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Introduction

Neuromyelitis optica spectrum disorder (NMOSD) is a highly recurrent and disabling inflammatory autoimmune disease in the central nervous system (CNS), characterized with severe optic neuritis and myelitis. It has been reported that monocytes derived from bone marrow was activated and involved in this disease. Moreover, inflammatory cytokine IL-6 levels was significantly upregulated in both serum and cerebrospinal fluid of NMO patients, and activated monocytes was one identified source of this increase (1, 2). Multiple evidences showed that microglia were local immune cells of the nervous system, and abnormal neuroinflammation caused by activation of microglia played a critical role in CNS diseases (3–5). Pathological features of NMO anatomy showed that reactive macrophages/microglia clustered in focal patterns in the tubule, ependyma, and other Aquaporin-4 (AQP4) immune response areas of the brain (6), suggesting that microglia also played an important role in NMOSD. Moreover, astrocytes were the most and largest glial cells in the CNS, and astrocytes regulated ionic homeostasis and responded to environmental factors, all of which have been implicated in neurological disorders.

In 2004, Lennon et al. found an autoantibody binding to astrocyte AQP4 in the serum of NMO patients and defined it as NMO-IgG (7). It was currently believed that NMO-IgG activated the complement after binding with AQP4, leading to the destruction of the blood-brain barrier, astrocytic injury and secondary demyelination. Meanwhile, the interaction of NMO-IgG with AQP4 also triggered multiple immune-related pathways, such as chemokine/cytokine, interferon and NF-κB pathway, suggesting that the degree of NMO lesions depended on the immune microenvironment, in which multiple immune cells, including monocytes, microglia, and astrocyte, were all involved (8–10). However, the regulatory mechanism of changes of immune microenvironment in the pathogenesis of NMO lesions are largely unknown (Figure 1).




Figure 1 | The homeostasis of monocytes, astrocytes and microglia plays an important role in the NMOSD. The occurrence and development of NMOSD are related to IL-6 and AQP4 antibodies, and blocked IL-6 has been reported to reduce the production of AQP4-IgG. How chemokines/cytokines produced by monocytes affect the function of astrocytes and microglia, and how astrocytes and microglia respond, as well as the communication between astrocytes and microglia are still largely unknown.







The role of CCL2 in NMO-IgG-induced astrocyte injury

Recently, Wang et al. published one paper in Frontiers in immunology, reported a chemokine (C–C motif) ligand 2 (CCL2) and CCR2+-mediated positive feedback cascade loop contributed to the pathogenesis of NMO (11), providing a new insight for the treatment of NMOSD. The authors found that the expression of CCL2 in the cerebrospinal fluid were significantly upregulated in NMOSD patients compared to other non-inflammatory neurological diseases (ONDs) patients. Meanwhile, the expression of CSF-CCL2 was significantly upregulated in AQP4-IgG seropositive patients. In order to investigate the role of CCL2 in the astrocyte injury induced by AQP4-IgG, the authors established a model of astrocyte injury induced by NMO-IgG, and found that NMO-IgG treatment significantly decreased AQP4 levels on astrocyte cell membrane, meanwhile increased CCL2 levels, suggesting CCL2 might be associated with NMO-IgG-induced astrocyte injury.

The authors further used CCL2 small interfering RNA (siRNA) to silence CCL2, and found that CCL2 silence effectively reduced NMO-IgG treatment-induced astrocytes damage. Meanwhile, the authors used CCL2 shRNA adenovirus to selectively knockdown the CCL2 gene in mouse brain astrocytes, followed by NMO-IgG damage. They found that knockdown of CCL2 effectively reduced the lesion volume in NMO mice, suggesting prevention of astrocytic CCL2 significantly reduced NMO-IgG-induced brain damage in vivo. In addition, the authors found that NMO-IgG treatment affected a variety of inflammatory signaling pathways in astrocytes. Blocking NF-κB signaling pathway effectively downregulated the expression of inflammatory cytokines. Inhibition of the MAPK p38 signaling pathway also significantly downregulated the expression of CCL2 and CXCL1. Together, the authors found a positive feedback cascade loop of CCL2 and CCR2+ to astrocyte injury and the pathogenesis of NMOSD.





Discussion

CCL2 is a well studied small molecular cytokine of the CC chemokine family. CCL2 has chemotactic activity towards monocytes and is one of the key chemokines regulating the migration and infiltration of monocytes/macrophages, which plays an important role in many diseases such as cancer, autoimmune diseases, neurological diseases, etc. In the autoimmune disease NMOSD, AQP4-IgG is a highly specific diagnostic marker with a specificity of 90%, but its causative factors are unknown. In addition, B cells affect the occurrence of NMOSD by secreting AQP4 antibody and producing cytokines, and monocytes may also participate in the formation of NMOSD. In addition to IL-6 and CCL2, some other cytokines/chemokines were also involved in NMOSD, in which IL-17A, IL-16 and CCL19 acted as proinflammatory cytokines/chemokines in NMOSD pathogenesis. Interestingly, another cytokine IL-19 played a protective role (1).

