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Editorial on the Research Topic

Pharmacological Approaches Targeting Neutrophilic Inflammation

Neutrophils are actively involved in the protection of our body against pathogen infection, but the
consequences of their activation contribute significantly to pathogenesis of various diseases. This is
why neutrophil-mediated responses should be finely tuned, and therapeutic interventions should
balance between targeting neutrophil functions and uncontrolled neutrophil activation. Several
decades ago, Elmer Becker wrote a great article: “The short and happy life of neutrophil activation,”
where he described the importance of neutrophil functions to human physiology (Becker 1990). The
novel coronavirus pandemic COVID-19 again demonstrated a critical role of neutrophils. An
increased neutrophil-to-lymphocyte ratio (Liu et al., 2020) and the release of neutrophil extracellular
traps (NETs) (Zuo et al., 2020) predicted severe illness at SARS-CoV-2 infection. Excessive NETs
formation can be involved in the development of the «cytokine storm» and immunothrombosis,
which are the main cause of severe complications associated with COVID-19. Therefore, neutrophil
can be a pathogenic marker and drug target of COVID-19 (for review see Chiang et al. (2020)). A
detailed study of these cells is extremely important for medicine and pharmacology, and the aim of
this topic is to gather new trends in pharmacological approaches targeting neutrophilic
inflammation.

Neutrophils perform their functions through various mechanisms, including chemotaxis,
phagocytosis, production of reactive oxygen species (ROS), and physiologically active molecules.
Recently it was shown that mitochondrial ROS play a key role in neutrophil activation including
NETs formation (Vorobjeva et al., 2017; Vorobjeva et al., 2020). In the opinion article presented by
Vorobjeva et al., the authors suggest that targeting mitochondrial ROS may be a beneficial approach
in the treatment of neutrophilic inflammation in severe pneumonia including COVID-19.

Neutrophils are key players in a dysregulated host response to sepsis infection. Neutrophil
migration and antimicrobial activity are impaired while NET release is increased. This results in an
inappropriate response to primary infection and potentially increases the susceptibility to secondary
infection. In sepsis, immature neutrophils are accumulated in peripheral blood and serve as a
biomarker predicting serious bacterial infection (for review see Denning et al. (2019)). Molecules that
target neutrophil maturation and function are an important research field for the evaluation of
perspective sepsis treatment. The impact of different neutrophil subsets in pathogenesis of sepsis and
possible pharmacological approaches selectively targeting neutrophils that mainly mediate the tissue
injury are discussed in the paper of Shen et al. from this research topic.
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Neutrophil heterogeneity and therapeutic strategies based
on neutrophil heterogeneity attract attention of many
investigators. The phenotypic diversity of neutrophils
contributes to their immune responses, the production of
NETs, and their own clearance. In addition to the
classification based on surface molecules, neutrophils also
differ in their buoyant density. Low-density granulocytes is
a discrete population that may manifest either
immunosuppressive or proinflammatory properties (Ley
et al., 2018). In autoimmune diseases, these neutrophils
spontaneously release NETs leading to vascular injury and
exacerbated inflammation. Therapeutic strategies based on
this pathogenesis are discussed by Nakazawa and Kudo in
their opinion paper.

Pharmacological modulations of neutrophil functions are
reviewed in this collection by Gierlikowska et al. The action of
plant extracts, plant-derived compounds, and synthetic drugs
on phagocytosis, degranulation, and formation of NETs by
neutrophils is discussed in detail. Influence of plant-derived
compounds on immunomodulatory neutrophil functions is a
hot topic. In the original research of Korinek et al., the volatile
oils from fennel and cumin were screened for various
biological activities and it was found that these essential
oils significantly suppressed the activation of human
neutrophils.

As an original contribution to this field, Felix et al. presented in
this collection an interesting report about using natural flavonoid
compound biochanin A (BCA) in the resolution of inflammation
in arthritis, where neutrophils are the main inflammatory cells.
The authors observed for the first time that BCA promotes
resolution of inflammation by decreasing neutrophil

accumulation, enhancing neutrophil apoptosis, and stimulating
efferocytosis.

Neutrophil rapid recruitment into inflamed tissues, the
elimination of invading microorganisms, and tissue repair are
critical for host defense. All these processes are mediated by
neutrophil adhesive interactions. The integrin receptors and
neutrophil adhesion are the main regulators in the shaping
innate and adaptive immune responses (for review see
Margraf et al. (2019)). Penetration of neutrophils into the
central nervous system, their adhesion, and concomitant
secretion can contribute to inflammatory reactions and
pathogenesis of many neurological and neurodegenerative
diseases (Feng et al., 2020; Passaro et al., 2021). In the current
topic, Galkina et al. have studied the inhibitory effect of
antidepressant imipramine on the adhesion and accompanied
secretion of neutrophils in the model of integrin-dependent
neutrophil infiltration. This effect may contribute to the
antidepressant action of the imipramine and indicates its anti-
inflammatory potential in the treatment of neurological diseases.

Neutrophils recruited into cancer tissue are immunosuppressive
and contribute to cancer progression (for review see Jaillon et al.
(2020)). Anderson et al. in this research topic discussed movement of
neutrophils into the tumor microenvironment and their role in the
pathogenesis of non-small cell lung cancer (NSCLC). Recent studies,
both pre-clinical and clinical, demonstrated that neutrophils inNSCLC
microenvironment not only stimulate tumor growth and spread, but
also significantly interferewith anti-tumor therapy and especially novel
immunotherapies. Described mechanisms of tumor-associated
neutrophil recruitment, their heterogeneity and activity demonstrate
the high potential of neutrophil-targeted pharmacological strategies as
an addition to standard anti-cancer therapies.

