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Simplified classification of 

primary glomerulonephritides 

1. Nonproliferative - podocytopathies 

      - minimal change disease 

          - focal segmental glomerulosclerosis 

          - membranous nephropathy  

 2.  Proliferative -mesangiopathies    

       - IgA nephropathy 

       - membranoproliferative GN 

3.  Diseases with endothelium as primary target     

       - preeclampsia, HUS/TTP 

       - type III and IV LN, AAV 
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Podocyte foot processes 

 



Slit diaphragm in normal GCW 



Minimal change disease 



Minimal change disease 



Minimal change disease 



Podocytes in the healthy subject 



Podocytes in congenital nephrotic syndrome 

 



Mild FSGS 



Moderate FSGS 



1) transient proteinuria (0-20%) 

2) mesangial expansion (20 – 40%) 

 and focal sclerosis 

3) progressive focal and then  

 global glomerulosclerosis 

 (> 40%) 

Graded podocyte depletion leads to:  



 Proposed taxonomy of the podocytopathies 

 

Barisoni  et al., Clin. J. Am. Soc. Nephrol., 2007, 2: 529 - 542 

podocytopenia 



1. Collapsing 

2. Cellular 

3. Perihilar 

4. Tip 

5. Not otherwise  

 defined 

Collapsing 

Cellular 

 

Tip  

Perihilar 





Survival in different variants of FSGS 
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Etiology of FSGS 
1.   Secondary FSGS 

 a. mutation of podocyte genes 

      b. healing focal lesions (FSGN) 

 c. hyperfiltration in residual  nephrons 

   - agenesis of one kidney 

   - vesicoureteral reflux 

   - morbid obesity 

 d. damage to epithelial cells 

   - HIV nephropathy 

   - heroin nephropathy 

2.  Primary (idiopathic) FSGS 

  believed to be caused by circulating PF 





Lipid raft in the podocyte membrane 

 



Identified nonsyndromic FSGS/NS genes 

 
Disease                 Locus   Inherit.      Gene      Protein 

 

Congenital NS   19q13.1     AR         NPHS1    Nephrin 

SRNS                  1q25-32    AR         NPHS2    Podocin 

FSGS 1         19q13       AD         ACTN4   -actinin  

FSGS 2    11q21-22       AD         FSGS2    TRPC6 

FSGS3            6q        AD, AR     FSGS3    CD2AP  

DMS          10q23.32-24.1   AR          NPHS3    PLCE1   

SSNS1                   2p           AR          SSNS1    unknown   



October 2008 





October 2008 

Should be  

MYH9 polymorphisms 

tested  

in (African American) 

patients with FSGS 

before  

any immunosuppressive 

treatment? 





A risk allele for FSGS in African Americans may be related not to MYH9,  

but to APOL1 which is related to Trypanosoma brucei infection  

  



Caucasian pts from FHS and ARIC studies with higher UMOD levels  

(determined genetically) had higher risk of  lower GFR at 9 yr FU 
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Cardiotrophin-like cytokine 1 

Soluble urokinase receptor 

Soluble ST2 protein 







Urinary sCD80 increased in pts with MCD relapse, normalized in remission 



Urinary MCD is increased in relapse of MCD, but not in FSGS 





Increased expression of uPAR in proteinuric kidney disease  

is necessary for podocyte mobility and foot process effacement 



uPAR knockout prevents  

LPS-induced proteinuria  

and foot process effacement 



July 2011 

Circulating suPAR activates  

podocyte β3 integrin resulting in  

foot process effacement and FSGS    



July 2011 

Circulating suPAR is specifically increased in pts  

with primary FSGS, but not in MCD, or IMN 



July 2011 

Proteinuria and FSGS could be potentially 

abrogated by: 
 

1. lowering of serum suPAR levels by plasma exchange 

 

2. antibodies against suPAR 

 

3. small molecules interfering with suPAR/β3 integrin 

interaction 

 

 

 

,  



December 2010 

Podocyte-derived angiopoietin-like-4  

mediates proteinuria in nephrotic  

syndrome and is glucocorticoid- 

sensitive 

 



TRPC6 is activated not only in rare congenital disease, but also  

in acquired forms of nephrotic syndrome 

Specific inhibitors of TRPC6 or non-specific inhibitors of TRPC  

with targeted podocyte delivery are actively searched 



Potential targets of therapeutic interventions in the podocyte 
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Direct effect of treatment on podocytes 

