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Editorial on the Research Topic 


Epstein-Barr Virus and multiple sclerosis


Multiple sclerosis (MS) is an inflammatory demyelinating central nervous system (CNS) disease, which is thought to result from an interplay of genetic and environmental factors. MS has a female preponderance (approximately 3:1) and while genetic risk factors for MS include presence of the HLA-DRB1*1501 allele, non-infectious environmental risk factors comprise cigarette smoking, low vitamin D (vitD) levels and obesity in early life (1–4). Concerning infectious risk factors for MS, compelling evidence suggest that infection with the Epstein-Barr Virus (EBV) plays a causal role in the development of MS (5, 6); EBV may thus be regarded as a necessary, but not sufficient factor for the development of MS (2–5).

EBV, also called human herpes virus 4 (HHV4), is a B lymphotropic human gamma herpesvirus, infecting >90% of the world’s adult population (7, 8). Whereas primary EBV infection typically occurs during early childhood and is most often asymptomatic, if delayed until adolescence, primary EBV infection frequently manifests as infectious mononucleosis (IM) (7, 8).

Importantly, although MS can be considered as a rare complication of EBV infection, the precise mechanisms underlying the role of EBV in MS remain unknown (3, 4). Against this background, the articles collected in this Research Topic highlight several aspects of the association between EBV and MS.

Previous epidemiological findings indicating a tight association between IM and MS were further substantiated by a retrospective cohort study by Loosen et al. Leveraging data from a large German outpatient database, Loosen et al. found that the incidence of MS was approximately twice as high among persons who had experienced IM, with hazards ratios (HR) being largest in the age group 14-20 years and in males compared to females. As IM occurs during late primary EBV infection, this suggest that late primary EBV infection particularly increases the risk for MS.

Hedström comprehensively reviews current knowledge of genetic and environmental risk factors, and their interactions, in MS pathogenesis and places them in the context of EBV infection. Although evidence suggests that other established risk factors for MS act synergistically with EBV in the development of MS, the biological mechanisms underlying these interactions are only beginning to be resolved. Examples for possible mechanisms include that EBV uses HLA II as an entry receptor and evades host immunity depending on HLA types, smoking can promote EBV reactivation, vitD is important for control of EBV, and obesity weakens EBV control. Altogether, the review by Hedström highlights that, although challenging, a more comprehensive understanding of the interaction of various risk factors for MS may be an important approach towards a better understanding of the role of EBV in MS.

While the causative role of EBV in MS is well established, other viral infections may also play a (modifying) role. Lezhnyova et al. have analyzed the prevalence of antibodies to different human herpesviruses and the occurrence of genomic single nucleotide polymorphisms (SNPs) in MS patients and control persons. Whereas in patients with MS, antibodies to EBV had the highest seroprevalence among the investigated antiviral antibodies (CMV, HHV6, EBV and VZV), HHV6 Abs were found to be more frequent in patients with MS than in healthy controls. Regarding SNPs, statistically significant differences were found for CD58, CD6 (patients vs controls), CD40 (female vs male). Statistically significant differences in SNPs were also found in relation to HHV6 Ab positivity (IL2RA, CD40) and VZV Ab positivity (STK11, CD40), implying a possible role for these herpesviruses in MS, as has been reported earlier for HHV6A (9).

EBV infects epithelial cells using integrins as an entry receptor, but other membrane proteins and constituents may also play a role in relation to entry and exit. Furthermore, it has been hypothesized that EBV may infect CNS cells during disease processes. In this context, Rani et al. investigated basic aspects of the role of membrane cholesterol for astrocyte infection by EBV, showing a significant effect on EBV entry and gene expression in astroglial cells.

Finally, Hassani and Khan comprehensively review animal models of EBV infection, which may represent a pertinent approach to gain mechanistic insights into the role of EBV in MS. Humans are the only natural host for EBV, but humanized mice can be infected and recapitulate several aspects of IM and, when reconstituted with MS-associated HLA-DR types, might be used to study the influence of genetic risk factors for MS on parameters of EBV infection. Mice are naturally infected by murine herpes virus 68 (MHV68), which is a close relative of EBV and HHV8 (Kaposi Sarcoma Virus), and this can be used to study basic aspects of gamma herpesvirus biology, IM and some aspects of MS-like pathology. Furthermore, rabbits can be infected by EBV under some circumstances and infected B cells can enter the CNS, as is seen in MS. Primates like Rhesus monkeys and Japanese macaques are naturally infected by distant relatives of EBV, which recapitulate some aspects of MS-like disease.

