
DESCRIPTION
Cholesterol is an essential lipid molecule that plays a crucial role 
in maintaining cell membrane integrity and fluidity. It also 
serves as a precursor for the synthesis of steroid hormones, bile 
acids, and vitamin D. However, an excess of cholesterol can be 
detrimental to cellular function and has been linked to various 
diseases, including atherosclerosis and cardiovascular disorders. 
To ensure cellular health, the transport and homeostasis of 
cholesterol must be tightly regulated.

Intracellular cholesterol transport

Cholesterol is synthesized in the Endoplasmic Reticulum (ER) 
and can be transported to various cellular compartments, 
including the plasma membrane, Golgi apparatus, and 
endosomes. The transport of cholesterol within cells is mediated 
by a complex network of proteins and lipids, collectively referred 
to as the cholesterol trafficking machinery.

One of the key players in intracellular cholesterol transport is 
the protein called Niemann-Pick C1-like 1 (NPC1L1). NPC1L1 
is primarily localized at the plasma membrane and is responsible 
for the uptake of cholesterol from the extracellular environment. 
Once internalized, cholesterol can be transported to the ER via 
vesicular or non-vesicular pathways. Intracellular cholesterol is 
then bound by a protein called Oxysterol-Binding 
Protein (OSBP) and transferred to other cellular compartments, 
such as the Golgi apparatus, through membrane contact sites.

The Golgi apparatus acts as a central hub for 
cholesterol distribution within the cell. It receives cholesterol 
from the ER and further modifies it before delivering it to 
various cellular destinations. Golgi-resident proteins, such 
as the Vesicle-Associated Protein (VAP) and the Ceramide 
Transfer Protein (CERT), play critical roles in cholesterol 
transport from the ER to the Golgi apparatus.

Cholesterol can also be transported from the Golgi apparatus to 
the plasma membrane through different pathways. One such 
pathway involves the formation of cholesterol-rich lipid rafts, 
which are specialized micro domains enriched in cholesterol and

sphingolipids. Lipid rafts serve as platforms for the sorting and 
transport of cholesterol and associated proteins to the plasma 
membrane.

Plasma membrane events in cholesterol transport

The plasma membrane serves as the interface between the cell 
and its environment, and it plays a vital role in cholesterol 
homeostasis. The regulation of cholesterol levels at the plasma 
membrane involves multiple processes, including cholesterol 
uptake, efflux, and intracellular trafficking.

Cholesterol uptake at the plasma membrane can occur through 
two main mechanisms: receptor-mediated endocytosis and 
passive diffusion. In receptor-mediated endocytosis, cholesterol is 
taken up by cells through specific receptors, such as the Low-
Density Lipoprotein Receptor (LDLR). Once internalized, 
cholesterol is sorted within endosomes, and a fraction of it is 
transported back to the plasma membrane through recycling 
endosomes.

Efflux of cholesterol from the plasma membrane is mediated by 
several transporters, including ATP-Binding Cassette (ABC) 
transporters such as ABCA1 and ABCG1. These transporters 
facilitate the transfer of cholesterol to extracellular acceptors, 
such as High-Density Lipoprotein (HDL) particles, in a process 
known as reverse cholesterol transport. Reverse cholesterol 
transport is critical for maintaining cellular cholesterol 
homeostasis and preventing the accumulation of cholesterol in 
the plasma membrane.

The intracellular trafficking of cholesterol at the plasma 
membrane is a dynamic process that involves the constant 
exchange of cholesterol between the plasma membrane and 
intracellular compartments. This exchange is mediated by 
proteins called Lipid Transfer Proteins (LTPs) or Lipid Transfer 
Domains (LTDs), which shuttle cholesterol between membranes. 
Examples of LTPs include the caveolin proteins and the flotillin 
proteins, which are associated with cholesterol-rich lipid rafts.

In addition to protein-mediated transport, the plasma 
membrane also contains specialized lipid domains called
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caveolae. Caveolae are invaginations of the plasma membrane
enriched in cholesterol and specific proteins, including
caveolins. These structures play a role in cholesterol trafficking
and signal transduction, and they contribute to the formation of
lipid rafts.

Overall, the transport and homeostasis of cholesterol within
cells and at the plasma membrane are tightly regulated
processes. Dysregulation of cholesterol metabolism can lead to

the accumulation of cholesterol in cellular compartments, which
can have detrimental effects on cellular function and contribute
to the development of various diseases, particularly
cardiovascular disorders. Understanding the intricate
mechanisms of cholesterol transport and homeostasis provides
valuable insights into the pathogenesis of these diseases and
offers potential targets for therapeutic interventions aimed at
modulating cholesterol levels.
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