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Editorial on the Research Topic 
Targeting the Chemoattractant System in Inflammation

INTRODUCTION
In autoimmune diseases and infectious diseases, the recruitment of leukocytes from blood vessels to the target tissue is the fundamental component of inflammation. Thus, the control of leukocytes’ entry into the tissue represents a major point to which new therapeutics could be developed to attenuate inflammatory diseases (Miyabe et al., 2019a). The process of leukocyte migration is regulated by the chemoattractant systems including chemokines, complement components and lipid mediators and their receptors (Miyabe et al., 2017a; Miyabe et al., 2019a). Our recent in vivo imaging studies have discovered a new function of complement component C5a and atypical complement receptor C5aR2 in immune complex-induced arthritis (Miyabe et al., 2017b; Miyabe et al., 2019b). Moreover, we have demonstrated that the chemokine is a key initiator of leukocytes recruitment into the coronary artery (Miyabe et al., 2019c) and brain during cerebral malaria and herpes encephalitis (Sorensen et al., 2018; Michael et al., 2020).
Numerous chemoattractant systems have been shown to play important roles in the recruitment of leukocytes into inflamed tissues in animal models of inflammatory diseases. In contrast, clinical trials of chemokine-targeting therapy in rheumatic diseases such as rheumatoid arthritis have generally ended with disappointing results (Miyabe et al., 2019a). This might be due to relevant chemoattractant receptors needing to be blocked at all times for therapeutic effect. In addition, there is functional overlap between many chemoattaractant systems involved in leukocytes trafficking, and inhibition of a single chemoattractant system might not be sufficient to completely suppress leukocytes recruitment (Miyabe et al., 2019a). More effective approaches might combine targeting multiple chemoattractants and/or their receptors, as indicated by our studies in mouse models (Angelini et al., 2018). To develop more effective therapies for targeting chemoattractants, we should accumulate knowledge about the pattern of chemoattractants and their receptors and clarify the function of chemoattractant systems in individual diseases.
This research topic includes various articles in the field: three original articles and one review article. Two articles aimed at novel drug development for targeting chemokine and inflammatory cytokines. One article revealed a mode of action in monosodium urate (MSU)- induced inflammation. The review summarized the contribution of the chemokine system in the three epidemic coronavirus infections, including Severe Acute Respiratory Syndrome coronavirus-2(SARS-CoV2), SARS-CoV1, and Middle East Respiratory Syndrome-coronavirus (MERS).
IDENTIFYING NOVEL THERAPEUTIC AGENTS TARGETING CHEMOKINE OR INFLAMMATORY CYTOKINES
Hosoya et al. identified a novel therapeutic candidate based on the cell-based high throughput screening (HTS). CXCL8 secreted from THP-1 cells, a human monocyte cell line, was selected as a readout of HTS. To enrich the candidates, the authors chose compounds with NF-κB inhibition similar to glucocorticoids (GCs) and moved forward to identify potent chemical scaffolds rather than a single compound. This enrichment strategy based on unsupervised chemoinformatic clustering has been proven helpful in a previous report (Chan et al., 2017). Finally, they discovered a lead compound from the largest chemical scaffold, which suppressed the production of CXCL8, CXCL1, CCL2, and IL-6 from rheumatoid arthritis synovial fibroblasts but not MMP-3. Interestingly, the lead compound acted synergistically with GCs, indicating the possibility of dose-sparing effects of GCs.
Regarding the anti-inflammatory mechanism of Southeast Asian folk medicine, Frutescone O (Fru), Lin et al. proposed several modes of action based on the evidence using LPS-stimulated RAW 264.7, mouse macrophages. The authors discovered that Fru suppressed the production of NO via the downregulation of iNOS, and suppressed the expression of Myd88 resulted in the attenuation of NF-κB pathway and MAPK pathway. Interestingly, Fru interacted with the amino acids of TLR4-MD2, forming one hydrogen bond as well as the other TLR4 antagonist (Gao et al., 2020). Although it was still unsolved which mechanism was responsible, these findings demonstrate the anti-inflammatory effects of Fru. The authors provided evidence for the broader usefulness of Fru which could be shown in several disease models in mice.
