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1. Introduction

Neutrophils are first responders of antimicrobial host defense and sterile inflammation,
and therefore, play important roles during health and disease. Almost 16 years after the first
description of neutrophil extracellular traps (NETs) as an alternative mode of pathogen killing, it has
become clear that NETs also largely contribute to sterile forms of inflammation [1]. Indeed, NETs
contribute to all forms of thrombosis, microparticle-induced inflammation, autoimmune vasculitis,
auto-inflammatory disorders, and secondary inflammation due to ischemic, toxic, or traumatic tissue
injury [1]. Recently, NETs have also been found to be an essential component of the multi-organ
complications of COVID-19 [2].

In this Special Issue in Cells, we selected a series of articles that highlight the role of neutrophils
and NETs in various sterile and non-sterile, acute and chronic inflammatory conditions affecting both
human and animal health. We hope that this Special Issue will instigate novel research questions in the
minds of our readers and will be instrumental in the further development of the field.

2. Neutrophils and NETs in Infection

Neutrophils play crucial roles in innate and adaptive immune responses. They control the
invading pathogens, e.g., bacteria, fungi, and viruses, via multiple mechanisms, e.g., phagocytosis
and NET formation. Phagocytosis of pathogens kills by exposing them to intracellular bactericidal
compounds, whereas NET formation results in trapping and killing pathogens outside the cell.

In this Special Issue, Manda-Handzlik and Demkow discuss the emerging role of NETs in
central nervous system infections [3]. They suggested netting neutrophils as the main causative
factor for disruption of the blood–brain barrier integrity, subsequently leading to neuroinflammation
and cell death [3]. Likewise, Appelgren et al. found the presence of NETs to strongly correlate
with the presence of pleocytosis and neutrophil-stimulating cytokines/chemokines in cerebrospinal
fluid samples collected from pediatric and adult patients with Lyme neuroborreliosis, Lyme disease,
tick-borne encephalitis, enteroviral meningitis, and other viral infections [4].

Infection by Plasmodium during malaria results in the formation of the insoluble crystalline
pigment hemozoin by digestion of hemoglobin in red blood cells. Rupture of red blood cells releases
hemozoin crystals into the circulation from where it is usually cleared by neutrophils. A wide
range of crystalline particles have been demonstrated to induce NETs formation [5–7]. In this issue,
Lautenschlager et al. demonstrate that engulfment of hemozoin crystals by neutrophils is regulated by
crystal–platelet interactions as well as plasma proteins such as fibrinogen, where the latter inhibits
crystal uptake and clearance from the extracellular space [8]. Surprisingly, unlike many other crystalline
particles, the ingestion of hemozoin crystals by neutrophils does not induce NETs formation [8]. Next,
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Estúa-Acosta et al. challenge the idea that the eye is an immune-privileged organ and provide evidence
of NETs and their implication in pathophysiology in infectious keratitis, the leading cause of monocular
blindness as well as non-infectious eye diseases [9]. Meanwhile, Magán-Fernández et al. summarize
the current knowledge about the role of NETs in the pathogenesis of periodontitis [10]. Infection of
the periodontium starts with the accumulation of a complex bacterial biofilm that induces dysbiosis
between the gingival microbiome and the immune response of the host, which involves impaired
NET formation and/or elimination [10]. Furthermore, the formation of biofilms promotes the efficient
growth of pathogenic bacteria and fungi by providing optimal local environmental conditions and
increased protection against the immune system [11]. The functional properties of the biofilm are
regulated by a cell-to-cell communication system, called quorum sensing, which involves numerous
quorum sensing-related molecules [11]. In this issue, Zawrotniak et al. define one quorum sensing
molecule of Candida albicans, i.e., farnesol, that is capable of inducing NET formation, a process sensing
the infection to the host immune system early and to limit spreading of the fungal infection [12].

The novel severe acute respiratory syndrome coronavirus (SARS-CoV)-2 infection, named
COVID-19, is characterized by neutrophilia and increased neutrophil-to-lymphocyte ratio [13]. In this
issue, we propose that continuous infiltration of neutrophils and NETs formation to the site of infection
and at sites of organ injury drive necroinflammation and contribute to organ failure such as acute
respiratory distress syndrome. NETs also contribute to cytokine storm and sepsis development as well
as to the formation of endothelial injury and microvascular thrombosis during COVID-19 [14].

