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Neutrophil-fibroblast crosstalk drives inflammatory pathology across organ
systems through both shared and tissue-specific mechanisms. This review
synthesizes evidence from skin, lung, gut, cardiovascular, joint, sinus, and oral
diseases, revealing conserved molecular pathways where fibroblasts secrete
chemokines (CXCL1/8/12) to recruit neutrophils, which, in turn, release
neutrophil extracellular traps (NETs), elastase, and cytokines to modulate
fibroblast function. Additionally, we identify critical tissue-specific differences,
including the predominance of IL-36 signaling in COPD, IL-17-carrying NETs in
systemic lupus erythematosus (SLE) and pulmonary fibrosis, and specialized
fibroblast subpopulations, such as IDO1+ cells in CRSWNP and TNFRSF21+
cells in periodontitis. Translational insights highlight the therapeutic potential
of targeting IL-17, NETs, and fibroblast subpopulations, though tissue-specific
risks necessitate precision strategies. Future therapeutic efforts should focus on
developing precision-targeted interventions that address organ-specific
mechanisms to overcome treatment resistance in inflammatory disorders.
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1 Introduction

Neutrophils and fibroblasts are two critical cell types involved in inflammatory
responses and tissue remodeling across various organ systems. In recent years, growing
evidence has highlighted the complex bidirectional interactions between these cells,
revealing their pivotal roles in the pathogenesis of inflammatory diseases. Neutrophils, as
the first line of defense in innate immunity, not only eliminate pathogens but also
orchestrate inflammatory responses by releasing cytokines, chemokines, and NETs (1).
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Fibroblasts, the primary mesenchymal cells in connective tissues,
are responsible for maintaining tissue homeostasis and regulating
the composition of the extracellular matrix (ECM) (2). While their
individual roles in inflammatory conditions are increasingly
recognized, a significant knowledge gap remains regarding how
neutrophil-fibroblast crosstalk varies across different tissues and
disease states. Current clinical interventions targeting broad-
spectrum molecules like IL-17 can yield unpredictable outcomes,
with treatments effective in one tissue potentially exacerbating
inflammation in others. This inconsistency suggests that tissue-
specific mechanisms underlying neutrophil-fibroblast interactions
critically influence disease pathogenesis and treatment responses.
Understanding how fibroblast heterogeneity, neutrophil functional
plasticity, and systemic factors modulate these interactions is vital
for developing targeted therapies. This review integrates multi-
organ evidence to map both universal and tissue-specific crosstalk
mechanisms and discusses potential translational challenges,
contributing to the evolving field of precision immunology and
informing future clinical research.

2 Skin

The skin is the largest organ of the human body and serves as an
important barrier defending against the invasion of external
pathogens (3). Fibroblasts regulate the recruitment and activation
of neutrophils in skin diseases through multiple mechanisms, with
IL-17 and IL-1 acting upstream in this process. CXCL12+
fibroblasts, located in the reticular dermis, express adipocyte
lineage markers and can sense IL-17 and TNF-o stimulation,
releasing CXCL12 in an NFKBIZ-dependent manner to promote
neutrophil recruitment (4). The CXCL12+ fibroblast subset in
human psoriatic lesions highly expresses neutrophil chemokines,
which are significantly reduced after targeted IL-17 therapy (4). In
mouse models, specific deletion of the Il17ra gene in fibroblasts
significantly reduced neutrophil recruitment and exacerbated S.
aureus infection, indicating the importance of fibroblast recognition
of IL-17 signals for neutrophil recruitment and infection clearance
in skin lesions (4). Another study using single-cell RNA sequencing
found that fibroblasts are the main non-immune cells accumulated
at the site of C.albicans skin infection, with high expression of the
IL-17ra gene and chemokines involved in neutrophil recruitment,
such as CXCL1, CXCL2, CXCL5, CXCL12, Len2, and 1133 (5). In
addition, Cordier-Dirikoc et al. (6) found that dermal fibroblasts are
highly sensitive to IL-1 released by keratinocytes after skin injury
and can express high levels of IL-8 to recruit neutrophils after IL-1
stimulation. The ability of IL-1-stimulated fibroblasts to recruit
neutrophils has been verified in in vitro cell migration experiments
and IL-1R1-deficient mouse models of epidermal injury, with IL-
1R1-deficient mice showing reduced expression of inflammatory
mediators and neutrophil infiltration in the skin (6).

The phenotype and function of fibroblasts exhibit heterogeneity
in different skin diseases. Li et al. (7) identified CXCL1+ fibroblasts
across multiple skin conditions (healthy, psoriasis, atopic
dermatitis, lupus, scleroderma, and scars) that function in
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neutrophil recruitment. They further demonstrated that psoriasis-
specific COL6A5+ fibroblasts differentiate into CXCL1+ fibroblasts,
subsequently promoting neutrophil chemotaxis and tissue
infiltration. There is a distinct subset of CXCL1+ fibroblasts in
SLE lesions that not only recruit and activate neutrophils, increase
the production of inflammatory mediators, reactive oxygen species,
and NETs, but also promote neutrophil transformation to a low-
density phenotype and delay apoptosis. Serum amyloid A1 secreted
by CXCL1+ fibroblasts is a key activating factor for neutrophils,
while activated neutrophils further induce the differentiation of
CXCL1+ fibroblasts by secreting IL-1P to activate the NF-xB
pathway, forming a positive feedback loop (8).

NETs can affect the functions of various cells, including
macrophages, lymphocytes, dendritic cells, and fibroblasts (9),
and their regulatory effects on fibroblasts are bidirectional. Low
concentrations of NETs can activate the ILK/PI3K/AKT signaling
pathway of fibroblasts by binding to CCDC25, promoting cell
proliferation and migration (10). However, over-activation of
NETs interferes with healing factor regulation in fibroblasts by
enhancing the NF-xB inflammatory response and suppressing the
Wnt/B-catenin pathway, thereby attenuating the fibrosis process
essential for wound healing (11). NET's containing IL-17 have been
found to lead to the activation and differentiation of human
fibroblasts, inducing collagen production. The presence of such
IL-17A-carrying NETs in skin biopsies from SLE patients suggests
that they may contribute to fibrosis in SLE by activating fibroblasts
(12). In addition, human neutrophil peptides (HNPs), produced by
neutrophils and monocytes as members of the o-defensin family,
have strong antimicrobial activity. Studies have shown that HNP1-
3 can induce the proliferation and activation of human dermal
fibroblasts without producing cytotoxicity, with HNP1 showing a
stronger effect on promoting cell proliferation and type I collagen
production compared to other HNPs (13).

3 Lung

Fibroblasts and neutrophils are believed to play critical roles in
the process of pulmonary fibrosis. Fibroblasts are the primary source
of ECM and are considered key contributors to fibrotic lung diseases
(14). Additionally, fibroblasts can respond to various pathogenic
stimuli such as bacterial or viral infections and toxic gases. They
produce typical neutrophil-recruiting cytokines like IL-6 and IL-8,
thereby participating in the excessive accumulation of neutrophils in
asthma and chronic obstructive pulmonary disease (COPD) (15, 16).
At the same time, neutrophils also influence the activation and
differentiation of fibroblasts through multiple pathways.

As members of the IL-1 superfamily, IL-36 cytokines can act on
lung fibroblasts during the COPD process, stimulating them to
release large amounts of chemokines, pro-inflammatory cytokines,
and proteases that promote disease progression. Koss et al. (17)
used a mouse COPD model to reveal that neutrophils are the main
source of IL-36y, which can activate alveolar and interstitial
fibroblasts to produce IL-1, CXCL1, GM-CSF, MMP9, and IL-36
to promote inflammatory responses and fibrosis. Another study
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confirmed that IL-36y stimulation of small airway fibroblasts (SAF)
promotes release of CXCLS8, IL-6, CXCL1, GM-CSF, MMP2, and
MMPY, leading to neutrophil recruitment and enhanced
inflammatory responses (18). In in vitro models, IL-36 receptor
antagonist (IL-36Ra) or therapeutic antibodies inhibiting IL-36R-
mediated signaling disrupted communication between small airway
epithelial cells and SAF, reducing CXCL1 release. This suggests that
targeting IL-36 signaling may represent a potential strategy for
treating COPD (18).

Circadian rhythm is another factor influencing the interaction
between fibroblasts and neutrophils in pulmonary diseases. In lung
tissues of mice stimulated with LPS at dusk, the expression of
inflammatory factor IL-1B and chemokine CXCL5 was upregulated,
accompanied by increased neutrophil recruitment (19). Upon IL-1f
stimulation, CXCL5 expression was markedly enhanced in both
primary and immortalized lung fibroblasts lacking circadian clock
protein BMALI. Subsequently, conditioned medium derived from
IL-1PB-treated Bmall-/- fibroblasts exhibited enhanced chemotactic
activity, promoting greater neutrophil migration compared to
Bmall+/+ controls. Mechanistically, elevated phosphorylation of
NE-kB p65 was observed in BMALI-deficient cells, with NF-xB
inhibition effectively attenuating both CXCL5 production and
neutrophil recruitment (19).

