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Editorial on the Research Topic 


Immune dysfunction in nephrotic syndrome



Introduction

Nephrotic syndrome (NS) is a clinical condition characterized by proteinuria, a reduction in serum levels of albumin and other proteins, edema, hypercholesterolemia, and often predisposition to thrombosis. Prerenal acute kidney injury or acute tubular necrosis may occur in most serious cases. NS occurs in children and adults as a consequence of specific pathological conditions that have age-specificity and that are characterized by certain common histological findings, such as the effacement of podocyte foot processes and loss of the slit diaphragm architecture, leading to a disruption of the glomerular filtration barrier and loss of plasma proteins into the urine (Figure 1). The resulting clinical signs and symptoms are consequences of the urinary loss of transport proteins, coagulation factors, metabolites and others.




Figure 1 | Overview on the pathogenesis of membranous nephropathy (MN) and minimal change disease (MCD)/focal segmental glomeruloscleroses (FSGS).



Underlying pathological renal lesions associated with NS have been categorized over the past decades. Membranous nephropathy (MN), minimal change disease (MCD) and focal segmental glomerulosclerosis (FSGS) represent the most common primary glomerular disorders underlying a nephrotic syndrome and now build the basis for a morphologic classification that has the merit to create a common reference for clinicians and a starting point for studies on therapies. The underlying molecular mechanisms are various and include genetic modifications, degenerative and infectious causes, inflammatory conditions, and autoimmunity, but unknown causes represent an empty chapter that still needs be filled despite almost 50 years of research in the field. It is remarkable that diseases characterized by different pathology backgrounds (e.g. MN, MCD, FSGS patterns) are still often treated with the same drugs. This highlights the need to define NS and its major causative entities on a deeper molecular level and justifies a special issue in Frontiers in Immunology dedicated to ‘Immune dysfunction in nephrotic syndrome’.

The indications of the special issue were wide but have been intended by Authors to be limited to those conditions with a clear immunologic origin and MN had the major interest. This is justified by recent discoveries of disease-specific circulating autoantibodies (1–10). MCD/FSGS and more in general childhood idiopathic NS were second in the number of papers. The pathogenesis of MCD and FSGS have not yet been resolved, and the major focus was on immunomodulatory therapies targeting CD20, which have been developed over the last few years which and are linked with the production of antibodies. They suggest a key role of B lymphocytes in MCD/FSGS pathogenesis that deeply has modified our knowledge about these two glomerular diseases. Points of interest that bridge MN with MCD/FSGS are the recent discovery of anti-nephrin antibodies in the latter condition (11) that would become, if the finding will be confirmed, an antibody-mediated autoimmune disease, further justifying the use of anti-CD20 monoclonal antibodies.



Membranous nephropathy

Primary MN is one of the most frequent causes of nephrotic syndrome in adults without diabetes. It is histologically characterized by granular deposition of IgG and complement factors at the glomerular filtration barrier, a finding that has long indicated a critical role of autoantibodies in the pathogenesis of this disease. In 2009, the identification of antibodies targeting PLA2R1 – which represents the main antigenic target in MN – confirmed this pathophysiological concept (2). Since then, a number other renal autoantigens were identified using different methodological approaches. These new autoantigens are frequently associated with unusual clinical presentations as well as secondary etiologies (lupus, autoimmune diseases, neoplasia…) that require special attention and therapeutic measures. These discoveries were reviewed by Caza et al. in this Research Topic. In addition to PLA2R1 (60-70% of all MN patients) (2), the list includes other podocyte antigens such as THSD7A (2-4% of patients) (3), HTRA1 (6) and SEMA3B (12), as well as NELL1 and PCDH7 (5), which are not expressed by normal podocyes. Finally, a few new antigens are associated with other clinical conditions, such as EXT1/2 (13), NCAM1 (10) and TGFBR3 (9) with lupus nephritis, or CTNTI (7) with demyelinating polyneuropathy and myositis. The authors also discussed in detail medications, infectious triggers and malignancies and finally suggested the implementation of an antigen-based classification in place of the simplified distinction between primary and secondary MN. For practical use, an interesting algorithm has been proposed that distinguishes between anti-PLA2R positive and negative forms and, in the latter case, considers the age of presentation (SEMA3B is frequent in pediatric cases), the association with other autoimmune conditions (EXT1/2, NCAM1, TGFBR3 with lupus and CTNTI with neuropathy/myositis) and, finally, the IgG pattern (segmental IgG suggests NELL1-, global IgG indicates THSD7A-, PCDH7- or HTRA1-associated MN).

