.05, **p < 0.01. BD, Behçet’s disease; HC, healthy controls. ns, not significant.
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is an autoinflammatory disease, we hypothesized that NETs from
BD patients could also activate macrophages. We observed BD
NETs promoted macrophages to produce IL-8 and TNF-a, the key
proinflammatory cytokines in BD. IL-8 attracts, activates
neutrophils and enhances neutrophils adhesion to endothelial
cells (14), resulting in NETs-driven vicious inflammatory cascade
response and driving the progression in BD. TNF-a is highly
expressed in BD (15), and TNF-a blockades are effective for
severe and refractory BD (16, 17). Furthermore, macrophages also
regulate T cell activation. We found that macrophages stimulated
with BD NETs promoted Th1 cells differentiation, a major player in
BD (18). Therefore, our data highlighted that BD NETs might
participate in macrophages overactivation in BD, and targeting
NETs might be an approach to suppress Th1 cells differentiation
in BD.

Over 164 proteins are reported in NETs (19), including
histones, NE, calprotectin and other antimicrobial proteins (20,
Frontiers in Immunology | www.frontiersin.org 6
21). Histones are the most abundant proteins in NETs,
accounting for 70% of NET-associated proteins (20).
Extracellular histones are potential mediators of systemic
inflammatory diseases via activating TLR2, TLR4, TLR9 and
NLRP3 inflammasomes, promoting cell-mediated apoptosis
(22). Beyond histones, NE and S100A8, the major non-histone
proteins in NETs are also agonists of TLRs and cytotoxic
mediators (23, 24). However, no difference in NE or S100A8
was observed. We found that the higher level of Histone H4 was
partially responsible for the proinflammatory effect of BD NETs.
Histone H4 participates in tissue damage and organ injury by
activating the MAPK signaling pathway (25). It is correlated with
higher levels of proinflammatory cytokines and chemokines in
bronchoalveolar lavage fluid in acute lung injury model (26), and
anti-Histone H4 improves the survival of sepsis in mice (27).
Thus, the higher level of Histone H4 in BD NETs might mediate
aberrant macrophage activation, especially the induction of IL-8.
A

C D

B

FIGURE 3 | Histone H4 in BD neutrophil extracellular traps (NETs) promotes macrophages activation. (A) Representative images and (B) summary of western blot
of Histone H1, Histone H2A, Histone H2B, Histone H3, Histone H4, NE, and S100A8 in HC NETs (n = 4) and BD NETs (n = 4). (C) Serum Histone H4 from HC (n =
8) and BD (n = 16) were measured by ELISA. (D) HC NETs (n = 4) or BD NETs (n = 4) were pretreated with anti-Histone H4 antibody, and stimulated macrophages
for 24 h. IL-8 production was measured using ELISA. Bars indicate mean value and Standard Deviation. Mann-Whitney U test (B-C), paired t-test (D) and Student’s
t-test (D) were applied. *p < 0.05. BD, Behçet’s disease; HC healthy controls; ns, not significant.
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Whether the higher level of Histone H4 in BD NETs mediated
more Th1 cells differentiation remains further determined in our
future studies. Besides, Le Joncour et al. report NETs promote
thrombosis in BD patients (3). Since Histone H4 is cytotoxic for
endothelial cells (27) and directly induces platelet aggregation
(28), the higher level of Histone H4 in NETs might also
contribute to the thrombosis in BD. Notably, other proteins in
BD NETs might also play a role in regulating macrophages
activation, which requires high-throughput methods to explore.

NETs also enrich nucleotides. 8-OHdG DNA is a marker of
DNA oxidative damage and generated by ROS targeting at the
C8 position of deoxyguanosine and adding hydroxyl radical (29).
The more robust ROS production in BD neutrophils (4) might
mediate the elevated 8-OHdG DNA in BD NETs. 8-OHdG DNA
is a potent inducer of IL-6, TNF-a for PBMC (10). Lood C et al.
show that 8-OHdG DNA is presented as a trace amount in NETs
DNA and is a more potent inducer of proinflammatory cytokines
than non-oxidized NETs DNA (10). Although we found a small
increase in oxidized DNA in BDNETs compared with HC NETs,
the proinflammatory effect of oxidized BD NETs DNA might be
amplified by the overproduction of BD NETs. Given a higher
level of oxidized NETs DNA potentially drive a stronger
inflammation, the small increase in oxidized BD NETs DNA
might play a role in BD inflammation. Besides, Gehrke N et al.
report that the oxidized DNA, but not non-oxidized DNA, is
resistant to exonuclease TREX1 degradation, accumulates in the
cytoplasm and induces cGAS-STING-dependent type-I IFN
(30). Thus, we proposed that BD neutrophils released NETs
enriched with oxidized DNA, which might also promote
Frontiers in Immunology | www.frontiersin.org 7
proinflammatory cytokines in macrophages and drive the
inflammatory in BD.
CONCLUSIONS

In summary, excessive BD NETs promoted macrophages
hyperactivation and the overproduction of proinflammatory
cytokines and facilitated Th1 cells differentiation. A higher level of
Histone H4 in BD NETs contributed to the overproduction of IL-8
by macrophages, and enriched oxidized DNA in BD NETs might
also mediate macrophages hyperactivation.
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