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Editorial on the Research Topic 


Non-canonical NF-κB signaling in immune-mediated inflammatory diseases and malignancies


In thirty years since its discovery as a regulator of transcription in B cells, the NF-κB family of transcription factors has been demonstrated to mediate activation and differentiation of many components of immunity, and has also been shown to have actions in other cell types and diverse tissues (1). Genetic approaches to discover and characterize the components of the NF-κB family, including the receptors and proximal signaling events that liberate NF-κB for nuclear translocation, as well as the transcriptional events downstream of NF-κB activation, have been elucidated through cloning, deletion studies, and most recently through identification and characterization of inborn errors of immunity in humans. The last approach has provided new insights into human disease since hypomorphic and gain-of-function missense mutations confer phenotypes distinct from those conferred by gene deletion in model systems (2–5). NF-κB proteins are important regulators of immunity via their collective coordination of the transcription or repression of >500 genes (encoding cytokines, chemokines, apoptosis factors), involved in proliferation, inflammation, cell development, survival, and immune cell function. Activation of NF-κB can occur via two main signaling cascades: the NF-κB1, or canonical pathway, and the NF-κB2, or non-canonical pathway (Figure 1). Compared with the canonical pathway, which regulates downstream signaling in multiple immune cells, expression of components of the non-canonical NF-κB pathway is more restricted, and mostly limited to triggering of specific receptors, including CD40, BAFF-R, and lymphotoxin-β receptor (LTβR). Activation of NF-κB depends on processing of IκB molecules, which liberates NF-κB family members for nuclear translocation. Both NF-κB1 (p105) and NF-κB2 (p100) behave as IκB molecules, and after phosphorylation, they undergo cleavage, resulting in the formation of their active subunits (p50 and p52, respectively). These subunits form transcriptionally active heterodimers with other NF-κB members (RelA/p65, RelB, and c-Rel), and inhibitory homodimers. Inborn errors of canonical and non-canonical NF-κB signaling have been reported and mutations in NF-κB2 signaling components do not often cause lethality, but result in immune pathology, including B-cell lymphopenia or lymphoma, autoimmunity, and immune deficiency (3, 6–9).




Figure 1 | Activation of canonical and non-canonical NF-KB signaling pathways through membrane- bound extracellular ligands. TNFR and toll-like receptor (TLR) family members, as well as antigen receptors activate the canonical pathway; and regulation of B cell activating factor receptor (BAFFR), CD40, OX40, LTBR, and receptor activator of nuclear factor KB (RANK) activate the non-canonical pathway. Triggering of canonical pathway results in phosphorylation of full length NF-KB1 (p105) and cleavage to its active subunit, p50 and formation of p50/p65 (RelA) heterodimers. Activation via the non-canonical signaling pathway leads to cleavage of p100 to p52 active subunit and formation of p52/RelB complexes. Both pathways require phosphorylation and activation of inhibitor of KB kinase (IKK) subunit(s) in order to release NF-kB molecules that are constitutively sequestered by an inhibitor, e.g., IκBa. Phosphorylation and ubiquitination of the inhibitors by IKKS release NF-kB allowing nuclear translocation of homodimers or heterodimers complexes and binding to the KB site of their target genes (adapted from: Miraghazadeh & Cook, Front. Immunol 2018).



The aim of this Research Topic was to gather contributions providing the context of recent progress in understanding non-canonical NF-κB contributions to pathology by summarizing activation, regulation, signaling, and outcomes of the non-canonical pathway. In addition, we provided space for recent advances on the importance of non-canonical NF-κB signaling in pathological processes involved in immune-mediated inflammatory diseases, including the actions of this pathway in both stromal cells and immune cells. Finally, we created an opportunity to discuss how these advances might result in new treatment approaches.

In this Research Topic we have collected several articles that provide insight into the importance of non-canonical NF-κB signaling both in healthy conditions and, particularly, in disease settings.

Fan et al. investigated the importance of TRIM proteins in the regulation of NF-κB signaling and identified TRIM67 as a negative regulator of TNF-induced NF-κB signaling. Overexpression of TRIM67 resulted in reduced IκBα degradation, which was accompanied by reduced nuclear translocation of p65. This resulted in a significant decrease in pro-inflammatory cytokine production (i.e. IL-6 and TNF), whereas genetic deletion of TRIM67 in primary mouse embryonic fibroblasts resulted in enhanced pro-inflammatory cytokine production. The underlying mechanism of TRIM67-mediated negative regulation of NF-κB signaling involved competitive binding of TRIM67 to β-TrCP and thereby caused inhibition of β-TrCP mediated IκBα degradation. Further studies are required to determine the relevance of this mechanism to the pathophysiology of chronic inflammatory diseases and/or infections.

In an unconventional study, Tang et al. identified an important pro-inflammatory role for cell-free hemoglobin in hemolytic disease of grass carp (C. idella). Using three forms of hemoglobin (Hb, MetHb, and FerrylHb) the group demonstrated that in a sterile hemolysis model, each form increased production of reactive oxidative species, causing oxidative damage and apoptosis, as well as the expression of inflammation-related genes via NF-κB signaling. Interestingly, this process could be inhibited by caffeic acid phenethyl ester, which has previously been demonstrated to block canonical NF-κB signaling. Whether these mechanisms are also at play in hemolysis in the human setting remains to be tested.

