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Chemokines are recognized as the most critical mediators for selective neutrophil recruitment during inflammatory conditions. Furthermore, they are considered fundamental regulators of neutrophil mobilization from the bone marrow (BM) to the bloodstream and for their homing back at the end of their life for apoptosis and clearance. However, chemokines are also important mediators of neutrophil effector functions including oxidative burst, degranulation, neutrophil extracellular trap (NET)osis, and production of inflammatory mediators. Neutrophils have been historically considered as a homogeneous population. In recent years, several maturation stages and subsets with different phenotypic profiles and effector functions were described both in physiological and pathological conditions such as infections, autoimmunity, and cancer. The aim of this review is to give an overview of the current evidence regarding the role of chemokines and chemokine receptors in neutrophil biology, including their possible role in neutrophil maturation, differentiation, and in defining emerging neutrophil subsets.
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INTRODUCTION

Neutrophils are essential players of the innate immune response and their function is strictly dependent on their trafficking. Indeed, under homeostatic conditions they have a short half-life and a constant circulating neutrophil number has to be maintained to ensure their timely recruitment during inflammation. Neutrophils produced in the bone marrow (BM) are released in the bloodstream and, after the aging process they return to the BM, spleen, lungs, or liver for their clearance. During inflammation neutrophils extravasate quickly in the tissues and consequently there is an increased neutrophil release from the BM (1, 2).

Many studies have demonstrated that neutrophils can sense different classes of chemoattractants such as leukotrienes, anaphylatoxins, and formylated peptides that are primary activators during inflammation. Moreover, they express several chemokine receptors that finely tune their directional migration in homeostatic conditions and mediate their effector functions such as oxidative burst and neutrophil extracellular trap (NET) activation and release, once extravasated in tissues (3). The ability to respond to multiple chemokines represents a mechanism to finely control neutrophil recruitment and activation providing a first line defense (4).

It is now clear that several BM and circulating neutrophil subpopulations exist with different expression patterns of chemokine receptors (4, 5). In this review, the role of chemokines in neutrophil biology will be discussed, trying to dissect their role in neutrophil differentiation, heterogeneity, and activation.



CHEMOKINES ACTING ON NEUTROPHILS

Neutrophils respond to a multitude of chemokines via binding to their cell-surface receptors, called chemokine receptors belonging to a family of seven-transmembrane domain G protein–coupled receptors. Chemokines are divided into four structural groups (C, CC, CXC, and CX3C) based on the spacing of two conserved cysteine residues at their N terminal (6).

Neutrophils are generally thought to be limited in expression of chemokine receptors, consisting predominantly of the CXC group. Indeed, neutrophils express high levels of the CXC chemokine receptors CXCR1 and CXCR2 that bind ELR+-CXC chemokines (containing a glutamate–leucine–arginine motif before the amino-terminal CXC motif). hCXCR2 is a promiscuous receptor binding seven different chemokines CXCL1, 2, 3, 5, 6, 7, and 8 (7). hCXCR1 is very similar to CXCR2 (78% of sequence homology) but only binds CXCL6 and CXCL8 (8).

CXCR1, CXCR2, and their ligands were also identified in the murine system but there are many differences with their human counterpart (9, 10). First, in mice there are fewer ELR+-CXC chemokines and the homolog of CXCL8 is missing. Its analogs in mice are CXCL1 (KC), CXCL2, and CXCL5 (LIX). Mouse CXCR1 was only recently cloned and shown to be a functional receptor for the mouse chemokines CXCL5/LIX and CXCL6/GCP-2 (11).

CXCR2 activates many G-protein–induced signaling cascades: PI3K/Akt inducing cell migration, PLC/PKC that affects cell function, and mitogen-activated protein kinase (MAPK)/p38 that promotes cell proliferation and survival (12). CXCR1 and CXCR2 signaling activates the NF-κB pathway, inducing the transcription of many cytokines among which are CXC chemokines that amplify neutrophil recruitment (13). Very interestingly, only CXCR1 activates phospholipase D (PLD), involved in radical oxygen species (ROS) generation. This difference is due to a slower rate of internalization of CXCR1 compared to CXCR2 (14, 15).

Recent results outline differential roles among ELR+-CXC chemokines in neutrophil extravasation and migration. CXCL2 is almost exclusively produced by neutrophils and, in addition to CXCR1 and CXCR2, it binds the atypical chemokine receptor ACKR1. ACKR1, expressed by endothelial cell (EC) junctions on post capillary venules, works as a CXCL2 presenter guiding neutrophils to extravasation sites. Otherwise, CXCL1 mediates neutrophil adhesion and intraluminal crawling on inflamed ECs and sub-EC crawling on pericytes (16).

Neutrophils express also the CXC receptor CXCR4, essential for their life cycle. BM neutrophils express high levels of CXCR4, which is mainly intracellular because of high CXCL12 production by mesenchymal cells inducing its internalization (17). The interaction between CXCR4 and CXCL12 retains a large pool of neutrophils into BM and spleen (18). This is demonstrated by CXCR4 genetic deletion in murine myeloid cells that results in depletion of the BM pool and in concomitant increase of circulating neutrophils (19). On the contrary, WHIM (warts, hypogammaglobulinemia, infections, myelokathexis) patients, who bear a gain of function mutation in CXCR4, have a chronic neutropenia for increased neutrophil BM retention (20). Circulating neutrophils express low levels of CXCR4 that is upregulated in senescent neutrophils before apoptosis, promoting their homing back to the BM and other organs for clearance (21). Studies in vitro demonstrated that CXCR4 is downregulated by type I cytokines such as interferon-γ (IFN-γ), IFN-α, granulocyte-macrophage colony stimulating factor (GM-CSF), and granulocyte-colony stimulating factor (G-CSF) (22).

CC chemokine receptors are barely expressed by BM and circulating neutrophils. When neutrophils are activated by IFN-γ or GM-CSF, they upregulate the expression of CCR1 and CCR3 (23, 24). CCR1 was found necessary for neutrophil recruitment in a murine model of renal immunopathology (25) together with other CC receptors (CCR2, CCR3, CCR5) (26, 27).

CCR2, expression of which was previously supposed to be restricted to monocytes, is important also for neutrophils. It induces neutrophil BM mobilization (28), accumulation in joints of rheumatoid arthritis patients (29), and recruitment to metastatic sites (30, 31). A subpopulation of neutrophils with antigen presenting function expressing CCR6 and CCR7 was also described (32–34).

Finally, neutrophils express one atypical receptor named CCRL2 that, despite being very similar in structure to chemokine receptors, does not bind chemokines. CCRL2 forms dimers with CXCR2 regulating its membrane expression and function (35).



