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Neutrophils represent the most abundant cell type in peripheral blood and

exhibit a remarkably brief (6–8 h) half-life in circulation. The fundamental

role of these professional phagocytes has been established in acute inflam-

mation, based on their potential to both initiate and receive inflammatory

signals. Furthermore, neutrophils also take part in maintaining chronic

inflammatory processes, such as in various autoimmune diseases. Here, we

demonstrate that human autologous apoptotic neutrophils are readily

engulfed by immature monocyte-derived dendritic cells (moDCs) with simi-

lar efficiency as allogeneic apoptotic neutrophils [Majai G et al. (2010) J

Leukoc Biol 88, 981–991]. Interestingly, in contrast to the allogeneic sys-

tem, exposure of moDCs to autologous apoptotic neutrophils inhibits

LPS + IFN-c-induced production of inflammatory cytokines in a phago-

cytosis-independent manner. Autologous apoptotic neutrophil-primed DCs

are able to modulate T-cell responses by inducing the generation of IFN-c-
secreting cells while hampering that of IL-17A-producing cells. Our obser-

vations indicate that capture of autologous apoptotic neutrophils by imma-

ture DCs may impede further neutrophil-mediated phagocytosis and tissue

damage, and allow increased clearance of dying cells by macrophages.

Neutrophils represent the most abundant cell types

in blood circulation due to their constant production

in the bone marrow. The essential role of these cells in

acute inflammation has previously been attributed to

three important antimicrobial mechanisms, that is

phagocytosis, degranulation and the release of extra-

cellular traps (NETs). However, literature data also

demonstrate that neutrophils possess a sophisticated
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repertoire of functional responses including the pro-

duction of cytokines and a wide array of inflammatory

factors with the potential to modulate or influence

activities of other cell types, thus contributing to the

development of chronic inflammatory reactions [1,2].

In case of ongoing inflammation, the first cell types

emerging are the neutrophils, which are recruited

rapidly to the site of pathogen entry or tissue damage

[3]. Being present in the peripheral tissues, neutrophils

acquire the potential to initiate and receive signals

with the capability to modulate the functional attri-

butes of both innate and adaptive immune responses

[4]. Among neutrophil-derived mediators, alarmins are

able to recruit conventional and plasmacytoid den-

dritic cells (DCs) as well as precursors of DCs to the

site of inflammation [5]. Human monocyte-derived

DCs (moDCs) act as professional antigen-presenting

cells (APCs) and can readily be recruited to sites of

infection, thus playing an essential role in linking

innate and adaptive immunity through the induction

of antigen-specific T cells and having the potential to

stimulate antigen-specific MHC class II-restricted

CD4+ cells as well as MHC class I-restricted CD8+ T-

cell responses referred to as ‘cross-priming’ [6].

The interaction of neutrophils and moDCs is regu-

lated either by contact-dependent mechanism or via

the action of alarmins, cytokines, inflammatory media-

tors and extracellular vesicles [5,7]. A number of alar-

mins are released from neutrophil granules in response

to exogenous and/or endogenous danger signals and

able to recruit and activate professional APCs, thus

initiating adaptive immune responses [5]. The engulf-

ment of allogeneic apoptotic neutrophils by moDCs

depends not only on immunogenic signals released

from the dying cells, but also on the subtype of the

contributing other cells which in turn might be depen-

dent on the actual tissue environment [8]. It has been

shown in our previous study that CD1a– moDCs are

more active in the engulfment of apoptotic neutrophils

than CD1a+ moDCs [9]. Importantly, the engulfment

of allogeneic apoptotic neutrophils has also been

found to sensitize CD1a� moDCs for high IL-8, TNF-

a and IL-6 secretion, while CD1a+ cells respond to

allogeneic apoptotic neutrophils and additional inflam-

matory stimuli with elevated IL-12 and IL-10 produc-

tion resulting in the polarization of autologous T

lymphocytes to Th1-type effector cells [9].