NETs and their components play a role in promoting the
activation of lung fibroblasts and their differentiation into
myofibroblasts, which are the main phenotype that triggers
pulmonary fibrosis (20). Activated lung fibroblasts or
differentiated lung myofibroblasts can resist apoptosis and alter
the quantity and composition of the extracellular matrix,
contributing to the progression of pulmonary diseases (21).
Failure to clear NETs, coupled with extracellular matrix
accumulation and the production of pro-fibrotic cytokines,
impedes wound healing, resulting in the loss of lung structure
and function (14). A study found that lung fibroblasts treated with
NETs showed increased expression of connective tissue growth
factor, collagen production, and enhanced proliferation/migration,
which could be blocked by NETs inhibitors (22). Further research
confirmed that IL-17 was expressed in NETs and promoted the
fibrotic activity of differentiated lung fibroblasts, but did not
promote their differentiation. IL-17 had no direct effect on the
activation and differentiation of lung fibroblasts, indicating that
DNA and histone-induced responses were crucial for IL-17-driven
fibrosis (22). In addition, neutrophil elastase (NE), matrix
metalloproteinases (MMPs), and MMP tissue inhibitors (TIMPs)
released by NETs can regulate extracellular matrix components.
Among them, NE can enter fibroblasts, stimulate fibroblast growth,
affect their contractile properties, and promote their differentiation
into myofibroblasts. This process involves the TLR9-miR-7-Smad2
signaling pathway (23, 24).

4 Gastrointestinal tract

The pathogenesis of inflammatory bowel disease (IBD),
particularly Crohn’s disease (CD), involves abnormal interactions
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between the intestinal immune system and mesenchymal cells. In
an inflammatory microenvironment rich in NETs, neutrophils from
CD patients exhibit pro-fibrotic properties. These neutrophils are
capable of activating intestinal fibroblasts and promoting collagen
release, a process mediated by the IFN-o signaling pathway.
Moreover, activated fibroblasts secrete IL-8, which attracts
neutrophil infiltration into the intestinal mucosa, thereby
maintaining this fibrotic loop (25).

IL-17 expression is enhanced in the intestinal tissues of CD
patients, which can induce intestinal fibroblasts to express the
transcription factor NFKBIZ and pro-inflammatory chemokine
CXCL1, thereby affecting fibroblast activity and neutrophil
chemotaxis (26). Dragoni et al. (27) discovered that NETs and
activated fibroblasts exhibit spatial overlap in the ulcerated regions
of the CD ileum. Fibroblasts treated with NETs upregulated pro-
fibrotic gene expression and activated TLR signaling cascades,
particularly the TLR2/NF-xB pathway, resulting in enhanced
fibroblast proliferation and collagen production.

Through RNA sequencing of the inflammatory response in IBD
tissues, Friedrich et al. (28) found that activated fibroblasts at the
ulcer base exhibit properties of recruiting neutrophils, a process
dependent on IL-1 receptor rather than TNF. In patients who are
non-responsive to multiple treatments, the expression of pathology-
associated neutrophil and fibroblast signature genes is elevated. This
suggests that targeting neutrophil-fibroblast interactions may be a
potential strategy to overcome treatment resistance. Further
research has revealed an increased presence of NRGI+IL1RI+
fibroblasts in the intestinal tissues of IBD patients. Following
inflammation-induced epithelial damage, neutrophil-secreted IL-
1B can inhibit intestinal epithelial repair. This occurs through
interference with the secretion of reparative neuregulin-1 by IL1R
+ fibroblasts, ultimately exacerbating intestinal inflammation (29).

5 Cardiovascular

Vascular diseases develop through complex interactions
between various cell types within the vessel wall. Research has
shown that the walls of cerebral arteries consist of vascular smooth
muscle cells (vSMCs) and perivascular fibroblasts, which not only
provide structural support but also regulate the behavior of
endothelial cells during angiogenesis and the maintenance of
vascular homeostasis (30). In ischemic conditions, increased NET
levels activate fibroblasts, which subsequently promote smooth
muscle cell proliferation through the Wnt5a pathway. Inhibition
of Wnt5a has been shown to alleviate vascular remodeling and
subsequent tissue damage in mouse models of ischemia (31).

IFN-B has been found to exert a bidirectional regulatory effect
on myocardial inflammation. Bolivar et al. (32) demonstrated that
IFN-B activates STAT1 in cardiac fibroblasts, leading to enhanced
expression of the chemokines MCP-1 and IP-10, thereby increasing
neutrophil migration. However, IFN- can also activate STAT3,
inducing the secretion of the anti-inflammatory cytokine IL-10 (32).
Another study revealed that co-culturing neutrophils and cardiac
fibroblasts in vitro enhanced the production of certain extracellular
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matrix proteins while specifically reducing collagen synthesis (33).
Furthermore, neutrophils are necessary for inducing a transient
upregulation of TGF-f1 expression in fibroblasts, which is crucial
for terminating the pro-inflammatory phase and allowing the
formation of a mature scar during the repair process (33). These
findings suggest that neutrophils play a dual role in the healing
process following myocardial infarction, both initiating and
terminating the inflammatory events that control and regulate
tissue repair.

In chronic thromboembolic pulmonary hypertension
(CTEPH), neutrophil inflammation contributes to fibroblast
activation by enhancing TGF-P signaling and through the release
of NETs. This leads to fibrotic remodeling of thrombi. Targeting the
DNA component of thrombus NETs may represent a novel strategy
for treating thrombosis and preventing its sequelae (34).

6 Joint

The pathogenesis of joint diseases such as rheumatoid arthritis
(RA) involves complex interactions between various cellular
components in the synovial microenvironment. Studies have
shown that the synovial fluid of RA patients is rich in NETs,
which contain citrullinated peptides that can be internalized by
fibroblast-like synoviocytes (FLS) through the RAGE-TLR9
pathway (35). This promotes the transformation of FLS into an
inflammatory phenotype and upregulates the expression of MHC
class I molecules. The internalized arthritogenic NETSs peptides are
loaded onto the MHC class II molecules of FLS and presented to
antigen-specific T cells (35). This finding highlights the crucial role
of FLS in the pathogenesis of RA, as they uptake and present NETs-
citrullinated peptides, activating autoimmune responses and
leading to tissue damage.

Research by Wu et al. (36) has also confirmed that IgG
containing anti-citrullinated protein antibodies (ACPA) can
stimulate neutrophils to produce NETs, activating FLS to
upregulate the expression of proinflammatory factors such as IL-6
and IL-8. IL-33, another proinflammatory cytokine, can activate
neutrophils to produce NETs, and the reactivity of neutrophils to
IL-33 stimulation is enhanced in RA patients. Evidence from both
in vivo and in vitro studies demonstrates that NETs induce IL-33
and CXCLS8 secretion by FLS via TLR9 activation. This establishes
an IL-33-mediated positive feedback loop in the RA synovium,
characterized by enhanced neutrophil recruitment and subsequent
NETs formation (37). At the molecular level, NETs can induce
pyroptosis and phenotypic transformation of RA-FLS through the
NF-«xB/caspase-3/GSDME pathway. Knocking down GSDME
significantly alleviates NET-induced pyroptosis and pathogenic
behavior of RA-FLS (38). Recent findings have revealed that
NETs activate ATP-citrate lyase (ACLY) in RA-FLS, driving
lipogenesis, cell proliferation, migration, invasiveness, and NF-
kB-mediated inflammation, ultimately exacerbating synovial
inflammation and joint damage in RA (39).

Further research has discovered that FLS derived from RA
patients can induce neutrophil migration by secreting soluble

Frontiers in Immunology

10.3389/fimmu.2025.1588667

mediators and prolong their survival in a cell contact-dependent
manner. However, the impact of FLS on neutrophil phenotypes and
functions, such as reactive oxygen species (ROS) production and
degranulation, is limited (40).