3. Neutrophils and NETs in Sterile Inflammation

Besides infections, neutrophils and NETs also play a critical role in the development of sterile
inflammation in several chronic inflammatory conditions. In this issue, Manda-Handzlik and Demkow
discuss the contribution of NETs in different pathological conditions affecting the central nervous
system, e.g., trauma, neurodegeneration, and autoimmune diseases [3]. Estúa-Acosta et al. discuss
the contribution of NETs in eye physiology, e.g., eye rheum formation as well as pathophysiological
conditions, e.g., dry eye disease, corneal injuries like alkali burn, uveitis, diabetic retinopathy,
and age-related macular degeneration [9]. Interestingly, the same mechanism was found to be
responsible for uveitis in large animals. Fingerhut et al. demonstrate the presence of NETs in the
vitreous body fluids derived from the eyes of horses with recurrent uveitis [15].

Furthermore, Bonaventura et al. emphasize the pathogenic roles of NETs in the initiation
and progression of cardiovascular diseases e.g., acute myocardial infarction, diabetes, and obesity
involving activation of the NLRP3 inflammasome and thrombosis [16]. They also highlight the need
for standardized nomenclature and standardized techniques for NET assessment and novel therapies
targeting NETs [16]. Neutrophils and NETs also contribute to the development of liver diseases [17,18].
In this issue, Zhou et al. decipher the molecular mechanisms of neutrophil chemotaxis and NETosis in
murine chronic liver injury. They demonstrate that the cannabinoid receptor 1 mediates neutrophil
chemotaxis and NETosis via the Gαi/o/ROS/p38 MAPK signaling pathway in liver inflammation [19].
Above and beyond, cancer cells have been shown to induce NETs formation to support metastasis [20].
Decker et al., in this issue, evaluated the correlation between NETosis and disease progression during
head and neck cancer [21]. They observe neutrophils from head and neck cancer patients and show
increased NETosis in patients at an early stage compared to that of late-stage or healthy controls.
Therefore, elevated NETosis can be used as a biomarker for the prognosis of the disease [21]. Consistent
with this, Fousert et al. also propose NETs as promising biomarkers for autoimmune diseases since
they contribute to the development of autoimmunity by breaking self-tolerance [22]. They further
conclude that therapeutics targeted at neutrophils and NETs will be beneficial for the treatment of
inflammatory autoimmune diseases [22].
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4. Perspective

It is becoming evident that studying NETs reveals novel insights into the pathogenesis of many
diseases. Whether or not NETs can also be a potential therapeutic target remains unclear at this
point. Animal studies have demonstrated that inhibiting certain signaling pathways can prevent NETs
formation, can enhance NETs clearance, or at least, cleave the externalized chromatin, which accounts
for many of the pathogenic effects of NETs. However, whether such interventions will prove efficacious
and safe in human disease settings remains to be demonstrated. The first clinical trials are testing
the effects of nebulized Dornase, a recombinant form of DNAse I that cleaves extracellular NETs
chromatin, in mechanically ventilated patients with severe COVID-19 (NCT04432987, NCT04359654,
NCT04402970) or severe trauma (NCT03368092) as an attempt to reduce NETs-related respiratory
failure. Positive data of such trials may encourage clinical trials with NETs-targeting interventions also
in other clinical domains. We hope that the readers of this Cells issue enjoy the scientific content and
feel inspired to continue research in this evolving domain for a better understanding of disease and
hopefully also, for better treatment options for NETs-related disorders in the future.

Author Contributions: Both authors have made a substantial, direct, and intellectual contribution to the work,
and approved it for publication. All authors have read and agreed to the published version of the manuscript.

Funding: S.R.M. acknowledges the financial support from the Ramalingaswami Fellowship of the Department
of Biotechnology, Government of India (BT/RLF/Re-entry/01/2017), and the Council of Scientific and Industrial
Research (CSIR)—Central Drug Research Institute (CDRI). H.-J.A. acknowledges the financial support from the
Deutsche Forschungsgemeinschaft (DFG) (AN372/16-2, 20-2, 23-1, 24-1).