Various strategies with the potential to modulate neu-

trophil killing, phagocytosis, degranulation, oxidative

burst, NET release and subsequent NET engulfment,

together with their impact on moDC-mediated activi-

ties, have already been studied [10–12]. Importantly,

only limited data are available on the possible effects of

human autologous apoptotic neutrophils on moDC

functions and on their impact on the outcome of T-cell

responses. In this study, we used an in vitro phagocytic

system established and optimized previously [13] for

monitoring the possible effects of autologous apoptotic

neutrophils on human moDCs. Here, we confirm that

the phagocytosis of apoptotic neutrophils by moDCs is

not affected by the autologous or allogeneic origin of

the neutrophils. Exposure to autologous apoptotic neu-

trophils decreases inflammatory cytokine production by

moDCs in a phagocytosis-independent manner. Cocul-

ture with autologous apoptotic neutrophil-primed

moDCs enhances IFN-c, while it decreases IL-17A pro-

duction by autologous T cells.

Materials and methods

Cell culture reagents

Human peripheral blood mononuclear cells (PBMCs) were

isolated from healthy blood donors by density gradient cen-

trifugation using Ficoll Paque Plus (Amersham Biosciences,

Buckinghamshire, UK) as described previously [9]. To gener-

ate immature moDCs, the freshly isolated monocytes were

plated into six-well culture dishes (Costar, Merck, Darmstadt,

Germany) at a density of 2 9 106 cells�mL�1 and cultured for

5 days in AIMV medium (Invitrogen, Carlsbad, CA, USA)

containing 800 U�mL�1 GM-CSF and 500 U�mL�1 IL-4

(PeproTech EC, London, UK). On day 3, the same amounts

of GM-CSF and IL-4 were added to the cell cultures. Autolo-

gous neutrophils were isolated from freshly drawn human

peripheral blood samples by density gradient centrifugation

using Histopaque 1119 and Histopaque 1077 (Sigma-Aldrich,

Budapest, Hungary). The cells were cultured for 16 h in

IMDM (Invitrogen) supplemented with 10% human AB

serum (Sigma-Aldrich) to let the cells undergo spontaneous

apoptosis. Monocyte-depleted autologous PBMCs were kept

at �70 °C in cell-freezing medium (FBS–DMSO at 9 : 1 all

from Sigma-Aldrich).

All experiments were undertaken with the understanding

and written consent of each subject and meet the standards

set by the Declaration of Helsinki. The study methodolo-

gies were approved by the local ethics committee.

Human phagocytosis assays

Human moDCs were stained with the CellTracker Orange

CMTMR ((5-(and-6)-(((4-chloromethyl)benzoyl)amino)te-

tramethylrhodamine) (Invitrogen), whereas the freshly iso-

lated neutrophils were labelled with the green-yellow

fluorescent cell-tracker dye CFDA-SE (5-(and-6)-car-

boxyfluorescein diacetate, succinimidyl ester) (Invitrogen)

as described previously [13]. The labelled apoptotic neu-

trophils were washed three times with PBS, while moDCs
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were counted and replated in fresh medium. In some

experiments, moDCs were pretreated with 15 µM cytocha-

lasin D (CytD; Sigma-Aldrich) for 30 min. The moDCs

and the apoptotic neutrophils were cocultured for 8 h at a

ratio of 1 : 5 at 37 °C in a humidified atmosphere contain-

ing 5% CO2. After that, moDCs were collected by

trypsinization, washed repeatedly with PBS and fixed with

1% PFA in PBS (Sigma-Aldrich). Phagocytosis was investi-

gated by flow cytometry analysis (FACSAria III cytometer,

BD Biosciences, K€ornye, Hungary, Immunocytometry Sys-

tems). The orange-yellow emission of the DCs and the

green-yellow emission of the neutrophils were clearly distin-

guishable (Fig. 1B). DCs in the DC–apoptotic neutrophil

coculture samples were gated by the help of CMTMR

staining. The phagocytosis was estimated by the CFDA-SE

fluorescence of the gated DCs (indicated as CFSE on the

figure plots). Cytometric data were analysed by the FLOWJO

software (Tree Star, Ashland, OR, USA).

