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Editorial on the Research Topic

Innate immune dysregulation: a driving force of autoimmunity and
chronic inflammation

1 Introduction

Innate immunity plays a critical role in protecting the host against infections, tumors,
and tissue damage by initiating inflammatory responses, recruiting immune cells, and
orchestrating the production of both pro- and anti-inflammatory mediators (1).
Traditionally considered the first line of defense, emerging evidence reveals that innate
immunity operates through far more complex mechanisms. It not only responds to a wide
array of pathogens but also engages in intricate crosstalk with the adaptive immune system
(2). Importantly, its dysregulation is increasingly linked to various pathological conditions.

The initiation, activation, and resolution of innate inflammatory responses must be
tightly controlled to ensure effective pathogen clearance and preservation of tissue
homeostasis, while preventing excessive or prolonged inflammation. When this
regulation fails, it can lead to autoinflammatory diseases and significantly contribute to
chronic inflammation and autoimmune disorders (Figure 1) (3) such as systemic lupus
erythematosus (SLE), rheumatoid arthritis (RA), and juvenile idiopathic arthritis (JTA).
Although autoimmune diseases are typically characterized by a breakdown in self-tolerance
associated with the adaptive immune system, the innate immune system plays a
fundamental role in their onset, progression, and chronicity.

Over recent decades, autoimmune and chronic inflammatory diseases have become a
growing clinical challenge, marked by rising incidence and a lack of effective, long-term
treatments (4, 5). Despite advances in understanding their underlying mechanisms, current
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FIGURE 1

Outcomes of innate immune activation under regulated versus dysregulated conditions. Innate immune cells, including dendritic cells, natural killer (NK)
cells, neutrophils, monocytes, and macrophages, respond to pathogens through receptors such as FcyR, TLRs, complement receptors, and nuclear
receptors. These pathways converge on transcription factors like NF-kB and promote the production of pro-inflammatory cytokines and reactive oxygen
species (ROS). Under a regulated response, this leads to acute inflammation, effective pathogen clearance, and resolution of inflammation. However,
under dysregulated conditions, excessive cytokine production may trigger a cytokine storm and chronic inflammation, resulting in a sustained reactive
immune state. This can aberrantly activate the adaptive immune system and contribute to the development of autoimmunity. Created with BioRender.

therapies largely rely on non-specific immunosuppressants, which
are limited by suboptimal efficacy and potential safety concerns.
These limitations often result in high disease burden, morbidity,
and, in many cases, mortality. There is, therefore, an urgent unmet
medical need for precisely modulating innate immune responses
that reduce pathological inflammation without compromising
overall immune function. Given the significant role of innate
immune dysregulation in driving autoimmune and chronic
inflammatory conditions, fostering scientific insights into the
mechanisms by which innate immunity contributes to
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Autoimmunity

autoimmunity and chronic inflammation holds promise for
identifying new therapeutic targets.

2 Molecular mechanisms of
inflammation regulation

While the activation of immune responses is necessary to
defend the body, unchecked or prolonged inflammation can lead
to tissue damage and chronic disease. A central component of this
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regulation is the transcription factor NF-xB, which orchestrates the
expression of pro-inflammatory genes during infections or tissue
injury. However, NF-kB must be swiftly inactivated once the threat
is resolved. This is where proteins like PDLIM2, an E3 ubiquitin
ligase, come into play. PDLIM?2 targets the p65 subunit of NF-xB
for degradation, effectively silencing the inflammatory signal.
Recent research by Sugimoto-Ishige et al. revealed that the F-box
protein Fbxo16 is critical in this process. Fbxol6 enables PDLIM2
to interact with p65 within the nucleus. Without Fbxol6, p65
accumulates, prolonging cytokine production and increasing the
risk of chronic inflammation (6).