SCHEME 1 | Multifaceted activity of neutrophils in host immunity.
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In summary, the papers in this topic issue illustrate the
multifaceted activity of neutrophils in host immunity (Scheme 1).

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct, and intellectual
contribution to the work and approved it for publication.

ACKNOWLEDGMENTS

We thank the authors of this research topic and the
referees for their rigorous review. This editorial was
partly supported by the Interdisciplinary Scientific and
Educational School of Moscow University «Molecular
Technologies of the Living Systems and Synthetic
Biology».

REFERENCES

Becker, E. L. (1990). The Short and Happy Life of Neutrophil Activation. J. Leukoc.
Biol. 47, 378–389. doi:10.1002/jlb.47.4.378

Chiang, C. C., Korinek, M., Cheng, W. J., and Hwang, T. L. (2020). Targeting
Neutrophils to Treat Acute Respiratory Distress Syndrome in Coronavirus
Disease. Front. Pharmacol. 11, 572009. doi:10.3389/fphar.2020.572009

Denning, N. L., Aziz, M., Gurien, S. D., and Wang, P. (2019). DAMPs and
NETs in Sepsis. Front. Immunol. 10, 2536. doi:10.3389/
fimmu.2019.02536

Feng, T., Tripathi, A., and Pillai, A. (2020). Inflammatory Pathways in Psychiatric
Disorders: The Case of Schizophrenia and Depression. Curr. Behav. Neurosci.
Rep. 7, 128–138. doi:10.1007/s40473-020-00207-4

Jaillon, S., Ponzetta, A., Di Mitri, D., Santoni, A., Bonecchi, R., and Mantovani, A.
(2020). Neutrophil Diversity and Plasticity in Tumour Progression and
Therapy. Nat. Rev. Cancer. 20, 485–503. doi:10.1038/s41568-020-0281-y

Ley, K., Hoffman, H. M., Kubes, P., Cassatella, M. A., Zychlinsky, A., Hedrick, C.
C., et al. (2018). Neutrophils: New Insights and Open Questions. Sci. Immunol.
3, eaat4579. doi:10.1126/sciimmunol.aat4579

Liu, J., Liu, Y., Xiang, P., Pu, L., Xiong, H., Li, C., et al. (2020). Neutrophil-to-Lymphocyte
Ratio Predicts Critical Illness Patients With 2019 Coronavirus Disease in the Early
Stage. J. Transl Med. 18, 206. doi:10.1186/s12967-020-02374-0

Margraf, A., Ley, K., and Zarbock, A. (2019). Neutrophil Recruitment: FromModel
Systems to Tissue-specific Patterns. Trends Immunol. 40, 613–634. doi:10.1016/
j.it.2019.04.010

Passaro, A. P., Lebos, A. L., Yao, Y., and Stice, S. L. (2021). Immune Response in
Neurological Pathology: Emerging Role of Central and Peripheral Immune
Crosstalk. Front. Immunol. 12, 676621. doi:10.3389/fimmu.2021.676621

Vorobjeva, N., Galkin, I., Pletjushkina, O., Golyshev, S., Zinovkin, R., Prikhodko,
A., et al. (2020). Mitochondrial Permeability Transition Pore Is Involved in
Oxidative Burst and NETosis of Human Neutrophils. Biochim. Biophys. Acta
Mol. Basis Dis. 1866, 165664. doi:10.1016/j.bbadis.2020.165664

Vorobjeva, N., Prikhodko, A., Galkin, I., Pletjushkina, O., Zinovkin, R.,
Sud’ina, G., et al. (2017). Mitochondrial Reactive Oxygen Species Are
Involved in Chemoattractant-Induced Oxidative Burst and
Degranulation of Human Neutrophils In Vitro. Eur. J. Cel Biol. 96,
254–265. doi:10.1016/j.ejcb.2017.03.003

Zuo, Y., Yalavarthi, S., Shi, H., Gockman, K., Zuo, M., Madison, J. A., et al. (2020).
Neutrophil Extracellular Traps in COVID-19. JCI Insight. 5, e138999.
doi:10.1172/jci.insight.138999

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Chernyak, Sokolov, Hwang, Zinovkin and Sud’ina. This is an open-
access article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Pharmacology | www.frontiersin.org September 2021 | Volume 12 | Article 7631403

Chernyak et al. Editorial: Pharmacological Approaches Targeting Neutrophilic Inflammation

https://doi.org/10.1002/jlb.47.4.378
https://doi.org/10.3389/fphar.2020.572009
https://doi.org/10.3389/fimmu.2019.02536
https://doi.org/10.3389/fimmu.2019.02536
https://doi.org/10.1007/s40473-020-00207-4
https://doi.org/10.1038/s41568-020-0281-y
https://doi.org/10.1126/sciimmunol.aat4579
https://doi.org/10.1186/s12967-020-02374-0
https://doi.org/10.1016/j.it.2019.04.010
https://doi.org/10.1016/j.it.2019.04.010
https://doi.org/10.3389/fimmu.2021.676621
https://doi.org/10.1016/j.bbadis.2020.165664
https://doi.org/10.1016/j.ejcb.2017.03.003
https://doi.org/10.1172/jci.insight.138999
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

	Editorial: Pharmacological Approaches Targeting Neutrophilic Inflammation
	Author Contributions
	Acknowledgments
	References


