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ABSTRACT

Extracellular vesicles (EVs) are membrane-derived vesicles that mediate intercellular 
communications. As professional phagocytes, neutrophils also produce EVs in response to 
various inflammatory stimuli during inflammatory processes. Neutrophil-derived EVs can be 
categorized into 2 subtypes according to the mechanism of generation. Neutrophil-derived 
trails (NDTRs) are generated from migrating neutrophils. The uropods of neutrophils are 
elongated by adhesion to endothelial cells, and small parts of the uropods are detached, 
leaving submicrometer-sized NDTRs. Neutrophil-derived microvesicles (NDMVs) are 
generated from neutrophils which arrived at the inflammatory foci. Membrane blebbing 
occurs in response to various stimuli at the inflammatory foci, and small parts of the 
blebs are detached from the neutrophils, leaving NDMVs. These 2 subtypes of neutrophil-
derived EVs share common features such as membrane components, receptors, and 
ligands. However, there are substantial differences between these 2 neutrophil-derived EVs. 
NDTRs exert pro-inflammatory functions by guiding subsequent immune cells through 
the inflammatory foci. On the other hand, NDMVs exert anti-inflammatory functions by 
limiting the excessive immune responses of nearby cells. This review outlines the current 
understanding of the different subtypes of neutrophil-derived EVs and provides insights into 
the clinical relevance of neutrophil-derived EVs.

Keywords: Neutrophil; Extracellular vesicle; Neutrophil-derived trail;  
Neutrophil-derived microvesicle

INTRODUCTION

Extracellular vesicles (EVs) are membrane-derived vesicles limited by phospholipid bilayers 
(1,2). EVs include vesicles of different sizes from the smallest exosomes to the largest apoptotic 
bodies (3). They express various receptors and ligands from source cells, hence interacting 
with target cells through these molecules (2). As they harbor various cargos such as proteins, 
mRNAs, and miRNAs (4) derived from source cells, they are considered to be important 
mediators of intercellular communications. Neutrophils are professional phagocytes that play 
important roles in the host defense against invading pathogens. Neutrophils also generate 
EVs in response to immunological stimuli during the inflammatory process. Neutrophil-
derived EVs were first identified by Stein and Luzio (5) and are also known as ectosomes 
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(6-10), microparticles (11-23), or microvesicles (24-26). These neutrophil-derived EVs share 
common features of general EVs, such as physical characteristics, membrane components, 
and mechanism of generation. Recently, another type of neutrophil-derived EVs, trails, was 
identified (27). This specialized type of neutrophil EVs does not share a common mechanism 
of generation and mediates the pro-inflammatory functions of neutrophils. Here, we will 
review the current understandings of the different types of neutrophil-derived EVs; the 
classical neutrophil-derived microvesicles (NDMVs) and the alternative neutrophil-derived 
trails (NDTRs) (Fig. 1).

GENERAL CHARACTERISTICS OF NDMVS

NDMVs are the classical type of neutrophil-derived EVs according to the general classification 
of EVs (2) (Fig. 2). The size of NDMVs is less than 1 μm as demonstrated by electron 
microscopic analysis (6,10,18) and flow cytometry analysis (9,11,13,16,19,22,25,28). Electron 
microscopic analysis has revealed that NDMVs are limited by double membranes (6,9,18). 
They express general markers of EVs, such as phosphatidylserine (5,7,8,11,13,16-18,21,26,29) 
and annexin A1 (21,25,28). As NDMVs are derived from neutrophil membranes, they also 
express neutrophil-derived receptors. NDMVs express the adhesion molecules such as CD11b 
(10,14,16,19,22,28), CD18 (28), and CD62L (10,18,21) and also express Fc receptors (10,14,19). 
The complement receptors (CRs), CR1 and CD55, are also found in NDMVs (6,10,12). 
Interestingly, NDMVs express granule-associated markers such as CD63 (6) and CD66b 
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Generated from migrating neutrophils toward inflammatory foci via
physical interaction with endothelial cells
Guide following immune cells (CD8+ T cells) via CXCL12