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Papayannopoulos, V. Neutrophil extracellular traps in immunity and disease. Nat. Rev. Immunol. 2018, 18,
134–147. [CrossRef]

2. Skendros, P.; Mitsios, A.; Chrysanthopoulou, A.; Mastellos, D.C.; Metallidis, S.; Rafailidis, P.; Ntinopoulou, M.;
Sertaridou, E.; Tsironidou, V.; Tsigalou, C.; et al. Complement and tissue factor-enriched neutrophil
extracellular traps are key drivers in COVID-19 immunothrombosis. J. Clin. Investig. 2020. [CrossRef]

3. Manda-Handzlik, A.; Demkow, U. The Brain Entangled: The Contribution of Neutrophil Extracellular Traps
to the Diseases of the Central Nervous System. Cells 2019, 8, 1477. [CrossRef]

4. Appelgren, D.; Enocsson, H.; Skogman, B.H.; Nordberg, M.; Perander, L.; Nyman, D.; Nyberg, C.; Knopf, J.;
Munoz, L.E.; Sjowall, C.; et al. Neutrophil Extracellular Traps (NETs) in the Cerebrospinal Fluid Samples
from Children and Adults with Central Nervous System Infections. Cells 2019, 9, 43. [CrossRef]

5. Mulay, S.R.; Anders, H.J. Crystallopathies. N. Engl. J. Med. 2016, 374, 2465–2476. [CrossRef]
6. Desai, J.; Foresto-Neto, O.; Honarpisheh, M.; Steiger, S.; Nakazawa, D.; Popper, B.; Buhl, E.M.; Boor, P.;

Mulay, S.R.; Anders, H.J. Particles of different sizes and shapes induce neutrophil necroptosis followed by
the release of neutrophil extracellular trap-like chromatin. Sci. Rep. 2017, 7, 15003. [CrossRef]

7. Mulay, S.R.; Steiger, S.; Shi, C.; Anders, H.J. A guide to crystal-related and nano- or microparticle-related
tissue responses. FEBS J. 2020, 287, 818–832. [CrossRef] [PubMed]

8. Lautenschlager, S.O.S.; Kim, T.; Bidoia, D.L.; Nakamura, C.V.; Anders, H.J.; Steiger, S. Plasma Proteins and
Platelets Modulate Neutrophil Clearance of Malaria-Related Hemozoin Crystals. Cells 2019, 9, 93. [CrossRef]
[PubMed]

9. Estua-Acosta, G.A.; Zamora-Ortiz, R.; Buentello-Volante, B.; Garcia-Mejia, M.; Garfias, Y. Neutrophil
Extracellular Traps: Current Perspectives in the Eye. Cells 2019, 8, 979. [CrossRef] [PubMed]

10. Magan-Fernandez, A.; Rasheed Al-Bakri, S.M.; O’Valle, F.; Benavides-Reyes, C.; Abadia-Molina, F.; Mesa, F.
Neutrophil Extracellular Traps in Periodontitis. Cells 2020, 9, 1494. [CrossRef] [PubMed]

11. Dal Co, A.; Brenner, M.P. Tracing cell trajectories in a biofilm. Science 2020, 369, 30–31. [CrossRef] [PubMed]
12. Zawrotniak, M.; Wojtalik, K.; Rapala-Kozik, M. Farnesol, a Quorum-Sensing Molecule of Candida Albicans

Triggers the Release of Neutrophil Extracellular Traps. Cells 2019, 8, 1611. [CrossRef] [PubMed]
13. Huang, C.; Wang, Y.; Li, X.; Ren, L.; Zhao, J.; Hu, Y.; Zhang, L.; Fan, G.; Xu, J.; Gu, X.; et al. Clinical features

of patients infected with 2019 novel coronavirus in Wuhan, China. Lancet 2020, 395, 497–506. [CrossRef]

http://dx.doi.org/10.1038/nri.2017.105
http://dx.doi.org/10.1172/JCI141374
http://dx.doi.org/10.3390/cells8121477
http://dx.doi.org/10.3390/cells9010043
http://dx.doi.org/10.1056/NEJMra1601611
http://dx.doi.org/10.1038/s41598-017-15106-0
http://dx.doi.org/10.1111/febs.15174
http://www.ncbi.nlm.nih.gov/pubmed/31829497
http://dx.doi.org/10.3390/cells9010093
http://www.ncbi.nlm.nih.gov/pubmed/31905972
http://dx.doi.org/10.3390/cells8090979
http://www.ncbi.nlm.nih.gov/pubmed/31461831
http://dx.doi.org/10.3390/cells9061494
http://www.ncbi.nlm.nih.gov/pubmed/32575367
http://dx.doi.org/10.1126/science.abd1225
http://www.ncbi.nlm.nih.gov/pubmed/32631880
http://dx.doi.org/10.3390/cells8121611
http://www.ncbi.nlm.nih.gov/pubmed/31835824
http://dx.doi.org/10.1016/S0140-6736(20)30183-5