Whereas the articles collected in this Research Topic contribute to paving the way towards a better understanding of the role of EBV in MS, many aspects of the association between EBV and MS currently remain unknown. MS is considered to be an autoimmune disease, but the frequency of autoantibodies in MS is low (4). Molecular mimicry has been described for several EBV proteins and human proteins, and epitope spreading and bystander activation/damage may also play important roles (3, 4, 10–12). CD20 antibodies, the most recent addition to the therapeutic management of MS, specifically target the major B cell populations harboring active or latent EBV, and other drugs may also target different stages of EBV infection (13). Altogether, further elucidation of the biological mechanisms underlying the role of EBV in MS highly likely will reveal important insights into the pathogenesis of MS. Given the strength of the evidence linking EBV and MS, strategies directed against EBV appear warranted in the treatment of patients with MS and, in our opinion, anti-EBV vaccine development should have a high priority.




Author contributions

GH: Conceptualization, Supervision, Writing – original draft. KR: Conceptualization, Supervision, Writing – review & editing.





Conflict of interest

KR received research support from Novartis, Merck Serono, German Ministry of Education and Research, European Union (821283-2), Stiftung Charité, Guthy-Jackson Charitable Foundation, and Arthur Arnstein Foundation; received travel grants from Guthy-Jackson Charitable Foundation; received speaker’s honoraria from Virion Serion and Novartis. KR was a participant in the BIH Clinical Fellow Program funded by Stiftung Charité.

The remaining author 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. Ascherio, A, and Munger, KL. Epidemiology of multiple sclerosis: from risk factors to prevention-an update. Semin Neurol (2016) 36(2):103–14. doi: 10.1055/s-0036-1579693

2. Pender, MP. The essential role of Epstein-Barr virus in the pathogenesis of multiple sclerosis. Neuroscientist (2011) 17(4):351–67. doi: 10.1177/1073858410381531

3. Ruprecht, K. The role of Epstein-Barr virus in the etiology of multiple sclerosis: a current review. Expert Rev Clin Immunol (2020) 16(12):1143–57. doi: 10.1080/1744666X.2021.1847642

4. Houen, G, Trier, NH, and Frederiksen, JL. Epstein-barr virus and multiple sclerosis. Front Immunol (2020) 11:587078. doi: 10.3389/fimmu.2020.587078

5. Abrahamyan, S, Eberspächer, B, Hoshi, MM, Aly, L, Luessi, F, Groppa, S, et al. Complete Epstein-Barr virus seropositivity in a large cohort of patients with early multiple sclerosis. J Neurol Neurosurg Psychiatry (2020) 91(7):681–6. doi: 10.1136/jnnp-2020-322941

6. Bjornevik, K, Cortese, M, Healy, BC, Kuhle, J, Mina, MJ, Leng, Y, et al. Longitudinal analysis reveals high prevalence of Epstein-Barr virus associated with multiple sclerosis. Science (2022) 375(6578):296–301. doi: 10.1126/science.abj8222

7. Damania, B, Kenney, SC, and Raab-Traub, N. Epstein-Barr virus: Biology and clinical disease. Cell (2022) 185(20):3652–70. doi: 10.1016/j.cell.2022.08.026

8. Smatti, MK, Al-Sadeq, DW, Ali, NH, Pintus, G, Abou-Saleh, H, and Nasrallah, GK. Epstein-barr virus epidemiology, serology, and genetic variability of LMP-1 oncogene among healthy population: an update. Front Oncol (2018) 8:211. doi: 10.3389/fonc.2018.00211

9. Engdahl, E, Gustafsson, R, Huang, J, Biström, M, Lima Bomfim, I, Stridh, P, et al. Increased serological response against human herpesvirus 6A is associated with risk for multiple sclerosis. Front Immunol (2019) 10:2715. doi: 10.3389/fimmu.2019.02715

10. Smatti, MK, Cyprian, FS, Nasrallah, GK, Al Thani, AA, Almishal, RO, and Yassine, HM. Viruses and autoimmunity: A review on the potential interaction and molecular mechanisms. Viruses (2019) 11(8):762. doi: 10.3390/v11080762

11. Libbey, JE, McCoy, LL, and Fujinami, RS. Molecular mimicry in multiple sclerosis. Int Rev Neurobiol (2007) 79:127–47. doi: 10.1016/S0074-7742(07)79006-2

12. Tengvall, K, Huang, J, Hellström, C, Kammer, P, Biström, M, Ayoglu, B, et al. Molecular mimicry between Anoctamin 2 and Epstein-Barr virus nuclear antigen 1 associates with multiple sclerosis risk. Proc Natl Acad Sci USA (2019) 116(34):16955–60. doi: 10.1073/pnas.1902623116

13. Kanatas, P, Stouras, I, Stefanis, L, and Stathopoulos, P. B-cell-directed therapies: A new era in multiple sclerosis treatment. Can J Neurol Sci (2023) 50(3):355–64. doi: 10.1017/cjn.2022.60




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 © 2024 Houen and Ruprecht. 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.2023.1330181_cover.jpg
’ frontiers l Frontiers in Immunology

Editorial: Epstein-Barr Virus and multiple
sclerosis





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





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Editorial: Epstein-Barr Virus and multiple sclerosis

      

        		

          Author contributions

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