7 Sinus

Recent research has unveiled the critical roles of fibroblasts and
neutrophils in the development of chronic rhinosinusitis with nasal
polyps (CRSWNP), involving the IL-1 signaling pathway. Using
single-cell sequencing technology, researchers have identified a
specific IDO1+ fibroblast subpopulation induced by IL-1
signaling, promoting neutrophil recruitment by releasing CXCL1/
2/3/5/6/8. IL-1P, a major proinflammatory cytokine involved in IL-
1 signaling, can induce the differentiation of primary fibroblasts into
IDO1+ fibroblasts (41). In a lipopolysaccharide-induced
neutrophilic CRSWNP mouse model, blocking IL-1B activity with
an IL-1p receptor antagonist significantly reduced the number of
IDO1+ fibroblasts and alleviated nasal inflammation (41). This
finding reveals the function of the IDO1+ fibroblast subpopulation
in neutrophil recruitment and provides a basis for IL-1-targeted
intervention in neutrophilic inflammation in CRSWNP.

Further research has discovered that granzyme K+ (GZMK+)
CD8+ T cells are significantly increased in CRSWNP tissues, with a
phenotype distinct from that of cytotoxic GZMB+ effector CD8+ T
cells. GZMK+ CD8+ T cells express CXCR4 and can interact with
CXCLI12-secreting fibroblasts, inducing the latter to produce
neutrophil chemokines through GZMK. This GZMK+ CD8+ T
cell-fibroblast crosstalk has also been found in other inflammatory
diseases (42). The study elucidates a novel mechanism by which the
GZMK+ CD8+ T cell-fibroblast axis mediates neutrophil
infiltration in CRSWNP. Zhang et al. (43) have also revealed that
CXCL8+ neutrophils in CRSWNP tissues can secrete the mediator
oncostatin M (OSM) to mediate communication with other cells.
OSM stimulates fibroblasts to enhance IL-13-mediated production
of CCL26 and periostin, revealing the mechanism by which
neutrophils amplify type 2 inflammatory responses and
participate in the pathogenesis of CRSWNP.

8 Oral cavity

The development of oral diseases, especially periodontitis, is a
complex pathological process involving interactions between
various immune cells and mesenchymal cells. Fibroblasts,
particularly gingival fibroblasts, can secrete chemokinessuch as
CXCL1, CXCL2, CXCL12, CXCL16 when stimulated by
inflammatory factors like IL-1f and IL-36y in an inflammatory
state. These chemokines act on chemokine receptors such as
CXCR2/4 on the surface of neutrophils, recruiting them to
infiltrate the inflamed tissue (44-47).

Caetano et al. (48) employed single-cell RNA sequencing,
spatial transcriptomics, and immunofluorescence in situ
hybridization to identify a distinct pro-inflammatory stromal
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signature in the junctional epithelium of periodontal tissue. This
signature was characterized by the specific expression of genes
involved in neutrophil activation and degranulation. They
identified a specific subset of fibroblasts that highly express key
genes such as CXCL8, CXCL10, and ALOX5AP, which promote
neutrophil infiltration and may also participate in pathological
angiogenesis. Chen et al. (49) found a significantly expanded
subset of TNFRSF21+ fibroblasts in periodontitis, which highly
express the neutrophil chemokines CXCL1, CXCL2, CXCLS5,
and CXCLeé.

Neutrophil infiltration can cause tissue damage by releasing
NETs, and this process can be regulated by fibroblasts. Compared to
normal gingival tissue, fibroblasts isolated from inflamed gingival
tissue can induce more NETs formation in vitro and promote the
polarization of macrophages into the CD86+ M1 inflammatory
phenotype (50, 51). Qiu et al. (50) employed single-cell sequencing
and machine learning to identify a neutrophil subset (NrNeu)
associated with NETs formation. Their findings revealed that
gingival fibroblasts exhibited the highest level of cellular
interactions with NrNeu. Furthermore, they discovered that
fibroblasts regulate NETs formation during periodontitis through
the macrophage migration inhibitory factor (MIF)-CD74/CXCR4
axis. Additionally, infiltrating neutrophils cooperate with fibroblasts
to activate type 3 innate lymphoid cells in periodontal tissue,
resulting in enhanced IL-17 production and subsequent
exacerbation of inflammatory responses and bone resorption (52).

Studies have also found significantly elevated levels of IL-36y in
periodontitis, which can specifically activate gingival fibroblasts,
leading to neutrophil chemotaxis. Inhibiting IL-36Y signaling can
reduce neutrophil infiltration and bone resorption, revealing
another axis of fibroblast-neutrophil interaction in periodontitis
(44). Zhang et al. (53) discovered that salicylic acid can activate the
G protein-coupled receptor Tas2r143 in mouse fibroblasts, thereby
inhibiting LPS-induced expression of chemokines CXCL1, CXCL2,
and CXCL5. Salicylic acid can also suppress periodontal bone loss,
inflammation, and neutrophil infiltration in mice with
periodontitis, providing a potential strategy for targeting
fibroblasts in the treatment of periodontitis.

In addition to direct cellular interactions, systemic factors also
influence the fibroblast-neutrophil axis and, consequently, the
progression of periodontitis. Wang et al. (54) used leptin
receptor-deficient mice (db/db) to find that fibroblasts expand
during the process of periodontitis in type 2 diabetic mice, with
significant upregulation of the IL-17 receptors I117ra and Il117rc, the
IL-1B receptor IL1R1, and the neutrophil chemokines CXCLI1,
CXCL5, CXCL10, and CXCL12. Another study found that in a
diabetic state, the regulatory function of periodontitis fibroblasts on
immune cells is enhanced, especially their interaction with
neutrophils through the CXCL12-CXCR4 axis (55). Shinjo et al.
(56) discovered that after bacterial LPS stimulation, insulin can
enhance the secretion of CXCL1 by mouse and human gingival
fibroblasts to recruit neutrophils for bacterial clearance through the
Akt pathway and NF-xB activation. In diabetic mice with insulin
resistance and insulin receptor signaling deficiency, this process is

Frontiers in Immunology

10.3389/fimmu.2025.1588667

weakened, leading to delayed neutrophil recruitment and
aggravated alveolar bone destruction during periodontitis.

Mo et al. (57) used single-cell sequencing to reveal differences in
cellular composition and molecular environment between peri-
implantitis and periodontitis. They discovered the involvement of
inflammation-promoting fibroblasts and a predominance of
CXCL8+ fibroblast-CXCR2+ neutrophil interactions in peri-
implantitis compared to periodontitis, underlining the enhanced
host response in peri-implantitis.

9 Clinical translation: applications and
challenges

Our systematic analysis of the interactions between fibroblasts
and neutrophils across inflammatory diseases in multiple organ
systems reveals both common patterns (Figure 1) and specific
differences in their cellular interactions (Figure 2). Inflammatory
mediators (IL-17, IL-1P) stimulate fibroblasts to secrete neutrophil-
attracting chemokines (CXCL1, CXCL2, CXCL8, CXCL12), which
bind to CXCR2 and CXCR4 receptors to drive neutrophil
recruitment to inflamed tissues. In turn, neutrophil-derived
factors (NETs, elastase, cytokines) modulate fibroblast activity,
creating a positive feedback loop that amplifies inflammation. In
inflammatory diseases affecting various tissues and organs, these
cellular interactions exhibit differences in both mechanism and
function. Table 1 offers a detailed overview of key fibroblast
subpopulations identified in inflammatory diseases, including
their molecular signatures, functional properties, and interactions
with neutrophils. It also includes information on how these
fibroblast subsets influence neutrophil recruitment, activation,
and function in specific disease contexts.

Based on the pathways and molecular mechanisms described
previously regarding the involvement of these two cell types in
various disease pathological processes, researchers have developed a
series of clinical strategies. For instance, Table 2 lists several anti-
fibrotic drugs that have been approved for clinical use or are under
clinical trial. Combined targeting of TGF-f signaling and EP300
inhibition (e.g., via metformin) dynamically modulates fibroblast
plasticity by suppressing pro-fibrotic myofibroblast differentiation,
reversing fibrosis through lipofibroblast induction, and attenuating
TGF-f blockade-driven inflammation. This dual strategy disrupts
the fibrosis-inflammation cycle, demonstrating cross-organ
therapeutic efficacy in pulmonary, cardiac, and vascular fibrosis
models, while synergistically enhancing antifibrotic therapies such
as pirfenidone in validated systems like WI-38 cells (58).

Additionally, NETs inhibitors and IL-17 pathway inhibitors
have been used in the clinical treatment of inflammatory diseases.
Saffarzadeh et al. (59) underscore the importance of developing
targeted therapeutic strategies based on the distinct NETosis
pathways, such as the ROS-dependent classical pathway and the
receptor-triggered rapid pathway. Inhibiting spontaneous NETosis
may alleviate tissue damage, while enhancing receptor-mediated
NET formation could aid in combating resistant infections.
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A conserved inflammatory axis is evident throughout all tissues: under stimulation by upstream inflammatory mediators such as IL-17 and IL-18,
fibroblasts secrete chemokines including CXCL1, CXCL2, CXCL8, and CXCL12, which bind to neutrophil surface receptors (primarily CXCR2 and
CXCR4) to orchestrate neutrophil recruitment and infiltration into inflammatory sites. Reciprocally, neutrophils modulate fibroblast phenotype and
function through the release of NETSs, elastase, and pro-inflammatory cytokines, establishing a positive feedback loop that perpetuates and amplifies
inflammatory responses. Created in BioRender. cai, c. (2025) https://BioRender.com/6hm5abd.