Furthermore, De Menezes Neves et al. and He et al. described two particular forms of MN associated with Grave’s disease and IgA nephropathy, respectively, which are rare occurrences but seem to represent an overlap syndrome between two distinct immune disorders. MN associated to Graves’ disease was histologically characterized by thyroglobulin deposition along the capillary loop. Interestingly, proteinuria normalized only after radioiodine therapy (De Menezes Neves et al.), indicating potential necessity of a thyroid assessment in patients with MN. The huge population with IgA/MN (137 patients) had a lower median level of galactose-deficient IgA1 and were less proteinuric than MN(He et al.).

Despite these advances and the comprehensive clinical characterization of the role of antibodies for diagnosing and monitoring patients with MN, insights on pathogenic molecular mechanisms are still limited. Current research focuses on the characterization of the B cell response with the identification of new antigenic targets as well as the role of the complement system. In addition, there are many arguments in favor of an involvement of T cellular immunity in the pathogenesis of MN. Zhao et al. reviewed the role of follicular helper T cells in the pathogenesis of MN and summarized many studies showing the orientation towards the Th17 pathway in MN, paving the way for new targeted therapies.



Minimal change disease and FSGS

The molecular mechanisms underlying MCD and primary FSGS are only partially defined. Both entities are considered diseases of podocytes, or podocytopathies, that are characterized by podocyte foot process effacement, loss of podocyte architecture and slit diaphragm integrity in the absence of any inflammatory hallmarks. Both conditions are considered of immunologic origin and linked to T and B cells, and more recently also to autoimmune processes. Secondary forms also exist as part of more complex settings, such as viral infections (e.g. cytomegalovirus, Epstein Barr virus, SARS-CoV2) and cancer, notably Hodgkin’s lymphoma, may be associated with MCD (14).

The theory on T cell involvement dates back to 1974 (Shalloub hypothesis) and was based on the favorable response to steroids and on the association of MCD with T cell malignancies (15). However, T cell involvement has not been confirmed across studies (16–18). Experimental induction of proteinuria by injection of supernatant from a T cell hybridoma into rats was a part of the Shalloub hypothesis (19) and served as the basis to the hypothesis on the existence of a still uncharacterized “extra renal” circulating glomerular permeability factor (20). An implication of Treg is indirectly suggested by the association of MCD/primary FSGS (but also of MN) with IPEX, a FoxP3 X-linked congenital immune pathology characterized by altered Tregs, polyendocrinopathy and enteropathy (21, 22). Treg expansion with drugs, e.g. IL2 and anti-CD20, is not associated with a clear anti-proteinuric effect in patients with MCD/FSGS (23–25) limiting the idea on a direct Treg involvement. More recently, a growing body of evidence linked MCD/primary FSGS pathogenesis to B cells and also autoimmunity. An involvement of B cells is supported by the increasing and succesful use of anti-CD20 monoclonal antibodies in both conditions (26). Autoimmunity is linked to the observation of several antibodies in the serum of patients with MCD/primary FSGS, such as anti-nephrin, anti-annexin A2 and anti-UCHL1 antibodies (11, 27, 28).

Two papers in this issue addressed the crucial aspect of T/B cells subsets in MCD. Fribourg et al. utilized time of flight mass cytometry (CyTOF) for studying patients with steroid-dependent nephrotic syndrome treated with either chimeric or human anti-CD20 monoclonal antibodies. CyTOF utilizes metal isotopes as cell surface markers that display specific mass spectrometry signatures for simultaneous quantification of over 40 circulating cells. The authors confirmed previous findings on a significantly higher number of switched memory B cells in relapsing patients (29) and identified among 5 subsets of switched memory B cells, IgD- CD27+ CD38+ CD95+ antibody-secreting cells as the subset most strongly associated with disease relapse. Positivity for CD38 of this cell subset is of particular interest since it is a marker of plasma cells and immature plasmablasts (30) and is absent in memory B cells. A second interesting finding of the study above was that patients undergoing disease relapse had a faster recovery of BREG that are cells capable of inhibiting the T cell compartment through IL10 and IL35. Major modifications of T cells were not found.