ROLE OF CHEMOKINES IN GRANULOPOIESIS

Neutrophil maturation follows a multistep process called granulopoiesis. The most immature progenitor, the hematopoietic stem cell (HSC), gives rise to multipotent progenitors, the common myeloid progenitors (CMPs) that stimulated with G-CSF give rise to granulocyte-macrophage progenitors (GMPs). In the classical granulopoiesis model, downstream of GMPs there are neutrophil committed progenitors called promyelocytes and myelocytes (36–39). These immature proliferating progenitors are now referred as neutrophil progenitors (NePs) and neutrophil precursors (preNeu) (40); they have been transcriptionally defined and can be identified by fluorescence-activated cell sorting (FACS) analysis (Table 1). These unipotent progenitors differentiate into non-proliferating immature neutrophils (previously called metamyelocytes and banded neutrophils) and mature neutrophils (41) (Figure 1).


Table 1. Expression signature of neutrophil progenitors and subpopulations.
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FIGURE 1. Chemokines and chemokine receptors in the neutrophil life cycle. Neutrophil progenitor proliferation is regulated by CC chemokines binding to CCR1 and CCR2. Neutrophil subpopulations are retained in the BM by the CXCL12–CXCR4 axis. Mature neutrophils are released in the bloodstream upon the upregulation of CXCR2. In the bloodstream, besides mature neutrophils, there are immature neutrophils derived from immature BM neutrophils and senescent neutrophils that upregulate CXCR4 expression and follow the CXCL12 gradient to home back to the BM or other tissues for their clearance. CXCR4 can also drive senescent neutrophils to the lungs, spleen, and liver where they reside as a marginated pool. In the bloodstream there are also rTEM with low levels of CXCR1 and 2. In inflamed tissues activated neutrophils produce ROS on stimulation of CXCR1 and CCR2 and release NETs after engagement of CXCR2. Neutrophils with APC function migrate to draining LNs by the CCR7–CCL19/21 or the CXCL12–CXCR4 axis and proangiogenic neutrophils express high levels of CXCR4 that allows their migration to hypoxic areas. Mature and immature neutrophils migrate in the tumor, where they are referred to as N1 and N2 tumor associated neutrophils (TAN).


The chemokine system is involved in several aspects of myelopoiesis and granulopoiesis. CXCL12 is constitutively produced by BM stromal cells and provides a retention signal for CXCR4-positive neutrophil committed progenitors and immature neutrophils. G-CSF mobilizes neutrophils through the cleavage of CXCL12 and CXCR4 (42). Beyond BM retention, it is not known if CXCR4 modulate proliferation of NePs as in the case of HSC (43).

CXCR2 signaling, interacting antagonistically with CXCR4, represents a second chemokine axis to regulate neutrophil release from the BM (44). The mobilization of neutrophils from the BM to the blood is determined by the downregulation of CXCR4 and subsequent upregulation of CXCR2 receptor both in humans and in mice (17, 45).

Other chemokines and chemokine receptors have a role in the process of granulopoiesis and neutrophil release from BM. CCL3 induces the proliferation of CCR1-positive myeloid progenitors even if the in vivo relevance of this effect is not evident because CCR1 KO mice do not show significant differences in CMP and GMP proliferation compared to WT (46). CCR2 is expressed by CMPs and exerts a negative control on myelopoiesis (47). In addition, CCR2 mediates mobilization from BM to peripheral blood of myeloid populations such as monocytes and neutrophils (48).

Granulopoiesis is also affected by atypical chemokine receptors. ACKR1, expressed by BM nucleated erythroid cells (49, 50), and ACKR2, expressed by hematopoietic progenitors, control neutrophil differentiation (31). However, it is not known the mechanism by which their control of the chemokine system affects neutrophil differentiation.

Thus, in homeostasis the chemokine receptors CXCR4 and CXCR2 play an essential role in controlling neutrophil retention and release from the BM. CXCR4 and CC chemokine receptors are expressed by neutrophil progenitors, but further research is needed to better understand their role in granulopoiesis.



ROLE OF CHEMOKINES IN NEUTROPHIL HETEROGENEITY

Despite the previous belief that differentiated neutrophils were a homogeneous population, the existence of different circulating subsets was demonstrated in varied health and disease contexts, both in mice and humans (51) (Figure 1). A consensus on the phenotype of these subpopulations is still missing and under steady-state conditions heterogeneity may arise mainly from the aging process of circulating neutrophils (52). Indeed, neutrophils oscillate in a circadian manner in numbers, morphology, and phenotype (53, 54). This process is regulated by gut microbiota (55) and is controlled by neutrophils themselves through the circadian expression of the transcription factor Bmal1 that controls the production of CXCL2. In turn, CXCL2 acting on CXCR2 induces neutrophil aging (56).

During inflammatory conditions, increased levels of a neutrophil circulating population that shared characteristics with BM immature neutrophils was described both in mice and humans. These cells express low levels of CD16 and are CD10− (57–59). The functional properties of this subset are still controversial, they were described having either immunosuppressive activity (60) or promoting T-cell survival and proliferation (57).

Other circulating neutrophils subpopulations were described: olfactomedin 4 (OLFM4)-positive neutrophils in healthy donors (61), T-cell receptor (TCR)–based variable immunoreceptor neutrophils (62), and CD177+ neutrophils during inflammatory diseases both in mice (63) and humans (64).

In addition, a reverse transendothelial migrating neutrophil subset (rTEM) was described in a murine model of sterile injury (65). These neutrophils are CD54hi and, in order to reverse transmigrate into vasculature, downregulate CXCR1. Concomitantly, they upregulate CXCR4 to go into the lungs, before being cleared in BM (66). This subset represents a phenotypically and functionally distinct population different from circulating neutrophils (CD54lo CXCR1hi) and express vascular endothelial growth factor receptor (VEGFR) 1, indicating a possible role in angiogenesis (67, 68). Similar cells, with increased levels of CD54 and CD18 and downregulation of CD62L and CXCR1 and 2, were found in patients with chronic inflammatory diseases, suggesting a role of rTME neutrophils in the persistence of inflammation (67). Moreover, around 1% of circulating neutrophils after ischemia-reperfusion were found to be CD54hi and producing ROS into lungs (65). On the contrary, neutrophils that migrate away from the inflammation site in interstitial tissues are called reverse interstitial migration (rIM) neutrophils and are supposed to contribute to the resolution of inflammation. The role of chemokine receptors in this process is still not clear (69).