Furthermore, the study clarifies that phagocytosis and NETosis
operate synergistically but independently, with no causal
dependence between the two processes. Therapeutic strategies
targeting NETs focus on suppressing their formation through
PAD4 inhibitors such as GSK484, which block histone
citrullination, and enhancing their degradation using DNase I to
cleave extracellular DNA scaffolds (60). However, systemic toxicity
from PAD4 inhibitors and poor tissue penetration of DNase I
hinder clinical translation. Clinical evaluation of NETs inhibitors
remains limited to a single phase I trial of CIT-013, a humanized
monoclonal antibody targeting NET's clearance. This randomized,
double-blind, placebo-controlled study in healthy volunteers
assessed the agent’s safety, tolerability, and pharmacokinetic
profile (61). Results demonstrated that CIT-013 effectively
suppressed LPS-induced systemic NET component levels,
suggesting its potential therapeutic application in NETs-
associated diseases.

In terms of IL-17 pathway inhibitors, a randomized, double-
blind pilot study compared the safety and efficacy of two
commercialized IL-17 inhibitors, ixekizumab and secukinumab, in
the treatment of moderate-to-severe psoriasis (62). The results
showed that both groups exhibited a robust clinical response, a
significant improvement in patient quality of life, and a satisfactory
safety profile, while the ixekizumab group achieved slightly superior
outcomes compared to the secukinumab group. Another network
meta-analysis compared the time to achieve clinically significant
improvement among various biologic agents in patients with
moderate-to-severe plaque psoriasis (63). The results indicated
that the IL-17 inhibitors brodalumab and bimekizumab
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demonstrated the fastest onset of action. However, reports
indicate that anti-IL-17 therapies targeting specific tissue
disorders have exhibited notable adverse effects in other tissues.
Real-world evidence demonstrates that 21 cases of IBD emerged in
patients undergoing IL-17 therapy with secukinumab and
ixekizumab for the treatment of psoriasis, ankylosing spondylitis,
and psoriatic arthritis (64). These patients required alternative
treatments such as anti-TNF agents. In the cases involving
secukinumab, all patients discontinued the medication, and their
gastrointestinal symptoms significantly improved (65-74).The
cause of these adverse effects is thought to be the reduction in
neutrophil recruitment due to anti-IL-17 therapy, which impairs
the immune protective function of the intestinal tract (64).This
reflects the core findings of this review: while certain mechanistic
commonalities exist across inflammatory diseases of various organs
in terms of fibroblast recognition of upstream signals such as IL-17
and neutrophil recruitment, heterogeneity exists in aspects such as
neutrophil function across different organ tissues.

10 Conclusions

This review utilizes evidence from multiple organ disease models
to elucidate the crucial role of fibroblast-neutrophil interactions in
inflammatory disease development, offering new perspectives for
understanding disease pathogenesis. Through systematic
comparison, it reveals both common patterns and specific
differences in these cellular interactions, providing important
insights for future precise interventions in inflammatory diseases.
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FIGURE 2

Tissue-specific characteristics in fibroblast-neutrophil communication in inflammatory diseases. This figure illustrates the distinct tissue-specific
mechanisms through which fibroblasts and neutrophils interact in the pathogenesis of inflammatory diseases. In chronic obstructive pulmonary
disease (COPD), IL-36y primarily stimulates lung fibroblasts to release IL-1, CXCL1, GM-CSF, and matrix metalloproteinases, thereby promoting both
inflammation and fibrosis. In systemic lupus erythematosus (SLE) skin lesions and pulmonary fibrosis, IL-17-containing neutrophil extracellular traps
(NETs) activate fibroblasts to produce collagen, contributing to tissue remodeling and fibrosis. Organ-specific fibroblast subpopulations exhibit
unique patterns in their interaction with neutrophils: IDO1+ fibroblasts in chronic rhinosinusitis with nasal polyps (CRSWNP) promote neutrophil
recruitment by secreting CXCL1/2/3/5/6/8, while TNFRSF21+ fibroblasts in periodontitis facilitate neutrophil infiltration through a distinct chemokine
profile. In rheumatoid arthritis (RA), fibroblast-like synoviocytes (FLS) present NET-derived citrullinated peptides via MHC-II, bridging innate and
adaptive immunity and promoting chronic inflammation. In inflammatory bowel disease (IBD), NRG1+IL1R1+ fibroblasts are impaired in their
reparative functions when exposed to IL-1f released by neutrophils, which exacerbates intestinal inflammation. These tissue-specific interactions are
further influenced by systemic factors such as diabetes, which enhances the production of CXCL1/12 through insulin signaling pathways in gingival
fibroblasts, and environmental factors such as circadian rhythm disruption, which amplifies CXCL5-mediated neutrophil recruitment in lung
fibroblasts through hyperactivation of the NF-xB pathway. Created in BioRender. cai, c. (2025) https://BioRender.com/dovmict.
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Despite our comprehensive approach, this review has several
limitations. Our analysis is constrained by the available literature,
which lacks standardized terminology across different organ
systems. We were unable to perform quantitative meta-analysis
due to methodological heterogeneity in existing studies.
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While our synthesis addresses significant gaps in understanding
tissue-specific interactions, important challenges remain in the
broader field. The predominant reliance on murine models
introduces substantial translational barriers, as these models
exhibit marked differences from humans in immune
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TABLE 1 Fibroblast subpopulations, their phenotypic characteristics, signaling pathways, and roles in inflammatory diseases, with detailed information
on their impact on neutrophil recruitment and function.

Fibroblast

Subpopulation

Molecular
Signature

Disease
Context

Signaling
Pathways

Functional Properties

Impact
on Neutrophils

Reference

IL-1p — ILIRI

Inflammation amplification,

Neutrophil recruitment,

CXCLI1+ fibroblast: Psoriasis, SLE | CXCLIT, SAA1 . . L . 7
roblasts soriasis T ' —NF-kB recruitment of immune cells activation, delayed apoptosis o
. CXCLI21, IL-17A —IL-17R — . . Neutrophil recruitment,
Psoriasis, NFKBIZT, Chemokine production, K
CXCL12+ fibroblasts Skin infection | Adibocyte NFKBIZ; TNF-0. — response to 1117 essential for (4)
! pocyt TNFR1 — NF-xB P infection clearance
markers?
COL6AS5T, .
. . _T . Precursors to CXCL1 Indirect effect
COL6A5+ fibroblasts ~ Psoriasis differentiation / K L (7)
. + fibroblasts through differentiation
potential
IL-36y — IL-36R/IL-
PD, IL- s 1 P 1
o SORT RACP complex — Response to IL-36Y, Neutrophil recruitment via
Lung fibroblasts Pulmonary CXCL1/81, IL- NF-kB/MAPK; inflammation amplification CXCL1/8 (17, 18)
fibrosis 61, MMP2/91 IL-1B — ILIRI P
—NF-xB
IL-1 IL1R1 — NF- I ired ti
NRGI+IL1R1 Inflammatory B - Epithelial repair, responds to mpa'lre r.epara e .
+ fibroblasts bowel disease NRGI11, ILIR1T «B; IL-1B — IL1R1 118 function with neutrophil- (29)
" STATIL/3 derived IL-1B
ACLYT, Ac- . . . . .
Enh life N 1 h NET
Fibroblast- Rheumatoid | p651, NETs — ACLY — Ac- | anf:ed proifteration Correlation with NETS in
i X . : migration, and invasiveness; synovial fluid and tissue; (39)
like synoviocytes arthritis inflammatory p65 — NF-xB . . ; . L
. metabolic reprogramming linked to disease activity
mediators?
Fibroblast- Rheumatoid MHC-1It, IL-61, NETs = .Antlgen presentation, Neutrophil survival
. . . RAGE—TLRY — inflammatory . . . (35)
like synoviocytes arthritis 1L-81, IL-331 X i extension, NET induction
MHC II cytokine production
IDO11, CXCL1 IL-1 IL-1R R« to IL-1 signaling, . .
IDO1+ fibroblasts CRSwNP I / P~ - esponse to Slg,n g Neutrophil recruitment (41)
2/3/5/6/81 NF-kB tryptophan metabolism
TNFRSF211,
TNFRSF21 XCL1/2 Infl i lification,B
NERS Periodontitis CXCLL2/5/61 / nflammation .afnp'l cation Neutrophil recruitment (49)
+ fibroblasts 131, and T cell positioning
IL-241
CXCL8 Peri- Interacti ith CXCR2
L * i en . CXCL8t / Inflammation amplification nteraction ,WI (57)
gingival fibroblasts implantitis + neutrophils
Myocardial IFN-Bf — IFNAR —
MCP-11, IP-101, R« to IEN-f3, Neutrophil migration,
Cardiac fibroblasts infarction, ! T JAK — STAT1/3; esponse fo . B eu ro,p ! m-1 Bration . (32)
K ) TGF-B11 ECM production resolution of inflammation
ischemia NETs — Wnt5a

TABLE 2 Anti-fibrotic drugs targeting fibroblasts: approved for clinical use or under clinical trial, their mechanisms of action, and
therapeutic indications.