Generated from neutrophils arrived at inflammatory foci
Induce pro-inflammatory and anti-inflammatory responses in target cells
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Figure 1. Overview of the subtypes of neutrophil-derived EVs. NDTRs are generated from neutrophil migrating toward the inflammatory foci. The physical 
interactions between neutrophils and endothelial cells induce the uropod elongation, and the elongated uropod is detached from neutrophils, leaving NDTRs. 
The primary function of NDTRs is to guide subsequent immune cells through the inflammatory foci. NDMVs are generated from neutrophils at the inflammatory 
foci. After extravasation, neutrophils produce substantial amounts of NDMVs. NDMVs provide host defense against pathogens through direct bactericidal activity 
and also inhibit the pro-inflammatory responses of other immune cells. Furthermore, NDMVs limit the excessive inflammatory responses of nearby cells by 
enhancing anti-inflammatory genes and cytokines.
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(10,12,18-20,22,25,28). Furthermore, protein analysis has revealed the presence of granule 
proteins such as myeloperoxidase (6,10,13,16,18,19,28), lactoferrin (15,28), elastase (6,10), 
matrix metallopeptidase 9 (10,28), and proteinase 3 (10,19) in NDMVs. Heat shock protein 
(HSP)-1 and S100 calcium-binding protein A8 are also found in NDMVs (28).

STIMULANTS FOR NDMVS GENERATION

Neutrophils generate NDMVs either spontaneously (12,15,19) or in response to various 
stimulants. The stimulants for NDMVs generation can be classified into 3 major 
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Figure 2. Characteristics of NDMVs. NDMVs are generated by various stimulants such as bacteria, bacterial products, cytokines, chemokines, and exogenous 
compounds. NDMVs are small-sized EVs (less than 1 μm) consisting of various membrane components from neutrophils. NDMVs exert direct bactericidal activity 
and mediate intercellular communications. The interactions with target cells are mediated by membrane components. NDMVs are found in various diseases 
such as sepsis, bacterial infection, pneumonia, and vasculitis.
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categories (Fig. 2). Bacteria and bacterial products are major stimulants for NDMVs 
generation. NDMVs are generated from neutrophils exposed to Mycobacterium tuberculosis 
(9), Staphylococcus aureus (26), and meningococcal bacteria (20). They are also produced 
in response to bacterial derived products such as formyl-methionyl-leucyl-phenylalanine 
(fMLP) (6-8,11,15,21,23,28,30) and LPS (14). NDMVs can be generated by cytokines and 
chemokines such as IL-8 (11,15,25) and TNF-α (25,26). Complement component C5a (5,11), 
anti-neutrophil cytoplasmic antibody (ANCA) (13,19), and nitric oxide (17) induce NDMVs 
formation. Experimentally, NDMVs are produced by the activation of protein kinase C with 
PMA (6,14,16,23,25,26) and zymosan stimulation (11). These studies suggest that NDMVs are 
easily generated from neutrophils during immune responses, demonstrating the important 
role of NDMVs in the effector functions of neutrophils.

FUNCTIONS OF NDMVS

Generally, EVs are involved in intercellular communications by delivering signaling molecules 
to target cells. Although NDMVs mediate intercellular communications, they can modulate 
immune functions directly. NDMVs generated by bacterial stimulation can inhibit the 
growth of bacteria by inducing aggregation (26). They directly generate ROS in response to 
stimulation with fMLP (28), nitric oxide (17), Ca2+ ionophore, and PMA (18). NDMVs also 
generate leukotriene B4 in response to arachidonic acid and Ca2+ ionophore (28). Moreover, 
they deliver granule proteins to target cells (16). These findings indicate that NDMVs could 
function as mobile functional units of neutrophils rather than just signaling mediators.