Finally, in circulation it is possible to identify aged or senescent neutrophils (54, 70, 71). Ex vivo aging experiments have shown that neutrophils kept in culture downregulate the expression of CXCR2 (44) and re-express CXCR4 in a time-dependent way (22), suggesting a preferentially homing of senescent cells to the BM in response to CXCL12 (21). In mice aged neutrophils display circadian oscillations and, in addition to high levels of CXCR4, are characterized by an increased surface expression of CCR5 and decreased expression of CD62L (53, 72). CXCR4 upregulation seems involved not only in guiding neutrophils back to the BM but also in their migration within the marrow tissue in order to be engulfed with greater efficacy by macrophages (17, 19, 53, 54, 72). CCR5 was reported to work as a chemokine scavenger promoting the resolution of the inflammatory response (73). Aged neutrophils were found in lungs, where pulmonary vasculature expresses CXCL12, and this could either supply the pool of circulating neutrophils or respond to injury (45, 68).

New data from single cell sequencing of murine circulating neutrophils confirm the presence of three transcriptionally different neutrophil subpopulations. The first expresses high levels of inflammatory genes and the highest levels of CXCR2 arising mainly from BM mature neutrophils. The second expresses interferon-stimulated genes and derives from BM immature neutrophils. Both populations mature in an aged subset CXCR4 positive with high phagocytic activity and still highly transcriptionally functional (41). The correlation of these subpopulations of neutrophils with the others described in the foregoing is still missing. In addition, the role of chemokines in the mobilization and function of these neutrophil subpopulations is not known. Of relevance, at least in mice, mobilization of immature neutrophils could be CXCR2 independent because they are referred to as CXCR2 negative (44).

Finally, neutrophil heterogeneity has been described in tumors where tumor-associated neutrophils (TANs) can exist in two different functional states: N1 proinflammatory and antitumoral subset and an antiinflammatory tumor promoting N2 population, distinguished for the expression of adhesion molecules, cytokines and inflammatory mediators, chemokines, and chemokine receptors (4, 74). N1 phenotype has been associated with IFN-β polarization both in mice and humans. These cells have an activated phenotype (CD62Llo CD54+); express the chemokine receptors CCR5, CCR7, CXCR3, and CXCR4; and produce the proinflammatory chemokines and cytokines: CCL2, CXCL8, CCL3, and interleukin-6 (IL-6). Moreover, this subset has been associated with stimulation of T-cell responses and ROS production (4, 75, 76). In contrast, N2 neutrophils are induced by transforming growth factor- β (TGF-β) stimulation. Protumoral N2 neutrophils display high levels of CXCR4, VEGF, and matrix metalloproteinase 9 (MMP-9) (77), and produce high levels of CCL2, CCL5, neutrophil elastase (NE), cathepsin G (CG), and arginase 1 (78–80).

Therefore, results obtained in preclinical mouse models and in humans suggest that the interplay between CXCR2 and CXCR4 dictates not only BM neutrophil mobilization and retention but also neutrophil diversity in homeostasis. CXCR2 signaling promotes neutrophil aging and CXCR4 guides their homing back to the BM. Furthermore, diversity of tissue infiltrating neutrophils is also associated with a distinct pattern of chemokine receptors; in particular N1 neutrophils express inflammatory CC chemokine receptors important for their effector functions (see later).



ROLE OF CHEMOKINES IN NEUTROPHIL EFFECTOR FUNCTIONS

Neutrophils, once recruited to sites of infection, recognize and phagocytize microbes and then kill pathogens with different cytotoxic mechanisms. These include the production of ROS, the release of antimicrobial peptides, and the expulsion of their nuclear contents to form NETs. Moreover, neutrophils can also shape the immune response interacting with adaptive immune cells (1, 68) (Figure 1).

The chemokine system, fundamental for selective neutrophil recruitment in the tissues, also has an important role in the regulation of the effector functions of neutrophils. Engagement of both CXCR1 and CXCR2 induces neutrophil activation but the two receptors have distinct and non-redundant roles in inflammation and infection. Studies with knockout mice proved the importance of mCXCR2 in inflammatory diseases related to neutrophil infiltration and activation (30, 81). On the contrary, mCXCR1 appears dispensable for neutrophil transmigration while necessary for ROS production in Pseudomonas aeruginosa and degranulation in Candida albicans infections (82, 83). The fundamental role of CXCR1 in fighting infections is further confirmed in humans carrying a genetic variant of CXCR1 (CXCR1–T276) that have increased bacterial infections. Neutrophils taken from these individuals have impaired degranulation and fungal killing ability (83). On the contrary, ROS production induced by the CXCL8–CXCR2 axis on circulating neutrophils has a regulatory function. Indeed, it limits the rolling capability of neutrophils in an autocrine manner by inducing the shedding of CD62L (83).

In inflammatory conditions and after extravasation, neutrophils completely change their chemokine receptor repertoire. They downregulate CXCR2 levels and upregulate inflammatory CC receptors CCR1, CCR2, and CCR5. These receptors activate neutrophil phagocytic activity and ROS production (26, 27, 84). In murine models of breast lung metastasis, CCR2 expression on neutrophils promotes ROS production that kills cancer cells (31, 85).

Release of NETs is induced by CXCR2 activation via Src, extracellular signal-regulated kinase (ERK), and p38/MAPK signaling (86). The CXCL1–CXCR2 axis has been associated to NET formation and neutrophil degranulation in a model of deep vein thrombosis in mice (87) and in circulating and airway mucosal neutrophils of chronic obstructive pulmonary disease (COPD) patients. The use of CXCR2 antagonist in these patients had significantly improved their lung function, even if a direct effect in NETs inhibition was not proved (88). Clinical trials are ongoing for the use of CXCR2 inhibitors in COPD patients (Table 2). NETs role in cancer still remains controversial; indeed, they have been associated with both pro- and antitumoral functions (89). In diffuse large B-cell lymphoma, CXCL8-induced NETs promote tumor progression and blocking the CXCL8–CXCR2 axis delays cancer progression in preclinical models (90). CXCR1 and CXCR2 inhibitors show encouraging results in tumor preclinical models when they are used in combination with chemotherapy and checkpoint inhibitors and are now in use in several clinical trials (Table 2) (91).


Table 2. Clinical trials with CXCR1 and CXCR2 inhibitors.
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Chemokines acting on neutrophils can also regulate angiogenesis in a direct and indirect way. CXCL1 induces VEGF-A production by neutrophils (92), and neutrophils with an aged-like profile (VEGFR1+, CD49d+, and CXCR4+), recruited to hypoxic areas where CXCL12 is produced, promote angiogenesis by release of MMP9 that cleaves VEGF-A stored in the matrix (93–95).

