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Abstract: Neutrophils are increasingly recognized as key contributors to the pathogenesis of Type 1
Diabetes (T1D), yet their precise mechanistic role in disease onset and progression remains
incompletely understood. While these innate immune cells reside in pancreatic tissue and support
tissue homeostasis under physiological conditions, they can also drive tissue damage by triggering
innate immune responses and modulating inflammation. Within the inflammatory milieu,
neutrophils establish complex, bidirectional interactions with various immune cells, including
macrophages, dendritic cells, natural killer cells, and lymphocytes. Once activated, they may enhance
the innate immune response through direct or indirect crosstalk with immune cells, antigen
presentation, and {3-cell destruction or dysfunction. These mechanisms underscore the multifaceted
and dynamic role of neutrophils in T1D, shaped by their intricate immunological interactions. Further
research into the diverse functional capabilities of neutrophils is crucial for uncovering novel aspects
of their involvement in T1D, potentially revealing new therapeutic targets to modulate disease
progression.
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1. Introduction: Neutrophils and Type 1 Diabetes

Neutrophils represent the most abundant circulating white blood cells in humans and are key
components of the innate immune system as first line defenders against host-invading pathogens,
including viruses, bacteria and fungi. They are known to not only circulate in the bloodstream but
also to reside in various organs and tissues, including the pancreas, where they play a role in
maintaining tissue homeostasis and contribute to essential physiological processes such as
coagulation, angiogenesis, and tissue repair [1-4]. Additionally, resident neutrophils probably
behave as sentinels, triggered by the local microenvironment to respond promptly to invading
microorganisms [3,4].

Neutrophils are widely recognized for their ability to engage in complex communication with
various cells, including both innate and adaptive immune cells, such as dendritic cells (DCs),
monocytes, macrophages, T cells, B cells, and natural killer (NK) cells, as well as non-immune cells
like platelets, epithelial cells, and endothelial cells. These interactions are pivotal in establishing the
role of neutrophils in processes such as hemostasis, mucosal inflammation, and atherogenesis [5],
while in influencing various aspects of the immune response and in both initiating and regulating
inflammation [6-8].

In the pancreas, neutrophils appear to play a role in $-cells function and dysfunction. As a matter
of fact, it is plausible that, through the secretion of cytokines, chemokines or other factors secretion,
they may directly or indirectly influence (3-cells function, thereby contributing to the islet's response
to metabolic demands [1]. However, they can also contribute to tissue damage by priming innate or
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adaptive immune responses and modulating inflammation [9]. Supporting this, recent advancements
in technology have shed light on the crucial role of neutrophils, as key players in the innate immune
system, in initiating and sustaining autoimmune disorders, such as T1D. These findings suggest that
these cells are far more versatile and heterogeneous than previously thought [3]. However, the
mechanisms through which neutrophils interact with other immune cells in the context of
autoimmune diseases remain poorly understood and warrant further investigation [10].

T1D is a chronic autoimmune condition characterized by the immune system's targeted
dysfunction and destruction of pancreatic -cells, leading to insulin deficiency [11]. The primary
agents responsible for 3-cells destruction appear to be autoreactive CD8+ T lymphocytes; however
the autoimmune response in T1D involves both the adaptive and the innate immune systems [12—
15]. Within this context, the role of neutrophils in T1D pathogenesis has garnered a lot of attention as
potential key players in the initial stages of the disease. In the landmark study by Diana et al. [16], it
was observed that physiological (3-cell death can trigger the recruitment and activation of B-1a cells,
neutrophils, and plasmacytoid dendritic cells (pDCs) in the pancreas of young Non Obese Diabetic
(NOD) mice. The presence of neutrophils and pDCs was transient, peaking at 3 and 4 weeks of age,
respectively. The interaction between these cells was suggested to be essential for initiating
autoimmune diabetes. Specifically, 3-cell debris could form immune complexes with dsDNA-specific
IgGs secreted by B-1a cells, while neutrophils might produce DNA-binding peptides that enhance
these immune complexes and stimulate IFN-a secretion by pancreatic pDCs, via TLR9. In this
process, neutrophils were identified as a source of CRAMP (the neutrophil granule protein
cathelicidin) and appeared to release neutrophil extracellular traps (NETs), typically associated with
CRAMP release and the activation of IFN-a-secreting pDCs. This highlights the role of CRAMP-
secreting neutrophils in activating pancreatic pDCs and triggering the onset of T1D. Ultimately, this
sequence of events creates an inflammatory environment conducive to an adaptive immune response
driven by autoreactive T cells, culminating in the development of autoimmune diabetes. Still
regarding NOD mice, the neutrophils recruitment inhibition, mediated by the CXCL8-CXCR1/2
pathway, is able to prevent and revert hyperglycemia and neutrophil neutralizing antibodies
utilization in the preclinical stage of autoimmune diabetes could enhance disease progression
[1,16,17].

In humans, pancreas-infiltrating neutrophils have been observed in T1D patients just before the
clinical onset of the disease. These neutrophils were primarily located in very small blood vessels and
in the exocrine pancreas, as revealed by electron microscopy and immunohistochemical analysis
[1,18,19]. Moreover, in patients with recent-onset T1D, peripheral blood circulating neutrophils were
observed to be reduced to the lower end of the normal range. Similarly, first-degree relatives of T1D
patients with two or more autoantibodies against 3-cell antigens exhibit reduced neutrophil counts,
which correlate with the progression of (3-cell dysfunction [18,20]. This neutrophil reduction does not
appear to result from increased neutrophil death, impaired differentiation, or because of anti-
neutrophil antibodies; instead, it suggests that before the clinical onset of T1D, neutrophils may move
from bloodstream to the pancreas [18]. Neutrophils from both clinically manifest and pre-
symptomatic T1D individuals exhibit an interferon (IFN)-driven pro-inflammatory signature [19],
similar to patterns observed in other autoimmune diseases such as rheumatoid arthritis (RA) and
systemic lupus erythematosus (SLE) [21-23]. Moreover, in T1D patients, neutrophils demonstrate
altered functions, including reduced migration and chemotaxis and impaired phagocytic activity
[20,24,25]. Levels of neutrophil elastase (NE) and proteinase 3 (PR3) serine proteases from neutrophil
granules, involved in microbial clearance and immune regulation during inflammation, are elevated
in T1D patients, as well as myeloperoxidase (MPO, an enzyme essential for microbial killing) [26]
and correlate with titer and number of 3-cell specific autoantibodies [27]. Enhanced NETs, web-like
structures formed from cytosolic and granule proteins on decondensed chromatin and released by
activated neutrophils to capture and eliminate pathogens [20,28], have been observed in the
circulation of T1D patients [27]. These NETs display an altered composition compared to those of
healthy individuals [20,29]. Particularly, peptidyl arginine deiminase-4 (PAD4), an enzyme required
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for histone citrullination and NET formation, is upregulated in T1D neutrophils, resulting in
heightened NETosis upon stimulation [30]. Furthermore, pancreas-infiltrating neutrophils in T1D
patients also release NETs, further implicating their role in the disease process, as in other
autoimmune diseases like SLE and RA [6,20,23].

The precise mechanistic role of neutrophils in the onset and progression of T1D remains to be
fully understood. However, it is crucial to note that during the development of pancreatic islet
inflammation, there is a significant interaction between both adaptive and innate immune cells [31].
The presence of innate immune cells has been observed in both the exocrine and the endocrine
pancreas during the early stages of insulitis [1,12]. In this innate inflammatory environment,
neutrophils may interact intricately and bidirectionally with various immune cells, including
macrophages, NK cells, DCs, and lymphocytes [1]. Once activated, neutrophils could enhance the
innate immune response through different mechanisms such as degranulation, phagocytosis, reactive
oxygen species (ROS) production, complement system activation, release of cytokines and NETs [1].
Recent findings suggest that neutrophils also have the capability to present antigens. Furthermore,
different neutrophil subtypes have been identified, some with pro-inflammatory functions and others
exhibiting immunosuppressive properties [3,7,8]. This suggests a potentially complex and diverse
role for neutrophils in autoimmune diabetes. However, despite the renewed interest in this area, the
data regarding the involvement of neutrophils in the pathogenesis of T1D, particularly in humans,
remain limited.

In this review, we will thoroughly examine the intricate interaction between neutrophils and
other immune cells that could influence (-cell fate in T1D through the exploration of three main
mechanistic hypotheses suggesting how neutrophils may play an active role in the disease's
pathogenesis: (i) direct or indirect interaction with other immune cells involved in T1D pathogenesis;
(if) islet-antigen presentation to the adaptive immune system; (iii) destruction or dysfunction of -
cells through the secretion of pro-inflammatory factors. Our final goal is to shed light onto novel and
lesser-known aspects of these interactions, providing fresh insights that may encourage the scientific
community to further investigate this critical area of research.

2. HYPOTHESIS-1: Neutrophils Engage Other Immune Cells Which in Turn
Cause Dysfunction and Destruction of -Cells

2.1. Direct Neutrophils-Immune Cells Interaction

The evidence of direct cell-to-cell interaction between neutrophils and other immune cells is
scarce with few studies being confirmatory. However, it is established that neutrophils engage
interactions with both innate and adaptive immune cells, including DCs, monocytes, macrophages,
T cells, B cells, and NK cells (Figure 1), as well as with non-immune cells such as platelets, epithelial
and/or endothelial cells [5].