Mechanism of Action Indications Status Reference
e o - . Idiopathic pulmonary
Pirf Inhibits TGF- it hesis. A 7
irfenidone | Inhibits TGF-P signaling and collagen synthesis fibrosis, liver fibrosis. pproved (79)
Idiopathi
Nintedanib | Inhibits multiple kinases involved in fibrosis, including TGF-P. lePa,t e pulrr.lonary . Approved (80)
fibrosis, systemic sclerosis.
TRK250 Inhibits'TGF-Bl expre.ssion using siRNA technology, targeting collagen Idiopathic ' Phase I trial completed @)
production and fibrosis. pulmonary fibrosis
PBI4050 Inhibits the differentiation of fibroblasts to myofibroblasts, and reduces Idiopathic Phase II trial completed, 2)
accumulation of ECM protein deposition and fibrosis. pulmonary fibrosis no significant benefit
. . . . Idiopathic X .
BI-1015550 | Inhibit TGF-Blinduced myofibroblast transformation and ECM deposition . Phase III trial ongoing (83)
pulmonary fibrosis
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microenvironment characteristics, including neutrophil lifespan,
NET formation efficiency, and fibroblast heterogeneity (75-77).
Notably, specific chemokine-receptor axes (e.g., CXCL1-CXCR2)
play divergent roles in fibroblast-neutrophil interactions across
species (78), potentially compromising the cross-species
applicability of findings. Furthermore, existing in vitro
experiments largely employ static co-culture systems or single
time-point analyses that fail to capture the dynamic evolution
from inflammation to repair and fibrosis.

From a clinical perspective, current therapeutic approaches face
challenges of tissue-specific heterogeneity, as evidenced by the
paradoxical effects of IL-17 inhibitors that benefit psoriasis but
potentially exacerbate intestinal inflammation (64). Additionally,
the development of truly precision-targeted therapies is hindered by
limited clinical data on NETs inhibitors, inadequate biomarkers for
patient stratification, and incomplete understanding of temporal
dynamics in disease progression.

Overcoming these challenges requires developing advanced
research platforms such as organ-specific 3D co-culture models,
implementing spatial-temporal multi-omics analyses, and
designing precision-targeted interventions like nano-carriers
targeting specific fibroblast subpopulations. These approaches
would enable more selective modulation of pathogenic pathways
while preserving beneficial immune functions, ultimately
facilitating the development of personalized therapeutic strategies
tailored to individual patients’ disease profiles.

Author contributions

CC: Conceptualization, Methodology, Writing — original draft.
LG: Conceptualization, Methodology, Writing - review & editing.
CW: Conceptualization, Writing — review & editing. RH: Formal
Analysis, Writing - review & editing. LO: Supervision, Writing -
review & editing. QJ: Funding acquisition, Supervision, Writing -
review & editing.

References

1. Zhang F, Xia Y, Su J, Quan F, Zhou H, Li Q, et al. Neutrophil diversity and
function in health and disease. Signal Transduct Target Ther. (2024) 9:343.
doi: 10.1038/s41392-024-02049-y

2. Davidson S, Coles M, Thomas T, Kollias G, Ludewig B, Turley S, et al. Fibroblasts
as immune regulators in infection, inflammation and cancer. Nat Rev Immunol. (2021)
21:704-17. doi: 10.1038/s41577-021-00540-z

3. Baker P, Huang C, Radi R, Moll SB, Jules E, Arbiser JL. Skin barrier function: The
interplay of physical, chemical, and immunologic properties. Cells. (2023) 12:2745.
doi: 10.3390/cells12232745

4. Cavagnero KJ, Li F, Dokoshi T, Nakatsuji T, O’Neill AM, Aguilera C, et al.
CXCLI12+ dermal fibroblasts promote neutrophil recruitment and host defense by
recognition of IL-17. ] Exp Med. (2024) 221:¢20231425. doi: 10.1084/jem.20231425

5. Balakumar A, Das D, Datta A, Mishra A, Bryak G, Ganesh SM, et al. Single-cell
transcriptomics unveils skin cell specific antifungal immune responses and IL-1Ra-IL-
1R immune evasion strategies of emerging fungal pathogen Candida auris. PloS Pathog.
(2024) 20:1012699. doi: 10.1371/journal.ppat.1012699

6. Cordier-Dirikoc S, Pedretti N, Garnier ], Clarhaut-Charreau S, Ryffel B, Morel F,
et al. Dermal fibroblasts are the key sensors of aseptic skin inflammation through
interleukin 1 release by lesioned keratinocytes. Front Immunol. (2022) 13:984045.
doi: 10.3389/fimmu.2022.984045

Frontiers in Immunology

10.3389/fimmu.2025.1588667

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This work was supported
by National Natural Science Foundation of China (No. 82270966)
and GuangDong Basic and Applied Basic Research Foundation
Project (2022A1515110601).

Acknowledgments

The authors express their gratitude for the support and
contributions of all participants.

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.

7. Li Z, Cao T, Li Q, Zhang J, Du J, Chen J, et al. Cross-disease characterization of
fibroblast heterogeneities and their pathogenic roles in skin inflammation. Clin
Immunol. (2023) 255:109742. doi: 10.1016/j.clim.2023.109742

8. Chen X, OuYang L, Qian B, Qiu Y, Liu L, Chen F, et al. IL-1f mediated fibroblast-
neutrophil crosstalk promotes inflammatory environment in skin lesions of SLE. Clin
Immunol. (2024) 269:110396. doi: 10.1016/j.clim.2024.110396

9. Nakabo S, Romo-Tena J, Kaplan M]J. Neutrophils as drivers of immune
dysregulation in autoimmune diseases with skin manifestations. J Invest Dermatol.
(2022) 142:823-33. doi: 10.1016/j.jid.2021.04.014

10. Chu Z, Zheng Y, Shen Q, Yang K, Wang H, Ma K, et al. Neutrophil extracellular
traps with low concentrations induce proliferation and migration of human fibroblasts
via activating CCDC25/ILK/PI3K/AKT pathway. Biochem Biophys Res Commun.
(2024) 738:150954. doi: 10.1016/j.bbrc.2024.150954

11. Shi X, Xu T, Cui W, Qi X, Xu S. Combined negative effects of microplastics and
plasticizer DEHP: The increased release of Nets delays wound healing in mice. Sci Total
Environ. (2023) 862:160861. doi: 10.1016/j.scitotenv.2022.160861

12. Frangou E, Chrysanthopoulou A, Mitsios A, Kambas K, Arelaki S, Angelidou I,
et al. REDD1/autophagy pathway promotes thromboinflammation and fibrosis in
human systemic lupus erythematosus (SLE) through NET's decorated with tissue factor

frontiersin.org


https://doi.org/10.1038/s41392-024-02049-y
https://doi.org/10.1038/s41577-021-00540-z
https://doi.org/10.3390/cells12232745
https://doi.org/10.1084/jem.20231425
https://doi.org/10.1371/journal.ppat.1012699
https://doi.org/10.3389/fimmu.2022.984045
https://doi.org/10.1016/j.clim.2023.109742
https://doi.org/10.1016/j.clim.2024.110396
https://doi.org/10.1016/j.jid.2021.04.014
https://doi.org/10.1016/j.bbrc.2024.150954
https://doi.org/10.1016/j.scitotenv.2022.160861
https://doi.org/10.3389/fimmu.2025.1588667
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Cai et al.