Of relevance, neutrophils recruited at an inflammatory site orchestrate and polarize the immune response, producing many chemokines. ELR+CXC and inflammatory CC chemokines amplify innate immune cell recruitment. Neutrophils can also promote the recruitment of lymphocytes producing the Th1 chemokines CXCL9, 10, and 11 and the B-cell attracting chemokine CXCL13. On the contrary, TANs exert their immunosuppressive function by producing the Treg attracting chemokine CCL17 (96). Moreover, a subset of activated neutrophils expressing CCR7 and CXCR4 can migrate to lymph nodes (LNs) and act as antigen presenting cells (APC) (97, 98).

According to these results, CXCR2 expression on neutrophils, besides being fundamental for extravasation, induces NET release, while CXCR1 together with CC chemokine receptors CCR1, CCR2, and CCR5 acquired by infiltrated neutrophils promote degranulation and ROS production. Chemokines produced by neutrophils in inflamed tissues amplify and polarize the immune response, and the expression of CCR7 by activated neutrophils promotes their migration to LN, where they can directly act as APC.



CONCLUDING REMARKS

Chemokines and their receptors play multiple and non-overlapping roles in the life span of a neutrophil. CXCR4 has a central role for BM retention of immature neutrophils and BM homing of aged neutrophils. On the contrary, CXCR2 induces neutrophil mobilization from the BM to the bloodstream and has a critical role in neutrophil extravasation, NET release, and the aging process. CXCR1 together with CCR1, CCR2, and CCR5 are important for degranulation and ROS production after extravasation. The production of inflammatory chemokines by neutrophils at an inflammatory site amplifies and polarizes the immune response, and CCR7 and CXCR4 expression guides neutrophil migration to draining LNs for antigen presentation.

Clinical trials using CXCR1 and CXCR2 inhibitors revealed that they are successful in treating patients with chronic diseases (e.g., COPD), whereas their use can be detrimental in patients with viral infection. Therefore, a better understanding of the role of chemokines not only in neutrophil migration but also in diversity, effector functions, and regulation of the immune response is required to develop successful therapeutic strategies.



AUTHOR CONTRIBUTIONS

All authors have equally contributed to this review by writing and critically evaluating the literature.



FUNDING

This study was supported by the Italian Association for Cancer Research AIRC—IG 20269, AIRC 5x1000-21147-ISM, and PRIN 20177J4E75.



REFERENCES

 1. Mantovani A, Cassatella MA, Costantini C, Jaillon S. Neutrophils in the activation and regulation of innate and adaptive immunity. Nat Rev Immunol. (2011) 11:519–31. doi: 10.1038/nri3024

 2. Cossío I, Lucas D, Hidalgo A. Neutrophils as regulators of the hematopoietic niche. Blood. (2019) 133:2140–48. doi: 10.1182/blood-2018-10-844571

 3. Petri B, Sanz MJ. Neutrophil chemotaxis. Cell Tissue Res. (2018) 371:425–36. doi: 10.1007/s00441-017-2776-8

 4. Bonavita O, Massara M, Bonecchi R. Chemokine regulation of neutrophil function in tumors. Cytokine Growth Factor Rev. (2016) 30:81–6. doi: 10.1016/j.cytogfr.2016.03.012

 5. Ng LG, Ostuni R, Hidalgo A. Heterogeneity of neutrophils. Nat Rev Immunol. (2019) 19:255–65. doi: 10.1038/s41577-019-0141-8

 6. Bonora M, Wieckowsk MR, Chinopoulos C, Kepp O, Kroemer G, Gaulluzzi L, et al. Pinton: Molecular mechanisms of cell death: central implication of ATP synthase in mitochondrial permeability transition. Oncogene. (2015) 34:1608. doi: 10.1038/onc.2014.462

 7. Ahuja SK, Murphy PM. The CXC chemokines growth-regulated oncogene (GRO) alpha, GRObeta, GROgamma, neutrophil-activating peptide-2, and epithelial cell-derived neutrophil-activating peptide-78 are potent agonists for the type B, but not the type A, human interleukin-8 receptor. J Biol Chem. (1996) 271:20545–50. doi: 10.1074/jbc.271.34.20545

 8. Liu Q, Li A, Tian Y, Wu JD, Liu Y, Li T, et al. The CXCL8-CXCR1/2 pathways in cancer. Cytokine Growth Factor Rev. (2016) 31:61–71. doi: 10.1016/j.cytogfr.2016.08.002

 9. Moepps B, Nuesseler E, Braun M, Gierschik P. A homolog of the human chemokine receptor CXCR1 is expressed in the mouse. Mol Immunol. (2006) 43:897–914. doi: 10.1016/j.molimm.2005.06.043

 10. Cacalano G, Lee J, Kikly K, Ryan AM, Pitts-Meek S, Hultgren B, et al. Neutrophil and B cell expansion in mice that lack the murine IL-8 receptor homolog. Science. (1994) 265:682–4. doi: 10.1126/science.8036519

 11. Fan X, Patera AC, Pong-Kennedy A, Deno G, Gonsiorek W, Manfra DJ, et al. Murine CXCR1 is a functional receptor for GCP-2/CXCL6 and interleukin-8/CXCL8. J Biol Chem. (2007) 282:11658–66. doi: 10.1074/jbc.M607705200

 12. Cheng Y, Ma XL, Wei YQ, Wei XW. Potential roles and targeted therapy of the CXCLs/CXCR2 axis in cancer and inflammatory diseases. Biochim Biophys Acta Rev Cancer. (2019) 1871:289–312. doi: 10.1016/j.bbcan.2019.01.005

 13. Sabroe I, Jones EC, Whyte MK, Dower SK. Regulation of human neutrophil chemokine receptor expression and function by activation of Toll-like receptors 2 and 4. Immunology. (2005) 115:90–8. doi: 10.1111/j.1365-2567.2005.02133.x

 14. Jones SA, Wolf M, Qin S, Mackay CR, Baggiolini M. Different functions for the interleukin 8 receptors (IL-8R) of human neutrophil leukocytes: NADPH oxidase and phospholipase D are activated through IL-8R1 but not IL-8R2. Proc Natl Acad Sci USA. (1996) 93:6682–6. doi: 10.1073/pnas.93.13.6682

 15. Nasser MW, Raghuwanshi SK, Malloy KM, Gangavarapu P, Shim JY, Rajarathnam K, et al. Richardson: CXCR1 and CXCR2 activation and regulation. Role of aspartate 199 of the second extracellular loop of CXCR2 in CXCL8-mediated rapid receptor internalization. J Biol Chem. (2007) 282:6906–15. doi: 10.1074/jbc.M610289200

 16. Girbl T, Lenn T, Perez L, Rolas L, Barkaway A, Thiriot A, et al. Distinct compartmentalization of the chemokines CXCL1 and CXCL2 and the a typical receptor ACKR1 determine discrete stages of neutrophil diapedesis. Immunity. (2018) 49:1062–1076.e6. doi: 10.1016/j.immuni.2018.09.018