NDMVs can modulate the inflammatory responses of target cells (Fig. 2). They mediate either 
pro-inflammatory responses or anti-inflammatory responses according to the target cells. 
NDMVs induce the aggregation of RBCs by binding to them via CR1 (12) or integrin (14). 
They also adhere to endothelial cells (10) and enhance the expressions of pro-inflammatory 
genes and molecules such as IL-6, IL-8, tissue factor, and ROS (15,19). On the other hand, 
they protect the cartilage by reducing pro-inflammatory mediators (25). NDMVs inhibit the 
production of pro-inflammatory cytokines and enhance the anti-inflammatory cytokine, 
TGF-β, in NK cells (11). In addition, the maturation of monocyte-derived dendritic 
cells (MoDCs) is inhibited by NDMVs (30). Further NDMV-exposed MoDCs showed the 
decreased phagocytic activity and pro-inflammatory cytokine generation with the increased 
expression of anti-inflammatory cytokine, TGF-β (30). NDMVs also modulate the functions 
of macrophages. In NDMV-exposed macrophages, the production of pro-inflammatory 
cytokines (e.g., TNF-α, IL-6, IL-8, and IL-10) is decreased, and the production of TGF-β 
is increased (7,29). Moreover, NDMVs inhibit the recruitment of neutrophils following 
IL-1β stimulation (21). These findings indicate that NDMVs primarily mediate the anti-
inflammatory responses of target cells despite of their effects on RBCs and endothelial cells. 
TGF-β, the one of the most important anti-inflammatory cytokines, is consistently increased 
in NDMV-exposed cells including chondrocytes, NK cells, monocytes, and macrophages. 
Furthermore, the pro-inflammatory cytokines are markedly attenuated in almost all 
cells exposed to NDMVs. Considering that NDMVs are generated from neutrophils at the 
inflammatory foci, neutrophils may utilize NDMVs to limit excessive inflammatory responses 
for preventing possible harmful effects.

NDMVs can mediate intercellular communications via cell surface molecules. CR1 mediate 
the binding of NDMVs to RBCs (12) and bacteria (6). Membrane phospholipids, such as 
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phosphatidylethanolamine (30) and phosphatidylserine (7), are responsible for interactions 
with monocytes. Annexin A1 mediates the binding of NDMVs to formyl peptide receptor 2 in 
chondrocytes (25). The integrins are also important for NDMVs to communicate with target 
cells. CD11b is responsible for the binding of NDMVs to epithelial cells (16), and CD18 is 
responsible for the binding of NDMVs to endothelial cells (19).

CLINICAL RELEVANCE OF NDMVS

NDMVs are clinically relevant in various inflammatory diseases (Fig. 2). NDMVs are found 
in the plasma of healthy individuals (15,28) and bacteremic patients (20,26). They are also 
found in the plasma of patients with community-acquired of pneumonia patients (28) and 
those with ANCA positive vasculitis patients (13,19). Furthermore, NDMVs are also found in 
the body fluids of patients with inflammatory diseases. The bronchoalveolar fluids of patients 
with pneumonia (6) and sepsis (22) contain NDMVs. NDMVs are present in the blisters of 
wound patients (6,28) and abdominal fluids if septic patients (22).

CHARACTERISTICS OF NDTRS

NDTRs are the another type of neutrophil-derived EVs (Fig. 3). They are generated from 
neutrophils during extravasation from blood vessels into the inflammatory foci (27,31). The 
extravasating neutrophils bind to endothelial cells via integrins (32); hence, the physical 
forces of adhesion molecules elongate the uropod (rear portion of cells) of migrating 
neutrophils (31). When the forces of migrating neutrophils exceed the physical forces of 
adhesion molecules, the small cytoplasmic parts of the neutrophils are detached (31), 
leaving NDTRs on the endothelial cells (27). As the detached NDTRs contain various 
chemokines including CXCL12, subsequent immune cells are guided following the tracks 
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Figure 3. Characteristics of NDTRs. NDTRs are generated by pathogens, cytokines, and exogenous compounds. NDTRs are also small-sized EVs (less than 1 μm) 
and contain neutrophil-derived chemokines. The primary function of NDTRs is to guide subsequent immune cells through the inflammatory foci, and this is 
mediated by the chemokines in NDTRs.
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of neutrophil migration (27). In contrast to NDMVs, the characteristics of NDTRs have 
not been fully understood. The identified stimulants for NDTR generation are pathogens. 
Intravital microscopy has revealed the presence of NDTRs in the peripheral vessels of mice 
infected with Leishmania major and Candida albicans (31). They are also found in the airways 
of influenza-infected mice (27). In experimental settings, neutrophils can generate NDTRs 
in response to TNF-α (27,31) and PMA stimulations (27). The physical characteristics of 
NDTRs seems to be similar to those of NDMVs. The size of NDTRs is less than 1 μm (31), and 
they express CD18 integrins (27,31). Chemokine arrays have revealed that NDTRs contain 
various chemokines such as IL-16, CCL2, CCL5, CCL6, CCL12, CCL22, CCL27, CXCL1, and 
CXCL12 (27). Interestingly, a substantial amount of HSP-60 has been found in the NDTRs 
on microarray (27). The primary function of NDTRs is to guide immune cells through the 
inflammatory foci (27). As NDTRs contain various chemokines, the chemokines are thought 
to be slowly released into the surrounding tissues. As a result, these chemokines provide cues 
for the migration of immune cells CD8+ T cells (27). However, the role of NDTRs in inducing 
functional changes in subsequent immune cells has not been clarified.