Another important checkpoint is provided by IRAK3, a
negative regulator of Toll-like receptor (TLR) and interleukin-1
receptor (IL-1R) signaling. Borghese et al. demonstrated that mice
lacking TRAK3 exhibit more severe inflammatory arthritis. They
produce higher levels of IL-1P and show reduced numbers of
regulatory T cells, suggesting impaired immune tolerance.
Moreover, IRAK3 expression is often diminished in autoimmune
conditions such as SLE and inflammatory bowel disease,
highlighting its relevance in human disease (7, 8).

In a different regulatory context, ARHGAP25, a Rho GTPase-
activating protein, controls cytoskeletal dynamics and cell
migration (9). Czaran et al. found that mice deficient in
ARHGAP25 had significantly milder allergic contact dermatitis,
associated with reduced immune cell migration and activation. This
suggests that manipulating cytoskeletal signaling could represent a
novel approach to treating chronic inflammation.

3 Innate immune cells and
components in disease progression

Innate immune components are crucial regulators of
inflammation. In JIA, Tang et al. reported an increased NET
formation correlates with disease activity. Anti-TNF therapies
reduce NET formation, indicating that NETs may serve as both
biomarkers and therapeutic targets (10, 11). It has also been shown
that the complement system, particularly the C5a-C5aR1 axis, is
another potent driver of inflammation. An original article published
by Vahldieck et al. indicated that in acute myocardial infarction,
C5a disrupts the endothelial glycocalyx, reduces nitric oxide
bioavailability, and recruits inflammatory cells, contributing to
tissue injury. C5aR1 antagonists show therapeutic potential by
preserving vascular integrity and reducing inflammation (12).

Besides these molecules, innate immune cells such as
monocytes and macrophages play a key role in immune
regulation. In the article by Akiyama et al, it has been shown
that during hyperinflammatory conditions, such as cytokine release
syndrome, monocytes undergo apoptosis to prevent overwhelming
cytokine production. Disruption of this process, as shown in mouse
models, leads to exaggerated immune responses and higher
mortality. Maintaining monocyte homeostasis through controlled
cell death or immunomodulation is emerging as a critical strategy in
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preventing systemic inflammatory damage (13, 14). Furthermore,
Wang et al. identified that marked expression of Mincle receptors,
transmembrane pattern recognition receptors on macrophages and
neutrophils, exert pro-inflammatory and pro-fibrotic effects,
involved in persistence of renal inflammatory microenvironment
and accelerated renal fibrosis progression by inducing TNF
production (15, 16).

4 Neutrophils in immunity and
autoimmunity: balancing host defense
and inflammation

Neutrophils are among the first responders in innate immunity,
essential for eliminating pathogens. However, their prolonged activation
can exacerbate inflammation, especially in sterile conditions. One key
process is the formation of neutrophil extracellular traps (NETs), webs of
DNA, histones, and granule proteins that capture microbes but also
stimulate autoimmunity if dysregulated (10, 11). Li et al. reviewed the
involvement of NETs in fibrotic and sterile inflammatory
diseases. In conditions such as RA, NETs release modified self-
antigens that provoke adaptive immune responses. Chen et al.
showed that citrullinated proteins within NETs activate
dendritic cells, encouraging T cell activation and the production
of autoantibodies, thereby fueling the autoimmune cycle.

Given the dual nature of neutrophils, new strategies aim to
reprogram rather than eliminate them. Raudszus et al. used cell-
derived nanoparticles (CDNPs) to modulate neutrophil function.
These CDNPs induced an anti-inflammatory phenotype, marked by
increased IL-10 production and programmed cell death, facilitating
inflammation resolution without compromising microbial defense.
Such approaches reflect a growing interest in using nanomedicine to
selectively steer immune cell function (17).

5 Inflammasomes and cytosolic DNA
sensors as central drivers of chronic
inflammation

Inflammasomes are multiprotein complexes that detect
intracellular threats and activate caspase-1, leading to the release of
IL-1B and IL-18 and triggering pyroptosis, a highly inflammatory
form of cell death. The NLRP3 and AIM2 inflammasomes are the
most studied and are increasingly implicated in chronic inflammatory
diseases (18, 19). In idiopathic inflammatory myopathies, Sun et al.
found that overactivation of NLRP3 and AIM2 correlates with
disease severity. Inhibitors like MCC950, which specifically block
NLRP3 activation, reduced inflammation in preclinical models and
are being investigated in clinical trials (20, 21).

