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Learning Objectives
• Recent advances in  the understanding of immune dysfunction  in 

idiopathic nephrotic syndrome

• Role of circulating permeability factors in pathogenesis of idiopathic 
nephrotic syndrome

• Podocytes as a key player in pathogenesis of nephrotic syndrome

• New insights in the genetics of nephrotic syndrome



Natural History of NS

Indian Pediatr. 2012, Curr Opin Pediatr 2008 

50% progress to 
CKD in 5 yrs

10 -30 % continue 
relapsing in 
adulthood
< 1 % have kidney 
failure

20-30 % may 
have a difficult 

to treat NS 

Incidence: 2-10 per 100,000 children
Proteinuria >1 g/m2 ; edema; albumin <3.0 g/dl 

Saleem et al, 2022

> 3 in 6 months



Tools to help better understand NS

Multilayered omics approaches 

Registries and Cohorts

Courtesy Aditi Sinha



Nephrotic Syndrome is a podocytopathy
Podocytes are terminally differentiated cells

Nat Rev Nephrol. 2016 ;12: 692-710; Clin J Am Soc Nephrol 2: 529-542, 2007 Sci Rep 5, 8993 (2015)



Lancet 1974;ii: 556–560

Immune dysfunction

Infusion of supernatants of cultured PBMC 
from patients with MCNS relapses induced 
proteinuria in rats 

T cell hybridomas obtained from a patient 
with NS secreted a factor that caused 
proteinuria in rats

T cell transcriptome analysis, indicated a  

likely a thymic disorder



Is there a trigger for immune dysregulation in 
NS?

• 50 -60 % of relapses triggered by upper respiratory tract infection (Mostly viral)
• Increasing corticosteroid treatment during upper respiratory tract infections has

been shown to decrease the likelihood of relapses
• Vaccination and atopy have also been associated with relapse

Am J Kidney Dis 2009;54:945–53; J Epidemiol 2015;25:370–7 Pediatr Nephrol 2014;29:2325–31

EBV 
Hypothesis 



Implication of Treg

Role of T cell

Experimental models support the 
association between low Tregs during a 
trigger event and proteinuria

Treg dysregulation can amplify the 
neutrophil-induced oxidative
burst

J Am Soc Nephrol 2015; 20:57–67; Pediatr Int 2015; 57:e59–e61

Th 2 Bias – Hygiene hypothesis



B Cells in NS
dysregulated immunoglobulin metabolism in INS
Association with Hodgkin’s lymphoma – derived 
from B cell – EBV infection

Colucci et al Pediatr Nephrol (2018):573–84
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Immune factors: Causal, Consequence or 
Unassociated?



Circulating factors

Trans-placental transmission of a “permeability factor” leading to neonatal transient proteinuria

Disease resolution when transplanted kidneys are removed and implanted in a different recipient

Serum from patients with post-transplant relapse of INS induce proteinuria in rats



Circulating Factors – The Holy Grail
Putative permeability Molecular weight Comments 
 Factors 
 
     VPF/GPF-Non-specific 60-160 kDa                Lagrue et al used isolated lymphocytes and cell culture supernatants caused capillary permeability in guinea pig skin 
                                                                                               Obtained from T-cell hybridoma made from patients with MCNS, induced proteinuria when injected into rats 
 
     Haemopexin  80-85 kDa  Both recombinant and human haemopexin induced reversible proteinuria accompanied by FPE in rats 
     No validation studies have been performed 
 
     Interleukin 13/  16kDa   Increased expression of mRNA and cytoplasmic IL13 in CD4+/CD8+ T cells from children with steroids – 

Interleukin 8                                                                  sensitive NS. Overexpression of IL13 in rats induces MCNSs-like disease. Il-8 increased in MCNS relapses. 
No clinical studies 
 

       CLC-1   22-25kDa  Increased glomerular permeability, decreased nephrin expression in cultured podocytes 
      Antibody to CLD-1 reverse the permeability effect of FSGS sera 
       
       suPAR   20-50 kDa  Activated podocyte β3 integrin, resulting in reorganization of the actin cytoskeleton of podocytes 
      Experimental data were not supported by clinical data 

  
Reactive Oxygen Species 
Oxidized Albumin                  Increased ROS generation and decreased antioxidant defence in NS plasma 

                                                                Puromycin and adriamycin induced NS in rats demonstrate ROS related damage 
                                                                                       NO prevents the increase of permeability to albumin induced by the TNF alpha-inducedO

2-
 production 

                                                                                       10 increase of ROS production by resting PMN from INS patients compared to normal PMN  
                                                                                      

Savin et al N Engl J Med 1996;334:878-83;Trachtman et al Am J KidneyD is 44: 604–610, 2004 ; McCarthy ET etal J LabClin Med 143:225–229, 2004 



Podocytes: Victim or an active player in 
pathogenesis of NS?

Pediatr Nephrol 2011;26:645–9

TLR-3;TLR4

CD40

angiopoietin-like 4 

TGF beta, IL-6.IL-8



Clin Exp Pediatr (2021)



Immunosuppressive actions on podocytes
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B7-1 SMPDL -3b

PODOCYTE SURVIVAL

Yoo TH et al Kid res Clin Prac 2015;34:69-75



Monogenic causes of nephrotic syndrome

Front Med (Lausanne). 2018 Mar 12;5:55

Nat Rev Dis Primers. (2020)

❖ ~90 known single genes; basis 
for resistance 10 -30%

❖Some genetic variants such as 
in COQ gene response to 
medical management 



Genetic susceptibility in nephrotic syndrome

Meta-analysis of 12 GWAS datasets 
2,440 cases and 36,023 controls
Admixed American, African, East 
Asian, European, Maghrebian and 
South Asian populations

discovering twelve significant 

associations

(eight novel)

Lead SNPS and closest genes point to immune and kidney biology

medRxiv preprint doi: https://doi.org/10.1101/2022.09.13.22279644



Clinical correlates of pathophysiology 
of NS

Immune 
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Circulating 

factors

Primary 

defect in 

Podocyte
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Late SRNS .. Rarely primary SRNS
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kidney disease

Recurrence post transplant
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Prednisolone 

Steroid sparing agents 

when in FR/SDNS course

Progression to chronic 

kidney disease rare



Nephrotic Syndrome: An Enigmatic Disease



SUMMARY

• Multiple mechanisms involved in pathogenesis of of idiopathic 
nephrotic syndrome

• There is a complex interplay between circulating proteins, immune 
cells and podocytes.

• While monogenic causes associated with SRNS, genetic studies in 
SSNS indicate a complex genetic basis

• Many aspects related to pathogenesis remain poorly defined

• There is no unitary mechanism that can fully explain the entire 
pathophysiological process of idiopathic nephrotic syndrome





Linking Immune dysregulation, circulating factors 
and podocytopathy

Modified Front. Pediatr Nephrol (2018) 33:573–584
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