Infection models demonstrate that neutrophils can directly interact with DCs and are capable of
capturing and presenting antigens to T cells [32], bridging the innate and the adaptive branches of
the immune system [7]. It is well-established that neutrophils and DCs can interact through the
binding of Mac-1 (CD11b/CD18) on neutrophils to the C-type lectin DC-SIGN (CD209) on DCs,
promoting DCs maturation. Furthermore, the interaction between CEACAMI on neutrophils and
both DC-SIGN and ICAM-1 on DCs plays a critical role in facilitating their communication [10,33,34].
However, direct communication between neutrophils and DCs, has not yet been extensively
investigated in T1D. Neutrophils are also thought to directly interact with T cells, promoting their
differentiation into Th1 and Th17 subsets [10]. Furthermore, neutrophils can drive the polarization of
activated CD4 T cells toward either a Th1 or Th2 response by producing IL-12 or IL-4, respectively
[7,35]. Neutrophils are not only pivotal initiators during the early stages of inflammation but also
participate in the later stages. They likely play homeostatic roles in both infectious and non-infectious
inflammation, interacting with non-immune or somatic cells, such as epithelial cells and platelets
[5,7].
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Figure 1. Hypothesis-1: Direct and remote communications among neutrophils and immune cells that lead to
autoimmunity. Macrophages play a key role in regulating granulopoiesis by releasing G-CSF and secreting
chemoattractant molecules like CXCL1, CXCL2, and IL-1a. Neutrophils recruit monocytes to inflamed tissue
through the release of LL-37, PR3, and azurocidin. Communication with dendritic cells is mediated by
interactions between CEACAMI1 and ICAM-1, as well as the secretion of CXCL9, CXCL10, and TNF-a.;
furthermore, granule proteins secreted by neutrophils act as chemoattractants for dendritic cells. Neutrophils
influence B cell activity by secreting BAFF and APRIL, that regulate B cell proliferation and differentiation. They
activate NK cells through the secretion of NE and lactoferrin, while simultaneously inhibiting NK cell
degranulation via proteinase G release. Neutrophils can promote T cell differentiation into Th17 cells through
NE secretion; they also secrete CXCL1, CXCL7, CCL19, and IL-12, facilitating T cell recruitment. A key
communication mechanism employed by neutrophils is the release of extracellular vesicles containing proteins
and miRNAs, which can target and affect other cells’ status. Finally, neutrophils respond to specific stimuli by

forming NETs, which can trigger activation of various immune cells.

2.2. Remote and Wireless Communication Among Neutrophils and Immune Cells via Cytokines,

Chemokines, and/or Granule Proteins

As central regulators of innate immunity, neutrophils recruit, activate, and influence other
immune cells mainly by secreting a wide array of pro-inflammatory and immunomodulatory
cytokines [7,36], or through the release of granule proteins, microvesicles, apoptotic bodies, and/or
NETs [5,37]. Importantly, neutrophil granules are generally classified into four groups based on their
stages of maturation: primary or azurophil granules (including MPO, proteinase 3 P-R3-, defensins,
azurocidin -CAP37-, NE, and cathepsin), secondary or specific granules (comprising lactoferrin,
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lysozyme, and properdin), tertiary granules (such as those containing arginase and gelatinase), and
secretory vesicles, including ectosomes and exosomes [2,38,39]. These molecules (cytokines, granule
proteins and microvesicles/apoptotic bodies) in turn, enhance the recruitment and functionality of
other immune cells from both the innate and the adaptive systems, such as DCs, B cells, NK cells,
CD4 and CD8 T cells, monocytes, and macrophages [2,7,40,41] then triggering a complex pro-
inflammatory context. In the pathological context, such mechanism have been clearly demonstrated
in multiple autoimmune diseases like RA and SLE [1,23] and could also occur in T1D, potentially in
the initial stages of the disease.

Interestingly, neutrophils can be subdivided into multiple distinct subsets based on their
transcriptional profiles [42], suggesting that specific neutrophil subpopulations may play critical
roles in various pathological contexts, distinct from their traditional role in infection surveillance. For
example, a specific subset of neutrophils known as “Low-density granulocytes” (LDGs) has been
identified in certain inflammatory contexts and could be the main actor in pathological ones,
including T1D. Compared to normal-density neutrophils, these cells exhibit distinct pathogenic
phenotypes and functions, producing elevated levels of specific cytokines, including type I
interferons, TNF-a, and IFN-y, contributing to immunostimulatory effects [3,19]. Moreover LDGs
exhibit an impaired phagocytic activity, can induce endothelial cytotoxicity by disrupting the
differentiation of endothelial progenitor cells into mature endothelial cells, and activate multiple
immune cells to produce pro-inflammatory cytokines and chemokines [5,43]. Hence, in T1D, we can
hypothesize a multifaceted role for specific neutrophils subsets in initiating pancreatic p-cell
destruction and/or dysfunction by producing multiple cytokines, granule proteins or other factors
[2,44], all of which could actively be involved in the pro-inflammatory context of the insulitic islet.

2.2.1. Neutrophils-Dendritic Cells Interaction

Neutrophils could be pivotal during T1D initiation and progression in consequence of DCs
recruitment through the secretion of CXCL9 and CXCL10 (as the latter was observed to be expressed
in pancreatic islets in autoimmune diabetes [10,45,46] or other chemokines (CCL2, CCL3, CCL4,
CCL5, and CCL20) and pro-inflammatory cytokines (TNF-a and IL-1P) [7,36,38]. Additionally,
granule proteins may play a specific role in neutrophils-DCs communication. In fact, neutrophils
alarmins, including a-defensins, cathelicidins, and high-mobility group box-1 (HMGB1) granule
proteins, act as chemoattractants for DCs [38,47]. Moreover, a-defensins and HNP1 can stimulate
pDCs to produce IFN-a [5,48,49];. Importantly, DCs have been shown to contribute to both
immunomodulatory effects and triggering of pathogenesis in T1D.

2.2.2. Neutrophils-Monocytes/Macrophages Interaction

It is also well known that neutrophils interact with other innate immune cells, such as monocytes
and macrophages [38]. Their interactions are critical in both the initiation and resolution phases of
the inflammation and can be instrumental for the initial setting of a pathological context, including
T1D. This partnership begins in the bone marrow, where neutrophils interact closely with monocytes
and macrophages. Macrophages regulate granulopoiesis by releasing granulocyte colony-
stimulating factor (G-CSF) and influence neutrophil preservation through direct cellular contact or
CXCL12/CXCR4 signaling [50-52]. In the periphery, tissue-resident macrophages play a central role
in inflammation by secreting chemoattractants such as CXCL1, CXCL2, and CCL2, as well as pro-
inflammatory cytokines like IL-1a, which drive the shift of activated neutrophils to inflamed tissues
[38,50,53]. This process is further supported by factors such as G-CSF, GM-CSF, which can prolong
neutrophil lifespan [38]. This dynamic interplay has been recognized as a pivotal mechanism for
modulating inflammation in a wide range of pathological conditions [54]. Indeed, several studies
revealed that pancreatic macrophages and [3-cells can produce chemokines, including CXCL1 and
CXCL2, recruiting CXCR2-expressing neutrophils from the bloodstream to pancreatic islets [32,55].
Once activated, neutrophils can further release factors that recruit and, in turn, activate other innate
immune cells, thereby indirectly promoting the priming of naive antigen-specific T cells [32,56,57].
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For example, once in the inflamed tissues, neutrophils can contribute to the recruitment of peripheral
blood monocytes by releasing granule proteins such as LL-37 (a cathelicidin), PR3, azurocidin, human
neutrophil peptides 1-3 (HNP1-3), and cathepsin G [58-60]. Azurocidin and lactoferrin released by
neutrophils also drive tissue-resident macrophages toward a pro-inflammatory phenotype [58,61] by
enhancing their capacity for phagocytosis and cytokine production (such as TNF-a and IFN-vy)
[10,38,59,62].

2.2.3. Neutrophils-B Cells Interaction

An additional noteworthy interaction involves neutrophils and B-cells. In the human spleen's
marginal zone, there is a subpopulation of resident neutrophils, known as B-cell helper neutrophils
(NBH cells), which can enhance B-cell proliferation and antibody production by releasing specific
cytokines and chemokines [50,63,64]. In this context, neutrophils secrete significant amounts of the
cytokines BAFF (B-cell activating factor) and APRIL (a proliferation-inducing ligand), which are
essential for B-cell survival, development, proliferation, and plasma cell differentiation
[7,10,38,63,65]. Neutrophil-B cell interactions have been observed in various contexts, such as within
synovial fluid, where neutrophils produce BAFF, essential for B lymphocyte homeostasis and
differentiation [66]. The influence of neutrophils on B cells varies greatly depending on the context,
reflecting their versatility and their critical role in preserving immune homeostasis and modulating
inflammatory responses [10]. For example, multiple studies revealed that G-CSF and anti-neutrophil
cytoplasmic antibodies (ANCA) stimulate neutrophils to release BAFF, highlighting its crucial role
in immune regulation [10,65]. B-cell-neutrophil interactions have also been suggested to have a role
in the pathogenesis of RA, characterized by the presence of rheumatoid factors and anti-citrullinated
protein in patients” serum. ACPA-positive B cells, when stimulated by citrullinated proteins, secrete
CXCLS, a potent neutrophil chemoattractant, which promotes neutrophil migration in vitro [58,67].
Therefore, in light of the increasingly recognized role of B-cells in the pathogenesis of T1D (i.e. in T1D
endotypes characterization and their link with the severity of the disease) their intricate interaction
with neutrophils may be instrumental to further understand the initiation and progression of T1D.