Parallel to inflammasomes, the cytosolic DNA sensing pathway,
particularly cGAS-STING, is another major contributor to chronic
inflammation. The article by Zhu and Zhou explained that while
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this pathway is vital in recognizing viral DNA, it can be aberrantly
triggered by self-DNA released during cellular stress or apoptosis.
The result is the chronic production of type I interferons and pro-
inflammatory cytokines, a hallmark of diseases like SLE and
dermatomyositis (22, 23). Small-molecule inhibitors of STING are
currently under development, aiming to mitigate this persistent
immune activation (24).

6 Metabolic and systemic influences
on immune function

Beyond molecular signaling, immune function is tightly linked
to systemic metabolic cues. Obesity, for instance, promotes chronic
low-grade inflammation and can exacerbate inflammatory
disorders. Shang and Zhao demonstrated that obesity impairs
skin barrier integrity, alters the microbiome, and increases
inflammatory mediators such as TNF-o and leptin. These
changes worsen conditions like atopic dermatitis and reduce
treatment efficacy (25, 26).

In contrast, nuclear receptors such as PPAR-y serve as anti-
inflammatory regulators. PPAR-y activation inhibits pro-
inflammatory gene transcription and promotes lipid metabolism,
improving epithelial integrity and immune tolerance. Agonists
targeting PPAR-y have shown promise in reducing inflammation,
particularly in obesity-related immune disorders (27, 28). This
highlights the therapeutic potential of integrating metabolic
interventions into inflammatory disease management.

References

1. Janeway CA, Medzhitov R. Innate immune recognition. Annu Rev Immunol.
(2002) 20:197-216. doi: 10.1146/annurev.immunol.20.083001.084359

2. Takeuchi O, Akira S. Pattern recognition receptors and inflammation. Cell. (2010)
140:805-20. doi: 10.1016/j.cell.2010.01.022

3. Xiong T, Turner JE. Innate lymphoid cells in autoimmunity and chronic
inflammatory diseases. Semin Immunopathol. (2018) 40:393-406. doi: 10.1007/
500281-018-0670-4

4. Miller FW. The increasing prevalence of autoimmunity and autoimmune diseases:
an urgent call to action for improved understanding, diagnosis, treatment, and
prevention. Curr Opin Immunol. (2023) 80:102266. doi: 10.1016/j.c0i.2022.102266

5. Schultze JL, Rosenstiel P. Systems medicine in chronic inflammatory diseases.
Immunity. (2018) 48:608-13. doi: 10.1016/j.immuni.2018.03.022

6. Tanaka T, Grusby MJ, Kaisho T. PDLIM2-mediated termination of transcription
factor NF-kappaB activation by intranuclear sequestration and degradation of the p65
subunit. Nat Immunol. (2007) 8:584-91. doi: 10.1038/ni1464

7. Kobayashi K, Hernandez LD, Galan JE, Janeway CA, Medzhitov R, Flavell RA.
IRAK-M is a negative regulator of Toll-like receptor signaling. Cell. (2002) 110:191-
202. doi: 10.1016/S0092-8674(02)00827-9

8. Ban T, Sato GR, Nishiyama A, Akiyama A, Takasuna M, Umehara M, et al. Lyn
kinase suppresses the transcriptional activity of IRF5 in the TLR-myD88 pathway to
restrain the development of autoimmunity. Immunity. (2016) 45:319-32. doi: 10.1016/
jimmuni.2016.07.015

9. Csépanyi-Komi R, Sirokmany G, Geiszt M, Ligeti E. ARHGAP25, a novel Rac
GTPase-activating protein, regulates phagocytosis in human neutrophilic granulocytes.
Blood. (2012) 119:573-82. doi: 10.1182/blood-2010-12-324053