Currently, the treatments of NMOSD rely on traditional immunosuppressants and modulators, such as Eculizumab, Inebilizumab, and Satralizumab. Satelizumab is an interleukin-6 receptor (IL-6R) inhibitor, which disrupts the JAK/STAT and/or SHP2-MAPK signaling pathways and alleviates IL-6-associated NMOSD injury (12). It has been reported that CCL2 deficiency caused a decrease in marginal zone (MZ) B cells and an increase in germinal center (GC) B cells by up-regulating phosphorylation of the MST1-mTORC1-STAT1 axis (13). Meanwhile, human astrocytes treated with recombinant autoantibodies (Ab) against AQP4 produced a large amount of CCL2, which enhanced the effective recruitment of monocytes. Mitochondrial DNA (mtDNA) could release from astrocytes treated with anti-AQP4 Ab, which further activated monocytes via Toll-like receptor 9 (TLR9). Moreover, mtDNA also enhanced the production of CCL2 in monocytes (14). Importantly, CSF-CCL2 was significantly upregulated in AQP4-IgG seropositive patients, suggesting CCL2 may also facilitate the development of therapeutic drugs for NMOSD.

Generally, the expression of CCL2 was regulated by classical NF-κB signaling and noncanonical pathway. In astrocytes after axonal injury, NF-κB signaling regulated the expression of STAT2 and CCL2, suggesting a central role of astrocytes in guiding immune-glial interactions in the CNS injury response (15). In addition, the expression of CCL2 has been found to be independent on NF-κB in cancer cells. Forkhead box K1 (FOXK1) has been shown to directly link mTORC1 signaling and regulate CCL2 expression, which is independently of NF-κB signaling (16). However, the underlying regulatory mechanism of CCL2 in NMOSD still needed to be studied.

In summary, the study of Wang et al. showed that inhibition of NMO-IgG-induced upregulation of CCL2 could maintain environmental homeostasis, reduce inflammation, and alleviate the deterioration of NMO lesions, suggesting CCL2 may be a promising candidate target for the NMOSD therapy. However, there are several issues worth exploring in the future. First, the binding of NMO-IgG to AQP4 triggers the release of CCL2 by astrocytes, but how the changes of CCL2 in microglia and monocytes, and how the interactions among monocytes, microglia, and astrocytes are still unclear. Second, how cytokine CCL2 regulates AQP4 expression and astrocyte functions are also unknown. Finally, the effects of neutralizing antibodies of CCL2 or targeting drugs in the clinical treatment of NMOSD disease are needed to be validated.





Author contributions

JZ: Writing – original draft. JC: Conceptualization, Supervision, Writing – review & editing.





Funding

The authors declare financial support was received for the research, authorship, and/or publication of this article. This work was supported by grants from the National Nature Science Foundation of China (Grant No. 82071218, and No. 82271237), and the Leading Project of Young Academic Team of Minzu University of China (2023QNYL16).





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.

The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.





References

1. Uzawa, A, Mori, M, Arai, K, Sato, Y, Hayakawa, S, Masuda, S, et al. Cytokine and chemokine profiles in neuromyelitis optica: significance of interleukin-6. Mult Scler J (2010) 16:1443–52. doi: 10.1177/1352458510379247

2. Ringelstein, M, Ayzenberg, I, Harmel, J, Lauenstein, A-S, Lensch, E, Stögbauer, F, et al. Long-term therapy with interleukin 6 receptor blockade in highly active neuromyelitis optica spectrum disorder. JAMA Neurol (2015) 72:756. doi: 10.1001/jamaneurol.2015.0533

3. Bartels, T, De Schepper, S, and Hong, S. Microglia modulate neurodegeneration in Alzheimer’s and Parkinson’s diseases. Science (2020) 370:66–9. doi: 10.1126/science.abb8587

4. Cheng, J, Dong, Y, Ma, J, Pan, R, Liao, Y, Kong, X, et al. Microglial Calhm2 regulates neuroinflammation and contributes to Alzheimer’s disease pathology. Sci Adv (2021) 7:eabe3600. doi: 10.1126/sciadv.abe3600

5. Cheng, J, Liao, Y, Dong, Y, Hu, H, Yang, N, Kong, X, et al. Microglial autophagy defect causes parkinson disease-like symptoms by accelerating inflammasome activation in mice. Autophagy (2020) 16:2193–205. doi: 10.1080/15548627.2020.1719723