The exact molecular mechanism underlying the B cell-mediated detrimental effect in children and adult patients with MCD/primary FSGS remain to be determined and the accurate mechanisms associated with therapeutic efficacy of B cell-depleting agents are not well elucidated. In a second paper, Colucci et al. discussed current knowledge regarding the role of B cell dysregulation in the pathogenesis of MCD/FSGS in both pediatric and adult patients. This review summarized the most relevant clinical and experimental findings suggesting a key role of B lymphocytes in the pathogenesis of MCD/primary FSGS. Strikingly, at onset disease, during the first episode of nephrotic syndrome, alteration in B cell homeostasis and distribution of B cell subpopulation seem to be widely different in children compared to adult populations. The production of pathogenic autoantibodies (anti-nephrin and anti-UCHL1) targeting podocytes and/or slit diaphragm structure but also the secretion of B cell-derived cytokines may play a crucial role in the increase of glomerular capillary permeability leading to podocyte cytoskeleton disorganization and proteinuria. In addition, the B cell production of hyposialylated IgM directed against T cells may effect on corticosteroid response.



Therapies: Anti-CD20 monoclonal antibodies and more

Scolari et al. reviewed current treatment strategies for MN. They presented data on the comparison between drugs utilized in early 2000 that is historically known as the Ponticelli regimen (cyclophosphamide plus steroids) with more recent approaches that utilize anti-CD20 monoclonal antibodies (e.g. rituximab). The conclusion was that the two treatments had comparable effects opening de facto the discussion on which therapies should be utilized first.

In addition, original work by Teisseyre et al. demonstrated the importance of rituximab plasma levels 3 months after rituximab infusion for remission induction in MN. They also highlighted other mechanisms that may limit rituximab efficacy (e.g. anti-rituximab antibodies). Teisseyre et al. additionally reviewed in this issue the recent therapeutic advances in MN, the mechanisms for rituximab resistance, and proposed personalized management based on immunomonitoring of rituximab, anti-rituximab antibodies and autoantibodies.

The knowledge on autoantibodies targeting specific renal proteins in patients with MN principally enables the use of antigen-specific treatments. Such treatments would ideally target the immunological disease mechanisms while sparing protective immunity, thus bearing an enormous potential to enhance specificity, efficacy and compatibility. The gap between the increasing knowledge on the pathogenic role of autoantibodies and autoantigens in MN on the one side and the currently available treatments with limited specificity on the other side was discussed in the perspective by Köllner et al.. The authors highlight two potential strategies targeting both the pathogenic antigens and the antibody-producing B cells.

The use of chimeric anti-CD20 in MCD/FSGS has been established over the last decade with good results. Basu et al. extended to the use of the human anti-CD20 antibody ofatumumab that was developed in substitution of chimeric products with the hope to improve therapeutic efficiency and reduce risks. A first report indicated that ofatumumab utilized in very high doses (about 10 times higher than rituximab) successfully normalized proteinuria in 6 patients with FSGS resistant to other drugs (31). This finding has never been confirmed in other studies, probably for the sake of side effects linked with the very high dosage. When ofatumumab was utilized in doses that doubled rituximab, no effects in patients with multi-drug resistant nephrotic syndrome were achieved (32). A recent randomized clinical study comparing ofatumumab and rituximab in patients with steroid and/or multidrug dependence showed no superiority of the former in comparison with rituximab and a better outcome of children under 9 years treated with the chimeric molecule (25).