(TF) and interleukin-17A (IL-17A). Ann Rheum Dis. (2019) 78:238-48. doi: 10.1136/
annrheumdis-2018-213181

13. Niwetbowornchai N, Chaisirirat T, Sriswasdi S, Saithong S, Filbertine G, Wright
HL, et al. Regulation of dermal fibroblasts by human neutrophil peptides. Sci Rep.
(2023) 13:17499. doi: 10.1038/s41598-023-44889-8

14. Negreros M, Flores-Suarez LF. A proposed role of neutrophil extracellular traps
and their interplay with fibroblasts in ANCA-associated vasculitis lung fibrosis.
Autoimmun Rev. (2021) 20:102781. doi: 10.1016/j.autrev.2021.102781

15. Thiam F, Yazeedi SA, Feng K, Phogat S, Demirsoy E, Brussow J, et al.
Understanding fibroblast-immune cell interactions via co-culture models and their
role in asthma pathogenesis. Front Immunol. (2023) 14:1128023. doi: 10.3389/
fimmu.2023.1128023

16. Ghonim MA, Boyd DF, Flerlage T, Thomas PG. Pulmonary inflammation and
fibroblast immunoregulation: from bench to bedside. J Clin Invest. (2023) 133:¢170499.
doi: 10.1172/JCI170499

17. Koss CK, Wohnhaas CT, Baker JR, Tilp C, Przibilla M, Lerner C, et al. IL36 is a
critical upstream amplifier of neutrophilic lung inflammation in mice. Commun Biol.
(2021) 4:172. doi: 10.1038/s42003-021-01703-3

18. Baker JR, Fenwick PS, Koss CK, Owles HB, Elkin SL, Fine J, et al. IL-36 receptor
agonist and antagonist imbalance drives neutrophilic inflammation in COPD. JCI
Insight. (2022) 7:¢155581. doi: 10.1172/jci.insight.155581

19. Cox SL, O'Siorain JR, He Y, Lordan R, Naik A, Tang SY, et al. Circadian
disruption in lung fibroblasts enhances NF-kB activity to exacerbate neutrophil
recruitment. FASEB J. (2023) 37:€22753. doi: 10.1096/£].202201456R

20. Yan S, Li M, Liu B, Ma Z, Yang Q. Neutrophil extracellular traps and pulmonary
fibrosis: an update. J Inflamm. (2023) 20:2. doi: 10.1186/512950-023-00329-y

21. Nho RS, Ballinger MN, Rojas MM, Ghadiali SN, Horowitz JC. Biomechanical
force and cellular stiffness in lung fibrosis. Am ] Pathol. (2022) 192:750-61.
doi: 10.1016/j.ajpath.2022.02.001

22. Chrysanthopoulou A, Mitroulis I, Apostolidou E, Arelaki S, Mikroulis D,
Konstantinidis T, et al. Neutrophil extracellular traps promote differentiation and
function of fibroblasts. J Pathol. (2014) 233:294-307. doi: 10.1002/path.4359

23. Zhang S, Jia X, Zhang Q, Zhang L, Yang ], Hu C, et al. Neutrophil extracellular
traps activate lung fibroblast to induce polymyositis-related interstitial lung diseases via
TLR9-miR-7-Smad2 pathway. ] Cell Mol Med. (2020) 24:1658-69. doi: 10.1111/
jemm. 14858

24. Tiwari P, Verma S, Washimkar KR, Mugale MN. Immune cells crosstalk
Pathways, and metabolic alterations in Idiopathic pulmonary fibrosis. Int
Immunopharmacol. (2024) 135:112269. doi: 10.1016/j.intimp.2024.112269

25. Gavriilidis E, Divolis G, Natsi A-M, Kafalis N, Kogias D, Antoniadou C, et al.
Neutrophil-fibroblast crosstalk drives immunofibrosis in Crohn’s disease through
IFNo. pathway. Front Immunol. (2024) 15:1447608. doi: 10.3389/fimmu.2024.1447608

26. Kerami Z, Duijvis NW, Vogels EW, van Dooren FH, Moerland PD, Te Velde
AA. Effect of interleukin-17 on gene expression profile of fibroblasts from Crohn's
disease patients. ] Crohns Colitis. (2014) 8:1208-16. doi: 10.1016/j.crohns.2014.02.009

27. Dragoni G, Ke BJ, Picariello L, Abdurahiman S, Ceni E, Biscu F, et al. The impact
of peptidyl arginine deiminase 4-dependent neutrophil extracellular trap formation on
the early development of intestinal fibrosis in crohn’s disease. ] Crohns Colitis. (2024)
19:jjael21. doi: 10.1093/ecco-jcc/jjael 21

28. Friedrich M, Pohin M, Jackson MA, Korsunsky I, Bullers SJ, Rue-Albrecht K,
et al. IL-1-driven stromal-neutrophil interactions define a subset of patients with
inflammatory bowel disease that does not respond to therapies. Nat Med. (2021)
27:1970-81. doi: 10.1038/s41591-021-01520-5

29. QiuD, Xu$§, Ji K, Tang C. Myeloid cell-derived IL-1 signaling damps neuregulin-
1 from fibroblasts to suppress colitis-induced early repair of the intestinal epithelium.
Int J Mol Sci. (2024) 25:4469. doi: 10.3390/ijms25084469

30. Yu G, LiJ, Zhang H, Zi H, Liu M, An Q, et al. Single-cell analysis reveals the
implication of vascular endothelial cell-intrinsic ANGPT2 in human intracranial
aneurysm. Cardiovasc Res. (2024) 121:658-73. doi: 10.1093/cvr/cvael86

31. Lin S, Lin R, Zhu P, Sun X, Qiu C, Zhang B, et al. Neutrophil extracellular traps
promoting fibroblast activation and aggravating limb ischemia through Wnt5a
pathway. Am J Cancer Res. (2024) 14:1866. doi: 10.62347/SQOC7984

32. Bolivar S, Anfossi R, Humeres C, Vivar R, Boza P, Mufioz C, et al. IFN-f plays
both pro-and anti-inflammatory roles in the rat cardiac fibroblast through differential
STAT protein activation. Front Pharmacol. (2018) 9:1368. doi: 10.3389/
fphar.2018.01368

33. Curaj A, Schumacher D, Rusu M, Staudt M, Li X, Simsekyilmaz S, et al.
Neutrophils modulate fibroblast function and promote healing and scar formation
after murine myocardial infarction. Int J Mol Sci. (2020) 21:3685. doi: 10.3390/
ijms21103685

34. Sharma S, Hofbauer TM, Ondracek AS, Chausheva S, Alimohammadi A, Artner
T, et al. Neutrophil extracellular traps promote fibrous vascular occlusions in chronic
thrombosis. Blood. (2021) 137:1104-16. doi: 10.1182/blood.2020005861

35. Carmona-Rivera C, Carlucci PM, Moore E, Lingampalli N, Uchtenhagen H,
James E, et al. Synovial fibroblast-neutrophil interactions promote pathogenic adaptive
immunity in rheumatoid arthritis. Sci Immunol. (2017) 2:eaag3358. doi: 10.1126/
sciimmunol.aag3358

Frontiers in Immunology

10.3389/fimmu.2025.1588667

36. Wu S, Peng W, Liang X, Wang W. Anti-citrullinated protein antibodies are
associated with neutrophil extracellular trap formation in rheumatoid arthritis. J Clin
Lab Anal. (2021) 35:23662. doi: 10.1002/jcla.23662

37. Tang J, Xia J, Gao H, Jiang R, Xiao L, Sheng H, et al. IL33-induced neutrophil
extracellular traps (NETs) mediate a positive feedback loop for synovial inflammation
and NET amplification in rheumatoid arthritis. Exp Mol Med. (2024) 56:2602-16.
doi: 10.1038/s12276-024-01351-7

38. Mao J, Tan M, Li ], Liu C, Hao ], Zheng J, et al. Neutrophil extracellular traps
induce pyroptosis of rheumatoid arthritis fibroblast-like synoviocytes via the NF-kB/
caspase 3/GSDME pathway. Inflammation. (2024) 47:921-38. doi: 10.1007/s10753-
023-01951-x

39. LiJ, Wang X, Tan M, Zheng J, Mao J, Hao J, et al. Neutrophil extracellular traps
in rheumatoid arthritis: Activating fibroblast-like synoviocytes via ATP citrate lyase. Int
Immunopharmacol. (2024) 143:113518. doi: 10.1016/j.intimp.2024.113518

40. Schmidt T, Mossberg A, Berthold E, Krol P, Linge P, Bengtsson AA, et al.
Synovial fibroblasts from children with oligoarticular juvenile idiopathic arthritis
induce migration and prolong viability of neutrophils. Front Pediatr. (2024)
12:1376371. doi: 10.3389/fped.2024.1376371

41. Xie X, Wang P, Jin M, Wang Y, Qi L, Wu C, et al. IL-1B-induced epithelial cell
and fibroblast transdifferentiation promotes neutrophil recruitment in chronic
rhinosinusitis with nasal polyps. Nat Commun. (2024) 15:9101. doi: 10.1038/s41467-
024-53307-0

