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Introduction
Autophagy, a vital cellular process that regulates the degradation and 

recycling of damaged or unnecessary cellular components, plays an essential 
role in maintaining cellular homeostasis. In the kidney, where cells are 
constantly exposed to various stresses, autophagy is crucial for maintaining 
renal function and preventing the accumulation of harmful metabolites and 
damaged organelles. In recent years, research has shown that autophagy is 
not only important for the maintenance of cellular health in the kidney but also 
holds significant potential in renal regeneration and the repair of damaged 
renal tissue [1]. Dysregulated autophagy has been implicated in several kidney 
diseases, including Acute Kidney Injury (AKI), Chronic Kidney Disease (CKD), 
and diabetic nephropathy, where impaired autophagic processes contribute to 
inflammation, fibrosis, and renal dysfunction. Understanding how autophagy 
modulates kidney health opens new avenues for therapeutic strategies aimed 
at enhancing renal regeneration, preventing progression to kidney failure, 
and improving patient outcomes. This article explores the role of autophagy 
in kidney health and disease and highlights potential therapeutic strategies to 
harness cellular recycling pathways for renal regeneration [2].

Description

Autophagy and kidney homeostasis

Autophagy is a highly regulated process in which cells degrade and recycle 
damaged organelles, proteins, and lipids to maintain metabolic balance and 
cellular integrity. In the kidney, autophagy plays a crucial role in maintaining the 
homeostasis of renal cells, particularly proximal tubular cells, which are highly 
susceptible to injury due to their role in filtration and reabsorption. Autophagy 
helps to clear damaged mitochondria (a process known as mitophagy), which 
is essential for preventing oxidative stress and maintaining ATP production in 
renal cells. This process also promotes the turnover of proteins and lipids, 
ensuring that kidney cells have access to the necessary building blocks for 
repair and regeneration. Additionally, autophagy plays a key role in modulating 
the immune response, helping to prevent chronic inflammation and fibrosis, 
which are hallmarks of kidney disease. When autophagy is disrupted, the 
kidneys are more vulnerable to injury, and the repair mechanisms are less 
effective, contributing to the development and progression of kidney diseases 
[3].

Autophagy in kidney disease
Impaired autophagy has been linked to the pathogenesis of various kidney 

diseases. In Acute Kidney Injury (AKI), reduced autophagic activity in tubular 

cells leads to an accumulation of damaged mitochondria, excessive ROS 
production, and cell death, which exacerbates kidney injury. Furthermore, 
defective autophagy impairs the resolution of inflammation, a critical component 
of the repair process after AKI. In Chronic Kidney Disease (CKD), autophagic 
dysfunction contributes to kidney fibrosis by promoting the accumulation of 
damaged cellular components and inhibiting the normal turnover of ECM 
(extracellular matrix) proteins. The reduced clearance of apoptotic cells and 
cellular debris leads to chronic inflammation and fibrosis, accelerating CKD 
progression. Similarly, in diabetic nephropathy, impaired autophagy contributes 
to the accumulation of lipotoxic molecules and mitochondrial dysfunction, both 
of which are known to promote renal injury and fibrosis. Enhancing autophagy 
in these diseases could help prevent cellular damage, reduce inflammation, 
and slow the progression of kidney disease [4].

Therapeutic strategies to enhance autophagy for renal 
regeneration

Given the critical role of autophagy in kidney health, various therapeutic 
strategies aimed at enhancing autophagic activity have been explored as 
potential treatments for kidney diseases. One such approach is the use of 
autophagy-inducing compounds such as rapamycin and resveratrol, which 
activate the mTOR (mechanistic target of rapamycin) pathway, a central 
regulator of autophagy. Rapamycin, an mTOR inhibitor, has been shown to 
induce autophagy and improve renal function in preclinical models of AKI and 
CKD. Another promising approach involves targeting mitophagy, the selective 
autophagy of damaged mitochondria, using compounds like Urolithin A, which 
has been shown to enhance mitophagy and improve mitochondrial function 
in kidney cells. Additionally, stem cell therapies are being investigated to 
promote autophagic activity in renal cells. Mesenchymal Stem Cells (MSCs), 
for example, can enhance autophagy and accelerate renal regeneration by 
providing paracrine signals that stimulate autophagic pathways in injured 
kidney tissues. Lastly, nutritional interventions, such as caloric restriction and 
intermittent fasting, have been shown to enhance autophagy and improve 
kidney function in animal models, potentially offering a non-pharmacological 
means of promoting renal health [5].

Conclusion
Autophagy is a key process in maintaining kidney homeostasis, 

preventing cellular damage, and promoting renal regeneration. In kidney 
disease, impaired autophagy exacerbates the progression of AKI, CKD, and 
diabetic nephropathy, driving inflammation, fibrosis, and cellular dysfunction. 
Enhancing autophagic processes in the kidney holds significant therapeutic 
potential for improving outcomes in these diseases. Strategies to modulate 
autophagy—such as the use of autophagy-inducing compounds, targeting 
mitophagy, stem cell therapies, and dietary interventions—are showing 
promise in preclinical models and early clinical trials. However, challenges 
remain in translating these approaches into safe and effective therapies for 
patients. As research continues to unravel the complex molecular mechanisms 
that govern autophagy in the kidney, we may be able to develop more targeted, 
individualized therapies that harness the power of cellular recycling pathways 
to regenerate kidney tissue, reduce inflammation, and slow the progression of 
kidney disease. Ultimately, autophagy-based therapies could revolutionize the 
treatment of kidney diseases, providing new hope for patients suffering from 
renal dysfunction and offering a promising route to preserving kidney function 
in the face of injury and disease. 
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