Conclusions

In conclusion, this special issue on ‘Immune Dysfunction in Nephrotic Syndrome’ contains important and timely manuscripts that covered years of research in the broad area of nephrotic syndrome. New antibodies involved in MN, therapy evolutions with anti-CD20 monoclonal antibodies and new proposals for biomarkers and targeted treatments have been major topics of interest. Proposals for new drugs have also been presented and mechanisms of resistance to drugs that are currently utilized have been discussed. Overall, this issue witnesses the evolution made in recent years and opens to new discoveries that will complete the knowledge on molecular mechanisms in different conditions associated with nephrotic syndrome and, we hope, consolidate new therapeutic approaches.



Author contributions

All authors listed have made a substantial, direct, and intellectual contribution to the work and approved it for publication.



Conflict of Interest

VA received consulting fees from Addmedica, Sanofi Genzyme, Travere, Alnylam, and Astrazeneca outside of the submitted work.

The remaining 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. Debiec, H, Nauta, J, Coulet, F, van der Burg, M, Guigonis, V, Schurmans, T, et al. Role of truncating mutations in MME gene in fetomaternal alloimmunisation and antenatal glomerulopathies. Lancet (2004) 364(9441):1252–9. doi: 10.1016/S0140-6736(04)17142-0

2. Beck, LH Jr., Bonegio, RG, Lambeau, G, Beck, DM, Powell, DW, Cummins, TD, et al. M-type phospholipase A2 receptor as target antigen in idiopathic membranous nephropathy. N Engl J Med (2009) 361(1):11–21. doi: 10.1056/NEJMoa0810457

3. Tomas, NM, Beck, LH Jr., Meyer-Schwesinger, C, Seitz-Polski, B, Ma, H, Zahner, G, et al. Thrombospondin type-1 domain-containing 7A in idiopathic membranous nephropathy. N Engl J Med (2014) 371(24):2277–87. doi: 10.1056/NEJMoa1409354

4. Sethi, S, Debiec, H, Madden, B, Charlesworth, MC, Morelle, J, Gross, L, et al. Neural epidermal growth factor-like 1 protein (NELL-1) associated membranous nephropathy. Kidney Int (2020) 97(1):163–74. doi: 10.1016/j.kint.2019.09.014

5. Sethi, S, Madden, B, Debiec, H, Morelle, J, Charlesworth, MC, Gross, L, et al. Protocadherin 7-associated membranous nephropathy. J Am Soc Nephrol (2021) 32(5):1249–61. doi: 10.1681/ASN.2020081165

6. Sethi, S, Debiec, H, Madden, B, Vivarelli, M, Charlesworth, MC, Ravindran, A, et al. Semaphorin 3B-associated membranous nephropathy is a distinct type of disease predominantly present in pediatric patients. Kidney Int (2020) 98(5):1253–64. doi: 10.1016/j.kint.2020.05.030

7. Le Quintrec, M, Teisseyre, M, Bec, N, Delmont, E, Szwarc, I, Perrochia, H, et al. Contactin-1 is a novel target antigen in membranous nephropathy associated with chronic inflammatory demyelinating polyneuropathy. Kidney Int (2021) 100(6):1240–9. doi: 10.1016/j.kint.2021.08.014

8. Caza, TN, Hassen, SI, Dvanajscak, Z, Kuperman, M, Edmondson, R, Herzog, C, et al. NELL1 is a target antigen in malignancy-associated membranous nephropathy. Kidney Int (2021) 99(4):967–76. doi: 10.1016/j.kint.2020.07.039

9. Caza, TN, Hassen, SI, Kenan, DJ, Storey, A, Arthur, JM, Herzog, C, et al. Transforming growth factor beta receptor 3 (TGFBR3)-associated membranous nephropathy. Kidney (2021) 2(8):1275–86. doi: 10.34067/KID.0001492021

10. Caza, TN, Hassen, SI, Kuperman, M, Sharma, SG, Dvanajscak, Z, Arthur, J, et al. Neural cell adhesion molecule 1 is a novel autoantigen in membranous lupus nephritis. Kidney Int (2021) 100(1):171–81. doi: 10.1016/j.kint.2020.09.016

11. Watts, AJB, Keller, KH, Lerner, G, Rosales, I, Collins, AB, Sekulic, M, et al. Discovery of autoantibodies targeting nephrin in minimal change disease supports a novel autoimmune etiology. J Am Soc Nephrol (2022) 33(1):238–52. doi: 10.1681/ASN.2021060794