Cell surface labelling

To detect CD1a and DC-SIGN (CD209) expression, moDCs

were washed in PBS supplemented with 0.5% bovine serum

albumin and the cells were labelled in residual volume ice-cold

buffer for 30 min with allophycocyanin (APC)-conjugated

mouse anti-human CD1a and fluorescein isothiocyanate

(FITC)-conjugated mouse anti-human CD209 monoclonal

antibodies (BioLegend, San Diego, CA, USA). Cell analysis

was performed by a FACSCalibur or FACSAria III flow

cytometers (BD Biosciences, Immunocytometry Systems).

Determination of cytokine release

The differentiated moDCs were cocultured with autologous

apoptotic neutrophils for 8 h as described above. Culture

supernatants were harvested and stored at �20 °C until cyto-

kine measurements. A fraction of the cells was washed with

PBS and then treated with 0.1 lg�mL�1 LPS

(Escherichia coli; Alexis Biochemicals, San Diego, CA, USA)

and 10 ng�mL�1 IFN-c (PeproTech) for another 16 h, and

the supernatants were collected and stored at �20 °C until

cytokine measurements. The chosen LPS + IFN-c concen-

tration effectively stimulated the moDC pro-inflammatory

cytokine production in previous experiments. The concentra-

tions of IL-8, IL-6, TNF-a and IL-12p70 were measured by

using the human inflammatory cytometric bead array (BD

Pharmingen, Diagon, Budapest) approach.

Human cytokine ELISPOT assays

Monocyte-derived DCs were cocultured with nonlabelled

autologous apoptotic neutrophils for 8 h followed by seed-

ing the moDCs to 48-well plates. Apoptotic cell-primed

moDCs were cocultured with autologous lymphocytes at a

ratio of 1 : 25 for 5 days at 37 °C in a humidified atmo-

sphere containing 5% CO2. On day 5, the nonadherent

lymphocytes were collected and subjected to IFN-c and IL-

17A detection for 48 h by using ELISPOT assays (IFN-c –
eBioscience; IL-17A – eBioscience, San Diego, CA, USA

and Mabtech AB, Cincinnati, OH, USA) on MultiScreen

HTS PVDF Plates (Millipore S.A, Darmstadt, Germany).

For detection of IL-17A-producing cells, purified anti-hu-

man CD3 antibody (Ab, 0.5 µg�mL�1; BD Biosciences)

together with anti-IL-17A capture Ab was added to the

coating buffer for the mitogenic stimulation of CD3+ T

cells. After 48 h at 37 °C, the cells were removed and the

plates were washed with PBS. Detection of cytokine spots

was performed by biotinylated IFN-c- or IL-17A-specific

Ab and avidin-HRP conjugate and colorigenic substrate

mix (AEC Substrate Set; BD Biosciences). After termina-

tion of the reaction by tap water, the air-dried plates were

analysed by a computer-assisted ELISPOT image analyser

(Series 1 ImmunoSpot Analyzer, IMMUNOSPOT version 4.0

Software; Academic Cellular Technology).

Statistical analysis

ANOVA multiparametric test was performed using IBM

(Armonk, NY, USA) SPSS 25 software for statistical analy-

sis. Differences were considered to be statistically significant

at P < 0.05.

Results

Autologous apoptotic neutrophils are engulfed

by immature monocyte-derived dendritic cells

Our previous results demonstrated that immature

human moDCs are able to internalize allogeneic

Fig. 1. Phagocytosis of autologous apoptotic neutrophils by immature moDCs. Immature DCs harvested on day 5 were stained by CellTracker

Orange CMTMR and then incubated with the yellow cell-tracker CFDA-SE-labelled autologous apoptotic neutrophils at a ratio of 1 : 5 for 8 h.