10. Khandpur R, Carmona-Rivera C, Vivekanandan-Giri A, Gizinski A, Yalavarthi
S, Knight JS, et al. NETs are a source of citrullinated autoantigens and stimulate

inflammatory responses in rheumatoid arthritis. Sci Transl Med. (2013) 5:178ra40.
doi: 10.1126/scitranslmed.3005580

Frontiers in Immunology

10.3389/fimmu.2025.1632416

Author contributions

RA: Writing - original draft, Writing — review & editing. JH:
Writing - review & editing. TN: Writing — review & editing. KA:
Writing - review & editing.

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.

Generative Al statement

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

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.

11. Lood C, Blanco LP, Purmalek MM, Carmona-Rivera C, De Ravin SS, Smith CK,
et al. Neutrophil extracellular traps enriched in oxidized mitochondrial DNA are
interferogenic and contribute to lupus-like disease. Nat Med. (2016) 22:146-53.
doi: 10.1038/nm.4027

12. Noris M, Remuzzi G. Overview of complement activation and regulation. Semin
Nephrol. (2013) 33:479-92. doi: 10.1016/j.semnephrol.2013.08.001

13. Weber GF, Chousterman BG, He S, Fenn AM, Nairz M, Anzai A, et al.
Interleukin-3 amplifies acute inflammation and is a potential therapeutic target in
sepsis. Science. (2015) 347:1260-5. doi: 10.1126/science.aaa4268

14. Hotchkiss RS, Monneret G, Payen D. Sepsis-induced immunosuppression: from
cellular dysfunctions to immunotherapy. Nat Rev Immunol. (2013) 13:862-74.
doi: 10.1038/nri3552

15. Ishikawa E, Ishikawa T, Morita YS, Toyonaga K, Yamada H, Takeuchi O, et al.
Direct recognition of the mycobacterial glycolipid, trehalose dimycolate, by C-type
lectin Mincle. J Exp Med. (2009) 206:2879-88. doi: 10.1084/jem.20091750

16. Lv LL, Tang PM, Li CJ, You YK, Li J, Huang XR, et al. The pattern recognition
receptor, Mincle, is essential for maintaining the M1 macrophage phenotype in acute
renal inflammation. Kidney Int. (2017) 91:587-602. doi: 10.1016/j.kint.2016.10.020

17. Fattal E, Fay F. Nanomedicine-based delivery strategies for nucleic acid gene
inhibitors in inflammatory diseases. Adv Drug Delivery Rev. (2021) 175:113809.
doi: 10.1016/j.addr.2021.05.019

18. Fernandes-Alnemri T, Yu JW, Juliana C, Solorzano L, Kang S, Wu J, et al. The
AIM2 inflammasome is critical for innate immunity to Francisella tularensis. Nat
Immunol. (2010) 11:385-93. doi: 10.1038/ni.1859

19. Chen Y, Ye X, Escames G, Lei W, Zhang X, Li M, et al. The NLRP3
inflammasome: contributions to inflammation-related diseases. Cell Mol Biol Lett.
(2023) 28:51. doi: 10.1186/s11658-023-00462-9

20. Coll RC, Robertson AA, Chae JJ, Higgins SC, Mufioz-Planillo R, Inserra MC,
et al. A small-molecule inhibitor of the NLRP3 inflammasome for the treatment of
inflammatory diseases. Nat Med. (2015) 21:248-55. doi: 10.1038/nm.3806