MICRORNA DEPENDENT REGULATION OF NLRP3 INFLAMMASOME IN THE MSU- INDUCED INFLAMMATION
Zhang et al. revealed the negative regulation of NLRP3 inflammasome by miR-223 in RAW 264.7 with miR-223 mimic or inhibitor transfection. During the acute gout attack induced by MSU, inflammasome components, including NLRP3 and ASC, were upregulated as well as the inflammatory cytokines. However, the expression of miR-223 was inversely changed after the MSU stimulation. The transfection of miR-223 mimic or inhibitor attenuated or enhanced the production of inflammatory cytokine production and the components of NLRP inflammasome complex, respectively. These findings provided a novel insight into miR-223 as a negative regulator in acute inflammation.
A DOUBLE-EDGED SWORD: IMMUNE RESPONSE AGAINST EPIDEMIC CORONAVIRUS INFECTION
Majumdar and Murphy described the ongoing pandemic and the chemokines involved in coronavirus infection, comparing SARS-CoV2 with the previous two coronaviruses, SARS-CoV1 and MERS. COVID-19 is caused by the infection of SARS-CoV2 and can involve complications such as: acute respiratory distress syndrome (ARDS), thrombotic events, multisystem inflammatory syndrome in children (MISC-C), and cytokine storm. Similar to other infectious diseases, promoting the antiviral host defense is beneficial for viral clearance in COVID-19. However, these life-threatening complications might be induced as a result of the dysregulation of the immune system.
Despite the minor differences among the three epidemic coronaviruses, all may share a common pathway to induce ARDS. These viruses primarily infect alveolar epithelial cells and induce inflammatory mediators, including chemokines, to recruit and activate immune cells in the lungs. The activated immune cells further secrete the inflammatory cytokines and chemokines to create a vicious cycle, resulting in the development of ARDS and systemic cytokine storm. Although overall mortality is much lower in COVID-19 (<1%) compared to SARS (10%) or MERS (34%), once the patients reach critical disease severity, the course is similar in all three conditions. Observations from the clinic and animal models of COVID-19 are still being made to identify new targets for therapeutic development.
THE FUTURE DIRECTION OF CHEMOATTRACTANT TARGETING THERAPY IN NEUROIMMUNOLOGICAL DISEASES
Neuroinflammation can occur in infections and autoimmune diseases. Neurological complications have commonly been observed in COVID-19 patients (Varatharaj et al., 2020). Evidence is mounting that in a large proportion of cases, the neurological symptoms do not stem not from direct CNS viral invasion, but from para-infectious mechanisms (Meinhardt et al., 2021; Solomon, 2021). The beneficial effects of dampening the immune response (e.g. with steroids and/or signaling blockade such as anti-IL-6R) indicate that the dysregulated immune system is contributing to pathology. Certainly, a fine balance is needed for maintaining a successful anti-viral response and some severe cases have shown no benefit from immune inhibition (Gupta and Leaf, 2021). As Majumdar and Murphy point out—a complicated signaling network orchestrates immune involvement at different stages and different chemokines attract different cells—including CXCL1/2 for neutrophils, CCL2 and CCL5 for monocytes, and all of the aforementioned and others play a role in T cell activation. The cells can play a protective role in viral clearance, but can tip towards pathology when they cause excess damage and infiltration, especially in an area as sensitive as the central nervous system.
In HSV encephalitis, the IL-1 induction of CXCL1 production by astrocytes and neurons and subsequent neutrophil migration into the brain has highlighted the CXCL1-CXCR2 signaling pathway as a therapeutic target (Michael et al., 2016; Michael et al., 2020). Other chemokine antagonists are already being clinically assessed in the context of stroke, cancer, influenza, and asthma (NIH reporter). Interesting parallels exist amongst neuroinflammatory diseases caused by dysregulation of an immune response outside of the central nervous system—such as in CAR-T-associated encephalopathies and influenza- or tuberculosis-associated encephalitis which also involve cytokine storms and have been shown to respond to anti-IL-6R and other immunosuppressive treatments (Wang and Han, 2018). An interesting case report of a person with neurological complications from SARS infection showed elevated CXCL9 expression in the brain and this warrants further research (Xu et al., 2005).