(A) The percentage of CD1a+ and CD1a� moDCs was measured in 3 independent experiments (B) parallel with the determination of phagocytic

activity in the above-mentioned cell populations. Panel C shows results of a representative flow cytometric measurement. The upper dot plots

display the light scatter properties of nonprimed DCs (upper left dot plot) and those of autologous apoptotic neutrophil-primed DCs (upper right

dot plot). The CMTMR-stained DCs and the dimly fluorescent DC-derived cell debris can be distinguished on the middle left dot plot. The

CMTMR-stained DCs and the CFDA-SE-labelled free apoptotic neutrophils can be clearly distinguished on the middle right dot plot. The bottom

left dot plot shows the percentage of CD1a+ (APC) and CD1a� moDCs stained with CMTMR, while the bottom right dot plot displays a higher

ratio of CD1a� moDCs with increased CFDA fluorescence compared to CD1a+ moDCs.
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apoptotic neutrophils. Furthermore, it has been found

that CD1a– moDCs exhibit increased phagocytic activ-

ity compared to CD1a+ moDCs [9]. To extend these

findings, in this study we investigated the internaliza-

tion of autologous apoptotic neutrophils by CD1a+

and CD1a� subsets of immature moDCs. Therefore,

CD1a expression on immature moDCs was measured

in three independent experiments, parallel with the

determination of phagocytic activity in both CD1a+

and CD1a� cell populations. Figure 1A shows a high

donor-dependent variability in the ratio of CD1a+ and

CD1a� cells. Flow cytometry analysis revealed that

immature moDCs can take up CFDA-SE-labelled

autologous apoptotic neutrophils and also that CD1a�

DCs have a higher capacity to engulf autologous

apoptotic cells than CD1a+ DCs (Fig. 1B,C). The per-

centage of phagocytic cells was 20–30% in the first cell

population, while it was < 10% in the latter one

(Fig. 1B).

The engulfment of autologous apoptotic

neutrophils inhibits LPS-induced inflammatory

cytokine responses in human moDCs

Next, we studied how a prior uptake of autologous

apoptotic neutrophils affects moDCs’ responses to

inflammatory stimuli. To do this, immature moDCs

were cocultured with autologous apoptotic neu-

trophils for 8 h and then stimulated with

LPS + IFN-c for an additional 16 h. In contrast to

our previous observation that the preceding internal-

ization of allogeneic apoptotic neutrophils upregu-

lates the LPS + IFN-c-induced secretion of the pro-

inflammatory cytokines, in the autologous assay sys-

tem the production of IL-8, IL-6, TNF-a and IL-12

by autologous apoptotic cell-primed moDCs showed

a trend to be lower than that by nonprimed moDCs

(Fig. 2). However, the differences were found to be

statistically significant in case of IL-8 and IL-6 only

(Fig. 2). These results indicate that the engulfment

of autologous apoptotic neutrophils has a potential

to inhibit chemokine and cytokine responses by

human moDCs induced by subsequent inflammatory

stimuli.

Apoptotic autologous neutrophils inhibit

inflammatory cytokine production by moDCs in a

phagocytosis-independent manner

find out whether the inhibition of LPS + IFN-c-in-
duced inflammatory cytokine production by apoptotic

cells is phagocytosis-dependent or not, we pretreated

Fig. 2. Cytokine profiling of moDCs

cocultured with autologous apoptotic

neutrophils. Immature moDCs were

cocultured with autologous apoptotic

neutrophils (N) for 8 h. A fraction of the

cells was treated with 0.1 lg�mL�1 LPS

and 10 ng�mL�1 IFN-c for another 16 h.