42. Guo C, Wang C, Wang Z, Liu F, Liu L, Yang Y, et al. Granzyme K+ CD8+ T cells
interact with fibroblasts to promote neutrophilic inflammation in nasal polyps. Nat
Commun. (2024) 15:10413. doi: 10.1038/s41467-024-54685-1

43. Zhang C, Zhang Q, Chen J, Li H, Cheng F, Wang Y, et al. Neutrophils in nasal
polyps exhibit transcriptional adaptation and proinflammatory roles that depend on
local polyp milieu. JCI Insight. (2024) 9:¢184739. doi: 10.1172/jci.insight.184739

44. Liu J, Meng H, Mao Y, Zhong L, Pan W, Chen Q. IL-36 regulates neutrophil
chemotaxis and bone loss at the oral barrier. ] Dent Res. (2024) 103:442-51.
doi: 10.1177/00220345231225413

45. Williams DW, Greenwell-Wild T, Brenchley L, Dutzan N, Overmiller A, Sawaya
AP, et al. Human oral mucosa cell atlas reveals a stromal-neutrophil axis regulating
tissue immunity. Cell. (2021) 184:4090-104. doi: 10.1016/j.cell.2021.05.013

46. Li Y, Ling J, Jiang Q. Inflammasomes in alveolar bone loss. Front Immunol.
(2021) 12:691013. doi: 10.3389/fimmu.2021.691013

47. Kim AR, Bak EJ, Yoo Y]J. Distribution of neutrophil and monocyte/macrophage
populations induced by the CXCR4 inhibitor AMD3100 in blood and periodontal
tissue early after periodontitis induction. J Periodontal Res. (2022) 57:332-40.
doi: 10.1111/jre.12963

48. Caetano AJ, Redhead Y, Karim F, Dhami P, Kannambath S, Nuamah R, et al.
Spatially resolved transcriptomics reveals pro-inflammatory fibroblast involved in
lymphocyte recruitment through CXCL8 and CXCL10. Elife. (2023) 12:e81525.
doi: 10.7554/eLife.81525

49. Chen Y, Wang H, Yang Q, Zhao W, Chen Y, Ni Q, et al. Single-cell RNA
landscape of the osteoimmunology microenvironment in periodontitis. Theranostics.
(2022) 12:1074-96. doi: 10.7150/thno.65694

50. Qiu W, Guo R, Yu H, Chen X, Chen Z, Ding D, et al. Single-cell atlas of human
gingiva unveils a NETs-related neutrophil subpopulation regulating periodontal
immunity. ] Adv Res. (2024). doi: 10.1016/j.jare.2024.07.028

51. Guo S, Fu L, Yin C, Shao W, Sun Q, Chen L, et al. ROS-induced gingival
fibroblast senescence: Implications in exacerbating inflammatory responses in
periodontal disease. Inflammation. (2024) 47:1918-35. doi: 10.1007/s10753-024-
02014-5

52. Kondo T, Gleason A, Okawa H, Hokugo A, Nishimura I. Mouse gingival single-
cell transcriptomic atlas identified a novel fibroblast subpopulation activated to guide
oral barrier immunity in periodontitis. Elife. (2023) 12:RP88183. doi: 10.7554/
eLife.88183.3

53. Zhang Z, Zhou Z, Liu J, Zheng L, Peng X, Zhao L, et al. Salicin alleviates
periodontitis via Tas2r143/gustducin signaling in fibroblasts. Front Immunol. (2024)
15:1374900. doi: 10.3389/fimmu.2024.1374900

54. Wang Q, Lin W, Zhou X, Lei K, Xu R, Zhang X, et al. Single-cell transcriptomic
atlas of gingival mucosa in type 2 diabetes. ] Dent Res. (2022) 101:1654-64.
doi: 10.1177/00220345221092752

55. Zhang B, Zhu G, Liu J, Zhang C, Yao K, Huang X, et al. Single-cell transcriptional
profiling reveals immunomodulatory properties of stromal and epithelial cells in
periodontal immune milieu with diabetes in rats. Int Immunopharmacol. (2023)
123:110715. doi: 10.1016/j.intimp.2023.110715

56. Shinjo T, Onizuka S, Zaitsu Y, Ishikado A, Park K, Li Q, et al. Dysregulation of
CXCLI expression and neutrophil recruitment in insulin resistance and diabetes-
related periodontitis in male mice. Diabetes. (2023) 72:986-98. doi: 10.2337/db22-1014

57. Mo J, Lai Y, Huang Q, Li Y, Zhang Y, Chen R, et al. Single-cell sequencing
identifies inflammation-promoting fibroblast-neutrophil interaction in peri-
implantitis. ] Clin Periodontol. (2024) 51:196-208. doi: 10.1111/jcpe.13912

58. Cabrera-Fuentes HA, Barreto G, Al-Suhaimi EA, Liehn EA. Fibroblast plasticity in
pulmonary and cardiovascular fibrosis: Mechanistic insights and emerging therapeutic
targets. Arch Med Res. (2025) 56:103173. doi: 10.1016/j.arcmed.2024.103173

frontiersin.org


https://doi.org/10.1136/annrheumdis-2018-213181
https://doi.org/10.1136/annrheumdis-2018-213181
https://doi.org/10.1038/s41598-023-44889-8
https://doi.org/10.1016/j.autrev.2021.102781
https://doi.org/10.3389/fimmu.2023.1128023
https://doi.org/10.3389/fimmu.2023.1128023
https://doi.org/10.1172/JCI170499
https://doi.org/10.1038/s42003-021-01703-3
https://doi.org/10.1172/jci.insight.155581
https://doi.org/10.1096/fj.202201456R
https://doi.org/10.1186/s12950-023-00329-y
https://doi.org/10.1016/j.ajpath.2022.02.001
https://doi.org/10.1002/path.4359
https://doi.org/10.1111/jcmm.14858
https://doi.org/10.1111/jcmm.14858
https://doi.org/10.1016/j.intimp.2024.112269
https://doi.org/10.3389/fimmu.2024.1447608
https://doi.org/10.1016/j.crohns.2014.02.009
https://doi.org/10.1093/ecco-jcc/jjae121
https://doi.org/10.1038/s41591-021-01520-5
https://doi.org/10.3390/ijms25084469
https://doi.org/10.1093/cvr/cvae186
https://doi.org/10.62347/SQOC7984
https://doi.org/10.3389/fphar.2018.01368
https://doi.org/10.3389/fphar.2018.01368
https://doi.org/10.3390/ijms21103685
https://doi.org/10.3390/ijms21103685
https://doi.org/10.1182/blood.2020005861
https://doi.org/10.1126/sciimmunol.aag3358
https://doi.org/10.1126/sciimmunol.aag3358
https://doi.org/10.1002/jcla.23662
https://doi.org/10.1038/s12276-024-01351-7
https://doi.org/10.1007/s10753-023-01951-x
https://doi.org/10.1007/s10753-023-01951-x
https://doi.org/10.1016/j.intimp.2024.113518
https://doi.org/10.3389/fped.2024.1376371
https://doi.org/10.1038/s41467-024-53307-0
https://doi.org/10.1038/s41467-024-53307-0
https://doi.org/10.1038/s41467-024-54685-1
https://doi.org/10.1172/jci.insight.184739
https://doi.org/10.1177/00220345231225413
https://doi.org/10.1016/j.cell.2021.05.013
https://doi.org/10.3389/fimmu.2021.691013
https://doi.org/10.1111/jre.12963
https://doi.org/10.7554/eLife.81525
https://doi.org/10.7150/thno.65694
https://doi.org/10.1016/j.jare.2024.07.028
https://doi.org/10.1007/s10753-024-02014-5
https://doi.org/10.1007/s10753-024-02014-5
https://doi.org/10.7554/eLife.88183.3
https://doi.org/10.7554/eLife.88183.3
https://doi.org/10.3389/fimmu.2024.1374900
https://doi.org/10.1177/00220345221092752
https://doi.org/10.1016/j.intimp.2023.110715
https://doi.org/10.2337/db22-1014
https://doi.org/10.1111/jcpe.13912
https://doi.org/10.1016/j.arcmed.2024.103173
https://doi.org/10.3389/fimmu.2025.1588667
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Cai et al.

