
 

Scientists discover how human cells
distribute and maintain their cholesterol
levels
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Models of the regulation of non-vesicular cholesterol transport at ER-TGN
contacts. Models of the regulation of non-vesicular cholesterol transport at ER-
TGN contacts. ORP9 and OSBP are recruited to the ER via interaction of their
FFAT motif with the MSP domain of VAPs. GRAMD1s are anchored to the ER
via their transmembrane domain. ORP9 is recruited to the TGN via interaction
with ORP10 and ORP11, which is mediated by its tandem α-helices. Left: at
steady state, ORP9 extracts PI4P from the TGN membrane via its ORD and
inhibits OSBP-mediated PI4P-driven cholesterol transport from the ER to the
TGN to maintain cholesterol levels at the Golgi. The GRAM domains of
GRAMD1s only weakly interact with the TGN membrane at this state because
of the limited abundance/accessibility of cholesterol in the Golgi. Middle: when
levels of accessible cholesterol in TGN membranes rise above a certain threshold
(e.g., OSBP hyperactivation due to ORP9 KO), GRAMD1s move to ER-TGN
contacts by their ability to sense accessible cholesterol via their GRAM domain.
They then transport excess cholesterol from the TGN to the ER via their StART-
like domain, thereby preventing the buildup of cholesterol in the Golgi. Right: in
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the simultaneous absence of ORP9 and GRAMD1s (QKO), major accumulation
of cholesterol occurs in both the Golgi and post-Golgi membranes, including the
PM. This is caused by: (1) hyperactivation of OSBP (due to the lack of ORP9),
and (2) impairment of cholesterol extraction and transport from the TGN (and
also from the PM) to the ER (due to the lack of GRAMD1s). This is
accompanied by chronic depletion of cholesterol from the ER membrane,
resulting in aberrant activation of the SREBP-2 signaling pathway and
overproduction of cholesterol. Credit: Nature Communications (2023). DOI:
10.1038/s41467-023-41213-w

Scientists at Nanyang Technological University, Singapore (NTU
Singapore) have found how human cells distribute and maintain their
cholesterol levels, contributing to research into neurodegenerative
diseases such as Alzheimer's disease as well as cardiovascular diseases.
The findings were published in the journal Nature Communications.

All the cells in the human body contain cholesterol, a waxy, fat-like
substance, and use it for vital body functions, such as building new cells,
producing hormones and even producing substances that help fight
against pathogens.

Maintaining normal cholesterol levels within the central nervous system
is essential for various processes, including the brain's development and
daily functions.

The cells in our body either produce cholesterol or acquire it through our
diet and maintaining the appropriate levels, and distribution of
cholesterol within our cells is crucial, as failure to do so can lead to
various diseases, including heart attacks and dementia.

Using a highly sensitive cholesterol probe in tests involving human cells,
the team identified the key proteins involved in regulating and
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transporting cholesterol within cells, called OSBP, ORP9, and gram
domain-containing proteins 1 (GRAMD1s). The study provides new
insights into the precise mechanisms for maintaining cholesterol
distribution within cells.

  
 

  

Credit: Nanyang Technological University

Senior author Associate Professor Yasunori Saheki, from NTU
Singapore's Lee Kong Chian School of Medicine (LKCMedicine), who
led the study, said, "Our findings shed light on the critical mechanisms
underlying cellular cholesterol distribution and their potential
implications for various health conditions. This offers critical insights
into the mechanisms underlying the maintenance of cellular cholesterol
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distribution.

"The study is of particular significance as disruptions in this process
have been strongly associated with a wide range of neurodegenerative
disorders, including Alzheimer's disease." Saheki is also a cell biologist
and a medical doctor.

The study's first author Dr. Tomoki Naito, Research Fellow from NTU
LKCMedicine, said, "While cholesterol is essential for our cells, the
mechanisms governing its distribution have long been a mystery. We
found critical regulators of cholesterol distribution within our cells. Our
findings mark a major milestone in fundamental cell biology."

The study, which represents an advance in understanding the underlying
biology of how the human body functions and becomes susceptible to
diseases, reflects NTU's commitment to responding to the needs and
challenges of healthy living and aging, which is one of four humanity's
grand challenges that the University seeks to address through its NTU
2025 strategic plan.

Everything in moderation, including moderation

Through using a cholesterol biosensor to measure levels of cholesterol,
the researchers found that the proteins called ORP9 and OSBP regulate
the distribution and abundance of cholesterol within the cell. They found
that when ORP9 is deactivated, OSBP becomes hyperactive, resulting in
an excess of cholesterol transported to other parts of the cell.

The team also found that the GRAMD1 protein was responsible for
regulating the distribution of cholesterol in the cell, as they observed that
cells without this specific protein had an abnormal distribution of
cholesterol in crucial parts of the cell. Saheki explained, "A build-up of
cholesterol inside cells might harm them by disrupting their normal

4/6

https://phys.org/tags/human+body/


 

functions. Too much cholesterol inside cells can also lead to them being
oxidized into oxysterols, which can be toxic to cells. Not just
that—regulating the amount of cholesterol is important as it affects the
flexibility and fluidity of cell membranes.

"A healthy and low amount of cholesterol keeps them flexible and fluid,
while a higher cholesterol level makes them stiff. When dysregulation of
cholesterol takes place in brain cells, it has been linked to diseases such
as Alzheimer's disease and dementia. In the cardiovascular system, it
could lead to heart attacks."

Dr. Naito added, "We are working hard to determine how the cholesterol
regulators we identified in this study affect human health. I hope our
future research findings will contribute to developing new therapeutic
approaches to tackle diseases that arise from cholesterol dysregulation."

The NTU team will be conducting further research to explore how to
adjust the activities of these proteins within damaged cells to help them
better regulate cholesterol, possibly leading to therapies that could one
day help with dementia and heart attacks.

  More information: Tomoki Naito et al, Regulation of cellular
cholesterol distribution via non-vesicular lipid transport at ER-Golgi
contact sites, Nature Communications (2023). DOI:
10.1038/s41467-023-41213-w
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