THE FUTURE DIRECTION OF CHEMOATTRACTANT TARGETING THERAPY IN RHEUMATIC DISEASES
Advances in novel drug application and sophistication of therapeutic strategies in rheumatic diseases, especially rheumatoid arthritis (RA) has improved the quality of disease management and resulted in a decrease in mortality and morbidity. In fact, biological therapies and goal-oriented therapeutic strategies have revolutionized treatment for RA (Aletaha and Smolen, 2018). However, more than half of patients will not reach complete remission using current therapeutic agents (Smolen et al., 2018). Therefore, development of new RA therapies is still needed.
Chemoattractant-mediated leukocyte recruitment is required for igniting inflammation in RA. Thus, chemoattractant targeting therapies will allow us to provide another pathway for attenuating joint inflammation in addition to traditional therapies for RA. While early clinical trials aiming at selective chemokine inhibition failed mostly due to the redundancy of the chemokines, several recent clinical trials targeting the inhibition of CCR1, CXCL10, and CX3CL1 demonstrated favorable results, suggesting that there remains an ongoing need to identify the responsible chemoattractants in RA pathogenesis. (Miyabe et al., 2019a).
More recently, C5a receptor inhibitor, avacopan, demonstrated excellent efficacy in the clinical trial in ANCA-associated vasculitis (AAV) (Jayne et al., 2021). Although the mechanism of action in human AAV remained unclear, the inhibition of leukocyte recruitment could be considered to be the central component since C5a acts as a strong chemoattractant. Of note, avacopan combine with immune cell depletion therapy using cyclophosphamide or rituximab was superior to prednisone taper concerning sustained remission, suggesting the proof-of-concept of the next-generation therapeutic strategy for the inflammatory disease (Jayne et al., 2021).
Although no clinical trials have yet been attempted to assess drugs that directly target chemoattractants and/or their receptors in patients with systemic lupus erythematosus, scleroderma and idiopathic inflammatory myositis, numerous chemoattractants and their receptors have been shown to be involved in the recruitment of leucocytes into inflamed organs in those rheumatic diseases and are thus promising targets for therapeutic intervention as well as RA and vasculitis (Miyabe et al., 2019a).
SUMMARY
Since immune cell recruitment is a fundamental component of inflammation, the chemoattractant system is a promising target in inflammation. The amazing success of avacopan in AAV might indicate the potency of cell-recruitment targeted therapy. Because of the redundancy of chemoattractants, the therapeutic target should be considered carefully. Recent advances in omics analysis in inflammatory disease might enable us to visualize the chemokine system with much fine resolution to identify targets for future drug development.
AUTHOR CONTRIBUTIONS
YM, TH, BM, CM, JN, and TTM designed this research topic. TH and DC wrote the editorial. All authors contributed to the article and approved the submitted version.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Aletaha, D., and Smolen, J. S. (2018). Diagnosis and Management of Rheumatoid Arthritis. JAMA 320, 1360–1372. doi:10.1001/jama.2018.13103
 Angelini, A., Miyabe, Y., Newsted, D., Kwan, B. H., Miyabe, C., Kelly, R. L., et al. (2018). Directed Evolution of Broadly Crossreactive Chemokine-Blocking Antibodies Efficacious in Arthritis. Nat. Commun. 9, 1461. doi:10.1038/s41467-018-03687-x
 Chan, M., Ahmadi, A., Yao, S., Sato-Kaneko, F., Messer, K., Pu, M., et al. (2017). Identification of Biologically Active Pyrimido[5,4-B]indoles that Prolong NF-κB Activation without Intrinsic Activity. ACS Comb. Sci. 19, 533–543. doi:10.1021/acscombsci.7b00080
 Gao, H., Kang, N., Hu, C., Zhang, Z., Xu, Q., Liu, Y., et al. (2020). Ginsenoside Rb1 Exerts Anti-inflammatory Effects In Vitro and In Vivo by Modulating Toll-like Receptor 4 Dimerization and NF-kB/MAPKs Signaling Pathways. Phytomedicine 69, 153197. doi:10.1016/j.phymed.2020.153197
 Gupta, S., and Leaf, D. E. (2021). Tocilizumab in COVID-19: Some Clarity amid Controversy. Lancet 397, 1599–1601. doi:10.1016/s0140-6736(21)00712-1