frontiersin.org


https://doi.org/10.3389/fimmu.2024.1473105
https://doi.org/10.1146/annurev.immunol.20.083001.084359
https://doi.org/10.1016/j.cell.2010.01.022
https://doi.org/10.1007/s00281-018-0670-4
https://doi.org/10.1007/s00281-018-0670-4
https://doi.org/10.1016/j.coi.2022.102266
https://doi.org/10.1016/j.immuni.2018.03.022
https://doi.org/10.1038/ni1464
https://doi.org/10.1016/S0092-8674(02)00827-9
https://doi.org/10.1016/j.immuni.2016.07.015
https://doi.org/10.1016/j.immuni.2016.07.015
https://doi.org/10.1182/blood-2010-12-324053
https://doi.org/10.1126/scitranslmed.3005580
https://doi.org/10.1038/nm.4027
https://doi.org/10.1016/j.semnephrol.2013.08.001
https://doi.org/10.1126/science.aaa4268
https://doi.org/10.1038/nri3552
https://doi.org/10.1084/jem.20091750
https://doi.org/10.1016/j.kint.2016.10.020
https://doi.org/10.1016/j.addr.2021.05.019
https://doi.org/10.1038/ni.1859
https://doi.org/10.1186/s11658-023-00462-9
https://doi.org/10.1038/nm.3806
https://doi.org/10.3389/fimmu.2025.1632416
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Akbarzadeh et al.

21. Mangan MS]J, Olhava EJ, Roush WR, Seidel HM, Glick GD, Latz E. Targeting the
NLRP3 inflammasome in inflammatory diseases. Nat Rev Drug Discov. (2018) 17:588-
606. doi: 10.1038/nrd.2018.97

22. Crowl JT, Gray EE, Pestal K, Volkman HE, Stetson DB. Intracellular nucleic acid
detection in autoimmunity. Annu Rev Immunol. (2017) 35:313-36. doi: 10.1146/
annurev-immunol-051116-052331

23. Motwani M, Pesiridis S, Fitzgerald KA. DNA sensing by the cGAS-STING pathway
in health and disease. Nat Rev Genet. (2019) 20:657-74. doi: 10.1038/s41576-019-0151-1

24. Haag SM, Gulen MF, Reymond L, Gibelin A, Abrami L, Decout A, et al.
Targeting STING with covalent small-molecule inhibitors. Nature. (2018) 559:269-73.
doi: 10.1038/s41586-018-0287-8

Frontiers in Immunology

05

10.3389/fimmu.2025.1632416

25. Hotamisligil GS. Inflammation, metaflammation and immunometabolic
disorders. Nature. (2017) 542:177-85. doi: 10.1038/nature21363

26. Egawa G, Kabashima K. Barrier dysfunction in the skin allergy. Allergol Int.
(2018) 67:3-11. doi: 10.1016/j.alit.2017.10.002

27. Széles L, Térdesik D, Nagy L. PPARgamma in immunity and inflammation: cell
types and diseases. Biochim Biophys Acta. (2007) 1771:1014-30 doi: 10.1016/
j-bbalip.2007.02.005.

28. Glass CK, Saijo K. Nuclear receptor transrepression pathways that regulate
inflammation in macrophages and T cells. Nat Rev Immunol. (2010) 10:365-76.
doi: 10.1038/nri2748

frontiersin.org


https://doi.org/10.1038/nrd.2018.97
https://doi.org/10.1146/annurev-immunol-051116-052331
https://doi.org/10.1146/annurev-immunol-051116-052331
https://doi.org/10.1038/s41576-019-0151-1
https://doi.org/10.1038/s41586-018-0287-8
https://doi.org/10.1038/nature21363
https://doi.org/10.1016/j.alit.2017.10.002
https://doi.org/10.1016/j.bbalip.2007.02.005
https://doi.org/10.1016/j.bbalip.2007.02.005
https://doi.org/10.1038/nri2748
https://doi.org/10.3389/fimmu.2025.1632416
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Editorial: Innate immune dysregulation: a driving force of autoimmunity and chronic inflammation
	1 Introduction
	2 Molecular mechanisms of inflammation regulation
	3 Innate immune cells and components in disease progression
	4 Neutrophils in immunity and autoimmunity: balancing host defense and inflammation
	5 Inflammasomes and cytosolic DNA sensors as central drivers of chronic inflammation
	6 Metabolic and systemic influences on immune function
	Author contributions
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


