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The fascinating story behind the discovery of mTOR signaling began during a 

scientific expedition to discover new antimicrobial agents. 
Rapamycin was discovered more than 50 years ago from a soil sample from the island of Rapa 
Nui. It was isolated from Streptomyces hygroscopicus and initial characterization focused on its 
antifungal activities.



Subsequent characterization showed that it has immunosuppressive 

properties and has been used successfully to reduce organ rejection 

with kidney transplantation. 









Although rapamycin immediately 

inhibits mTORC1, its ability to 

destabilize and inhibit mTORC2 

requires prolonged exposure and is 

more sensitive to fluctuations in 

concentrations of the immunophilin

FK506 binding protein 12 

(FKBP12), which binds rapamycin

and mediates its interaction with 

mTOR.. The negligible effect of 

rapamycin on mTORC2 function has 

been disputed, however, with 

evidence that this agent might inhibit 

mTORC2 assembly and signalling1.



Novel dual inhibitors of

TORC1 and TORC2

(TORKinibs) that

compete for the

adenosine triphosphate

(ATP)-binding site of

mTOR were developed to

limit activation of both

mTOR complexes and

provide broader clinical

efficacy than the current
rapalogues.



Mammalian target of rapamycin (mTOR) is a protein 

serine/threonine kinase that was initially identified as 
the cellular target of rapamycin. 

This kinase regulates cell growth, proliferation, 

motility and survival, as well as the gene transcription 
and protein synthesis that are activated in response to 
hormones, growth factors and nutrients.
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Roles of mTOR complexes in the kidney

 mTOR complexes (mTORCs) are expressed throughout the nephron and 

regulate homeostasis of all resident parenchymal and non-parenchymal cells.

 Disruption of mTOR signalling results in various pathologies that are 

dependent on cellular location and whether mTORC1 or mTORC2 is 

targeted. 

 In response to mTOR inhibition, proximal tubular epithelial cells downregulate 

megalin resulting in proteinuria, whereas inhibition of mTOR in distal tubular 

epithelial cells leads to polyuria, natriuresis and a reduction in 

inflammatory cell infiltrate and fibroblastic responses following ischaemia–

reperfusion injury (IRI).

 In the glomerulus, mTOR inhibition disrupts podocyte function leading to 

proteinuria and glomerulosclerosis, whereas endothelial cell proliferation is 

limited. 







mTORi

Proteiuria
Polyuria, natriuresis, electrolyte disorders
Impairs TECs regeneration & delays recovery of AKI
Inhibits fibroblast activation & progression of fibrosis in CKD
( IRI, Tx, UUO & some glomerular diseases)









The effects of mTOR inhibitors in renal diseases

Fantus, D. et al. (2016) Roles of mTOR complexes in the kidney: implications for renal disease and transplantation
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Although the interplay between rapamycin treatment, 
autophagy induction and protein degradation is not 
completely understood, the impact of rapamycin in 
delaying aging is evident. 

Autophagy

Cell survival



These results raise the possibility that mTOR inhibition 
may have beneficial effects on immunosenescence in the 

elderly.
>>> this could extend life 

“on average” !







Tolerance by mTORi
Increased Tregs

Inhibition of DCs maturation





MECHANISM OF ACTION

1- MTOR inhibitors (sirolimus, everolimus) resembles to Tacrolimus

and binds to same intracellular FK binding proteins. 

2- However, whereas Tacrolimus and cyclosporine block IL-2 gene 

transcription, sirolimus acts later to block IL-2 dependent 

lymphocyte proliferation. 

3-Therefore the drug inhibits substantially T and B cell proliferation.



RATIONALE OF USING mTOR INHIBITORS IN 
RENAL TRANSPLANTATION

Conversion from a CNI based to an mTOR-inhibitor-based regimen has 
been successful at improving renal function for a number of years after 
conversion

 mTOR inhibitors have antiproliferative and anti-angiogenic effects with 

no nephrotoxicity.

 These properties could improve patient and graft long-term survival 

rates in transplant recipients.

 Safest and most effective time to convert is between 1 and 6 months 

after transplant. 

 In addition, mTOR-inhibitor-based regimens have been shown to be 

associated with lower rates of post-transplant malignancy and less 

cytomegalovirus infection, which may add further to the appeal of this 

approach.
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Considerable improvements have been made in acute 
rejection and short-term graft survival but…

1-year 

graft survival

Everolimus

CsA, cyclosporine; ATG, anti-thymocyte globulin; MMF, mycophenolate mofetil.
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Conclusion
1- mTOR is a multifunctional kinase which has a central role
in modulating of cell metabolism in response to environmental signals.

2- mTOR are present in all over the nephron and regulate homeostasis of
all resident parenchymal and non- parenchymal cells.

3- mTOR inhibitors are pleuripotent drugs and have different effects in renal
diseases, they disrupt renal tubular regeneration in AKI, reduce fibrosis in CKD, 
lead to podocyte injury and proteinuria.

4- They regulate immune cells functions and prevent endothelial cell activation
and proliferation and have  shown promising effects in kidney transplantation.   