2.2.4. Neutrophils-T Cells Interaction

Neutrophils are also able to engage with T cells [35]. Activated neutrophils enhance T-cell
proliferation and differentiation by releasing cytokines, granules, and NETs [10]. Both in animal
models and humans, activated neutrophils have been found to promote T-cell activation,
proliferation, and differentiation into effector CD8+ T cells and T helper cell subsets, including Th1
and Th17 cells, thereby supporting adaptive immune responses at sites of inflammation. Activated
neutrophils can secrete NE, which modifies CXCL8 into a truncated form, promoting Th17 cell
differentiation [10,68], while LL-37 acts as a chemoattractant for CD4+ T cells [5,38,69,70]. Neutrophil-
released chemokines such as CXCL1, CXCL7, CCL19, and CCL20 further facilitate T-cell recruitment
to these sites [7,36,38]. Finally, neutrophil-derived IL-12 plays a pivotal role in neutrophil-T cell
interactions by stimulating T cells to produce IFN-y. In turn, IFN-y provides positive feedback to
neutrophils, enhancing IL-12 production and amplifying neutrophil activation. This dynamic
interplay underscores the versatile role of neutrophils in shaping T-cell responses in both
inflammatory and homeostatic conditions [5,71]. However, it remains uncertain whether these
immunomodulatory effects arise from pre-existing neutrophils acquiring these properties under
specific conditions or from specialized neutrophil subsets that develop in response to distinct triggers
[50,52]. Interestingly, neutrophils, often through their differentiation into myeloid-derived
suppressor cells (MDSCs), a subset of neutrophils associated with chronic inflammation, can promote
the differentiation of CD4+ T cells into Th17 cells, further contributing to the inflammatory milieu
[58]. These Th17-mediated responses help to coordinate the activation and regulation of immune
functions. Due to their critical roles in autoimmune diseases and resistance to infections, Th17 cells
have been extensively studied [28]. These cells are strong neutrophil recruitment inducers, attracting
them to inflammation sites via IL-17A and amplifying inflammatory responses [28]. Neutrophils and
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Th17 cells come together at sites of inflammation through the production of chemokines and
cytokines, such as CXCL8, CCL20, CCL22, and IL-17A [28,72]. Notably, Toll-like receptor 8 (TLRS)-
activated neutrophils produce IL-23, a key factor driving Th17 differentiation. In vitro studies
demonstrated that the supernatant from TLR8-activated neutrophils can promote the differentiation
of naive T cells into Th1 cells [28,73]. Specifically, in autoimmune diseases, LDGs promote Th17 cell
differentiation and proliferation by responding to IFNs and upregulating costimulatory molecules as
well as major histocompatibility complex II (MHC-II) expression [28,74]. For instance, direct
interactions between LDGs and T cells have been observed in SLE, where T cell activation by SLE
LDGs leads to the release of pro-inflammatory cytokines such as TNF-a and IFN-y [75,76].
Additionally, IL-17A facilitates neutrophil recruitment to lymph nodes during Thl7-mediated
immune responses. Recruited neutrophils contribute to these responses by releasing IL-13, which
further supports Th17 cell differentiation [28]. Of note, IL-17A has been demonstrated to play a
critical role in the insulitis inflammation thus underscoring the importance of Th17-neutrophils
interaction [28,77]. However, neutrophils can also inhibit T-cell activation and differentiation
(through DC production of TGF-3, which suppresses T cell proliferation and through inhibiting TLR
signaling in DCs)[5,78]. Moreover, activated neutrophils can suppress T-cell responses, through the
arginase 1 (ARG1) metabolism. Specifically, neutrophil degranulation promotes the release of ARG1,
which reduces local arginine levels. This, in turn, inhibits the actin-binding protein cofilin
dephosphorylation in human T cells, thereby disrupting TCR signal transduction and impairing the
assembly of CD2 and CD3 during the formation of immunological synapses [10,79]. Neutrophils
further inhibit T cells through PD-L1 expression and the promotion of regulatory T cell-like
phenotypes via their apoptotic bodies [10,80,81].

The complexity of neutrophil-T cell interactions stems from the activation states of both cell
types. For instance, degranulating neutrophils promote T-cell proliferation and differentiation,
whereas resting neutrophils suppress T-cell proliferation, activation, and pro-inflammatory cytokine
production. Neutrophil-mediated inhibition is mostly effective during the early stages of T-cell
activation, while naive and later-stage T cells are less vulnerable to such suppression [10,82].

2.2.5. Neutrophils- NK Cells Interaction

At sites of inflammation, neutrophils interact also with NK cells, through direct cellular contact
as well as a complex network of cytokine signaling [10,38,83]. As a matter of fact, it is known that
neutrophils play a crucial role in NK cell development and activation, through the release of soluble
mediators (such as defensins, NE, and lactoferrin), resulting in an increased NK cells cytokine
production and cytotoxicity [10,38,83-85]. In contrast, neutrophil-derived granule proteinase G can
cleave NKp46, thereby limiting IFN-y production and degranulation by NK cells [10,86]. This finding
suggests a multifaceted role for neutrophils in NK cells activation, depending on the phenotype and
subsets of neutrophils involved. Conversely, NK cells can release factors like GM-CSF and IFN-y
which prolong neutrophil survival. This bidirectional interaction highlights the essential role of
neutrophils in modulating NK cell responses and fostering immune regulation at sites of
inflammation [38]. The precise role of NK cells in the destruction and/or dysfunction of [3-cells
remains unclear. Several studies have demonstrated that NK cells infiltrate pancreatic tissue in T1D
cases, particularly where specific enteroviral infections have been detected [87].

2.3. Remote and Wireless Communication Between Neutrophils and Immune Cells via Extracellular Vesicles
(EVs), Neutrophils Extracellular Traps (NETs), and microRNAs

2.3.1. The Role of EVs in Neutrophils-Immune Cells Communication

Cells in the body naturally release EVs to facilitate intercellular communication by transferring
their contents to other cells [41]. Human neutrophils can release EVs in response to specific activators.
These can be classified into ectosomes and exosomes and formation of these vesicles may depend on
the assembly of local microdomains in the membranes (endocytic membranes for exosomes and the
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surface membrane for ectosomes). These microdomains consist of proteins and various types of RNA
associated with the cytosolic surface. Exosomes are formed by inward membrane invagination to
create precursors (50-150 nm), while ectosomes are formed by outward membrane budding (100-500
nm). Once released into the extracellular fluid, these two types of microvesicles travel to distant
tissues to facilitate cell-cell communication. Upon fusion with the plasma membrane of target cells,
through endocytosis, these vesicles can influence the physiological processes of the recipient cells,
primarily through the delivery of proteins and non-coding RNAs (ncRNAs) [5,10,88,89].
Additionally, ectosomes and exosomes released by neutrophils can play critical roles in pathological
conditions, including autoimmune diseases, inflammation, and non-communicable diseases like
cancer and Cardiovascular Diseases (CVDs) [5]. Thus, neutrophil-derived EVs can influence disease
progression, exhibiting an intrinsic ability to penetrate tissues and interact with target cells [41]. As
examples, neutrophil exosomes have been shown to amplify the recruitment of additional
neutrophils during inflammation via leukotriene B4 (LTB4) signaling [90]; in autoimmune-associated
vasculitis (AAV), neutrophil exosomes, containing autoantigens, can cause endothelial cell damage
by increasing apoptosis, reducing proliferation, and impairing wound healing [91]. In RA,
neutrophil-derived EVs have been observed to suppress macrophage activation and promote TGF-f3
release: this, in turn, inhibits macrophages from activating fibroblast-like synoviocytes, which play a
critical role in joint damage and disease progression [41]. Finally, it has been recently discovered that
human neutrophils can perform trogocytosis, rather than phagocytosis. The effects of trogocytosis
between neutrophils and immune-related cells, highlight its role in modulating immune responses

[5].

2.3.2. The Role of NETs in Neutrophils-Immune Cells Interactions

Once released by neutrophils, NETs can drive inflammation both directly and indirectly.
Increasing evidence suggests that NETs play a critical role in autoimmunity, largely due to their
impaired clearance and interactions with other immune cells, including B cells, antigen-presenting
cells, and T cells.

In T1D, neutrophils infiltrate the pancreas and release NETs, even in presymptomatic
individuals and elevated levels of NE and PR3 are strongly associated with increased NET formation
[19]. Furthermore, circulating levels of NE and PR3 are positively correlated with the presence of -
cell specific autoantibodies [10,27]. The nucleic acids present in NETs can stimulate pattern
recognition receptors, driving cytokine production from various cell types. Moreover NETs carry
immunostimulatory proteins activating other immune and stromal cells, and thus stimulating the
type I interferon pathway and the NLRP3 inflammasome [3,92]. The process of NETosis promotes
also the recruitment of more neutrophils, which intensifies autoimmune responses [5]. NETs can also
activate other immune cells, such as monocytes and macrophages, to secrete IL-1p through the
NLRP3 inflammasome, thereby sustaining a pro-inflammatory environment [3,92]. The interaction
between the inflammasome and NETs has been extensively documented in a variety of diseases. The
inflammasome is a multi-protein complex activated in response to inflammation and immune-related
challenges. It is primarily found in macrophages, neutrophils, DCs, and other immune and
inflammatory cells, playing a key role in inducing inflammatory and immune responses by
recognizing pathogen-associated molecular patterns (PAMPs) and danger-associated molecular
patterns (DAMPs) [93-95]. The inflammasome has been shown to play a significant role in the
pathogenesis and progression of various diseases, including CVDs, metabolic diseases, cancer and
autoimmune disorders [93,96]. Recent studies have highlighted the central role of NETs in activating
the NLRP3 inflammasome in macrophages [92,97]. The NLRP3 inflammasome is an intracellular
macromolecular complex that recognizes danger signals and triggers an inflammatory response,
primarily through the release of IL-13 and IL-18. IL-18 can trigger NET release and enhance caspase-
1 activation in macrophages through a feed-forward loop. As a result, NETs induce the synthesis of
IL-18 and IL-18 in macrophages, which in turn promotes NET formation in neutrophils [92,98].
Enhanced NETosis and the release of granule proteins further promote pathogen phagocytosis by
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macrophages [50,99,100]. In the context of diabetes, limited data exist on the relationship between
NETs and the inflammasome [92]. In the marginal zones of the spleen neutrophils, can also release
NET-like structures along with cytokines, furthering antibody production in activated B cells, in
response to signals from sinusoidal endothelial cells [7,64]. An indirect interaction between NETs and
T cells was observed in the joints of a RA patient [101] as fibroblasts presented citrullinated peptides
associated with the NETs. However, NETs seem to directly prime CD4+ T cells, interacting with TCR,
improving the T cell response to specific antigens and suboptimal inducements [75,102], as well as
enhancing the release of Th17-promoting cytokines, and consequently the differentiation of Th17
cells; this process would seem to be further exemplified by cathelicidin, a peptide secreted by
neutrophils during NET formation [28,70,103]. As a matter of fact, this peptide drives CD4+ T cells to
Th17 differentiation rather than a Th1 profile, and enhances Th17 cell survival by inhibiting apoptosis
[10]. Additionally, NETs can stimulate IFN-a production by DCs, and thereby the generation of CD4+
and CD8+ T cells, which through the releasing of IFNy, may act as a key link between innate and
adaptive immune responses in the pathogenesis of T1D [10,29]. A study conducted on early postnatal
NOD mice suggests that NET-induced activation of DCs leads to the polarization of T cells towards
a Thl response, although the exact underlying mechanism remains to be fully elucidated [29,32].