 
Inhibition of RAS 

 actin reorganization,  

   expression of nephrin and CD2AP                   

   podocyte VEGF production 

   AT-2 induced FP effacement 

 

 





Simvastatin Cholestyramin 





Direct effect of treatment on podocytes  

Corticosteroids 

 ↑ expression of CNTF and hsp27,                                             

↓ expression of lysosomal ATP-driven pump,                                 

↓ endoplasmic reticulum stress 

 ↓ podocyte apoptosis 

 

Cyclosporine 

 normalization of ZO-1 expression 

 remission in patients with PLCE1 mutation 

 



Apoptosis Loss of viable podocytes 



Nephrin expression 

Glucocorticoid receptor expression 
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Membranous nephropathy 



Membranous nephropathy 

 



Membranous nephropathy 

1. Secondary – planted antigens? 

   - infections 

   (hepatitis B, syphilis, malaria) 

  -  drugs 

   (organic gold, penicillamine, 

    NSAID) 

  -  neoplasms 

   (carcinomas, e.g. Colon, lung, or  
   stomach, and lymphomas) 

  -  systemic lupus erythematosus 

2.   Idiopathic – antibodies directed to podocyte  
  antigens? 



Membranous nephropathy is the most common cause of 

nephrotic syndrome in adult Caucasian patients  
Korbet et al., Am. J. Kidney Dis.,  1996, 27: 647 - 651 



High incidence of remission in untreated MN 
Mosconi et al., NEJM, 1993 



Probability of renal survival in IMN  

(review of therapeutic studies)  
Hogan et al., Am J Kidney Dis, 1995, 25: 862 - 875 

60% without ESRD at 15 years 



Pathogenesis of IMN 

1. Experimental model of IMN – Heymann’s 
nephritis in rats   

  - antibodies against megalin  

   (not expressed by human podocytes) 

2. Antenatal membranous nephropathy in a 
child of a woman with truncating mutations of 
MME (metallomembrane endopeptidase) gene 

  - alloimmunisation against NEP 

3.   Common IMN – recently identified 
autoantibodies to PLA2R 



Antimegalin antibodies induced 

subepithelial deposits in rats 





Neonatal MN caused by alloimunisation  

against NEP 



Sera from pts with MN  

reacted with 185 kD protein  

identified as M-type  

phospholipase A2 receptor 



Antibodies were  

colocalized 

with GBM  

and podocytes 





Autoantibodies disappeared  

after immunosuppressive  

treatment 

in parallel with the decrease  

of proteinuria 

 

Antibodies could enhance 

diagnostics  

and could be useful for monitoring  

of the activity of MN  

and the effect of IST 

 



Disappearance of anti-PLAR2 Ab may precede the complete remission of IMN 

 





Anti-PLA2R antibodies were positive in 78% out of 18 pts with IMN  

and correlated with baseline proteinuria 



c v 



Anti-PLA2R antibodies correlated with Pu  

during the disease 



Anti-PLA2R antibodies were positive in 71% out of 35 pts with IMN  

and declined or disappeared within 12 months in 68% of them 

 

  



Decrease of anti-PLA2R preceded decrease of Pu in some,  

but not all pts with IMN treated by RTX 



Anti-PLA2R  Ab positive 

in 80% of pts with IMN 

at presentation and 20% 

in remission 



Deposition of  anti-PLA2R antibodies in glomeruli documented  

also in some pts with negative  anti-PLA2R in sera 



In GWAS of 556 pts with IMN alleles of HLA-DQA1 and PLA2R1  

were associated with susceptibility to IMN 



c 

c 

c 



c 

c 

c 

Subjects with both risk alleles in both HLA-DQA1 nad PLA2R1 

had almost 80 times higher risk of IMN  

c c 



Conclusions 
 
 

1. podocytopenia is deleterious  in terms of renal survival 

2. identification of the mutated genes for the podocyte 

proteins enhanced our understanding of podocyte 

function  

3. impaired podocyte signaling may cause both reversible 

and irreversible  podocyte damage   

4. damage to the podocytes may be effectively treated 

only by drugs which interfere with podocyte signaling 

5. anti-PLA2R Ab may enhance an early and non-

invasive diagnosis of IMN and help with the 

monitoring of the immunosuppressive treatment 

 