Culture supernatants were harvested and

stored at �20 °C until cytokine

measurements. The concentrations of IL-

8, IL-6, TNF-a and IL-12p70 were

measured by using a human inflammatory

cytometric bead array. Mediator secretion

by treated moDCs is presented as fold

increase compared to cytokine production

of nonprimed moDCs. The mean � SD

values were calculated from 6

independent experiments. The basal

cytokine secretion by nonprimed,

immature DCs were the following: IL-8:

993.42 � 830.38; IL-6: 36.67 � 24.51; IL-

12: 1.51 �1 .18; TNF‑a: 17.58 �
22.66 pg�mL�1. ns, not significant,

*P < 0.05, ****P < 0.0001. ANOVA

multiparametric test was performed for

statistical analysis.
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Fig. 3. Autologous apoptotic neutrophils inhibit inflammatory mediator production by moDCs in a phagocytosis-independent manner. Immature

moDCs were cocultured with autologous apoptotic neutrophils (N) for 8 h. In some experiments, moDCs were pretreated with 15 µM CytD for

30 min and then cocultured with autologous apoptotic cells in the presence of CytD for 8 h. A fraction of the cells was treated with

0.1 lg�mL�1 LPS and 10 ng�mL�1 IFN-c for another 16 h. Culture supernatants were harvested and stored at �20 °C until cytokine

measurements. (A) The concentrations of IL-8, IL-6, TNF-a and IL-12p70 were measured by using a human inflammatory cytometric bead array.

Mediator secretion by treated moDCs is presented as fold increase compared to cytokine production of nonprimed moDCs. The mean � SD

values were calculated from three independent experiments. ANOVA multiparametric test was performed for statistical analysis. ns: not

significant, *P < 0.05, ***P < 0.001. (B) Pretreatment with CytD efficiently inhibits phagocytosis (left panel) and downregulates the expression

of DC-SIGN on moDCs (right panel). Phagocytosis and DC-SIGN expression were investigated by flow cytometry analysis.
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moDCs with CytD, an inhibitor of actin polymeriza-

tion and phagocytosis, prior to co-incubation with

autologous apoptotic neutrophils. Our results indicate

that CytD pretreatment, which prevented phagocytosis

(Fig. 3B), did not influence the suppression of IL-6,

TNF-a and IL-12, suggesting that the anti-inflamma-

tory effect of apoptotic neutrophils is independent of

phagocytosis (Fig. 3A). However, the LPS + IFN-c-in-
duced production of IL-8 was not inhibited by the

autologous apoptotic neutrophils in this experimental

set-up, which could be explained by the capacity of

apoptotic neutrophils to trigger IL-8 release in CytD-

pretreated moDCs (Fig. 3A). Analysis of the pheno-

type of moDCs revealed that pretreatment with CytD

results in a decrease in the expression of DC-SIGN, a

receptor involved in the engulfment of allogeneic

apoptotic neutrophils [9], in both CD1a+ and CD1a�

subsets (Fig. 3B).

Coculture with autologous apoptotic neutrophil-

primed moDCs inhibits the production of IL-17A

by T lymphocytes

Once the neutrophils are egressed from the bone mar-

row, their lifespan, migratory potential and further

development, as well as the formation of subpopula-

tions, become regulated by a complex cytokine net-

work generated by DCs, macrophages and Th17

lymphocytes. To investigate how the apoptotic neu-

trophil-primed moDCs can influence the IL-17A pro-

duction by T cells, the immature moDCs were

incubated with autologous apoptotic neutrophils for

8 h and then cocultured with autologous lymphocytes

for 5 days. In this experimental setting, the number of

the IL-17A-secreting cells was significantly lower in

cocultures containing apoptotic neutrophil-primed

moDCs compared to those containing nonprimed

moDCs (Fig. 4A).

Coculture with autologous apoptotic neutrophil-

primed moDCs enhances IFN-c production by T

cells

Activated neutrophils can recruit both Th17 and Th1

cells via chemokines [14]; therefore, using the coculture

system described above, the effect of apoptotic neu-

trophil-primed moDCs on IFN-c production by T cells

was also examined. As shown in Fig. 4B, the moDCs

previously exposed to autologous apoptotic neu-

trophils have significantly higher potential to increase

the number of IFN-c-secreting T lymphocytes com-

pared to those without prior apoptotic cell priming.