2.3.3. The Role of Secreted miRNAs in Neutrophils-Immune Cells Interactions

MicroRNAs (miRNAs) are been suggested to be key modulators of the islet inflammation in
T1D [104] and serve as a communication module between immune system and pancreatic endocrine
cells [105], as well as between NETs and cells. During and after NETosis, neutrophils express several
miRNAs targeting other cells known as NET-miRNAs [106]. Notable NET-miRNAs include miRNA-
142-3p, which enhances TNF-a production in macrophages [7,107], and the miR-17/92 cluster, which
targets monocytes [106]. In addition to miRNAs synthesized by neutrophils to regulate NETosis,
miRNAs can also be expressed by other cells in response to NETosis, as the development of NETs
may influence changes in the expression levels of various miRNAs in neighboring cells [106]. There
are miRNAs produced by macrophages, endothelial cells, and platelets, that are transported through
exosomes in the bloodstream to interact with neutrophils and target genes involved in the regulation
of NETosis. Exosomal miRNAs have been identified in four studies, which revealed that five different
miRNAs are secreted by various cell types to regulate NETosis. These miRNAs include miR-142a-3p,
miR-15b-5p, miR-378a-3p, miR-505, miR-4512, and miR-125a-3p [106]. Furthermore, a recent study
showed that high levels of miR-146a were contained in exosomes derived from macrophages
activated with oxidized low-density lipoproteins (ox-LDLs); the authors demonstrated that co-
culturing these exosomes with neutrophils promoted NET formation [108,109].

3. HYPOTHESIS-2: Neutrophils Can Act as Antigen Presenting Cells Triggering
Islet Autoimmunity

Antigen presenting cells (APCs) are a class of cells able to internalize and/or process extracellular
or intracellular antigens; products of this process are then presented by surface proteins called mayor
histocompatibility complex (MHC) to be recognized by CD4+ T cells [110]. While all nucleated cells
are APC, only some of them, called professional APCs, can respond to the three-signals model that
is able to prime and expand antigen specific T cells [111]. This model is based on 3 different signals
that are crucial for their activity. Signal 1 consists of the interaction between MHC-peptide complex
and T cell receptor (TCR); this signal alone cannot activate APCs. Signal 2 is based on the interaction
of costimulatory molecules, expressed on APCs, such as CD80 or CD86, with other molecules
expressed on T cells, such as CD28. Signal 3 consists of the cytokines secretion by activated APCs
inducing the differentiation of CD4+ T cells (Figure 2) [112]. Well known professional APCs are DCs,
macrophages and B cells; DCs and macrophages internalize pathogens and cellular debris by
phagocytosis [113-115], while B cells use the B cell receptor to internalize antigens [116]. After the
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uptake, antigens are processed into the cells and peptides are presented to T cells that can be
committed to become helper or cytotoxic cells and produce memory cells.

Several evidence have highlighted that neutrophils can contribute to adaptive immunity by
transporting and presenting antigens to T cells [8,117,118]. Resting neutrophils do not express MHC
class II or costimulatory molecules and are unable to stimulate naive CD4+ T cells [8,118], this means
that resting neutrophils are not professional APCs. However, during pro-inflammatory stress
neutrophils can express MHC class II or costimulatory molecules, such as CD80 or CD86 [119].
Different studies have been demonstrated CD80 and CD86 are stored in cytosol of resting neutrophils
and of interest also the mRNAs for the synthesis of these proteins have been detected in the cytoplasm
of resting neutrophils, excluding the possibility to have been detected the protein due to the ability
of the cell to uptake proteins from the environment [120,121]. mRNA for MHC class II was also
detected in these neutrophils suggesting that its expression is regulated by post-transcriptional
modification [122,123]. Interestingly, when neutrophils were activated in vitro, mRNAs levels
increase and cytoplasmatic CD proteins decreased due to their rapid translocation onto the cell
surface [124,125]. Sandilands et al. detected MHC class II molecules in 10% of resting neutrophils
[124]. However, for the activation of T cells, a specific number of MHC class II complexes must be
present; in particular, 200-300 MHC class II complexes capable of binding to T cells are required to
initiate their activation [126].

Neutrophils can be stimulated to express stimulatory and co-stimulatory molecules giving them
the ability to be APCs. The treatment of neutrophils with IFN-vy, IL-3 or GM-CSF is sufficient to induce
MHC class II expression. Notably, it has been demonstrated that neutrophils isolated from peripheral
blood and cultured with antigens and IFN-vy, in combination, become able to express MHC class 11
presenting those antigens [127]. While some studies suggested that neutrophils expression of MHC
class II is a consequence of monocytes contamination during isolation procedure from peripheral
blood, additional research showed that highly purified neutrophils maintain this ability [128,129].

Interestingly, neutrophils treated with a specific set of cytokines acquire a hybrid cellular
phenotype known as neutrophil-DC cell. This specific phenotype is characterized by the expression
of some neutrophils markers, such as CXCR2 and CD16, and some DCs markers, such as MHC class
II, CD80 and CD86, thus being able to present antigens to the adaptive immune system [130,131].

Neutrophils can acquire antigen-presenting ability in the presence of antigen-specific memory
T cells and antigens, even without stimulation by exogenous cytokines. This process occurs during
adjacent APCs antigen presentation, leading to the activation of antigen-specific T cells. In turn, these
T cells produce cytokines, primarily IFN-y, which subsequently drive the differentiation of
neutrophils. This phenomenon is observed in the presence of antigen-specific memory T cells but not
naive T cells; indeed, memory T cells exhibit higher IFN-y production and require lower levels of
costimulatory molecules for activation, and display enhanced production of IFN-y. Furthermore,
evidence suggests that memory T cells constitutively express intracellular mRNA for IFN-v,
indicating a “pre-activated state”. These studies suggest the crucial role played by antigen-specific T-
cell in combination with exposure of neutrophils to specific antigens and cytokines. Furthermore, as
just observed in neutrophils treated with cytokines, co-cultured neutrophils with antigens only can’t
induce the expression of MHC class II [127].

Overall, considering the role of neutrophils as antigen-presenting cells, it is plausible to
hypothesize a specific involvement in antigen presentation during multiple stages of T1D, both at the
onset of the disease and throughout its progression. Notably, additional studies support this
hypothesis, highlighting neutrophils as pivotal antigen-presenting cells in the initiation and
modulation of immune responses. For example, in mice vaccinated with BCG, neutrophils have been
observed to internalize antigens at the injection site and subsequently present them to T cells within
the T cell zone of draining lymph nodes [132]. This neutrophil-mediated antigen presentation has
also been demonstrated in vaccinated primates where neutrophils constitute the main cell population
responsible for antigen internalization [133]. Furthermore, the presence of neutrophils exhibiting
elevated levels of MHC class II and co-stimulatory molecules has been identified in individuals with
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Wegener's granulomatosis and rheumatoid arthritis [134,135], suggesting a critical role for activated
neutrophils in the pathogenesis of autoimmune diseases, including T1D.

Cytokines
secretion

MHC II-TCR
Neutrophil T cell

Figure 2. Hypothesis-2: neutrophils act as antigen presenting cells using a three-signals model that is able to
prime and expand antigen specific T cells triggering or exhacerbating autoimmunity. Signal 1 consists of the
interaction between MHC-peptide complex and TCR; this signal alone cannot activate APCs. Signal 2 is based
on the interaction of costimulatory molecules, expressed on APCs, such as CD80 or CD86, with other molecules
expressed on T cells, such as CD28. Signal 3 consists of the cytokines secretion by activated APCs inducing the
differentiation of CD4+ T cells.

4. HYPOTHESIS-3: Neutrophils Can Release Factors That Are Involved in the
Direct Damage of the p-Cells

Upon inflammatory insults, neutrophils are able to release various factors, including ROS,
proteolytic enzymes and/or NETs, which can directly damage p-cells. These molecules, especially
ROS, have been shown to contribute to oxidative stress, inflammation, and structural disruption
within the islets, thereby potentially exacerbating (3-cell destruction and impairing their functionality
in the context of T1D (Figure 3, Armenteros JJA et al. [136]).

In the pancreatic tissue of T1D donors, neutrophils are increased and predominantly located in
the exocrine portion of the pancreas, likely associated with the microvasculature or interspersed
within the acinar tissue. Interestingly, some neutrophils have been observed in close proximity to
pancreatic islets. Exposure of neutrophils to a pro-inflammatory environment, such as that present
in the pancreas during an insulitic process, may stimulate neutrophils to release ROS. These ROS,
including superoxide and/or hydrogen peroxide can also target highly susceptible (-cells either
through direct exposure or via release into the microvasculature near the pancreatic islets, thereby
contributing to p-cell damage and dysfunction [137,138]. Notably, neutrophils-induced oxidative
stress has been previously shown to cause tissue damage in various organs and under diverse
pathological conditions [139].

Granule-associated enzymes have also cytotoxic potential. As a matter of fact, the release of
neutrophils’ granules has been associated to the infiltrated tissue damage in multiple contexts [140—
142]. Degranulation has also been reported to be associated with hypoxia [143], a condition present
also at the level of pancreatic islets in diabetes [144,145], or involving pancreatic microvasculature,
thus exacerbating the tissue damage. Of note, such damage is particularly associated with the activity
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of specific enzymes which may function as tissue-digesting enzymes thus damaging the surrounding
tissue causing direct cell death and/or exacerbating the inflammation[20].

Additionally, NETs can further exacerbate local tissue damage. NETosis, is often triggered by
inflammatory stimuli and can directly contribute to (3-cell by physical interaction with the islet cells.
As a matter of fact, it has been demonstrated that extracellular histones (one of the main component
of NETS) can damage human islets in-vitro [146]. Moreover, proteolytic enzymes such as elastase and
MPO, released during NETosis, have also been reported to degrade extracellular matrix components
and cellular structures [147], potentially compromising (3-cell survival.

