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DESCRIPTION
Autophagy-modulating biomembrane nanostructures have gained 
significant interest due to their potential in therapeutic 
applications. Autophagy, a cellular degradation pathway, plays a 
central role in maintaining cellular homeostasis by eliminating 
damaged organelles, misfolded proteins and pathogens. This 
process is essential for cell survival under stress conditions and is 
involved in various cellular functions, including immune 
response, aging and cell differentiation. Given its critical role in 
disease pathology, especially in cancer, neurodegenerative 
disorders and infectious diseases, modulating autophagy has 
emerged as a target for therapeutic intervention. Biomembrane 
nanostructures offer a unique approach to influencing autophagy 
due to their biocompatibility, ability to interact with cellular 
components and versatile functionalization options.

Autophagy is a complex cellular mechanism wherein cells digest 
their own components through a lysosome-dependent pathway. 
The process begins with the formation of a double-membrane 
vesicle called an autophagosome, which engulfs the targeted 
cellular components. The autophagosome then fuses with a 
lysosome, forming an autolysosome where degradation and 
recycling occur. This process provides cells with energy and 
building blocks during nutrient deprivation, enhances stress 
resistance and aids in clearing toxic materials.

Dysfunction in autophagy has been implicated in a range of 
diseases. In cancer, autophagy has a dual role, it can suppress 
tumor formation by removing damaged organelles and proteins 
that could lead to malignant transformation, or it can aid tumor 
growth by providing nutrients under stress. In neurodegenerative 
diseases such as Alzheimer's and Parkinson's, impaired autophagy 
is associated with the accumulation of toxic protein aggregates. 
Consequently, modulating autophagy pathways has become an 
area of interest in designing treatments that either stimulate or 
inhibit this process, depending on the disease context.

Biomembrane nanostructures are nanoscale materials that mimic 
the natural cellular membranes, often incorporating lipids,

proteins, or other biological components to interact effectively 
with cells. By designing nanostructures that can modulate 
autophagy, researchers aim to either activate or inhibit this 
pathway as needed for therapeutic purposes. These 
biomembranes are usually composed of lipid bilayers, polymer-
based layers, or hybrid materials, which enable them to 
encapsulate bioactive molecules and ensure targeted delivery. 
When used to modulate autophagy, these nanostructures can 
either directly interact with autophagy-related proteins or deliver 
agents that affect the autophagic process.

One approach is to design nanostructures that mimic specific 
cellular signals to activate or suppress autophagy. For instance, 
certain nanostructures are engineered to activate pathways that 
initiate autophagosome formation by interacting with AMP-
Activated Protein Kinase (AMPK) or inhibiting mammalian 
Target of Rapamycin (mTOR), two key regulators of autophagy. 
Others are designed to deliver small molecules or peptides that 
either stimulate autophagy in neurodegenerative diseases or 
inhibit it in cancer cells, thereby offering a highly adaptable 
platform for autophagy regulation.

The mechanism through which biomembrane nanostructures 
influence autophagy typically involves interaction with cellular 
signaling pathways and proteins directly associated with the 
autophagic process. Autophagy activation is often linked to 
pathways that sense cellular energy status, nutrient availability 
and oxidative stress. Nanostructures engineered to influence 
these pathways can therefore impact autophagy effectively.

For example, lipid-based nanostructures carrying AMPK activators 
can stimulate autophagy by enhancing energy metabolism and 
promoting catabolic pathways. Similarly, polymeric nano- 
structures have been used to deliver small interfering Ribonucleic 
Acid (siRNA) or micro Ribonucleic Acid (miRNA) targeting 
mTOR signaling, a pathway that usually inhibits autophagy under 
nutrient-rich conditions. By silencing mTOR-related genes, these 
nanostructures induce autophagy, promoting degradation of 
damaged cellular components and improving cell survival during 
stress.
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In addition to directly influencing autophagy-related proteins
and genes, some nanostructures incorporate Reactive Oxygen
Species (ROS)-responsive materials that can induce autophagy by
raising oxidative stress within cells. When oxidative stress levels
rise beyond a threshold, cells often activate autophagy to remove

damaged components. By introducing ROS-generating nano- 
structures, researchers can trigger autophagy as a response to the 
increased cellular stress, offering potential applications in 
treating conditions like cancer, where elevated autophagy might 
limit tumor cell proliferation.
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