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Normal Structure of the Podocyte

The podocyte consists of a large cell body (soma) in the urinary space Connects to the underlying

glomerular basement membrane (GBM) of the capillary loop by major cellular extensions from the soma.

Extensions terminate as foot processes on the GBM that interdigitate with those from adjacent podocytes.

Podocyte foot processes are anchored to the GBM and between foot processes, the filtration slit is bridged by a
40-nm wide zipper-like slit diaphragm.



The podocyte has an intrinsic part to play in forming and maintaining

the glomerular filtration barrier (GFB), but the relevance of the various

structural components of the GFB in disease is complex.

For instance, the glomerular basement mem-brane (GBM) not only serves

as a barrier to protein in vivo but also requires the slit diaphragm (SD) to

prevent albumin passage from the capillary lumen into urinary space.

In addition to SDs, the glycocalyx overlying the endothelial cells restricts

macromolecular passage and ensures that plasma albumin is largely

excluded from the GFB.



Podocyte is a visceral epithelial cell which is standing or sitting on top of

the capillaries and it is the core component of filtration barrier.

There is a number of molecules located in the slit diaphragm which adjust

the shape of podocyte.

In the podocytopathies, the orderly structure of the podocytes and the

foot process interlinked by SD is lost(foot process effacement).







Major Functions of the Podocyte
 Structural support of the capillary loop
 Major component of glomerular filtration barrier (GFB) to

proteins
 Synthesis and repair of the GBM
 Production of growth factors (VEGF) traverses the GBM against

the flow of glomerular filtration

 Acts on VEGF receptors on glomerular endothelial cells
 Effect is to maintain a healthy fenestrated endothelium
 Platelet-derived growth factors (PDGFs) critical for the

development and migration of mesangial cells into the
mesangium

 Immunologic function
Podocytes may be a component of the innate immune system.
Possibly have a surveillance role for pathogens or abnormal proteins
in Bowman space









Podocyte injury

FPE

PC detachment &  loss

New PC formation

Although FPE is potentially reversible, 
podocyte detachment or death implies 
irreversible podocyte loss.





The architectural design of our kidneys is amazingly complex, and culminates in the 3D structure

of the glomerular filter.

During filtration, plasma passes through a sieve consisting of a fenestrated endothelium and a

broad basement membrane before it reaches the most unique part, the slit diaphragm, a

specialized type of intercellular junction that connects neighbouring podocyte foot processes.

When podocytes become stressed, irrespective of the causative stimulus, they

undergo foot process effacement and loss of slit diaphragms—two key steps

leading to proteinuria. Thus, proteinuria is the unifying denominator of a broad

spectrum of podocytopathies.















Patient age and sex are associated with an increased probability of 

different types of podocytopathies related to different causes or risk 

factors that can frequently even combine in the same patient.

For example, genetic causes are more frequent in children and young 

adults, whereas immunological causes are more frequent in male 

children.

 On the other hand, podocytopathies related to inhibition of vascular 

endothelial growth factor (VEGF) are observed during pre-eclampsia 

and are, therefore, more prevalent in pregnant women.

 Major risk factors for the development of a podocytopathy, such as 

increased single-nephron glomerular filtration rate for obesity or 

diabetes, are more frequently observed in adult middle-age patients, 

whereas a low nephron mass endowment can cause a 

podocytopathy during adolescence or early adulthood.









New Classification of podocytopathy

1- Pathogenesis- based
2- Histopathology- based
3- Treatment response- based



Pathogenesis based classification

1- Permeability factor
2- Genetic
3- Toxic
4- Hyperfiltration









Histopathology based classification

1- MCD
2- FSGS
3- DMS
4- CG









Treatment response based classification

1-SSNS
2-SRNS
3-SD
4-FR
5-Infrequent relapse
6-Remission





 Adult podocytopathies may take up to 4 months to remit and therefore steroid resistance

should not be declared until after 4 months of steroid use.

 In adults, classification by steroid responsiveness is also used when describing

histopathologic diagnosis (eg, steroid-resistant FSGS) because classification by

pathogenesis is often not possible in the absence of genetic testing.

 Genetic podocytopathies always manifest as SRNS, but SRNS is not always due to a

genetic problem. For example, permeability-mediated podocytopathy may present as

SSNS or SRNS.

 In addition, SSNS can progress to SRNS, which may reflect progression from FSGS to

diffuse global glomerulosclerosis.



A substantial proportion of patients with SRNS may 

have genetic podocytopathies or podocyte injuries 

that cannot be reversed by immunosuppressive therapy.

The steroid-dependent and frequently relapsing nephrotic

phenotypes require alternative steroid sparing treatment to

reduce the adverse effects of long term glucocorticoid use.

CNI

RTX

Alkylating agents









 The anti-inflammatory and immunosuppressive action of

glucocorticoids, calcineurin inhibitors and mTOR inhibitors may

only play a minor role in modulation of podocyte biology and

promotion of glomerular repair mechanisms.

 Instead, these drugs have direct effects on podocytes

through regulation of some cytokines and several signalling

pathways relevant for cytoskeletal stability, cell maturation and

survival.

 Furthermore, the expression and distribution of key

components of the slit diaphragm and the cytoskeleton are

regulated





CNIs may have important beneficial effects for both the 

podocyte cytoskeleton and podocyte viability. 

These agents attenuate podocyte apoptosis as well as 

promote a podocyte phenotype that is resistant to the 

development of proteinuria. 

The beneficial effects of CNIs may be mediated by mechanisms 

that are independent of the immune system.

Given the potential role of CN in diverse glomerular diseases, 

the use of CNIs might be useful for a broader range of kidney 

disorders.



CN activation destabilizes the actin 

cytoskeleton and causes podocyte apoptosis. 









The pivotal role of podocytes on proteinuria in many different forms of 

glomerular diseases.

The anti-inflammatory and immunosuppressive action of glucocorticoids, 

calcineurin inhibitors and mTOR inhibitors may only play a minor role in modulation of 

podocyte biology and promotion of glomerular repair mechanisms. 

Instead, these drugs have direct effects on podocytes through regulation of 

some cytokines and several signaling pathways relevant for cytoskeletal stability, cell 

maturation and survival.

CNIs may have important beneficial effects for both the podocyte cytoskeleton 

and podocyte viability by mechanisms that are independent of the immune 

system.

New therapies???

Summary


