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Causes of Focal Segmental 
Glomerulosclerosis

Type of Disease Cause

Primary (idiopathic) form Mediated by circulating permeability 

factor(s)

Secondary forms

Familial or genetic

Virus-associated

Drug-induced

Adaptive*

Mutations of specific podocyte genes

Human immunodeficiency virus, type 1, 

parovirus B19, simian virus 40, 

cytomegalovirus, Epstein-Barr virus

Heroin; interferons alfa, beta, and gamma; 

lithium; pamidronate; sirolimus; 

calcinceurin-inhibitor nephrotoxicity; 

anabolic steroids

Conditions with reduced renal mass: 

oligomeganephronia, unilateral renal 

agents, renal dysplasia, reflux nephropathy, 

sequelaenm to cortical necrosis, surgical 

renal ablation, renal allograft, aging kidney, 

obesity 

*The adaptive form is mediated by adaptive structural-functional responses to glomerular 

hypertension caused by elevated glomerular capillary
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FSGS

➢ Familial cases (up to 18% of FSGS) are due to mutations of

podocyte proteins, nephrin (NPHS1), podocin (NPHS2), a-actinin-

4 (ACTN4), CD2-associated protein (CD2AP), phospholipase C-

e1 (PLCE1) and the transient receptor potential cation channel

(TRPC6).
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Therapeutic Interventions for FSGS

➢ Traditional therapeutic interventions for FSGS are

confined to gross immune modulation (despite lack of

evidence that the disease is immunologically driven)

with high dose steroids, cyclosporine, cytotoxic and

antiproliferative agents, anti-CD20 mAbs with mixed

success and significant adverse side effects.
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The Lancet . Saturday 19 August 1972

RECURRENCE OF IDIOPATHIC
NEPHROTIC SYNDROME AFTER RENAL 

TRANSPLANTATION

John R. Hoyer Leopoldo Raij

Robert L. Vernier Richard L. Simmons

John S. Najarian Alfred F. Michael

Departments of Pediatrics, Internal Medicine, and Surgery,

University of Minnesota Medical School,

Minneapolis, Minnesota 55455, U.S.A.
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Etiology of the Recurrent FSGS

➢ Clinical evidence of a suspected circulating 

permeability factor (PF)*

1. Recurrence can occur within hours of transplantation of a normal 

kidney in a FSGS patient with massive proteinuria and effacement 

of podocytes

2. Remission can be induced with plasmapheresis

3. A newborn child from a mother with FSGS had transient proteinuria

4. Prompt recovery of a kidney with recurrence of FSGS when 

retransplanted in a non-FSGS recipient (Gallon L, et al. N Eng J 

Med 2012; 366:1648-49)

*First suggested by R.J. Shalhoub (Lancet 2: 556, 1974)



suPAR identified as putative “circulating 
factor” causing FSGS

Podocyte foot projections wrap around capillaries in Glomerulus forming a 
filtration slit that lets water, salts and sugar pass  from blood to urine, but not
protein or larger matter. 

suPAR interaction with Beta3 Integrin leads
to podocyte foot effacement and loss of slit
barrier function.R

USA TODAY, March 22, 2012
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Etiology of the Recurrent FSGS

➢ Experimental evidence for a PF

1. Rats infused with FSGS sera develop proteinuria (Zimmerman et al. 

Nephron. 1985; 40:241-5)

2. In vitro bioassay of FSGS sera increase the permeability of isolated 

glomeruli (Savin et al. New Eng J Med 334:878-883, 1996)

3. Experimental  evidence of suPAR as the circulating PF (Wei et al. 

Nature Medicine 2011; 17:952-960)
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Treatment of Recurrent FSGS

➢High dose CNI’s

➢ The effect of CSA and Tacrolimus in FSGS is 
unrelated to their immunosuppression  mechanism 
of action
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Nature Medicine 2008;14: 931-8
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Summary of the Effect of CNIs on the 
Podocyte

➢ The data show that the beneficial effect of CsA on

proteinuria is not dependent on NFAT inhibition in T cells,

but rather results from the stabilization of the actin

cytoskeleton in kidney podocytes.