12. Al-Rabadi, LF, Caza, T, Trivin-Avillach, C, Rodan, AR, Andeen, N, and Hayashi, N. Serine protease HTRA1 as a novel target antigen in primary membranous nephropathy. J Am Soc Nephrol (2021) 12:800242. doi: 10.1681/ASN.2020101395

13. Ravindran, A, Casal Moura, MFC, Fervenza, SH, Nasr, MP, and Alexander Fidler, ME. In patients with membranous lupus nephritis, exostosin-positivity and exostosin-negativity represent two different phenotypes. J Am Soc Nephrol (2021) 32(3):695–706. doi: 10.1681/ASN.2020081181

14. Kofman, T, Zhang, SY, Copie-Bergman, C, Moktefi, A, Raimbourg, Q, Francois, H, et al. Minimal change nephrotic syndrome associated with non-Hodgkin lymphoid disorders: A retrospective study of 18 cases. Medicine (Baltimore) (2014) 93(24):350–8. doi: 10.1097/MD.0000000000000206

15. Shalhoub, RJ. Pathogenesis of lipoid nephrosis: A disorder of T-cell function. Lancet (1974) 2(7880):556–60. doi: 10.1016/S0140-6736(74)91880-7

16. Yap, HK, Cheung, W, Murugasu, B, Sim, SK, Seah, CC, Jordan, SC, et al. Th1 and Th2 cytokine mRNA profiles in childhood nephrotic syndrome: Evidence for increased IL-13 mRNA expression in relapse. J Am Soc Nephrol (1999) 10(3):529–37. doi: 10.1681/ASN.V103529

17. Zhai, S, Sun, B, Zhang, Y, Zhao, L, and Zhang, L. IL-17 aggravates renal injury by promoting podocyte injury in children with primary nephrotic syndrome. Exp Ther Med (2020) 20(1):409–17. doi: 10.3892/etm.2020.8698

18. Lama, G, Luongo, I, Tirino, G, Borriello, A, Carangio, C, Salsano, ME, et al. T-Lymphocyte populations and cytokines in childhood nephrotic syndrome. Am J Kidney Dis (2002) 39(5):958–65. doi: 10.1053/ajkd.2002.32769

19. Koyama, A, Fujisaki, M, Kobayashi, M, Igarashi, M, and Narita, M. A glomerular permeability factor produced by human T cell hybridomas. Kidney Int (1991) 40(3):453–60. doi: 10.1038/ki.1991.232

20. Sahali, D, Sendeyo, K, Mangier, M, Audard, V, Zhang, SY, Lang, P, et al. Immunopathogenesis of idiopathic nephrotic syndrome with relapse. Semin Immunopathol (2014) 36(4):421–9. doi: 10.1007/s00281-013-0415-3

21. Hashimura, Y, Nozu, K, Kanegane, H, Miyawaki, T, Hayakawa, A, Yoshikawa, N, et al. Minimal change nephrotic syndrome associated with immune dysregulation, polyendocrinopathy, enteropathy, X-linked syndrome. Pediatr Nephrol (2009) 24(6):1181–6. doi: 10.1007/s00467-009-1119-8

22. Gentile, M, Miano, M, Terranova, P, Giardino, S, Faraci, M, Pierri, F, et al. Case report: Atypical manifestations associated with FOXP3 mutations. the “Fil rouge” of treg between IPEX features and other clinical entities? Front Immunol (2022) 13:854749. doi: 10.1053/ajkd.2002.32769

23. Bonanni, A, Bertelli, R, Rossi, R, Bruschi, M, Di Donato, A, Ravani, P, et al. A pilot study of IL2 in drug-resistant idiopathic nephrotic syndrome. PloS One (2015) 10(9):e0138343. doi: 10.1371/journal.pone.0138343

24. Boumediene, A, Vachin, P, Sendeyo, K, Oniszczuk, J, Zhang, SY, Henique, C, et al. NEPHRUTIX: A randomized, double-blind, placebo vs rituximab-controlled trial assessing T-cell subset changes in minimal change nephrotic syndrome. J Autoimmun (2018) 88:91–102. doi: 10.1016/j.jaut.2017.10.006