 17. De Filippo K, Rankin SM. CXCR4, the master regulator of neutrophil trafficking in homeostasis and disease. Eur J Clin Invest. (2018) 48(Suppl. 2):e12949. doi: 10.1111/eci.12949

 18. Liu Q, Li Z, Gao JL, Wan W, Ganesan S, McDermott DH, et al. CXCR4 antagonist AMD3100 redistributes leukocytes from primary immune organs to secondary immune organs, lung, and blood in mice. Eur J Immunol. (2015) 45:1855–67. doi: 10.1002/eji.201445245

 19. Eash KJ, Means JM, White DW, Link DC. CXCR4 is a key regulator of neutrophil release from the bone marrow under basal and stress granulopoiesis conditions. Blood. (2009) 113:4711–9. doi: 10.1182/blood-2008-09-177287

 20. Gulino AV, Moratto D, Sozzani S, Cavadini P, Otero K, Tassone L, et al. Altered leukocyte response to CXCL12 in patients with warts hypogammaglobulinemia, infections, myelokathexis (WHIM) syndrome. Blood. (2004) 104:444–52. doi: 10.1182/blood-2003-10-3532

 21. Martin C, Burdon PC, Bridger G, Gutierrez-Ramos JC, Williams TJ, Rankin SM. Chemokines acting via CXCR2 and CXCR4 control the release of neutrophils from the bone marrow and their return following senescence. Immunity. (2003) 19:583–93. doi: 10.1016/S1074-7613(03)00263-2

 22. Nagase H, Miyamasu M, Yamaguchi M, Imanishi M, Tsuno NH, Matsushima K, et al. Cytokine-mediated regulation of CXCR4 expression in human neutrophils. J Leukoc Biol. (2002) 71:711–7. doi: 10.1189/jlb.71.4.711

 23. Bonecchi R, Polentarutti N, Luini W, Borsatti A, Bernasconi S, Locati M, et al. Up-regulation of CCR1 and CCR3 and induction of chemotaxis to CC chemokines by IFN-gamma in human neutrophils. J Immunol. (1999) 162:474–9.

 24. Cheng SS, Lai JJ, Lukacs NW, Kunkel SL. Granulocyte-macrophage colony stimulating factor up-regulates CCR1 in human neutrophils. J Immunol. (2001) 166:1178–84. doi: 10.4049/jimmunol.166.2.1178

 25. Lionakis MS, Fischer BG, Lim JK, Swamydas M, Wan W, Richard Lee CC, et al. Chemokine receptor Ccr1 drives neutrophil-mediated kidney immunopathology and mortality in invasive candidiasis. PLoS Pathog. (2012) 8:e1002865. doi: 10.1371/journal.ppat.1002865

 26. Hartl D, Krauss-Etschmann S, Koller B, Hordijk PL, Kuijpers TW, Hoffmann F, et al. Infiltrated neutrophils acquire novel chemokine receptor expression and chemokine responsiveness in chronic inflammatory lung diseases. J Immunol. (2008) 181:8053–67. doi: 10.4049/jimmunol.181.11.8053

 27. Rudd JM, Pulavendran S, Ashar HK, Ritchey J, Snider TA, Malayer JR, et al. Neutrophils induce a novel chemokine receptors repertoire during influenza pneumonia. Front Cell Infect Microbiol. (2019) 9:108. doi: 10.3389/fcimb.2019.00108

 28. Fujimura N, Xu B, Dalman J, Deng H, Aoyama K, Dalman RL. CCR2 inhibition sequesters multiple subsets of leukocytes in the bone marrow. Sci Rep. (2015) 5:11664. doi: 10.1038/srep11664

 29. Talbot J, Bianchini FJ, Nascimento DC, Oliveira RD, Souto FO, Pinto LG, et al. CCR2 expression in neutrophils plays a critical role in their migration into the joints in rheumatoid arthritis. Arthritis Rheumatol. (2015) 67:1751–9. doi: 10.1002/art.39117

 30. Granot Z, Henke E, Comen EA, King TA, Norton L, Benezra R. Tumor entrained neutrophils inhibit seeding in the premetastatic lung. Cancer Cell. (2011) 20:300–14. doi: 10.1016/j.ccr.2011.08.012

 31. Massara M, Bonavita O, Savino B, Caronni N, Mollica Poeta V, Sironi M, et al. ACKR2 in hematopoietic precursors as a checkpoint of neutrophil release and anti-metastatic activity. Nat Commun. (2018) 9:676. doi: 10.1038/s41467-018-03080-8

 32. Yamashiro S, Wang JM, Yang D, Gong WH, Kamohara H, Yoshimura T. Expression of CCR6 and CD83 by cytokine-activated human neutrophils. Blood. (2000) 96:3958–63. doi: 10.1182/blood.V96.12.3958.h8003958_3958_3963

 33. Kobayashi Y. The role of chemokines in neutrophil biology. Front Biosci. (2008) 13:2400–7. doi: 10.2741/2853

 34. Beauvillain C, Cunin P, Doni A, Scotet M, Jaillon S, Loiry ML, et al. CCR7 is involved in the migration of neutrophils to lymph nodes. Blood. (2011) 117:1196–204. doi: 10.1182/blood-2009-11-254490

 35. Del Prete A, Martínez-Muñoz L, Mazzon C, Toffali L, Sozio F, Za L, et al. The atypical receptor CCRL2 is required for CXCR2-dependent neutrophil recruitment and tissue damage. Blood. (2017) 130:1223–34. doi: 10.1182/blood-2017-04-777680

 36. Kennedy AD, DeLeo FR. Neutrophil apoptosis and the resolution of infection. Immunol Res. (2009) 43:25–61. doi: 10.1007/s12026-008-8049-6

 37. Faurschou M, Borregaard N. Neutrophil granules and secretory vesicles in inflammation. Microbes Infect. (2003) 5:1317–27. doi: 10.1016/j.micinf.2003.09.008

 38. Pham T. Neutrophil serine proteases: specific regulators of inflammation. Nat Rev Immunol. (2006) 6:541–50. doi: 10.1038/nri1841

 39. Borregaard N, Cowland JB. Granules of the human neutrophilic polymorphonuclear leukocyte. Blood. (1997) 89:3503–21. doi: 10.1182/blood.V89.10.3503.3503_3503_3521

 40. Zhu YP, Padgett L, Dinh HQ, Marcovecchio P, Blatchley A, Wu R, et al. Identification of an early unipotent neutrophil progenitor with pro-tumoral activity in mouse and human bone marrow. Cell Rep. (2018) 24:2329–41.e8. doi: 10.1016/j.celrep.2018.07.097

