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REVIEW
 CURRENTOPINION LDL–cholesterol transport to the endoplasmic
reticulum: current concepts
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Purpose of review
In this article, we summarize the present information related to the export of LDL-derived cholesterol from
late endosomes, with a focus on Nieman-Pick disease, type C1 (NPC1) cholesterol delivery toward the
endoplasmic reticulum (ER). We review data suggesting that several pathways may operate in parallel,
including membrane transport routes and membrane contact sites (MCSs).

Recent findings
There is increasing appreciation that MCSs provide an important mechanism for intermembrane lipid
transfer. In late endosome–ER contacts, three protein bridges involving oxysterol binding protein related
protein (ORP)1L-vesicle associated membrane protein-associated protein (VAP), steroidogenic acute
regulatory protein (StAR)D3-VAP and ORP5-NPC1 proteins have been reported. How much they contribute
to the flux of LDL–cholesterol to the ER is currently open. Studies for lipid transfer via MCSs have been most
advanced in Saccharomyces cerevisiae. Recently, a new sterol-binding protein family conserved between
yeast and man was identified. Its members localize at MCSs and were named lipid transfer protein
anchored at membrane contact sites (Lam) proteins. In yeast, sterol transfer between the ER and the yeast
lysosome may be facilitated by a Lam protein.

Summary
Increasing insights into the role of MCSs in directional sterol delivery between membranes propose that
they might provide routes for LDL–cholesterol transfer to the ER. Future work should reveal which specific
contacts may operate for this, and how they are controlled by cholesterol homeostatic machineries.

Keywords
lipid transfer, membrane contact site, membrane transport, sterol-binding protein
Department of Anatomy and Research Programs Unit, Faculty of
Medicine, University of Helsinki, Finland and Minerva Foundation Institute
for Medical Research, Helsinki, Finland

Correspondence to Professor Elina Ikonen, Department of Anatomy and
Research Programs Unit, Faculty of Medicine, University of Helsinki,
Haartmaninkatu 8, 00290 Helsinki, Finland. Tel: +358 0 2941 25277;
fax: +358 0 2941 25261; e-mail: Elina.ikonen@helsinki.fi

Curr Opin Lipidol 2016, 27:282–287

DOI:10.1097/MOL.0000000000000292

This is an open-access article distributed under the terms of the Creative
Commons Attribution-NonCommercial-NoDerivatives 4.0 License, where
it is permissible to download and share the work provided it is properly
cited. The work cannot be changed in any way or used commercially.
INTRODUCTION
Cholesterol is a vital constituent of mammalian cell
membranes, wherein it regulates membrane bio-
physical properties and functions of membrane-
associated proteins. Cholesterol is heterogeneously
distributed between membranes, being enriched
in the plasma membrane. In addition, cholesterol
is abundant in the endocytic recycling endosomes
and in the trans-Golgi-network (TGN) [1]. Instead,
the cholesterol content of the ER is low, and it is here
that the key regulatory machinery for sensing
and adjusting cellular cholesterol levels, the sterol
regulatory element-binding protein-SREBP cleav-
age-activating protein system, is localized [2].
The low ER cholesterol content is achieved by rapid
exchange to more cholesterol-rich membranes and
by esterification to a fatty acid by acyl-CoA choles-
terol acyl transferase, a.k.a. sterol O-acyl transferase,
followed by deposition of the produced cholesteryl
esters in lipid droplets [3].
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Apart from hepatic and central nervous system
cells (that are efficient in synthesizing cholesterol
de novo), cells acquire cholesterol mainly via recep-
tor-mediated uptake of LDL particles. LDL binds to
its receptor at the plasma membrane and is taken
up by clathrin-mediated endocytosis. In the acidic
pH of endosomes, LDL dissociates from its receptor
Health, Inc. All rights reserved.
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KEY POINTS

� LDL-derived late endosomal cholesterol may reach the
ER via several routes and membrane compartments,
including the plasma membrane.

� The late endosomal compartments receiving LDL–
cholesterol form numerous contacts with the ER.

� Several cholesterol-binding proteins localize to late
endosome–ER contact sites, but their mode of action is
still uncertain.

� A new evolutionarily conserved protein family, Lam
proteins, implicated in sterol transfer between ER and
late endosomal compartments in yeast, has recently
been identified.

LDL-cholesterol transport to the ERPfisterer et al.
that is recycled to the plasma membrane. LDL in
turn is delivered to late endosomal compartments
(here referred to as late endosomes) where esterified
cholesterol is hydrolyzed by lysosomal acid lipase.
The free cholesterol generated is thought to be
transferred by the soluble NPC2 protein in the late
endosome lumen to the membrane bound NPC1
 Copyright © 2016 Wolters Kluwe

Lipoprotein uptake

Cholesterol equili brati

Rab8a/Myo5b/ac

FIGURE 1. Delivery of LDL-cholesterol to the plasma membrane a
protrusion showing the positioning of marker proteins Cherry-CD6
(PM)] and BFP-KDEL [highlighting endoplasmic reticulum (ER)]. Rig
routes. Upon LDL endocytosis, LDL-cholesterol reaches multivesicul
via a Rab8a/Myo5b/actin-dependent vesicular trafficking pathwa
organelles, such as peroxisomes (P). PM cholesterol can be transp
cholesterol can also reach the ER via vesicular trafficking, involvin
transport between LE and ER at MCSs. These MCSs remain to be
proteins (see Table 1). BFP-KDEL was a gift from Gia Voeltz [44].
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that inserts it into the late endosomal membrane
for export [4–6]. What precisely happens after NPC1
has captured cholesterol and how the export of
LDL-cholesterol from late endosomes is achieved,
is less clear. For instance, the late endosomal
membrane protein, LAMP-2, is required for efficient
late endosome cholesterol export [7,8], but what its
specific role is, remains open.

Biochemical data indicate that two key desti-
nations for the LDL-derived cholesterol are the
plasma membrane and the ER. Cholesterol transport
to the plasma membrane maintains plasma mem-
brane integrity and functions, whereas transport to
the ER is important for ER cholesterol sensing and
for providing a backup mechanism of cholesterol
storage. With this in mind, several transport routes
for LDL–cholesterol from late endosomes to the ER
have been proposed: transport first to the plasma
membrane and from there to the ER, trafficking
from late endosomes to sterol-enriched endomem-
branes, such as the Golgi, and from there via retro-
grade transport to the ER and transfer of cholesterol
from late endosomes directly to the ER (Fig. 1). The
first scenario might help to ensure sufficient choles-
terol supply to the plasma membrane prior to
r Health, Inc. All rights reserved.
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