Overall, neutrophils infiltrating the pancreas in T1D may directly contribute to pancreatic islets
and (-cell damage in multiple ways thus representing one of the putative mechanisms involving
neutrophils in T1D pathogenesis.

ROS release

Figure 3. Hypothesis-3: neutrophils are found in pancreatic islets where can damage B-cell through ROS release,
degranulation and NETs formation. Pro-inflammatory environment may stimulate neutrophils to release ROS,
such as superoxide and hydrogen peroxide, that directly target B-cells. Granules released by degranulation have
a cytotoxic activity, causing a direct cell death and/or exacerbating the inflammation. NETosis, frequently
induced by inflammatory stimuli, can directly impact -cells through physical interaction with islet cells;
proteolytic enzymes such as elastase and MPO, released during NETosis, have been observed to degrade
extracellular matrix components and cellular structures, potentially jeopardizing p-cell survival
Immunohistochemistry image of DIVID #3 donor (34 y.o, female) adapted from [19].

5. Conclusions and Future Perspectives

Neutrophils, as key effectors of the innate immune system, engage in complex bidirectional
interactions with both innate and adaptive immune cells, shaping immune responses in both
physiological and pathological contexts. These interactions are particularly relevant in autoimmune
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diseases, where neutrophils contribute to both the initiation and regulation of inflammation. In the
context of T1D, accumulating evidence from both animal models and human studies supports the
notion that neutrophils play a pivotal role, particularly during the early phases of disease
development.

In this review, we have delineated how neutrophils communicate with immune cells such as
dendritic cells, macrophages, B cells, T cells, and NK cells through a "remote and wireless" network
of signaling pathways involving cytokines, chemokines, granule proteins, EVs, NETs, and
microRNAs. Additionally, neutrophils may function as antigen-presenting cells and contribute to -
cell destruction through the release of ROS and proteolytic enzymes, further fueling the pro-
inflammatory milieu of the pancreatic islets. These mechanisms, which are not mutually exclusive,
collectively promote oxidative stress, immune activation, and 3-cell dysfunction, ultimately driving
the autoimmune process in T1D.

Despite significant advancements in understanding the multifaceted role of neutrophils in T1D,
many questions remain unanswered. The emerging view of neutrophils as highly interactive "social
network" cells underscores the need for further research to dissect their functional heterogeneity,
their crosstalk with other immune populations, and their full repertoire of effector molecules.
Unraveling these complexities could provide novel insights into the immunopathogenesis of T1D
and open new avenues for therapeutic interventions aimed at modulating neutrophil activity in
autoimmune diabetes.

Author Contributions: Nigi Laura writing—original draft preparation, Pedace Erika writing—original draft

preparation, Dotta Francesco supervision and editing, Sebastiani Guido writing—review and editing.

Conflict of Interest: the authors declare no conflicts of interest

References

1.  Citro A, Campo F, Dugnani E, Piemonti L. Innate immunity mediated inflammation and beta cell function:
neighbors or enemies? Front Endocrinol (Lausanne). 2020;11:606332.

2. Tsioumpekou M, Krijgsman D, Leusen JHW, Olofsen PA. The role of cytokines in neutrophil development,
tissue homing, function and plasticity in health and disease. Cells. 2023 Jul 31;12(15).

3. Wigerblad G, Kaplan M]J. Neutrophil extracellular traps in systemic autoimmune and autoinflammatory
diseases. Nat Rev Immunol. 2023 May;23(5):274-288.

. Nauseef WM, Borregaard N. Neutrophils at work. Nat Immunol. 2014 Jul;15(7):602-611.

5. Tsai C-Y, Hsieh S-C, Liu C-W, Lu C-5, Wu C-H, Liao H-T, et al. Cross-Talk among Polymorphonuclear
Neutrophils, Inmune, and Non-Immune Cells via Released Cytokines, Granule Proteins, Microvesicles,
and Neutrophil Extracellular Trap Formation: A Novel Concept of Biology and Pathobiology for
Neutrophils. Int ] Mol Sci. 2021 Mar 18;22(6).

6. Battaglia M, Petrelli A, Vecchio F. Neutrophils and type 1 diabetes: current knowledge and suggested
future directions. Curr Opin Endocrinol Diabetes Obes. 2019 Aug;26(4):201-206.

7.  Bissenova S, Ellis D, Mathieu C, Gysemans C. Neutrophils in autoimmunity: when the hero becomes the
villain. Clin Exp Immunol. 2022 Dec 15;210(2):128-140.

8. LiY, Wang W, Yang F, Xu Y, Feng C, Zhao Y. The regulatory roles of neutrophils in adaptive immunity.
Cell Commun Signal. 2019 Nov 14;17(1):147.

9.  Rosales C. Neutrophil: A Cell with Many Roles in Inflammation or Several Cell Types? Front Physiol. 2018
Feb 20;9:113.

10. LiZ, Lu Q. The role of neutrophils in autoimmune diseases. Clin Immunol. 2024 Sep;266:110334.

11. American Diabetes Association Professional Practice Committee. 2. Diagnosis and Classification of
Diabetes: Standards of Care in Diabetes-2024. Diabetes Care. 2024 Jan 1;47(Suppl 1):520-542.

12. Nigi L, Maccora C, Dotta F, Sebastiani G. From immunohistological to anatomical alterations of human
pancreas in type 1 diabetes: New concepts on the stage. Diabetes Metab Res Rev. 2020 May;36(4):€3264.

13. Sun L, Xi S, He G, Li Z, Gang X, Sun C, et al. Two to Tango: Dialogue between Adaptive and Innate
Immunity in Type 1 Diabetes. ] Diabetes Res. 2020 Jul 30;2020:4106518.


https://doi.org/10.20944/preprints202503.0357.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 March 2025 d0i:10.20944/preprints202503.0357.v1

14 of 20

14. Grieco FA, Vendrame F, Spagnuolo I, Dotta F. Innate immunity and the pathogenesis of type 1 diabetes.
Semin Immunopathol. 2011 Jan;33(1):57-66.

15. Nigi L, Laiho JE, Hyoty H, Dotta F. Editorial: The contribution of viruses and innate immune system in the
pathogenesis of type 1 diabetes. Front Endocrinol (Lausanne). 2023 Dec 15;14:1335716.

16. Diana J, Simoni Y, Furio L, Beaudoin L, Agerberth B, Barrat F, et al. Crosstalk between neutrophils, B-1a
cells and plasmacytoid dendritic cells initiates autoimmune diabetes. Nat Med. 2013 Jan;19(1):65-73.

17. Citro A, Valle A, Cantarelli E, Mercalli A, Pellegrini S, Liberati D, et al. CXCR1/2 inhibition blocks and
reverses type 1 diabetes in mice. Diabetes. 2015 Apr;64(4):1329-1340.

18. Valle A, Giamporcaro GM, Scavini M, Stabilini A, Grogan P, Bianconi E, et al. Reduction of circulating
neutrophils precedes and accompanies type 1 diabetes. Diabetes. 2013 Jun;62(6):2072-2077.

19. Vecchio F, Lo Buono N, Stabilini A, Nigi L, Dufort MJ, Geyer S, et al. Abnormal neutrophil signature in the
blood and pancreas of presymptomatic and symptomatic type 1 diabetes. JCI Insight. 2018 Sep 20;3(18).

20. Petrelli A, Popp SK, Fukuda R, Parish CR, Bosi E, Simeonovic CJ. The contribution of neutrophils and nets
to the development of type 1 diabetes. Front Immunol. 2022 Jul 6;13:930553.

21. Liibbers ], Brink M, van de Stadt LA, Vosslamber S, Wesseling JG, van Schaardenburg D, et al. The type I
IFN signature as a biomarker of preclinical rheumatoid arthritis. Ann Rheum Dis. 2013 May;72(5):776-780.

22. Garcia-Romo GS, Caielli S, Vega B, Connolly J, Allantaz F, Xu Z, et al. Netting neutrophils are major
inducers of type I IFN production in pediatric systemic lupus erythematosus. Sci Transl Med. 2011 Mar
9;3(73):73ra20.

23. Fresneda Alarcon M, McLaren Z, Wright HL. Neutrophils in the pathogenesis of rheumatoid arthritis and
systemic lupus erythematosus: same foe different M.O. Front Immunol. 2021 Mar 4;12:649693.

24. Huang ], Xiao Y, Zheng P, Zhou W, Wang Y, Huang G, et al. Distinct neutrophil counts and functions in
newly diagnosed type 1 diabetes, latent autoimmune diabetes in adults, and type 2 diabetes. Diabetes
Metab Res Rev. 2019 Jan;35(1):e3064.

25. Marhoffer W, Stein M, Schleinkofer L, Federlin K. Evidence of ex vivo and in vitro impaired neutrophil
oxidative burst and phagocytic capacity in type 1 diabetes mellitus. Diabetes Res Clin Pract. 1993
Mar;19(3):183-188.

26. Rosa JS, Oliver SR, Flores RL, Ngo J, Milne GL, Zaldivar FP, et al. Altered inflammatory, oxidative, and
metabolic responses to exercise in pediatric obesity and type 1 diabetes. Pediatr Diabetes. 2011
Aug;12(5):464-472.

27. WangY, Xiao Y, Zhong L, Ye D, Zhang J, Tu Y, et al. Increased neutrophil elastase and proteinase 3 and
augmented NETosis are closely associated with (-cell autoimmunity in patients with type 1 diabetes.
Diabetes. 2014 Dec;63(12):4239-4248.

28. Fan X, Shu P, Wang Y, Ji N, Zhang D. Interactions between neutrophils and T-helper 17 cells. Front
Immunol. 2023 Oct 18;14:1279837.

29. Parackova Z, Zentsoval, Vrabcova P, Klocperk A, Sumnik Z, Pruhova S, et al. Neutrophil extracellular trap
induced dendritic cell activation leads to thl polarization in type 1 diabetes. Front Immunol. 2020 Apr
14;11:661.