These results clearly demonstrate the existence of an

obvious immunomodulatory potential by autologous

apoptotic neutrophils.

Discussion

Prompt and silent clearance of apoptotic cells seems to

be an essential step in the maintenance of tissue home-

ostasis and supports proper functionality of the

immune system [15] acting through dampening inflam-

mation and supporting tolerogenicity to protect self-

components [16]. Neutrophils have been recognized as

the first cell types recruited to the site of infection and/

or tissue injury, and their timely removal is essential

for the resolution of inflammation. Several lines of evi-

dence suggest that neutrophil apoptosis is an impor-

tant control point in the regulation of acute [15] and

chronic inflammatory processes [1,17] including sys-

temic inflammation in autoimmune diseases.

In this study, we demonstrate that human autolo-

gous apoptotic neutrophils are readily engulfed by

immature DCs with similar efficiency as allogeneic

neutrophils, indicating that this process is not modu-

lated by the origin of the neutrophils. The phagocyto-

sis of autologous apoptotic neutrophils can result in

MHC class II-mediated antigen presentation on the

DC surface. However, in the absence of coupled dan-

ger or damage signals the apoptotic cells do not

acquire immunogenicity due to lack of appropriate

costimulation. Consequently, this pathway may lead to

tolerance induction instead of provoking inflammation

[18–21]. Although we were unable to detect differences

in the ratio of cells showing phagocytic activity in the

autologous and the allogeneic settings, the outcome of

inflammatory responses turned out to be different.

This is remarkable, since the autologous apoptotic

neutrophils were able to inhibit the production of

inflammatory chemokines and cytokines triggered by

additional stimuli, in contrast to the allogeneic setting,

where the allogeneic apoptotic neutrophils were unable

to inhibit this process [9]. It is worth nothing that the

presence of high numbers of apoptotic neutrophils has

been reported to induce DC maturation [22]; therefore,

the amount of apoptotic bodies taken up by individual

cells may have a critical role on DC responses.

During the last decades, numerous anti-inflamma-

tory mechanisms triggered by apoptotic cells have been

described (reviewed in [23]). In line with previous

observations that exposure to apoptotic neutrophils

may lead to the prevention of DC activation [24], we

also found an inhibitory effect of autologous apoptotic

neutrophils on the production of cytokines by moDCs

upon exposure to inflammatory stimuli. Interestingly,

our results indicate that apoptotic autologous
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neutrophils hamper inflammatory cytokine production

by moDCs in a phagocytosis-independent manner.

This finding is in agreement with previous observations

that the apoptotic process itself (independent of

phagocytosis) can modulate many functions of cells in

the microenvironment. Indeed, prior studies have

demonstrated that various cells are able to release

anti-inflammatory cytokines during the apoptotic pro-

cess [25,26]. Furthermore, it has recently been reported

that specific metabolites released from apoptotic cells

actively modulate gene expressions and induce an anti-

inflammatory gene signature in the neighbouring cells

[27].

In our study, we found that despite their hampered

inflammatory cytokine production, autologous apop-

totic neutrophil-primed moDCs can induce autologous

T-cell responses and increase the number of IFN-c-se-
creting T lymphocytes. Our observation confirms an

earlier report showing that DCs loaded with apoptotic

cells induced a polyclonal proliferation of autologous

naive CD4+ T cells even though no phenotypic differ-

ences were found between immature and apoptotic

cell-loaded DCs [28]. It was clearly proved that the

ability of the apoptotic cell-primed DCs to generate

CD4+ T-cell responses was not due to an increase in

the costimulatory capacity of DCs, but was dependent

on the classical endolysosomal pathway presentation

of apoptotic cell-derived peptides by MHC-II mole-

cules. Most of the autologous CD4+ T cells stimulated

with apoptotic cell-loaded DCs exhibited suppressive

activities; however, a subset of them produced IFN-c.
The authors supposed that the IFN-c production in

responding T cells may be a consequence of the pres-

ence of apoptotic cells in late apoptosis/secondary

necrosis stage among engulfed apoptotic cells [28]. In

our experimental set-up, the possibility of some pecu-

liar danger-associated molecular pattern molecule

release from dying neutrophils can also not be

excluded. Importantly, stimulation of macrophages

with IFN-c enhances their capacity for phagocytosis

of apoptotic cells, which is an essential process in tis-

sue homeostasis, immunity and resolution of inflam-

mation [29].