SIMILARITIES AND DIFFERENCES BETWEEN NDTRS AND 
NDMVS
NDTRs and NDMVs share common characteristics. They are submicrometer-sized EVs 
derived from neutrophils; hence, they express neutrophil-specific molecules. Although the 
mechanism of generation is slightly different, they are derived from the plasma membranes of 
neutrophils and contain various molecules from neutrophils. However, the greatest difference 
between these 2 neutrophil-derived EVs seems to be the spatiotemporal difference in 
generation. NDTRs are generated from neutrophils migrating toward the inflammatory foci, 
whereas NDMVs are generated from neutrophils already at the inflammatory foci. Considering 
that neutrophils are not only the first responder to inflammation but also the final responder, 
NDTRs and NDMVs might have different roles in the inflammatory process (pro-inflammatory 
NDTRs vs. anti-inflammatory NDMVs). These findings indicate that neutrophils respond 
to various inflammatory environments by forming different types of EVs. However, the 
functional differences between NDTRs and NDMVs remain unclear. In addition, it is unclear 
whether NDTRs induce the effector functions of immune cells. As most immune cells are 
prepared for upcoming inflammatory insults as they migrate toward the inflammatory foci, 
NDTRs might be involved in the priming process. The direct bactericidal activity of NDTRs 
should also be investigated to determine whether they provide minimal levels of host defense 
against invading pathogens. Moreover, the relevance of pro-inflammatory NDTRs and anti-
inflammatory NDMVs should be identified in clinical diseases.

CONCLUSION

The International Society on the Extracellular Vesicles introduced the single term ‘EV’ as 
an umbrella term of all types of vesicles derived from prokaryotic and eukaryotic cells (2). 
However, recent advances in understanding EVs revealed the heterogeneity of EVs (33-35). 
In line with this consensus, NDTRs could be classified as a subtype of neutrophil-derived 
EVs. NDTRs have unique characteristics which can be discriminated from conventional 
neutrophil-derived EVs. The generation of NDTRs is entirely dependent on the physical 
forces by adhesion molecules. Considering the fact that the generation of EVs generally 
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depend on the membrane blebbing without external forces, this characteristic is unique 
for NDTRs. Moreover, the functional characteristics NDTRs provide a strong evidence for 
classifying NDTRs as a distinct subtype of neutrophil-derived EVs. As described earlier, 
NDTRs are involved in the protection against influenza infection (27). They are generated 
during influenza infection and guide following immune cells into the inflammatory foci. On 
the other hand, NDMVs have protective effects in inflammatory and rheumatoid arthritis by 
inhibiting inflammatory activation of macrophages (24,25).

Although various studies have attempted to develop a delivery system using cell-derived EVs, 
there are still limitations on the cellular source of EVs and the amount of EVs generated. 
Cancer cell-derived EVs are widely used for drug delivery; however, they have potentially 
harmful effects such as tumor progression, metastasis, and cancer-related coagulopathy 
(36,37). Moreover, several days are required for the generation of EVs from cancer cells 
(38-41). On the other hand, neutrophil-derived EVs have great advantages as drug-delivery 
vehicles. Neutrophils readily generate large amounts of EVs in response to external 
stimulation and are easy to handle because of their short life span. Moreover, neutrophil-
derived EVs contain neutrophil-derived molecules such as granules; hence, they might 
provide the minimal defense against pathogens during drug delivery. Further studies are 
needed to understand the different functions of neutrophil-derived EVs.
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