25. Ravani, P, Colucci, M, Bruschi, M, Vivarelli, M, Cioni, M, Di Donato, A, et al. Human or chimeric monoclonal anti-CD20 antibodies for children with nephrotic syndrome: A superiority randomized trial. J Am Soc Nephrol (2021) 32(10):2652–63. doi: 10.1681/ASN.2021040561

26. Ravani, P, Bonanni, A, Rossi, R, Caridi, G, and Ghiggeri, GM. Anti-CD20 antibodies for idiopathic nephrotic syndrome in children. Clin J Am Soc Nephrol (2016) 11(4):710–20. doi: 10.2215/CJN.08500815

27. Ye, Q, Zhang, Y, Zhuang, J, Bi, Y, Xu, H, Shen, Q, et al. The important roles and molecular mechanisms of annexin A2 autoantibody in children with nephrotic syndrome. Ann Transl Med (2021) 9(18):1452. doi: 10.21037/atm-21-3988

28. Jamin, A, Berthelot, L, Couderc, A, Chemouny, J.M, Boedec, E, Dehoux, L, et al. Autoantibodies against podocytic UCHL1 are associated with idiopathic nephrotic syndrome relapses and induce proteinuria in mice. J Autoimmun (2018) 89:149–61. doi: 10.1016/j.jaut.2017.12.014

29. Colucci, M, Carsetti, R, Cascioli, S, Casiraghi, F, Perna, A, Rava, L, et al. B cell reconstitution after rituximab treatment in idiopathic nephrotic syndrome. J Am Soc Nephrol (2016) 27(6):1811–22. doi: 10.1681/ASN.2015050523

30. Nutt, SL, Hodgkin, PD, Tarlinton, DM, and Corcoran, LM. The generation of antibody-secreting plasma cells. Nat Rev Immunol (2015) 15(3):160–71. doi: 10.1038/nri3795

31. Basu, B. Ofatumumab for rituximab-resistant nephrotic syndrome. N Engl J Med (2014) 370(13):1268–70. doi: 10.1056/NEJMc1308488

32. Ravani, P, Pisani, I, Bodria, M, Caridi, G, Degl'Innocenti, ML, Ghiggeri, GM, et al. Low-dose ofatumumab for multidrug-resistant nephrotic syndrome in children: a randomized placebo-controlled trial. Pediatr Nephrol (2020) 35(6):997–1003. doi: 10.1007/s00467-020-04481-y



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 © 2022 Seitz-Polski, Audard, Ghiggeri and Tomas. 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/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/fimmu-13-985925-g001.jpg
Membranous nephropathy Minimal change disease
Focal segmental glomerulosclerosis

Urine
Proteinuria and ‘ Proteinuria and
nephrotic syndrome ‘ nephrotic syndrome
Normal Normal
podocyte Podocyte podocyte
foot process foot process effacement foot process
A Nephrin
GBM

Blood ' f )

|
' =\
/= }= Autoantibody binding @ ® @) ®
to target antigen
| y f O |
— = O =\
' .' Adlcantbody Permeatbility factor(s)? Autoantibodies?
Differentiation generation g )l_ _— ility (s)? utoantibodies?
o Memory B cell /4
B cell celI=24 ) e
o ° - Rituximab Immune cell dysregulation

\¥

‘< . CD20-targeted
4 therapy ‘ ‘
Tth cells P|asma cell

B cell Memory B cell T cell





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Editorial: Immune dysfunction in nephrotic syndrome - recent advances and new roads ahead

      

        		

          Introduction

        



        		

          Membranous nephropathy

        



        		

          Minimal change disease and FSGS

        



        		

          Therapies: Anti-CD20 monoclonal antibodies and more

        



        		

          Conclusions

        



        		

          Author contributions

        



        		

          Conflict of Interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/fimmu.2022.985925_cover.jpg
’ frontiers l Frontiers in Immunology

Editorial: Immune dysfunction in
nephrotic syndrome - recent
advances and new roads ahead





OEBPS/Images/crossmark.jpg
©

2

i

|