IFN-c is a pleiotropic cytokine playing a complex

role in the regulation of inflammatory reactions and

also in the maintenance of immune homeostasis [30].

Due to its complex modulatory role exerted on various

signalling pathways, cell trafficking, APC maturation,

antigen presentation and cellular differentiation, it also

plays a determining role in disease outcomes [30]. In a

series of experiments in murine models, it has been

shown that lack of IFN-c receptor accelerates, while

treatment of animals with IFN-c inhibits the develop-

ment of collagen-induced arthritis [31–34]. In a

Fig. 4. Engulfment of autologous

apoptotic neutrophils by moDCs

modulates autologous T-cell responses.

Following the capture of autologous

apoptotic neutrophils (N), DCs were

washed, mixed with autologous

lymphocytes (T) at a ratio of 1 : 25 and

cocultured for 5 days. The frequency of

(A) IL-17A- and (B) IFN-c-secreting cells

was determined by ELISPOT assays as

described in the Materials and methods.

The number of spots was counted, or the

area covered by the spots per well was

calculated by a computer-assisted

ELISPOT image analyser. The bars

represent the mean � SD of 4–5 parallel

measurements performed with the cells

from five donors in case of IL-17A and

from nine donors in case of IFN-c.

**P < 0.01. ANOVA multiparametric test

was performed for statistical analysis.
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collagen-induced arthritis model system, it has been

proved that neutralization of IL-17 almost entirely pre-

vents development of the disease and also that IFN-c
suppresses IL-17 production [35]. Moreover, it has also

been revealed that IFN-c inhibits the production of

IL-17A and IL-17F in a STAT1-dependent, Tbet-inde-

pendent manner [36]. In our experiments, the number

of the IL-17A-secreting cells was significantly lower in

cocultures containing apoptotic neutrophil-primed

moDCs compared to control ones. In the light of liter-

ature data and our presented results, we propose that

IFN-c released from autologous CD4+ T cells stimu-

lated with apoptotic cell-primed DCs is responsible for

blocking IL-17 production.

A form of cell death specific to neutrophils is

NETosis. The release of NET results in the emission

of alarmins and formation of RNA/DNA complexes

serving as costimulatory elements for TLR7/8 and

TLR9, thus linking neutrophils to DCs through induc-

ing DC maturation and the promotion of autoimmune

diseases [37]. In patients with rheumatoid arthritis [38],

TNF-a and IL-17A have been shown to promote NET

formation contributing to the pathogenesis of the dis-

ease. On the other hand, macrophages stimulated with

TNF-a display an impaired ability to ingest apoptotic

cells [39], whereas IL-17A acts as a major orchestrator

of sustained neutrophilic mobilization [40]. Here, we

report that exposure of immature DCs to autologous

apoptotic neutrophils leads to a decreased production

of TNF-a by DCs as well as to an enhanced IFN-c
and a downregulated IL-17A release by interacting T

cells. This suggests that at physiological circumstances,

the balanced level of these cytokines may influence the

release of neutrophils, thus preventing the cells from

further recruitment, activation and NET formation, all

associated with concomitant tissue damage [38,41,42].

These data altogether suggest that additional inflam-

matory stimuli may also modulate the outcome of

IFN-c signalling. Here, we propose that IFN-c,
released from DCs engulfing autologous apoptotic

neutrophils, has the potential to modulate IL-17 sig-

nalling and thus contribute to the maintenance of a

steady-state condition, or it is involved in supporting

physiological autoimmunity, which upon external

insults may modify the balance of the immunological

network leading to an altered steady state contributing

to the development of a pathological outcome.
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