➢ CsA blocks the calcineurin-mediated dephosphorylation

and degradation of synaptopodin, a regulator of Rho

GTPases , the master regulator of the actin/myosin

cytoskeleton in podocytes.

➢ These results represent a new view of calcineurin signaling

and shed further light on the treatment of proteinuric kidney

disease.
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Important Components of the Podocyte
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Important Components of the Podocyte
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Treatment of Recurrent FSGS

➢Plasmapheresis

➢ First reported by Zimmerman et al (Nephron 1985)

➢ First large series of patiets with recurrent FSGS treated 

with plasmapheresis from UCSF (Artero et al AJM 

1992)
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The American Journal of Medicine 1992; Vol. 92

Recurrent focal glomerulosclerosis: Natural history 

and response to therapy 

Mary Artero M.D.a, Claude Biava M.D.b, William Amend M.D.a, Stephen 

Tomlanovich M.D.a and Flavio Vincenti M.D.a

aTransplant Service, University of California, San Francisco, San 

Francisco, California, USA
bDepartment of Pathology, University of California, San Francisco, San 

Francisco, California, USA 
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BEFORE PHERESIS

AFTER PHERESIS

CAPILLARY LUMEN
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Treatment of Recurrent FSGS

➢Rituximab

➢ Mechanism of action unrelated to CD20 and its 

effect on  B cell depletion or antibody suppression
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Important Components of the Podocyte
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The Complex World of Podocyte Motility and Function

Rac1

Cdc42

Rho A

Adapted from Kistler AD et al KI 2012



24

High profile study identifies suPAR as a circulating factor 

that causes non-familial FSGS: 

Wei et al., Nat Medicine 2011 “Circulating urokinase receptor 

as a cause of focal segmental glomerulosclerosis”.
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uPAR Coordinates Signaling and 
Migration

uPAR also interacts with αvβ3 integrin to effect kidney 
podocyte foot effacement
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Hypothesis: suPAR activation of β3 stimulates 
Cdc42/Rac1 activation and actin remodeling, leading 

to FP effacement 

↓Stress fiber →

LPS AngII

Ca2+

suPAR

?

αvβ3

?

?
RhoA promotes the formation 

of stress fibers and focal 

contacts, producing a 

stationary phenotype

Switch to Cdc42/Rac1 activity 

triggers actin polymerization 

and membrane protrusion, 

leading to cell motility and FP 

effacement
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suPAR measurement in the serum of human subjects

with glomerular disease

Correlation of elevated suPAR serum levels with 

severity of FSGS disease 

Wei, et al. Nature Medicine 2011



28

The Effect of Plasmapheresis on suPAR and Proteinuria
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Injection of suPAR causes 

proteinuria* 

Injection of blocking  suPAR  Ab

ameliorates kidney disease*

Studies in mouse models and human biopsied 

tissue define suPAR-beta3 integrin-driven MOA
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BUT
suPAR Has Not Been Confirmed To Be A Biomarker for 
FSGS (or Recurrent FSGS)

A. Meijers B, et al. The soluble urokinase receptor is not a clinical 
marker for focal segmental glomerulosclerosis.  Kidney 
International 2014; 85:636-640.

B. Wada et al.  A multicenter cross-sectional study of circulating 
soluble urokinase receptor in Japanese patients with glomerular 
disease. Kidney International 2014; 85: 641-648.

C. Bock ME, et al.  Serum soluble urokinase-type plasminogen 
activator receptor levels and idiopathic FSGS in children: a 
single-center report. Clin J Am Soc Nephrol 2013; 8:1304-11.

D. Beaudreuil S, et al.  Protein A immunoadsorption cannot 
significantly remove the soluble receptor of urokinase from sera 
of patients with recurrent focal segmental glomerulosclerosis.  
Nephrol Dial Transplant 2014; 29:458-463.
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UCSF Results (R & D Systems)
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•http://www.suparnostic.com/images/stories/molecular_function_of_supar.pdf

suPAR also circulates in multiple fragment 
forms due to protease cleavage

http://www.suparnostic.com/images/stories/molecular_function_of_supar.pdf
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Graphical Summary of Mechanism of B7-1 
and Abatacept Action in Podocytes
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Treatment of Proteinuria with Abatacept 
in Recurrent FSGS
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Glomerular Injury