30. Wong SL, Demers M, Martinod K, Gallant M, Wang Y, Goldfine AB, et al. Diabetes primes neutrophils to
undergo NETosis, which impairs wound healing. Nat Med. 2015 Jul;21(7):815-819.

31. Eizirik DL, Colli ML, Ortis F. The role of inflammation in insulitis and beta-cell loss in type 1 diabetes. Nat
Rev Endocrinol. 2009 Apr;5(4):219-226.

32. Giovenzana A, Carnovale D, Phillips B, Petrelli A, Giannoukakis N. Neutrophils and their role in the
aetiopathogenesis of type 1 and type 2 diabetes. Diabetes Metab Res Rev. 2022 Jan;38(1):e3483.

33. van Gisbergen KPJM, Sanchez-Hernandez M, Geijtenbeek TBH, van Kooyk Y. Neutrophils mediate
immune modulation of dendritic cells through glycosylation-dependent interactions between Mac-1 and
DC-SIGN. ] Exp Med. 2005 Apr 18;201(8):1281-1292.

34. van Gisbergen KPJM, Ludwig IS, Geijtenbeek TBH, van Kooyk Y. Interactions of DC-SIGN with Mac-1 and
CEACAMI regulate contact between dendritic cells and neutrophils. FEBS Lett. 2005 Nov 7;579(27):6159—
6168.


https://doi.org/10.20944/preprints202503.0357.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 March 2025 d0i:10.20944/preprints202503.0357.v1

15 of 20

35. Miiller I, Munder M, Kropf P, Hansch GM. Polymorphonuclear neutrophils and T lymphocytes: strange
bedfellows or brothers in arms? Trends Immunol. 2009 Nov;30(11):522-530.

36. Tecchio C, Micheletti A, Cassatella MA. Neutrophil-derived cytokines: facts beyond expression. Front
Immunol. 2014 Oct 21;5:508.

37. Melbouci D, Haidar Ahmad A, Decker P. Neutrophil extracellular traps (NET): not only antimicrobial but
also modulators of innate and adaptive immunities in inflammatory autoimmune diseases. RMD Open.
2023 Aug;9(3).

38. Riaz B, Sohn S. Neutrophils in inflammatory diseases: unraveling the impact of their derived molecules
and heterogeneity. Cells. 2023 Nov 13;12(22).

39. Faurschou M, Borregaard N. Neutrophil granules and secretory vesicles in inflammation. Microbes Infect.
2003 Nov;5(14):1317-1327.

40. Fu X, Liu H, Huang G, Dai S-S. The emerging role of neutrophils in autoimmune-associated disorders:
effector, predictor, and therapeutic targets. MedComm. 2021 Sep;2(3):402-413.

41. Kupor D, Felder ML, Kodikalla S, Chu X, Eniola-Adefeso O. Nanoparticle-neutrophils interactions for
autoimmune regulation. Adv Drug Deliv Rev. 2024 Jun;209:115316.

42. Wu Y, Ma ], Yang X, Nan F, Zhang T, Ji S, et al. Neutrophil profiling illuminates anti-tumor antigen-
presenting potency. Cell. 2024 Mar 14;187(6):1422-1439.e24.

43. Denny MF, Yalavarthi S, Zhao W, Thacker SG, Anderson M, Sandy AR, et al. A distinct subset of
proinflammatory neutrophils isolated from patients with systemic lupus erythematosus induces vascular
damage and synthesizes type I IFNs. ] Immunol. 2010 Mar 15;184(6):3284-3297.

44. Padgett LE, Broniowska KA, Hansen PA, Corbett JA, Tse HM. The role of reactive oxygen species and
proinflammatory cytokines in type 1 diabetes pathogenesis. Ann N'Y Acad Sci. 2013 Apr;1281(1):16-35.

45. Guo Y, Kasahara S, Jhingran A, Tosini NL, Zhai B, Aufiero MA, et al. During Aspergillus Infection,
Monocyte-Derived DCs, Neutrophils, and Plasmacytoid DCs Enhance Innate Immune Defense through
CXCR3-Dependent Crosstalk. Cell Host Microbe. 2020 Jul 8;28(1):104-116.e4.

46. Nigi L, Brusco N, Grieco GE, Licata G, Krogvold L, Marselli L, et al. Pancreatic Alpha-Cells Contribute
Together With Beta-Cells to CXCL10 Expression in Type 1 Diabetes. Front Endocrinol (Lausanne). 2020 Sep
15;11:630.

47. Schuster S, Hurrell B, Tacchini-Cottier F. Crosstalk between neutrophils and dendritic cells: a context-
dependent process. ] Leukoc Biol. 2013 Oct;94(4):671-675.

48. Vaschetto R, Grinstein J, Del Sorbo L, Khine AA, Voglis S, Tullis E, et al. Role of human neutrophil peptides
in the initial interaction between lung epithelial cells and CD4+ lymphocytes. J Leukoc Biol. 2007
Apr;81(4):1022-1031.

49. WangF, Qiao L, Lv X, Trivett A, Yang R, Oppenheim JJ, et al. Alarmin human o defensin HNP1 activates
plasmacytoid dendritic cells by triggering NF-«kB and IRF1 signaling pathways. Cytokine. 2016 Jul;83:53-
60.

50. Maier-Begandt D, Alonso-Gonzalez N, Klotz L, Erpenbeck L, Jablonska J, Immler R, et al. Neutrophils-
biology and diversity. Nephrol Dial Transplant. 2024 Sep 27;39(10):1551-1564.

51. Megyeri P, Sadowska ], Issekutz TB, Issekutz AC. Endotoxin-stimulated human macrophages produce a
factor that induces polymorphonuclear leucocyte infiltration and is distinct from interleukin-1, tumour
necrosis factor alpha and chemotactic factors. Immunology. 1990 Jan;69(1):155-161.

52.  Schulz C, Petzold T, Ishikawa-Ankerhold H. Macrophage regulation of granulopoiesis and neutrophil
functions. Antioxid Redox Signal. 2021 Jul 20;35(3):182-191.

53. De Filippo K, Dudeck A, Hasenberg M, Nye E, van Rooijen N, Hartmann K, et al. Mast cell and macrophage
chemokines CXCL1/CXCL2 control the early stage of neutrophil recruitment during tissue inflammation.
Blood. 2013 Jun 13;121(24):4930-4937.

54. Demkow U. Molecular mechanisms of neutrophil extracellular trap (nets) degradation. Int ] Mol Sci. 2023
Mar 3;24(5).

55. Diana ], Lehuen A. Macrophages and 3-cells are responsible for CXCR2-mediated neutrophil infiltration of
the pancreas during autoimmune diabetes. EMBO Mol Med. 2014 Aug;6(8):1090-1104.


https://doi.org/10.20944/preprints202503.0357.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 March 2025 d0i:10.20944/preprints202503.0357.v1

16 of 20

56. Chertov O, Yang D, Howard OM, Oppenheim J]J. Leukocyte granule proteins mobilize innate host defenses
and adaptive immune responses. Immunol Rev. 2000 Oct;177:68-78.

57. Buonocore S, Surquin M, Le Moine A, Abramowicz D, Flamand V, Goldman M. Amplification of T-cell
responses by neutrophils: relevance to allograft immunity. Immunol Lett. 2004 Jul 15;94(3):163-166.

58. Herrero-Cervera A, Soehnlein O, Kenne E. Neutrophils in chronic inflammatory diseases. Cell Mol
Immunol. 2022 Feb;19(2):177-191.

59. Soehnlein O, Lindbom L, Weber C. Mechanisms underlying neutrophil-mediated monocyte recruitment.
Blood. 2009 Nov 19;114(21):4613-4623.

60. Soehnlein O, Zernecke A, Eriksson EE, Rothfuchs AG, Pham CT, Herwald H, et al. Neutrophil secretion
products pave the way for inflammatory monocytes. Blood. 2008 Aug 15;112(4):1461-1471.

61. Pahlman LI, Morgelin M, Eckert J, Johansson L, Russell W, Riesbeck K, et al. Streptococcal M protein: a
multipotent and powerful inducer of inflammation. ] Immunol. 2006 Jul 15;177(2):1221-1228.

62. Nahrendorf M, Swirski FK. Immunology. Neutrophil-macrophage communication in inflammation and
atherosclerosis. Science. 2015 Jul 17;349(6245):237-238.

63. Costa S, Bevilacqua D, Cassatella MA, Scapini P. Recent advances on the crosstalk between neutrophils
and B or T lymphocytes. Immunology. 2019 Jan;156(1):23-32.

64. Puga I, Cols M, Barra CM, He B, Cassis L, Gentile M, et al. B cell-helper neutrophils stimulate the
diversification and production of immunoglobulin in the marginal zone of the spleen. Nat Immunol. 2011
Dec 25;13(2):170-180.

65. Scapini P, Bazzoni F, Cassatella MA. Regulation of B-cell-activating factor (BAFF)/B lymphocyte stimulator
(BLyS) expression in human neutrophils. Immunol Lett. 2008 Feb 15;116(1):1-6.

66. Karmakar U, Vermeren S. Crosstalk between B cells and neutrophils in rheumatoid arthritis. Immunology.
2021 Dec;164(4):689-700.

67. Kristyanto H, Blomberg NJ, Slot LM, van der Voort EIH, Kerkman PF, Bakker A, et al. Persistently
activated, proliferative memory autoreactive B cells promote inflammation in rheumatoid arthritis. Sci
Transl Med. 2020 Nov 18;12(570).

68. Souwer Y, Groot Kormelink T, Taanman-Kueter EW, Muller FJ, van Capel TMM, Varga DV, et al. Human
TH17 cell development requires processing of dendritic cell-derived CXCL8 by neutrophil elastase. ]
Allergy Clin Immunol. 2018 Jun;141(6):2286-2289.e5.

69. Agerberth B, Charo J, Werr ], Olsson B, Idali F, Lindbom L, et al. The human antimicrobial and chemotactic
peptides LL-37 and alpha-defensins are expressed by specific lymphocyte and monocyte populations.
Blood. 2000 Nov 1;96(9):3086-3093.