 41. Xie X, Shi, Q, Peng W, Xiaoyu Z, Hiroto K, Jiayu S, et al. Single-cell transcriptome profiling reveals neutrophil heterogeneity and orchestrated maturation during homeostasis and bacterial infection. bioRxiv [Preprint]. (2019). doi: 10.1101/792200

 42. Bonavita O, Mollica Poeta V, Massara M, Mantovani A, Bonecchi R. Regulation of hematopoiesis by the chemokine system. Cytokine. (2018) 109:76–80. doi: 10.1016/j.cyto.2018.01.021

 43. McDermott DH, Gao JL, Liu Q, Siwicki M, Martens C, Jacobs P, et al. Chromothriptic cure of WHIM syndrome. Cell. (2015) 160:686–99. doi: 10.1016/j.cell.2015.01.014

 44. Eash KJ, Greenbaum AM, Gopalan PK, Link DC. CXCR2 and CXCR4 antagonistically regulate neutrophil trafficking from murine bone marrow. J Clin Invest. (2010) 120:2423–31. doi: 10.1172/JCI41649

 45. Devi S, Wang Y, Chew WK, Lima R, A-González N, Mattar CN, et al. Neutrophil mobilization via plerixafor-mediated CXCR4 inhibition arises from lung demargination and blockade of neutrophil homing to the bone marrow. J Exp Med. (2013) 210:2321–36. doi: 10.1084/jem.20130056

 46. Gao JL, Wynn TA, Chang Y, Lee EJ, Broxmeyer HE, Cooper S, et al. Impaired host defense, hematopoiesis, granulomatous inflammation and type 1-type 2 cytokine balance in mice lacking CC chemokine receptor 1. J Exp Med. (1997) 185:1959–68. doi: 10.1084/jem.185.11.1959

 47. Reid S, Ritchie A, Boring L, Gosling J, Cooper S, Hangoc G, et al. Enhanced myeloid progenitor cell cycling and apoptosis in mice lacking the chemokine receptor, CCR2. Blood. (1999) 93:1524–33. doi: 10.1182/blood.V93.5.1524.405k07_1524_1533

 48. Si Y, Tsou CL, Croft K, Charo IF. CCR2 mediates hematopoietic stem and progenitor cell trafficking to sites of inflammation in mice. J Clin Invest. (2010) 120:1192–203. doi: 10.1172/JCI40310

 49. Duchene J, Novitzky-Basso I, Thiriot A, Casanova-Acebes M, Bianchini M, Etheridge SL, et al. A typical chemokine receptor 1 on nucleated erythroid cells regulates hematopoiesis. Nat Immunol. (2017) 18:753–61. doi: 10.1038/ni.3763

 50. Locati M, Mantovani A, Bonecchi R. A typical matters in myeloid differentiation. Nat Immunol. (2017) 18:711–2. doi: 10.1038/ni.3776

 51. Rosales C. Neutrophil: a cell with many roles in inflammation or several cell types? Front Physiol. (2018) 9:113. doi: 10.3389/fphys.2018.00113

 52. Grieshaber-Bouyer R, Nigrovic PA. Neutrophil heterogeneity as therapeutic opportunity in immune-mediated disease. Front Immunol. (2019) 10:346. doi: 10.3389/fimmu.2019.00346

 53. Casanova-Acebes M, Pitaval C, Weiss LA, Nombela-Arrieta C, Chèvre R, A-González N, et al. Rhythmic modulation of the hematopoietic niche through neutrophil clearance. Cell. (2013) 153:1025–35. doi: 10.1016/j.cell.2013.04.040

 54. Adrover JM, Nicolás-Ávila JA, Hidalgo A. Aging: a temporal dimension for neutrophils. Trends Immunol. (2016) 37:334–45. doi: 10.1016/j.it.2016.03.005

 55. Zhang D, Chen G, Manwani D, Mortha A, Xu C, Faith JJ, et al. Neutrophil ageing is regulated by the microbiome. Nature. (2015) 525:528–32. doi: 10.1038/nature15367

 56. Adrover JM, Del Fresno C, Crainiciuc G, Cuartero MI, Casanova-Acebes M, Weiss LA, et al. A neutrophil timer coordinates immune defense and vascular protection. Immunity. (2019) 51:966–7. doi: 10.1016/j.immuni.2019.11.001

 57. Marini O, Costa S, Bevilacqua D, Calzetti F, Tamassia N, Spina C, et al. Mature CD10. Blood. (2017) 129:1343–56. doi: 10.1182/blood-2016-04-713206

 58. Evrard M, Kwok IWH, Chong SZ, Teng KWW, Becht E, Chen J, et al. Developmental analysis of bone marrow neutrophils reveals populations specialized in expansion, trafficking, and effector functions. Immunity. (2018) 48:364–79.e8. doi: 10.1016/j.immuni.2018.02.002

 59. Leliefeld PHC, Pillay J, Vrisekoop N, Heeres M, Tak T, Kox M, et al. Differential antibacterial control by neutrophil subsets. Blood Adv. (2018) 2:1344–55. doi: 10.1182/bloodadvances.2017015578

 60. Pillay J, Kamp VM, van Hoffen E, Visser T, Tak T, Lammers JW, et al. A subset of neutrophils in human systemic inflammation inhibits T cell responses through Mac-1. J Clin Invest. (2012) 122:327–36. doi: 10.1172/JCI57990

 61. Clemmensen SN, Bohr CT, Rørvig S, Glenthøj A, Mora-Jensen H, Cramer EP, et al. Olfactomedin 4 defines a subset of human neutrophils. J Leukoc Biol. (2012) 91:495–500. doi: 10.1189/jlb.0811417

 62. Puellmann K, Kaminski WE, Vogel M, Nebe CT, Schroeder J, Wolf H, et al. A variable immunoreceptor in a subpopulation of human neutrophils. Proc Natl Acad Sci USA. (2006) 103:14441–6. doi: 10.1073/pnas.0603406103

 63. Xie Q, Klesney-Tait J, Keck K, Parlet C, Borcherding N, Kolb R, et al. Characterization of a novel mouse model with genetic deletion of CD177. Protein Cell. (2015) 6:117–26. doi: 10.1007/s13238-014-0109-1

 64. Sachs UJ, Andrei-Selmer CL, Maniar A, Weiss T, Paddock C, Orlova VV, et al. The neutrophil-specific antigen CD177 is a counter-receptor for platelet endothelial cell adhesion molecule-1 (CD31). J Biol Chem. (2007) 282:23603–12. doi: 10.1074/jbc.M701120200