Podocyte B7-1 Induction

Loss of β1 Integrin Activation

Increased Migration

Proteinuria

Abatacept

Circulating Factor

Mechanism of Injury
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Abatacept
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Belatacept





nrFSGS rFSGS

Delville et al, Sci Trans Med, 2014

Arrows highlight podocytes

CD40 is expressed in podocytes 
in rFSGS



Zoltan G. Laszik  and Flavio G. Vincenti

University of California San Francisco Medical Center, San Francisco, California

BACKGROUND

METHODS

RESULTS

CONCLUSION

The mechanism of injury to podocytes in focal segmental 

glomerulosclerosis (FSGS) remains unclear. 

Both B7.1 (CD80) and suPAR have been proposed to cause FSGS but 

the findings have not been validated. 

To survey these markers as potential mediators of podocyte injury and 

as an aid to histologic diagnosis of FSGS we evaluated the expression 

of B7-1 and uPAR in native and transplant (Tx) kidney biopsies (Bx), 

and the expression of uPAR in mice injected with suPAR.

Study groups included Bx with FSGS (n=10), early post-Tx recurrent 

FSGS prior to (n=15) and post-plasmapheresis (n=7). Native Bx with 

membranous nephropathy (MN) (n=10) and minimal change disease 

(MCD (n=5), and normal 6 month post-Tx protocol Bx [n=10] served as 

controls. 

Immunostains were performed on formalin-fixed paraffin-embedded 

(FFPE) and frozen tissues for B7.1 and uPAR. B7.1 mRNA expression 

was also assessed by next generation in situ hybridization (ISH) on 

FFPE. 

Signal co-localization was evaluated via co-stain with the podocyte 

marker synaptopodin. In addition, uPAR immunohistochemical 

expression was also evaluated in the kidneys of wild type and uPAR -/-

mice infused with recombinant suPAR. 

Electron microscopy was used in the mouse kidneys to assess foot 

process effacement in conjunction with renal functional studies.

B7.1 protein and mRNA were not expressed in native kidneys with 

FSGS or MCD or in transplant kidneys with recurrent FSGS. In MN, 

B7.1 was localized only to the immune deposits. 

No apparent uPAR immunoreactivity was present in native kidneys or 

recurrent FSGS. 

suPAR infusion did not produce proteinuria or effacement of 

podocytes in wild type or uPAR deficient mice. 

uPAR was detected along the glomerular endothelial cells but not in 

podocytes in wild type mice while uPAR stain remained negative in 

uPAR deficient mice even after suPAR injection.

The data suggest that B7.1 and suPAR may not play a significant 

role in podocyte injury in native and transplant kidneys with FSGS. 

B7.1 and suPAR immunostains and ISH seem to have a limited value 

as diagnostic markers in kidney biopsies with FSGS and recurrent 

FSGS post-transplant.

B7.1 and suPAR Fail as Potential Biomarkers to Detect Podocyte Injury and 

Focal Segmental Glomerulosclerosis in Kidney Biopsies

Figure 1D. uPAR IHC stain is negative in uPAR KO mice following 100 

μg of uPAR-Fc (1) or Fc (2) injection. 

Figure 1A. B7.1 / synaptopodin double immunofluorescence. 

Representative images of renal cortex from a patient with membranous 

nephropathy. The B7.1 signal is located in the immune deposits; the 

podocytes are negative are negative.

Figure 1B. uPAR IHC in mouse kidney. uPAR shows weak 

comparable endothelial positivity in WT control mice (1) and those WT 

injected with Fc (2).

Figure 1C. uPAR IHC stain shows stronger endothelial positivity in WT 

mice injected with 100 μg (1) vs 20 μg of uPAR-Fc (2). Podocytes are 

negative.

RESULTS

RESULTS



44

Conclusion

➢ Recurrent FSGS remains a challenging disease

➢ The role of suPAR, B7.1 (CD80) and anti-CD40 

remains to be elucidated

➢ Understanding of the physiology of the podocyte will 

ultimately elucidate the pathophysiology of this 

disease and lead to rational treatments