70. Minns D, Smith KJ, Alessandrini V, Hardisty G, Melrose L, Jackson-Jones L, et al. The neutrophil
antimicrobial peptide cathelicidin promotes Th17 differentiation. Nat Commun. 2021 Feb 24;12(1):1285.

71. Ellis TN, Beaman BL. Interferon-gamma activation of polymorphonuclear neutrophil function.
Immunology. 2004 May;112(1):2-12.

72. Pelletier M, Maggi L, Micheletti A, Lazzeri E, Tamassia N, Costantini C, et al. Evidence for a cross-talk
between human neutrophils and Th17 cells. Blood. 2010 Jan 14;115(2):335-343.

73. Tamassia N, Arruda-Silva F, Wright HL, Moots R], Gardiman E, Bianchetto-Aguilera F, et al. Human
neutrophils activated via TLR8 promote Thl7 polarization through IL-23. ] Leukoc Biol. 2019
Jun;105(6):1155-1165.

74. Abi Abdallah DS, Egan CE, Butcher BA, Denkers EY. Mouse neutrophils are professional antigen-
presenting cells programmed to instruct Thl and Thl7 T-cell differentiation. Int Immunol. 2011
May;23(5):317-326.

75. Fousert E, Toes R, Desai ]J. Neutrophil extracellular traps (nets) take the central stage in driving
autoimmune responses. Cells. 2020 Apr 8;9(4).

76. Rahman S, Sagar D, Hanna RN, Lightfoot YL, Mistry P, Smith CK, et al. Low-density granulocytes activate
T cells and demonstrate a non-suppressive role in systemic lupus erythematosus. Ann Rheum Dis. 2019
Jul;78(7):957-966.

77. Grieco FA, Moore F, Vigneron F, Santin I, Villate O, Marselli L, et al. IL-17A increases the expression of
proinflammatory chemokines in human pancreatic islets. Diabetologia. 2014 Mar;57(3):502-511.


https://doi.org/10.20944/preprints202503.0357.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 March 2025 d0i:10.20944/preprints202503.0357.v1

17 of 20

78. Maffia PC, Zittermann SE, Scimone ML, Tateosian N, Amiano N, Guerrieri D, et al. Neutrophil elastase
converts human immature dendritic cells into transforming growth factor-betal-secreting cells and reduces
allostimulatory ability. Am ] Pathol. 2007 Sep;171(3):928-937.

79. Jacobsen LC, Theilgaard-Mdnch K, Christensen EI, Borregaard N. Arginase 1 is expressed in
myelocytes/metamyelocytes and localized in gelatinase granules of human neutrophils. Blood. 2007 Apr
1,109(7):3084-3087.

80. Cheng Y, Li H, Deng Y, Tai Y, Zeng K, Zhang Y, et al. Cancer-associated fibroblasts induce PDL1+
neutrophils through the IL6-STAT3 pathway that foster immune suppression in hepatocellular carcinoma.
Cell Death Dis. 2018 Apr 1;9(4):422.

81. Shen G, Krienke S, Schiller P, Nielen A, Neu S, Eckstein V, et al. Microvesicles released by apoptotic human
neutrophils suppress proliferation and IL-2/IL-2 receptor expression of resting T helper cells. Eur ]
Immunol. 2017 May;47(5):900-910.

82. Minns D, Smith KJ, Hardisty G, Rossi AG, Gwyer Findlay E. The Outcome of Neutrophil-T Cell Contact
Differs Depending on Activation Status of Both Cell Types. Front Immunol. 2021 Mar 30;12:633486.

83. Costantini C, Cassatella MA. The defensive alliance between neutrophils and NK cells as a novel arm of
innate immunity. ] Leukoc Biol. 2011 Feb;89(2):221-233.

84. Riise RE, Bernson E, Aurelius J, Martner A, Pesce S, Della Chiesa M, et al. TLR-Stimulated Neutrophils
Instruct NK Cells To Trigger Dendritic Cell Maturation and Promote Adaptive T Cell Responses. |
Immunol. 2015 Aug 1;195(3):1121-1128.

85. Jaeger BN, Donadieu J, Cognet C, Bernat C, Ordofnez-Rueda D, Barlogis V, et al. Neutrophil depletion
impairs natural killer cell maturation, function, and homeostasis. ] Exp Med. 2012 Mar 12;209(3):565-580.

86. Valayer A, Brea D, Lajoie L, Avezard L, Combes-Soia L, Labas V, et al. Neutrophils can disarm NK cell
response through cleavage of NKp46. ] Leukoc Biol. 2017 Jan;101(1):253-259.

87. Dotta F, Censini S, van Halteren AGS, Marselli L, Masini M, Dionisi S, et al. Coxsackie B4 virus infection of
beta cells and natural killer cell insulitis in recent-onset type 1 diabetic patients. Proc Natl Acad Sci USA.
2007 Mar 20;104(12):5115-5120.

88. Meldolesi ]. Exosomes and ectosomes in intercellular communication. Curr Biol. 2018 Apr 23;28(8):R435-
R444.

89. Kalluri R, LeBleu VS. The biology, function, and biomedical applications of exosomes. Science. 2020 Feb
7;367:eaau6977.

90. Majumdar R, Tavakoli Tameh A, Arya SB, Parent CA. Exosomes mediate LTB4 release during neutrophil
chemotaxis. PLoS Biol. 2021 Jul 7;19(7):e3001271.

91. Glémain A, Néel M, Néel A, André-Grégoire G, Gavard J, Martinet B, et al. Neutrophil-derived
extracellular vesicles induce endothelial inflammation and damage through the transfer of miRNAs. J
Autoimmun. 2022 May;129:102826.

92. Bonaventura A, Vecchié A, Abbate A, Montecucco F. Neutrophil extracellular traps and cardiovascular
diseases: an update. Cells. 2020 Jan 17;9(1).

93. Shao B-Z, Jiang J-J, Zhao Y-C, Zheng X-R, Xi N, Zhao G-R, et al. Neutrophil extracellular traps in central
nervous system (CNS) diseases. Peer]. 2024 Jan 4;12:e16465.

94. Stutz A, Kolbe C-C, Stahl R, Horvath GL, Franklin BS, van Ray O, et al. NLRP3 inflammasome assembly is
regulated by phosphorylation of the pyrin domain. ] Exp Med. 2017 Jun 5;214(6):1725-1736.

95. Rathinam VALK, Fitzgerald KA. Inflammasome complexes: emerging mechanisms and effector functions.
Cell. 2016 May 5;165(4):792-800.

96. Sharma BR, Kanneganti T-D. NLRP3 inflammasome in cancer and metabolic diseases. Nat Immunol. 2021
May;22(5):550-559.

97. Jorch SK, Kubes P. An emerging role for neutrophil extracellular traps in noninfectious disease. Nat Med.
2017 Mar 7;23(3):279-287.

98. Kahlenberg JM, Carmona-Rivera C, Smith CK, Kaplan M]. Neutrophil extracellular trap-associated protein
activation of the NLRP3 inflammasome is enhanced in lupus macrophages. ] Immunol. 2013 Feb
1,190(3):1217-1226.


https://doi.org/10.20944/preprints202503.0357.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 March 2025 d0i:10.20944/preprints202503.0357.v1

18 of 20

99. Monteith AJ, Miller JM, Maxwell CN, Chazin W], Skaar EP. Neutrophil extracellular traps enhance
macrophage killing of bacterial pathogens. Sci Adv. 2021 Sep 10;7(37):eabj2101.

100. Soehnlein O, Kai-Larsen Y, Frithiof R, Sorensen OE, Kenne E, Scharffetter-Kochanek K, et al. Neutrophil
primary granule proteins HBP and HNP1-3 boost bacterial phagocytosis by human and murine
macrophages. ] Clin Invest. 2008 Oct;118(10):3491-3502.

101. 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 Apr 14;2(10).

102. Tillack K, Breiden P, Martin R, Sospedra M. T lymphocyte priming by neutrophil extracellular traps links
innate and adaptive immune responses. ] Immunol. 2012 Apr 1;188(7):3150-3159.

103. Wilson AS, Randall KL, Pettitt JA, Ellyard JI, Blumenthal A, Enders A, et al. Neutrophil extracellular traps
and their histones promote Th17 cell differentiation directly via TLR2. Nat Commun. 2022 Jan 26;13(1):528.

104. Auddino S, Aiello E, Grieco GE, Dotta F, Sebastiani G. A three-layer perspective on miRNA regulation in
B cell inflammation. Trends Endocrinol Metab. 2024 Nov 11;

105. Ventriglia G, Nigi L, Sebastiani G, Dotta F. MicroRNAs: Novel Players in the Dialogue between Pancreatic
Islets and Immune System in Autoimmune Diabetes. Biomed Res Int. 2015 Aug 3,2015:749734.

106. Hussen BM, Rasul MF, Faraj GSH, Abdullah SR, Sulaiman SH, Pourmoshtagh H, et al. Role of microRNAs
in neutrophil extracellular trap formation and prevention: Systematic narrative review. Mol Cell Probes.
2024 Dec;78:101986.

107. Linhares-Lacerda L, Temerozo JR, Ribeiro-Alves M, Azevedo EP, Mojoli A, Nascimento MTC, et al.
Neutrophil extracellular trap-enriched supernatants carry microRNAs able to modulate TNF-a production
by macrophages. Sci Rep. 2020 Feb 17;10(1):2715.

108. Aguila S, de Los Reyes-Garcia AM, Fernandez-Pérez MP, Reguilon-Gallego L, Zapata-Martinez L, Ruiz-
Lorente I, et al. Micrornas as new regulators of neutrophil extracellular trap formation. Int ] Mol Sci. 2021
Feb 20;22(4).

109. Zhang Y-G, Song Y, Guo X-L, Miao R-Y, Fu Y-Q, Miao C-F, et al. Exosomes derived from oxLDL-stimulated
macrophages induce neutrophil extracellular traps to drive atherosclerosis. Cell Cycle. 2019
Oct;18(20):2674-2684.