Cells 2020, 9, 2130 4 of 4

14. Tomar, B.; Anders, H.J.; Desai, J.; Mulay, S.R. Neutrophils and Neutrophil Extracellular Traps Drive
Necroinflammation in COVID-19. Cells 2020, 9, 1383. [CrossRef] [PubMed]

15. Fingerhut, L.; Ohnesorge, B.; von Borstel, M.; Schumski, A.; Strutzberg-Minder, K.; Morgelin, M.; Deeg, C.A.;
Haagsman, H.P.; Beineke, A.; von Kockritz-Blickwede, M.; et al. Neutrophil Extracellular Traps in the
Pathogenesis of Equine Recurrent Uveitis (ERU). Cells 2019, 8, 1528. [CrossRef] [PubMed]

16. Bonaventura, A.; Vecchie, A.; Abbate, A.; Montecucco, F. Neutrophil Extracellular Traps and Cardiovascular
Diseases: An Update. Cells 2020, 9, 231. [CrossRef] [PubMed]

17. Xu, R.; Huang, H.; Zhang, Z.; Wang, F.S. The role of neutrophils in the development of liver diseases. Cell
Mol. Immunol. 2014, 11, 224–231. [CrossRef]

18. Meijenfeldt, F.A.V.; Jenne, C.N. Netting Liver Disease: Neutrophil Extracellular Traps in the Initiation and
Exacerbation of Liver Pathology. Semin. Thromb. Hemost. 2020, 46, 724–734. [CrossRef]

19. Zhou, X.; Yang, L.; Fan, X.; Zhao, X.; Chang, N.; Yang, L.; Li, L. Neutrophil Chemotaxis and NETosis in
Murine Chronic Liver Injury via Cannabinoid Receptor 1/ Galphai/o/ ROS/ p38 MAPK Signaling Pathway.
Cells 2020, 9, 373. [CrossRef]

20. Park, J.; Wysocki, R.W.; Amoozgar, Z.; Maiorino, L.; Fein, M.R.; Jorns, J.; Schott, A.F.; Kinugasa-Katayama, Y.;
Lee, Y.; Won, N.H.; et al. Cancer cells induce metastasis-supporting neutrophil extracellular DNA traps. Sci.
Transl. Med. 2016, 8, 361ra138. [CrossRef]

21. Decker, A.S.; Pylaeva, E.; Brenzel, A.; Spyra, I.; Droege, F.; Hussain, T.; Lang, S.; Jablonska, J. Prognostic Role
of Blood NETosis in the Progression of Head and Neck Cancer. Cells 2019, 8, 946. [CrossRef] [PubMed]

22. Fousert, E.; Toes, R.; Desai, J. Neutrophil Extracellular Traps (NETs) Take the Central Stage in Driving
Autoimmune Responses. Cells 2020, 9, 915. [CrossRef] [PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.3390/cells9061383
http://www.ncbi.nlm.nih.gov/pubmed/32498376
http://dx.doi.org/10.3390/cells8121528
http://www.ncbi.nlm.nih.gov/pubmed/31783639
http://dx.doi.org/10.3390/cells9010231
http://www.ncbi.nlm.nih.gov/pubmed/31963447
http://dx.doi.org/10.1038/cmi.2014.2
http://dx.doi.org/10.1055/s-0040-1715474
http://dx.doi.org/10.3390/cells9020373
http://dx.doi.org/10.1126/scitranslmed.aag1711
http://dx.doi.org/10.3390/cells8090946
http://www.ncbi.nlm.nih.gov/pubmed/31438586
http://dx.doi.org/10.3390/cells9040915
http://www.ncbi.nlm.nih.gov/pubmed/32276504
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Neutrophils and NETs in Infection 
	Neutrophils and NETs in Sterile Inflammation 
	Perspective 
	References