In a translational study, Jeucken et al. demonstrate differential roles of canonical and non-canonical NF-κB signaling in CD4+ memory T cells (Tm) induced activation of endothelial cells (ECs). They performed RNA sequencing of ECs stimulated with supernatants of Tm and observed activation of both pathways. However, treatment of ECs with highly specific IKKβ or NIK inhibitors resulted in differential effects. The functional consequences of the inhibitors were subsequently tested in trans-endothelial migration assays with neutrophils in relation to currently employed therapies for immune-medicated inflammatory diseases (IMIDs) such as rheumatoid arthritis and vasculitis. Both IKKβ and NIK inhibition resulted in a strong inhibitory effect which could potentiate the effects of several biologics and JAK/STAT-inhibitors. These findings provide a rationale for (combination) treatment with these small molecule inhibitors as a novel treatment strategy for immune-mediated inflammatory diseases (IMIDs) in which there remains unmet medical need.

The current state of knowledge regarding the involvement of NIK aberrations in B cell malignancies and the therapeutic potential of targeting NIK is summarized by Haselager and Eldering. First, they discuss the regulation of NIK and the extrinsic and intrinsic factors that contribute to elevated NF-κB activity in B cell malignancies. Next, they highlight the role of NIK in crosstalk between the canonical and the non-canonical pathways. Lastly, they give an overview of small molecule NIK inhibitors tested in vitro and in vivo, and speculate on the benefits and potential risks of NIK inhibition in hematology patients.

Finally, Aoki et al. investigated the effects of a loss-of-function mutation in the Map3k14 gene encoding NIK in a mouse model of periodontitis. They found that inflammation-induced bone resorption was suppressed due to a decreased number of osteoclasts in these mice. Using local administration of a pharmacological NIK inhibitor, they established that osteoclast formation and bone resorption was inhibited when the model was applied to wildtype mice. Therefore, they conclude that NIK-mediated non-canonical NF-κB signaling may be a novel therapeutic target in periodontal disease.

In conclusion, this Research Topic comprises a diverse collection of papers on the role of (non-canonical) NF-κB signaling in distinct pathological processes, providing a strong rationale for development of NIK targeting therapies in autoimmunity, periodontal disease, and B cell malignancies. At the same time, many questions still remain unanswered and it is clear that more research is required to uncover the ins and outs of (non)canonical NF-κB signaling in health and disease.




Author contributions

ST has drafted the manuscript. VB and MC provided important input. All authors revised the manuscript for important intellectual acontent and approved the submitted version.





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.





References

1. Zhang, Q, Lenardo, MJ, and Baltimore, D. 30 years of NF-kappaB: A blossoming of relevance to human pathobiology. Cell (2017) 168(1-2):37–57. doi: 10.1016/j.cell.2016.12.012

2. Cardinez, C, Miraghazadeh, B, Tanita, K, da Silva, E, Hoshino, A, Okada, S, et al. Gain-of-function IKBKB mutation causes human combined immune deficiency. J Exp Med (2018) 215(11):2715–24. doi: 10.1084/jem.20180639

3. Wirasinha, RC, Davies, AR, Srivastava, M, Sheridan, JM, Sng, XYX, Delmonte, OM, et al. Nfkb2 variants reveal a p100-degradation threshold that defines autoimmune susceptibility. J Exp Med (2021) 218(2). doi: 10.1084/jem.20200476

4. Courtois, G, Smahi, A, Reichenbach, J, Doffinger, R, Cancrini, C, Bonnet, M, et al. A hypermorphic IkappaBalpha mutation is associated with autosomal dominant anhidrotic ectodermal dysplasia and T cell immunodeficiency. J Clin Invest. (2003) 112(7):1108–15. doi: 10.1172/JCI18714

5. Boisson, B, Quartier, P, and Casanova, JL. Immunological loss-of-function due to genetic gain-of-function in humans: autosomal dominance of the third kind. Curr Opin Immunol (2015) 32:90–105. doi: 10.1016/j.coi.2015.01.005

6. Annunziata, CM, Davis, RE, Demchenko, Y, Bellamy, W, Gabrea, A, Zhan, F, et al. Frequent engagement of the classical and alternative NF-kappaB pathways by diverse genetic abnormalities in multiple myeloma. Cancer Cell (2007) 12(2):115–30. doi: 10.1016/j.ccr.2007.07.004

7. Aya, K, Alhawagri, M, Hagen-Stapleton, A, Kitaura, H, Kanagawa, O, and Novack, DV. NF-(kappa)B-inducing kinase controls lymphocyte and osteoclast activities in inflammatory arthritis. J Clin Invest. (2005) 115(7):1848–54. doi: 10.1172/JCI23763

8. Tangye, SG, Nguyen, T, Deenick, EK, Bryant, VL, and Ma, CS. Inborn errors of human B cell development, differentiation, and function. J Exp Med (2023) 220(7). doi: 10.1084/jem.20221105

9. Yin, L, Wu, L, Wesche, H, Arthur, CD, White, JM, Goeddel, DV, et al. Defective lymphotoxin-beta receptor-induced NF-kappaB transcriptional activity in NIK-deficient mice. Science (2001) 291(5511):2162–5. doi: 10.1126/science.1058453




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 Tas, Bryant and Cook. 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.2023.1252939_cover.jpg
& frontiers | Frontiers in Immunology

Editorial: Non-canonical NF-kB signaling in
immune-mediated inflammatory diseases
and malignancies





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





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Editorial: Non-canonical NF-κB signaling in immune-mediated inflammatory diseases and malignancies

      

        		

          Author contributions

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-14-1252939-g001.jpg
TLR

TNFR