 65. Woodfin A, Voisin MB, Beyrau M, Colom B, Caille D, Diapouli FM, et al. The junctional adhesion molecule JAM-C regulates polarized transendothelial migration of neutrophils in vivo. Nat Immunol. (2011) 12:761–9. doi: 10.1038/ni.2062

 66. Wang J, Hossain M, Thanabalasuriar A, Gunzer M, Meininger C, Kubes P. Visualizing the function and fate of neutrophils in sterile injury and repair. Science. (2017) 358:111–6. doi: 10.1126/science.aam9690

 67. Buckley CD, Ross EA, McGettrick HM, Osborne CE, Haworth O, Schmutz C, et al. Identification of a phenotypically and functionally distinct population of long-lived neutrophils in a model of reverse endothelial migration. J Leukoc Biol. (2006) 79:303–11. doi: 10.1189/jlb.0905496

 68. Nicolás-Ávila JÁ, Adrover JM, Hidalgo A. Neutrophils in homeostasis, immunity, and cancer. Immunity. (2017) 46:15–28. doi: 10.1016/j.immuni.2016.12.012

 69. Nourshargh S, Renshaw SA, Imhof BA. Reverse migration of neutrophils: where, when, how, and why? Trends Immunol. (2016) 37:273–86. doi: 10.1016/j.it.2016.03.006

 70. Garley M, Jabłonska E. Heterogeneity among neutrophils. Arch Immunol Ther Exp (Warsz). (2018) 66:21–30. doi: 10.1007/s00005-017-0476-4

 71. Suratt BT, Young SK, Lieber J, Nick JA, Henson PM, Worthen GS. Neutrophil maturation and activation determine anatomic site of clearance from circulation. Am J Physiol Lung Cell Mol Physiol. (2001) 281:L913–21. doi: 10.1152/ajplung.2001.281.4.L913

 72. Hong CW. Current understanding in neutrophil differentiation and heterogeneity. Immune Netw. (2017) 17:298–306. doi: 10.4110/in.2017.17.5.298

 73. Ariel A, Fredman G, Sun YP, Kantarci A, Van Dyke TE, Luster AD, Serhan CN. Apoptotic neutrophils and T cells sequester chemokines during immune response resolution through modulation of CCR5 expression. Nat Immunol. (2006) 7:1209–16. doi: 10.1038/ni1392

 74. Fridlender ZG, Sun J, Kim S, Kapoor V, Cheng G, Ling L, et al. Polarization of tumor-associated neutrophil phenotype by TGF-β: “N1” versus “N2” TAN. Cancer Cell. (2009) 16:183–94. doi: 10.1016/j.ccr.2009.06.017

 75. Andzinski L, Kasnitz N, Stahnke S, Wu CF, Gereke M, von Köckritz-Blickwede M, et al. Type I IFNs induce anti-tumor polarization of tumor associated neutrophils in mice and human. Int J Cancer. (2016) 138:1982–93. doi: 10.1002/ijc.29945

 76. Eruslanov EB, Bhojnagarwala PS, Quatromoni JG, Stephen TL, Ranganathan A, Deshpande C, et al. Tumor-associated neutrophils stimulate T cell responses in early-stage human lung cancer. J Clin Invest. (2014) 124:5466–80. doi: 10.1172/JCI77053

 77. Piccard H, Muschel RJ, Opdenakker G. On the dual roles and polarized phenotypes of neutrophils in tumor development and progression. Crit Rev Oncol Hematol. (2012) 82:296–309. doi: 10.1016/j.critrevonc.2011.06.004

 78. Wu L, Saxena S, Awaji M, Singh RK. Tumor-associated neutrophils in cancer: going pro. Cancers. (2019) 11:4. doi: 10.3390/cancers11040564

 79. Fridlender ZG, Albelda SM. Tumor-associated neutrophils: friend or foe? Carcinogenesis. (2012) 33:949–55. doi: 10.1093/carcin/bgs123

 80. Wang X, Qiu L, Li Z, Wang XY, Yi H. Understanding the multifaceted role of neutrophils in cancer and autoimmune diseases. Front Immunol. (2018) 9:2456. doi: 10.3389/fimmu.2018.02456

 81. de Oliveira THC, Marques PE, Poosti F, Ruytinx P, Amaral FA, Brandolini L, et al. Intravital microscopic evaluation of the effects of a CXCR2 antagonist in a model of liver ischemia reperfusion injury in Mice. Front Immunol. (2017) 8:1917. doi: 10.3389/fimmu.2017.01917

 82. Carevic M, Öz H, Fuchs K, Laval J, Schroth C, Frey N, et al. CXCR1 regulates pulmonary anti-pseudomonas host defense. J Innate Immun. (2016) 8:362–73. doi: 10.1159/000444125

 83. Domínguez-Luis MJ, Armas-González E, Herrera-García A, Arce-Franco M, Feria M, Vicente-Manzanares M, et al. L-selectin expression is regulated by CXCL8-induced reactive oxygen species produced during human neutrophil rolling. Eur J Immunol. (2019) 49:386–97. doi: 10.1002/eji.201847710

 84. Speyer CL, Gao H, Rancilio NJ, Neff TA, Huffnagle GB, Sarma JV, et al. Novel chemokine responsiveness and mobilization of neutrophils during sepsis. Am J Pathol. (2004) 165:2187–96. doi: 10.1016/S0002-9440(10)63268-3

 85. Yan J, Kloecker G, Fleming C, Bousamra M, Hansen R, Hu X, et al. Human polymorphonuclear neutrophils specifically recognize and kill cancerous cells. Oncoimmunology. (2014) 3:e950163. doi: 10.4161/15384101.2014.950163

 86. An Z, Li J, Yu J, Wang X, Gao H, Zhang W, et al. Neutrophil extracellular traps induced by IL-8 aggravate atherosclerosis via activation NF-κB signaling in macrophages. Cell Cycle. (2019) 18:2928–38. doi: 10.1080/15384101.2019.1662678

 87. Yago T, Liu Z, Ahamed J, McEver RP. Cooperative PSGL-1 and CXCR2 signaling in neutrophils promotes deep vein thrombosis in mice. Blood. (2018) 132:1426–37. doi: 10.1182/blood-2018-05-850859

 88. Uddin M, Watz H, Malmgren A, Pedersen F. NETopathic inflammation in chronic obstructive pulmonary disease and severe Asthma. Front Immunol. (2019) 10:47. doi: 10.3389/fimmu.2019.00047

 89. Cools-Lartigue J, Spicer J, McDonald B, Gowing S, Chow S, Giannias B, et al. Neutrophil extracellular traps sequester circulating tumor cells and promote metastasis. J Clin Invest. (2013) 123:3446–58. doi: 10.1172/JCI67484