59. Saffarzadeh M, Cabrera-Fuentes HA, Veit F, Jiang D, Scharffetter-Kochanek K,
Gille CG, et al. Characterization of rapid neutrophil extracellular trap formation and its
cooperation with phagocytosis in human neutrophils. Discoveries. (2014) 2:el9.
doi: 10.15190/d.2014.11

60. Cabrera-Fuentes HA, Boisvert WA. Refining the impact of early intermittent
hyperlipidemia on atherosclerosis: Unveiling the role of neutrophil reprogramming, sex
differences, gut microbiota, and maternal hypercholesterolemia. FASEB J. (2025) 39:
€70425. doi: 10.1096/1j.202403281R

61. Middelink L, Chirivi R, van Es H, Meldrum E, van Zandvoort P, Bruurmijn T,
et al. Early clinical development of CIT-013, a first in class NETosis inhibitor, in a
randomized phase I dose escalation study in healthy volunteers demonstrating potent
inhibition of LPS induced neutrophil extracellular trap formation [abstract. Arthritis
Rheumatol. (2023) 75:1234-5. doi: 10.1002/art.42000

62. AlMutairi N, Eassa B. Comparing the efficacy and safety of IL-17 inhibitors for
treatment of moderate-to-severe psoriasis: a randomized double blind pilot study with
a review of literature. Postepy Dermatol Alergol. (2021) 38:281-8. doi: 10.5114/
ada.2019.91496

63. Aggarwal P, Fleischer ABJr. IL-17 and IL-23 inhibitors have the fastest time to
Meaningful Clinical response for Plaque Psoriasis: A Network Meta-Analysis. ] Clin
Med. (2024) 13:5139. doi: 10.3390/jcm13175139

64. Fauny M, Moulin D, d'Amico F, Netter P, Petitpain N, Arnone D, et al.
Paradoxical gastrointestinal effects of interleukin-17 blockers. Ann Rheum Dis.
(2020) 79:1132-8. doi: 10.1136/annrheumdis-2020-217927

65. Achufusi TG, Harnee PS, Rawlins S. A rare case of new-onset ulcerative colitis
following initiation of secukinumab. Case Rep Med. (2019) 2019:2975631. doi: 10.1155/
2019/2975631

66. Ehrlich D, Jamaluddin N, Pisegna J, Padua D. A challenging case of severe
ulcerative colitis following the initiation of secukinumab for ankylosing spondylitis.
Case Rep Gastrointest Med. (2018) 2018:9679287. doi: 10.1155/2018/9679287

67. Johnston DN, Veettil R. A case of new onset ulcerative colitis following
secukinumab treatment. Br J Hosp Med. (2019) 80:544-5. doi: 10.12968/
hmed.2019.80.9.544

68. Jm VM. The onset of ulcerative colitis during treatment with secukinumab: can
anti-IL-17A be a trigger for inflammatory bowel disease? Rev Esp Enferm Dig. (2019)
111:720-1. doi: 10.17235/reed.2019.5841/2018

69. Fobelo Lozano M]J, Serrano Giménez R, Castro Fernandez M. Emergence of
inflammatory bowel disease during treatment with secukinumab. J Crohns Colitis.
(2018) 12:1131-3. doi: 10.1093/ecco-jcc/jjy063

70. Thompson JM, Cohen LM, Yang CS, Kroumpouzos G. Severe, ulcerative,
lichenoid mucositis associated with secukinumab. JAAD Case Rep. (2016) 2:384-6.
doi: 10.1016/j.jdcr.2016.07.009

Frontiers in Immunology

11

10.3389/fimmu.2025.1588667

71. Uchida S, QOiso N, Komeda Y, Kudo M, Kawada A. Paradoxical ulcerative colitis
during treatment with secukinumab for psoriasis. Eur | Dermatol. (2019) 29:444-5.
doi: 10.1684/ejd.2018.3391

72. Shukla T, McCurdy ], Fahim S, Rostom A. A90 three patients with inflammatory
bowel disease diagnosed while being treated with secukinumab for psoriasis. J Can
Assoc Gastroenterol. (2018) 1:135-6. doi: 10.1093/jcag/gwy009.090

73. Vernero M, Astegiano M, Ribaldone DG. New onset of inflammatory bowel
disease in three patients undergoing IL-17A inhibitor secukinumab: a case series. Am |
Gastroenterol. (2019) 114:179-80. doi: 10.1038/s41395-018-0422-z

74. Fries W, Belvedere A, Cappello M, Orlando A, Trifiro G. Inflammatory bowel
disease onset during secukinumab treatment: real concern or just an expression of
dysregulated immune response? Clin Drug Investig. (2019) 39:799-803. doi: 10.1007/
540261-019-00803-7

75. Adrover JM, Del Fresno C, Crainiciuc G, Cuartero MI, Casanova-Acebes M,
Weiss LA, et al. A neutrophil timer coordinates immune defense and vascular
protection. Immunity. (2019) 50:390-402.e10. doi: 10.1016/j.immuni.2019.01.002

76. Sollberger G, Brenes AJ, Warner J, Arthur JSC, Howden AJM. Quantitative
proteomics reveals tissue-specific, infection-induced and species-specific neutrophil
protein signatures. Sci Rep. (2024) 14:5966. doi: 10.1038/541598-024-56163-6

77. Buechler MB, Pradhan RN, Krishnamurty AT, Cox C, Calviello AK, Wang AW,
et al. Cross-tissue organization of the fibroblast lineage. Nature. (2021) 593:575-9.
doi: 10.1038/541586-021-03549-5

78. Sahai E, Astsaturov I, Cukierman E, DeNardo DG, Egeblad M, Evans RM, et al.
A framework for advancing our understanding of cancer-associated fibroblasts. Nat
Rev Cancer. (2020) 20:174-86. doi: 10.1038/s41568-019-0238-1

79. Lancaster LH, de Andrade JA, Zibrak JD, Padilla ML, Albera C, Nathan SD, et al.
Pirfenidone safety and adverse event management in idiopathic pulmonary fibrosis.
Eur Respir Rev. (2017) 26:170057. doi: 10.1183/16000617.0057-2017

80. Sofia C, Comes A, Sgalla G, Richeldi L. An update on emerging drugs for the
treatment of idiopathic pulmonary fibrosis: a look towards 2023 and beyond. Expert
Opin Emerg Drugs. (2023) 28:283-96. doi: 10.1080/14728214.2023.2281416

81. Bonella F, Spagnolo P, Ryerson C. Current and future treatment landscape for

idiopathic pulmonary fibrosis. Drugs. (2023) 83:1581-93. doi: 10.1007/s40265-023-
01950-0

82. Khalil N, Manganas H, Ryerson CJ, Shapera S, Cantin AM, Hernandez P, et al.
Phase 2 clinical trial of PBI-4050 in patients with idiopathic pulmonary fibrosis. Eur
Respir ]. (2019) 53:1800663. doi: 10.1183/13993003.00663-2018

83. Kolb M, Crestani B, Maher TM. Phosphodiesterase 4B inhibition: a potential
novel strategy for treating pulmonary fibrosis. Eur Respir Rev. (2023) 32:220206.
doi: 10.1183/16000617.0206-2022

frontiersin.org


https://doi.org/10.15190/d.2014.11
https://doi.org/10.1096/fj.202403281R
https://doi.org/10.1002/art.42000
https://doi.org/10.5114/ada.2019.91496
https://doi.org/10.5114/ada.2019.91496
https://doi.org/10.3390/jcm13175139
https://doi.org/10.1136/annrheumdis-2020-217927
https://doi.org/10.1155/2019/2975631
https://doi.org/10.1155/2019/2975631
https://doi.org/10.1155/2018/9679287
https://doi.org/10.12968/hmed.2019.80.9.544
https://doi.org/10.12968/hmed.2019.80.9.544
https://doi.org/10.17235/reed.2019.5841/2018
https://doi.org/10.1093/ecco-jcc/jjy063
https://doi.org/10.1016/j.jdcr.2016.07.009
https://doi.org/10.1684/ejd.2018.3391
https://doi.org/10.1093/jcag/gwy009.090
https://doi.org/10.1038/s41395-018-0422-z
https://doi.org/10.1007/s40261-019-00803-7
https://doi.org/10.1007/s40261-019-00803-7
https://doi.org/10.1016/j.immuni.2019.01.002
https://doi.org/10.1038/s41598-024-56163-6
https://doi.org/10.1038/s41586-021-03549-5
https://doi.org/10.1038/s41568-019-0238-1
https://doi.org/10.1183/16000617.0057-2017
https://doi.org/10.1080/14728214.2023.2281416
https://doi.org/10.1007/s40265-023-01950-0
https://doi.org/10.1007/s40265-023-01950-0
https://doi.org/10.1183/13993003.00663-2018
https://doi.org/10.1183/16000617.0206-2022
https://doi.org/10.3389/fimmu.2025.1588667
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	The role of fibroblast-neutrophil crosstalk in the pathogenesis of inflammatory diseases: a multi-tissue perspective
	1 Introduction
	2 Skin
	3 Lung
	4 Gastrointestinal tract
	5 Cardiovascular
	6 Joint
	7 Sinus
	8 Oral cavity
	9 Clinical translation: applications and challenges
	10 Conclusions
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