 Jayne, D. R. W., Merkel, P. A., Schall, T. J., Bekker, P., and Group, A. S. (2021). Avacopan for the Treatment of ANCA-Associated Vasculitis. N. Engl. J. Med. 384, 599–609. doi:10.1056/nejmoa2023386
 Meinhardt, J., Radke, J., Dittmayer, C., Franz, J., Thomas, C., Mothes, R., et al. (2021). Olfactory Transmucosal SARS-CoV-2 Invasion as a Port of central Nervous System Entry in Individuals with COVID-19. Nat. Neurosci. 24, 168–175. doi:10.1038/s41593-020-00758-5
 Michael, B. D., Bricio-Moreno, L., Sorensen, E. W., Miyabe, Y., Lian, J., Solomon, T., et al. (2020). Astrocyte- and Neuron-Derived CXCL1 Drives Neutrophil Transmigration and Blood-Brain Barrier Permeability in Viral Encephalitis. Cel Rep. 32, 108150. doi:10.1016/j.celrep.2020.108150
 Michael, B. D., Griffiths, M. J., Granerod, J., Brown, D., Keir, G., Wnęk, G., et al. (2016). The Interleukin-1 Balance during Encephalitis Is Associated with Clinical Severity, Blood-Brain Barrier Permeability, Neuroimaging Changes, and Disease Outcome. J. Infect. Dis. 213, 1651–1660. doi:10.1093/infdis/jiv771
 Miyabe, C., Miyabe, Y., Bricio-Moreno, L., Lian, J., Rahimi, R. A., Miura, N. N., et al. (2019). Dectin-2-induced CCL2 Production in Tissue-Resident Macrophages Ignites Cardiac Arteritis. J. Clin. Invest. 129, 3610–3624. doi:10.1172/jci123778
 Miyabe, Y., Lian, J., Miyabe, C., and Luster, A. D. (2019). Chemokines in Rheumatic Diseases: Pathogenic Role and Therapeutic Implications. Nat. Rev. Rheumatol. 15, 731–746. doi:10.1038/s41584-019-0323-6
 Miyabe, Y., Miyabe, C., and Luster, A. D. (2017). LTB 4 and BLT1 in Inflammatory Arthritis. Semin. Immunol. 33, 52–57. doi:10.1016/j.smim.2017.09.009
 Miyabe, Y., Miyabe, C., Mani, V., Mempel, T. R., and Luster, A. D. (2019). Atypical Complement Receptor C5aR2 Transports C5a to Initiate Neutrophil Adhesion and Inflammation. Sci. Immunol. 4, eaav5951. doi:10.1126/sciimmunol.aav5951
 Miyabe, Y., Miyabe, C., Murooka, T. T., Kim, E. Y., Newton, G. A., Kim, N. D., et al. (2017). Complement C5a Receptor Is the Key Initiator of Neutrophil Adhesion Igniting Immune Complex-Induced Arthritis. Sci. Immunol. 2, eaaj2195. doi:10.1126/sciimmunol.aaj2195
 Smolen, J. S., Aletaha, D., Barton, A., Burmester, G. R., Emery, P., Firestein, G. S., et al. (2018). Rheumatoid Arthritis. Nat. Rev. Dis. Primers 4, 18001. doi:10.1038/nrdp.2018.1
 Solomon, T. (2021). Neurological Infection with SARS-CoV-2 - the story So Far. Nat. Rev. Neurol. 17, 65–66. doi:10.1038/s41582-020-00453-w
 Sorensen, E. W., Lian, J., Ozga, A. J., Miyabe, Y., Ji, S. W., Bromley, S. K., et al. (2018). CXCL10 Stabilizes T Cell-Brain Endothelial Cell Adhesion Leading to the Induction of Cerebral Malaria. JCI Insight 3, e98911. doi:10.1172/jci.insight.98911
 Varatharaj, A., Thomas, N., Ellul, M. A., Davies, N. W. S., Pollak, T. A., Tenorio, E. L., et al. (2020). Neurological and Neuropsychiatric Complications of COVID-19 in 153 Patients: a UK-wide Surveillance Study. Lancet Psychiat. 7, 875–882. doi:10.1016/s2215-0366(20)30420-x
 Wang, Z., and Han, W. (2018). Biomarkers of Cytokine Release Syndrome and Neurotoxicity Related to CAR-T Cell Therapy. Biomark Res. 6, 4. doi:10.1186/s40364-018-0116-0
 Xu, J., Zhong, S., Liu, J., Li, L., Li, Y., Wu, X., et al. (2005). Detection of Severe Acute Respiratory Syndrome Coronavirus in the Brain: Potential Role of the Chemokine Mig in Pathogenesis. Clin. Infect. Dis. 41, 1089–1096. doi:10.1086/444461
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 © 2021 Hosoya, Cordelia, Michael, Miyabe, Nagai, Murooka and Miyabe. 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/crossmark.jpg
©

|





OPS/xhtml/nav.xhtml
Contents

		Cover

		Editorial: Targeting the Chemoattractant System in Inflammation		Introduction

		Identifying Novel Therapeutic Agents Targeting Chemokine or Inflammatory Cytokines

		MicroRNA Dependent Regulation of NLRP3 Inflammasome in the MSU- Induced Inflammation

		A Double-Edged Sword: Immune Response Against Epidemic Coronavirus Infection

		The Future Direction of Chemoattractant Targeting Therapy in Neuroimmunological Diseases

		The Future Direction of Chemoattractant Targeting Therapy in Rheumatic Diseases

		Summary

		Author Contributions

		Publisher’s Note

		References









OPS/images/cover.jpg
* frontiers
in Pharmacology

Editorial: Targeting the
Chemoattractant System in
Inflammation





OPS/images/logo.jpg
, frontiers
in Pharmacology