110. Pishesha N, Harmand TJ, Ploegh HL. A guide to antigen processing and presentation. Nat Rev Immunol.
2022 Dec;22(12):751-764.

111. Eiz-Vesper B, Schmetzer HM. Antigen-Presenting Cells: Potential of Proven und New Players in Immune
Therapies. Transfus Med Hemother. 2020 Dec;47(6):429-431.

112. Podojil JR, Miller SD. Molecular mechanisms of T-cell receptor and costimulatory molecule
ligation/blockade in autoimmune disease therapy. Immunol Rev. 2009 May;229(1):337-355.

113. Karavitis J, Kovacs EJ. Macrophage phagocytosis: effects of environmental pollutants, alcohol, cigarette
smoke, and other external factors. ] Leukoc Biol. 2011 Dec;90(6):1065-1078.

114. Segovia M, Louvet C, Charnet P, Savina A, Tilly G, Gautreau L, et al. Autologous dendritic cells prolong
allograft survival through Tmem176b-dependent antigen cross-presentation. Am ] Transplant. 2014
May;14(5):1021-1031.

115. Savina A, Amigorena S. Phagocytosis and antigen presentation in dendritic cells. Immunol Rev. 2007
Oct;219:143-156.

116. Rastogil, Jeon D, Moseman JE, Muralidhar A, Potluri HK, McNeel DG. Role of B cells as antigen presenting
cells. Front Immunol. 2022 Sep 8;13:954936.

117. Meinderts SM, Baker G, van Wijk S, Beuger BM, Geissler J, Jansen MH, et al. Neutrophils acquire antigen-
presenting cell features after phagocytosis of IgG-opsonized erythrocytes. Blood Adv. 2019 Jun
11;3(11):1761-1773.

118. Moffat A, Gwyer Findlay E. Evidence for antigen presentation by human neutrophils. Blood. 2024 Jun
13;143(24):2455-2463.

119. Shafqat A, Khan JA, Alkachem AY, Sabur H, Alkattan K, Yaqinuddin A, et al. How neutrophils shape the

immune response: reassessing their multifaceted role in health and disease. Int ] Mol Sci. 2023 Dec 18;24(24).


https://doi.org/10.20944/preprints202503.0357.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 March 2025 d0i:10.20944/preprints202503.0357.v1

19 of 20

120. Sandilands GP, Ahmed Z, Perry N, Davison M, Lupton A, Young B. Cross-linking of neutrophil CD11b
results in rapid cell surface expression of molecules required for antigen presentation and T-cell activation.
Immunology. 2005 Mar;114(3):354-368.

121. Grieshaber-Bouyer R, Nigrovic PA. Neutrophil Heterogeneity as Therapeutic Opportunity in Immune-
Mediated Disease. Front Immunol. 2019 Mar 4;10:346.

122. Takeda Y, Kato T, Sabrina S, Naito S, Ito H, Emi N, et al. Intracellular Major Histocompatibility Complex
Class II and C-X-C Motif Chemokine Ligand 10-Expressing Neutrophils Indicate the State of Anti-Tumor
Activity Induced by Bacillus Calmette-Guérin. Biomedicines. 2023 Nov 15;11(11).

123. Forrer P, Palianina D, Stiihler C, Kreuzaler M, Roux ], Li ], et al. Unveiling signaling pathways inducing
MHC class II expression in neutrophils. Front Immunol. 2024 Sep 30;15:1444558.

124. Sandilands GP, McCrae J, Hill K, Perry M, Baxter D. Major histocompatibility complex class II (DR) antigen
and costimulatory molecules on in vitro and in vivo activated human polymorphonuclear neutrophils.
Immunology. 2006 Dec;119(4):562-571.

125. Windhagen A, Maniak S, Gebert A, Ferger I, Wurster U, Heidenreich F. Human polymorphonuclear
neutrophils express a B7-1-like molecule. ] Leukoc Biol. 1999 Dec;66(6):945-952.

126. Harding CV, Unanue ER. Quantitation of antigen-presenting cell MHC class II/peptide complexes
necessary for T-cell stimulation. Nature. 1990 Aug 9;346(6284):574-576.

127. Vono M, Lin A, Norrby-Teglund A, Koup RA, Liang F, Loré K. Neutrophils acquire the capacity for antigen
presentation to memory CD4+ T cells in vitro and ex vivo. Blood. 2017 Apr 6;129(14):1991-2001.

128. Bankey PE, Banerjee S, Zucchiatti A, De M, Sleem RW, Lin C-FL, et al. Cytokine induced expression of
programmed death ligands in human neutrophils. Immunol Lett. 2010 Apr 8;129(2):100-107.

129. Radsak M, Iking-Konert C, Stegmaier S, Andrassy K, Hansch GM. Polymorphonuclear neutrophils as
accessory cells for T-cell activation: major histocompatibility complex class II restricted antigen-dependent
induction of T-cell proliferation. Immunology. 2000 Dec;101(4):521-530.

130. Geng S, Matsushima H, Okamoto T, Yao Y, Lu R, Page K, et al. Emergence, origin, and function of
neutrophil-dendritic cell hybrids in experimentally induced inflammatory lesions in mice. Blood. 2013 Mar
7;121(10):1690-1700.

131. Chan L, Morovati S, Karimi N, Alizadeh K, Vanderkamp S, Kakish JE, et al. Neutrophil functional
heterogeneity and implications for viral infections and treatments. Cells. 2022 Apr 13;11(8).

132. Abadie V, Badell E, Douillard P, Ensergueix D, Leenen PJM, Tanguy M, et al. Neutrophils rapidly migrate
via lymphatics after Mycobacterium bovis BCG intradermal vaccination and shuttle live bacilli to the
draining lymph nodes. Blood. 2005 Sep 1;106(5):1843-1850.

133. LiangF, Lindgren G, Sandgren KJ, Thompson EA, Francica JR, Seubert A, et al. Vaccine priming is restricted
to draining lymph nodes and controlled by adjuvant-mediated antigen uptake. Sci Transl Med. 2017 Jun
7;9(393).

134. Iking-Konert C, Vogt S, Radsak M, Wagner C, Hansch GM, Andrassy K. Polymorphonuclear neutrophils
in Wegener’s granulomatosis acquire characteristics of antigen presenting cells. Kidney Int. 2001
Dec;60(6):2247-2262.

135. Cascao R, Rosario HS, Souto-Carneiro MM, Fonseca JE. Neutrophils in rheumatoid arthritis: More than
simple final effectors. Autoimmun Rev. 2010 Jun;9(8):531-535.

136. Armenteros JJA, Brorsson C, Johansen CH, Banasik K, Mazzoni G, Moulder R, et al. Multi-omics analysis
reveals drivers of loss of 3-cell function after newly diagnosed autoimmune type 1 diabetes: An INNODIA
multicenter study. Diabetes Metab Res Rev. 2024 Jul;40(5):e3833.

137. Dini¢ S, Arambasi¢ Jovanovic¢ J, Uskokovi¢ A, Mihailovi¢ M, Grdovi¢ N, Toli¢ A, et al. Oxidative stress-
mediated beta cell death and dysfunction as a target for diabetes management. Front Endocrinol
(Lausanne). 2022 Sep 23;13:1006376.

138. Leenders F, Groen N, de Graaf N, Engelse MA, Rabelink TJ, de Koning EJP, et al. Oxidative Stress Leads to
[-Cell Dysfunction Through Loss of 3-Cell Identity. Front Immunol. 2021 Nov 4;12:690379.

139. Laforge M, Elbim C, Frere C, Hémadi M, Massaad C, Nuss P, et al. Tissue damage from neutrophil-induced
oxidative stress in COVID-19. Nat Rev Immunol. 2020 Sep;20(9):515-516.


https://doi.org/10.20944/preprints202503.0357.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 March 2025 d0i:10.20944/preprints202503.0357.v1

20 of 20

140. Stowe AM, Adair-Kirk TL, Gonzales ER, Perez RS, Shah AR, Park TS, et al. Neutrophil elastase and
neurovascular injury following focal stroke and reperfusion. Neurobiol Dis. 2009 Jul;35(1):82-90.

141. Rosell A, Cuadrado E, Ortega-Aznar A, Hernandez-Guillamon M, Lo EH, Montaner J. MMP-9-positive
neutrophil infiltration is associated to blood-brain barrier breakdown and basal lamina type IV collagen
degradation during hemorrhagic transformation after human ischemic stroke. Stroke. 2008 Apr;39(4):1121-
1126.

142. Carden D, Xiao F, Moak C, Willis BH, Robinson-Jackson S, Alexander S. Neutrophil elastase promotes lung
microvascular injury and proteolysis of endothelial cadherins. Am J Physiol. 1998 Aug;275(2):H385-92.

143. Hoenderdos K, Lodge KM, Hirst RA, Chen C, Palazzo SGC, Emerenciana A, et al. Hypoxia upregulates
neutrophil degranulation and potential for tissue injury. Thorax. 2016 Nov;71(11):1030-1038.

144. Gerber PA, Rutter GA. The Role of Oxidative Stress and Hypoxia in Pancreatic Beta-Cell Dysfunction in
Diabetes Mellitus. Antioxid Redox Signal. 2017 Apr 1;26(10):501-518.

145. Fagundes RR, Zaldumbide A, Taylor CT. Role of hypoxia-inducible factor 1 in type 1 diabetes. Trends
Pharmacol Sci. 2024 Sep;45(9):798-810.

146. Popp SK, Vecchio F, Brown DJ, Fukuda R, Suzuki Y, Takeda Y, et al. Circulating platelet-neutrophil
aggregates characterize the development of type 1 diabetes in humans and NOD mice. JCI Insight. 2022
Jan 25;7(2).

147. Zhu'Y, Huang Y, Ji Q, Fu S, GuJ, Tai N, et al. Interplay between Extracellular Matrix and Neutrophils in
Diseases. ] Immunol Res. 2021 Jul 16;2021:8243378.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or

products referred to in the content.


https://doi.org/10.20944/preprints202503.0357.v1

