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Introduction
Rapamycin-associated nephropathy (RAN) is a 
condition that can occur in some patients who receive 
immunosuppressant drug rapamycin (sirolimus). 
Rapamycin inhibits the mammalian target of the 
rapamycin (mTOR) pathway, which plays a big role in 
cell synthesis and metabolism (1). Rapamycin can also 
have other effects on the body, such as inhibiting the 
mTORC2 pathway, which can result in diabetes-like 
symptoms, including decreased glucose tolerance and 
insulin insensitivity. It may also increase the risk of type 
2 diabetes (2). Rapamycin-associated nephropathy is 
characterized by proteinuria, decreased kidney function, 
and histological changes in the kidney tissue. Researchers 
believe that the drug’s effect on the mTOR pathway, 
which plays a role in cell growth and proliferation (3), 
is responsible for the mechanism of RAN. Risk factors 
for RAN include high doses of rapamycin, prolonged 
use, and certain genetic factors (4). The histopathologic 
lesions of RAN reflect a complex interplay between 
rapamycin-induced cellular stress, immune dysregulation, 
and vascular injury (5). Histopathological examination 
of kidney biopsies from these patients reveals findings 
such as interstitial fibrosis, tubular atrophy or dilation, 
glomerulosclerosis, and tubulointerstitial inflammation 
(6). Additionally, the morphologic lesions of the glomeruli 
in this condition cause/lead to collapsing focal segmental 
glomerulosclerosis. This is characterized by segmental 
proliferation of glomerular epithelial cells along with 

glomerular tuft collapse (7). Moreover, cast nephropathy is 
associated with tacrolimus plus rapamycin administration 
and is considered intratubular cast formation (8,9). 
Rapamycin can cause a specific pattern of acute renal 
injury, which is characterized by increased intratubular 
cast formation in protein overload nephropathy (8). In 
addition to these morphologic lesions, there may be 
evidence of inflammation and injury to the blood vessels 
in the kidney. This can include infiltration of immune 
cells, endothelial cell injury, and thrombosis. The severity 
of these lesions can vary depending on the duration and 
dose of rapamycin exposure, as well as individual risk 
factors for RAN (10,11). These changes are characteristic 
of chronic allograft rejection after transplantation or 
other forms of renal injury. Previous studies showed that 
it causes autophagosomes to accumulate in kidney tubular 
epithelial cells. Causing oxidative stress and apoptotic 
death of cells and resulting in fibrosis and tubulointerstitial 
atrophy (12). Risk factors include high dose, long-term use, 
diabetes, hypertension, obesity, age >60 years, and Black 
race. The diagnosis is based on histopathology showing 
interstitial fibrosis and tubular atrophy with a decline in 
glomerular filtration rate. The severity of these lesions can 
vary depending on the duration and dose of rapamycin 
exposure/usage, as well as individual risk factors for RAN 
(13,14). Diagnostic criteria may include the presence 
of proteinuria and/or acute renal injury, which can be 
indicated by elevated serum creatinine levels or decreased 
glomerular filtration rate. Management includes 
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Abstract
Histopathologic lesions associated with rapamycin-associated nephropathy (RAN) include collapsing focal segmental glomerulosclerosis, 
delayed graft function with cast nephropathy, and acute renal injury with increased intratubular cast formation. 
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Rapamycin is a mammalian target of rapamycin (mTOR) inhibitor 
that can cause toxicity in the kidneys, leading to a condition known 
as rapamycin-associated nephropathy. Rapamycin negatively affects 
kidney function and intratubular cast formation in protein overload 
nephropathy.

dose reduction or discontinuation, corticosteroids, 
angiotensin-converting enzyme inhibitors, and other 
immunosuppressants (15). The prognosis depends on the 
extent of damage and glomerular filtration rate decline, 
coupled with/led to the end-stage renal disease possible if 
uncontrolled (10,16).

Conclusion
Rapamycin inhibits the mTOR pathway and plays a 
key role in cell growth, proliferation, and metabolism. 
The most common morphologic lesions seen are 
tubulointerstitial necrosis, glomerular atrophy, interstitial 
fibrosis, and tubular dilatation. Other changes include 
vascular rarefaction, inflammation, and podocyte injury. 
These changes may be accompanied by proteinuria and 
hypertension. This inhibition can lead to decreased 
protein synthesis and cell proliferation within cells, which 
may contribute to the development of nephrotoxicity. 
RAN has been reported in both acute and chronic forms 
with different clinical presentations depending on the 
duration of exposure to rapamycin therapy.
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