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Introduction
Autophagy, a fundamental cellular process with far-reaching implications for health and disease, 
has captivated researchers and medical professionals alike with its intricate mechanisms and 
profound impact on cellular homeostasis. From maintaining cellular integrity to regulating 
metabolism and combating disease, autophagy plays a central role in virtually every aspect of 
human physiology. In this comprehensive article, we embark on a journey into the world of 
autophagy. 

Description
Understanding autophagy

Autophagy, derived from the Greek words “auto” (self ) and “phagy” (eating), refers to the cellular 
process of self-degradation and recycling that enables cells to remove damaged or dysfunctional 
components and replenish essential nutrients. It is a highly conserved and tightly regulated 
process that occurs in all eukaryotic cells, from single-celled organisms to complex multicellular 
organisms like humans.

The primary function of autophagy is to maintain cellular homeostasis by eliminating misfolded 
proteins, damaged organelles and other cellular debris that accumulate over time. By recycling 
these components through lysosomal degradation, autophagy ensures the efficient turnover of 
cellular material and promotes the renewal and regeneration of healthy cells.

Mechanisms of autophagy 

Autophagy involves a series of complex molecular and cellular events that culminate in the 
formation of autophagosomes, double-membrane vesicles that engulf cellular cargo destined for 
degradation. The key steps in the process of autophagy include:

Initiation: Autophagy is initiated in response to various cellular stressors, such as nutrient 
deprivation, oxidative stress or protein aggregation. The process is orchestrated by a group of 
evolutionarily conserved proteins known as Autophagy-Related Genes (ATGs).

Nucleation: The autophagosome initiation complex, which includes the ULK1/2 kinase complex 
and the Beclin-1/VPS34 lipid kinase complex, promotes the nucleation of the autophagosomal 
membrane from a subdomain of the Endoplasmic Reticulum (ER) known as the Phagophore 
Assembly Site (PAS).

Elongation: The phagophore expands and elongates to engulf cytoplasmic cargo, including 
damaged organelles, protein aggregates and lipid droplets. This process is mediated by the 
recruitment of ATG proteins, such as ATG5-ATG12 and LC3 (microtubule-associated protein 
1A/1B-light chain 3), which facilitate membrane tethering and fusion.

Maturation: The fully formed autophagosome matures through a series of fusion events with 
endosomal and lysosomal compartments, resulting in the formation of the autolysosome. Within 
the autolysosome, lysosomal hydrolases degrade the engulfed cargo, releasing recycled nutrients 



188

Perspective 

J. Experi. Stroke. Trans. Med. (2024) 16(2) 

Xu Q.

and building blocks for cellular metabolism and 
biosynthesis.

Physiological functions of autophagy 

Autophagy plays a critical role in maintaining 
cellular and organismal health by performing a 
variety of essential functions, including:

Protein quality control: Autophagy helps 
maintain protein homeostasis by selectively 
degrading misfolded or aggregated proteins that 
can impair cellular function and promote disease 
pathology. By removing damaged proteins, 
autophagy protects cells from proteotoxic 
stress and protein aggregation diseases such as 
Alzheimer’s and Parkinson’s disease.

Organelle turnover: Autophagy regulates the 
turnover of organelles such as Mitochondria 
(mitophagy), Endoplasmic Reticulum (ER-
phagy) and Peroxisomes (pexophagy), ensuring 
the removal of damaged or dysfunctional 
organelles that can generate Reactive Oxygen 
Species (ROS) and trigger cell death pathways.

Metabolic regulation: Autophagy plays a key role 
in metabolic homeostasis by mobilizing energy 
reserves and maintaining cellular energy balance 
during periods of nutrient scarcity or metabolic 
stress. By recycling cellular components, 
autophagy provides a source of amino acids, 
fatty acids and other nutrients to support cellular 
metabolism and biosynthesis.

Immune function: Autophagy plays a dual role in 
the immune system, serving both as a mechanism 
for pathogen clearance and as a regulator 
of immune signaling pathways. Autophagy 
helps eliminate intracellular pathogens such as 
bacteria, viruses and parasites by targeting them 
for lysosomal degradation (xenophagy) and 
promoting antigen presentation to immune cells.

Therapeutic implications of autophagy

Given its central role in maintaining cellular 
homeostasis and regulating various physiological 

processes, autophagy has emerged as a promising 
therapeutic target for the treatment of a wide 
range of human diseases. Strategies to modulate 
autophagy activity have been explored in the 
context.

Neurodegenerative diseases: Dysregulation 
of autophagy has been implicated in the 
pathogenesis of neurodegenerative diseases such 
as Alzheimer’s, Parkinson’s and Huntington’s 
disease. Therapeutic interventions aimed 
at enhancing autophagy activity, such as 
pharmacological agents or dietary interventions.

Cancer: Autophagy plays a dual role in cancer 
biology, serving as both a tumor suppressor 
mechanism and a survival pathway for cancer 
cells under stress conditions. Targeting autophagy 
pathways with pharmacological inhibitors or 
genetic approaches may represent a novel strategy 
for sensitizing cancer cells to conventional 
chemotherapy and radiation therapy.

Metabolic disorders: Dysregulation of autophagy 
has been linked to metabolic disorders such 
as obesity, diabetes, and Non-Alcoholic Fatty 
Liver Disease (NAFLD). Modulating autophagy 
activity through lifestyle interventions such as 
caloric restriction or pharmacological agents 
may offer therapeutic benefits for improving 
metabolic health and reducing the risk of 
metabolic complications.

Conclusion
Autophagy is a fundamental cellular process that 
plays a critical role in maintaining cellular and 
organismal health by promoting self-cleansing, 
recycling and renewal. From protein quality 
control to metabolic regulation and immune 
function, autophagy exerts a wide range of 
physiological effects that impact virtually every 
aspect of human biology. As our understanding 
of autophagy continues to evolve, so too does 
its therapeutic potential for treating a variety of 
human diseases.