 90. Nie M, Yang L, Bi X, Wang Y, Sun P, Yang H, et al. Neutrophil extracellular traps induced by il8 promote diffuse large B-cell lymphoma progression via the TLR9 Signaling. Clin Cancer Res. (2019) 25:1867–79. doi: 10.1158/1078-0432.CCR-18-1226

 91. Mollica Poeta V, Massara M, Capucetti A, Bonecchi R. Chemokines and chemokine receptors: new targets for cancer immunotherapy. Front Immunol. (2019) 10:379. doi: 10.3389/fimmu.2019.00379

 92. Scapini P, Cassatella MA. Social networking of human neutrophils within the immune system. Blood. (2014) 124:710–9. doi: 10.1182/blood-2014-03-453217

 93. Christoffersson G, Vågesjö E, Vandooren J, Lidén M, Massena S, Reinert RB, et al. VEGF-A recruits a proangiogenic MMP-9-delivering neutrophil subset that induces angiogenesis in transplanted hypoxic tissue. Blood. (2012) 120:4653–62. doi: 10.1182/blood-2012-04-421040

 94. Massena S, Christoffersson G, Vågesjö E, Seignez C, Gustafsson K, Binet F, et al. Identification and characterization of VEGF-A-responsive neutrophils expressing CD49d, VEGFR1, and CXCR4 in mice and humans. Blood. (2015) 126:2016–26. doi: 10.1182/blood-2015-03-631572

 95. Jablonska J, Leschner S, Westphal K, Lienenklaus S, Weiss S. Neutrophils responsive to endogenous IFN-beta regulate tumor angiogenesis and growth in a mouse tumor model. J Clin Invest. (2010) 120:1151–64. doi: 10.1172/JCI37223

 96. Tecchio C, Cassatella MA. Neutrophil-derived chemokines on the road to immunity. Semin Immunol. (2016) 28:119–28. doi: 10.1016/j.smim.2016.04.003

 97. Beauvillain C, Delneste Y, Scotet M, Peres A, Gascan H, Guermonprez P, et al. Neutrophils efficiently cross-prime naive T cells in vivo. Blood. (2007) 110:2965–73. doi: 10.1182/blood-2006-12-063826

 98. Hampton HR, Bailey J, Tomura M, Brink R, Chtanova T. Microbe-dependent lymphatic migration of neutrophils modulates lymphocyte proliferation in lymph nodes. Nat Commun. (2015) 6:7139. doi: 10.1038/ncomms8139

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

Copyright © 2020 Capucetti, Albano and Bonecchi. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fimmu-11-01259-t002.jpg
Target

CXCR2

CXCR1 and CXCR2

Inhibitor

AZD5069

Danirixin (GSK1325756)

SB-656933

Reparixin

Navarixin
(SCH 527128, MK-7123)

Pathology

Asthma and bronchiectasis

Advanced solid and metastatic tumors
(head and neck carcinoma, prostate
cancer, pancreatic cancer)

COPD

Viral disease
(influenza)

Ulcerative colis,
Oystic fibrosis

Liver, lung, and Kidney transplantation

Islet transplantation in diabetes mellitus
type 1
Metastatic breast cancer

COPD

Advanced/metastatic solid tumors (in
combination with pembrolizumab)

Psoriasis

Clinical trials

NCT01704495
NCT01256692

NCT02499328
NCT03177187
NCT02683477

NCT02130193
NCT03250689

NCT02469298

NCT00748410
NCT00903201

NCT03031470
NCT00224406
NCT00248040

NCT01817959

NCT02370238
NCT02001974

NCT01006616
NCT03473925

NCT00684593

Results

Reduced neutrophils in sputum and lung tissue;
o improvement in clinical outcomes

Not available

Improvements in respiratory symptoms; reduced
NET formation

Termination for emergence of severe adverse events
(cardiac failure and respiratory disease)

No clinical benefit

Improved inflammatory markers in patients’ sputum;
no change in lung function

Attenuated inflammatory reaction and reduced
tissue damage

No improvement in islet inflammation-mediated
damage

Not available

Improved clinical outcomes.
Not avaiiable

No clinical benefit





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Multiple Roles for Chemokines in Neutrophil Biology



		Introduction



		Chemokines Acting on Neutrophils



		Role of Chemokines in Granulopoiesis



		Role of Chemokines in Neutrophil Heterogeneity



		Role of Chemokines in Neutrophil Effector Functions



		Concluding Remarks



		Author Contributions



		Funding



		References

















OPS/images/cover.jpg
, frontiers
in Immunology

Multiple Roles for Chemokines in
Neutrophil Biology





OPS/images/fimmu-11-01259-g001.gif





OPS/images/fimmu-11-01259-t001.jpg
CMP
GMP
NeP

preNeu
Immature neutrophil
Mature neutrophil

Aged neutrophil

Mouse

Lin=, CD117%, Sca-1*, CD34*, CXCR4*
Lin~, CD117+, Sca-1-, CD34*, CXCR4*, CCR1*, CCR2*
Lin™, CD117*, Sca-1-, CD34*, CD16/32*, CXCR4*, CCR1*

Lin=, CD117+, Ly6AVE™, Siglec F~, FeeRla™, CD16/32+, Ly6B*,

CD11at, CD162°, CD48, Ly6CP, CD115-, LyBG™, CXCR4*
Lin~, CD117+, CD115~, Siglec-F~, Gr1*, CD11b*, Ly6GP,
CXCR2-, CXCRé4*

Lin- CD117- CD115~, Siglec-F~, Gri+, CD11b+, Ly8Go/+,
CXCR2", CXCR4™

Lin=, CD115~, CD11b*, LyBG*, CXCR2*, CXCR4™

CD11b*, CD16/32*,CD62L°, CXCR2°, CXCR4™

Human

Lin~, CD34*, CD38~, CD45RA~, CXCR4*

Lin-, CD34*, CD38*, CD45RA"~, CXCR4*, CCR1*, CCR2*
Lin-, CD34*, CD38*, CD45RA*, CXCR4*, CCR1*

Lin=, CD117+, CDBBb*, CD38™, CXCR4*

Lin=, CD117-, Siglec8™, CD15*, CD34~, CD66L", CD49d*,
CD101-, CXCR2-, CXCR4+

Lin-, CD86b*, CD15+, CD33™< CD101+, CD10-, CD16°/+,
CXCR2~, CXCR4~

Lin-, CD66b*, CD15*, CD33™¢, CD101+, CD10*, CD16",
CXCR2*, CXCR4~

CD11b*, CD16", CDE2L®, CD10*, CXCR2°, CXCR4M










OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Immunology