6. Guo, Y, Weigand, SD, Popescu, BF, Lennon, VA, Parisi, JE, Pittock, SJ, et al. Pathogenic implications of cerebrospinal fluid barrier pathology in neuromyelitis optica. Acta Neuropathol (Berl) (2017) 133:597–612. doi: 10.1007/s00401-017-1682-1

7. Lennon, VA, Wingerchuk, DM, Kryzer, TJ, Pittock, SJ, Lucchinetti, CF, Fujihara, K, et al. A serum autoantibody marker of neuromyelitis optica: distinction from multiple sclerosis. Lancet (2004) 364:2106–12. doi: 10.1016/S0140-6736(04)17551-X

8. Howe, CL, Kaptzan, T, Magaña, SM, Ayers-Ringler, JR, LaFrance-Corey, RG, and Lucchinetti, CF. Neuromyelitis optica IgG stimulates an immunological response in rat astrocyte cultures: NMO IgG Stimulates Astrocyte Reactivity. Glia (2014) 62:692–708. doi: 10.1002/glia.22635

9. Du, L, Chang, H, Xu, W, Wei, Y, Wang, Y, Yin, L, et al. Effect of NMO-IgG on the interleukin-6 cascade in astrocytes via activation of the JAK/STAT3 signaling pathway. Life Sci (2020) 258:118217. doi: 10.1016/j.lfs.2020.118217

10. Wang, Y, Zhang, J, Chang, H, Wang, H, Xu, W, Cong, H, et al. NMO-igG induce interleukin-6 release via activation of the NF-κB signaling pathway in astrocytes. Neuroscience (2022) 496:96–104. doi: 10.1016/j.neuroscience.2022.05.038

11. Wang, Y, Bian, J, Yao, M, Du, L, Xu, Y, Chang, H, et al. Targeting chemoattractant chemokine (C–C motif) ligand 2 derived from astrocytes is a promising therapeutic approach in the treatment of neuromyelitis optica spectrum disorders. Front Immunol (2023) 14:1144532. doi: 10.3389/fimmu.2023.1144532

12. Kleiter, I, Traboulsee, A, Palace, J, Yamamura, T, Fujihara, K, Saiz, A, et al. Long-term efficacy of satralizumab in AQP4-igG–seropositive neuromyelitis optica spectrum disorder from SAkuraSky and SAkuraStar. Neurol - Neuroimmunol Neuroinflamm (2023) 10:e200071. doi: 10.1212/NXI.0000000000200071

13. Yang, L, Li, N, Yang, D, Chen, A, Tang, J, Jing, Y, et al. CCL2 regulation of MST1-mTOR-STAT1 signaling axis controls BCR signaling and B-cell differentiation. Cell Death Differ (2021) 28:2616–33. doi: 10.1038/s41418-021-00775-2

14. Shimizu, M, Okuno, T, Kinoshita, M, Sumi, H, Fujimura, H, Yamashita, K, et al. Mitochondrial DNA enhance innate immune responses in neuromyelitis optica by monocyte recruitment and activation. Sci Rep (2020) 10:13274. doi: 10.1038/s41598-020-70203-x

15. Khorooshi, R, Babcock, AA, and Owens, T. NF-κB-driven STAT2 and CCL2 expression in astrocytes in response to brain injury. J Immunol (2008) 181:7284–91. doi: 10.4049/jimmunol.181.10.7284

16. Nakatsumi, H, Matsumoto, M, and Nakayama, KI. Noncanonical pathway for regulation of CCL2 expression by an mTORC1-FOXK1 axis promotes recruitment of tumor-associated macrophages. Cell Rep (2017) 21:2471–86. doi: 10.1016/j.celrep.2017.11.014




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.

Copyright © 2023 Zhang and Cheng. 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.


OEBPS/Images/fimmu.2023.1279782_cover.jpg
’ frontiers ‘ Frontiers in Immunology

Commentary: Targeting chemoattractant
chemokine (C— C motif) ligand 2 derived
from astrocytes is a promising therapeutic
approach in the treatment of neuromyelitis
optica spectrum disorders





OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Commentary: Targeting chemoattractant chemokine (C–C motif) ligand 2 derived from astrocytes is a promising therapeutic approach in the treatment of neuromyelitis optica spectrum disorders

      

        		

          Introduction

        



        		

          The role of CCL2 in NMO-IgG-induced astrocyte injury

        



        		

          Discussion

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-14-1279782-g001.jpg
Monocyte

® .
CYPY interferon

chemokine/cytokine

Astrocyte

Microglia






