
EDITORIAL
Reverse Cholesterol Transport of Macrophages Repurposed for
Hepatitis B Virus Entry
hereas hepatitis B virus (HBV) is known to infect
Whepatocytes in vivo with exceptionally high effi-
ciency,1 it remains to be understood why HBV infection of
cultured hepatocytes expressing its cellular receptor taur-
ocholate cotransporting polypeptide (NTCP) is much less
efficient and takes a longer time.2 It is thought that the
histologic structure and the other types of cells in the he-
patic microenvironment may also facilitate HBV entry into
hepatocytes. Indeed, NTCP is a protein in the sinusoidal-
basolateral membrane of hepatocytes. After reaching he-
patic sinusoidal capillary, HBV needs to cross a protective
barrier formed by liver sinusoidal endothelial cells (LSECs)
to enter the space of Disse, where HBV accesses the
sinusoidal–basolateral membrane of the hepatocytes to
infect them through NTCP.3 In another perspective, LSECs
are liver-resident antigen-presenting cells that can uptake
HBV and then release it to infect adjacent hepatocytes as
proposed in the model of duck HBV.4

Lipoproteins are protein-lipid complexes transporting
insoluble lipids around the body. Based on size and
composition, lipoproteins can be classified into 6 classes:
chylomicrons (CMs), CM remnants, very-low-density lipo-
proteins (VLDLs), intermediate-density lipoproteins (IDLs;
also known as VLDL remnants), low-density lipoproteins
(LDLs), and high-density lipoproteins (HDLs). The removal
of triglycerides from CMs and VLDLs by lipoprotein lipase
results in the formation of CM remnants and VLDL rem-
nants, respectively. The further removal of triglycerides
from VLDL remnants results in the formation of LDLs.5 The
liver is the most crucial organ for lipoprotein clearance. The
liver clears CM remnants, VLDL remnants, and most LDLs
(approximately 70%) through receptor-mediated endocy-
tosis. For HDL catabolism, the liver not only receives almost
all HDL-carried cholesterols, which are reversely trans-
ported from peripheral tissues, but also degrades a part of
HDL particles.6 Fat-laden macrophages, such as hepatic
Kupffer cells, also efflux cholesterol to hepatocytes through
reverse lipid transport. Apolipoprotein E (Apo-E) is a key
apolipoprotein present in CM remnants, VLDL remnants,
and a subgroup of HDLs. Apo-E mediates hepatic uptake of
these lipoproteins by binding to LDL receptor and related
receptors on hepatocytes.7

In this issue of Cellular and Molecular Gastroenterology
and Hepatology, Esser et al8 developed an ex vivo liver
perfusion and infection model. Using this model, they
characterized early steps of HBV uptake into the liver under
physiological conditions. HBV appeared in liver macro-
phages at 1 hour postinfection but was detected in hepa-
tocytes only at 16 hours postinfection. HBV bound to Apo-E-
rich lipoproteins in human serum and entered liver
Cellula
macrophages through receptor-mediated lipoprotein endo-
cytic pathway. Within liver macrophages, HBV was found to
move to recycling endosomes by hijacking the recycling
transport of cholesterol or lipoproteins, and to accumulate
there. Sorting to recycling endosomes avoided HBV traf-
ficking to lysosomes for degradation. HBV usurped the
reverse cholesterol transport pathway to return to the cell
surface of macrophages, where its transmission to hepato-
cytes occurred through intracellular membrane bridges.8

An interesting framework for how HBV establishes early
infection in the liver has been put forward in this study.
First, hepatocytes are transinfected by HBV via liver mac-
rophages. This route might be important and could at least
partially explain the efficiency difference between in vivo
and in vitro infection. Transcytosis of liver macrophages
could help HBV to bypass the LSEC barrier to infect hepa-
tocytes.1,8 Second, the study also unveils the role of reverse
cholesterol transport pathway of hepatic macrophages in
HBV infection. Usurpation of a liver-specific mechanism for
lipoprotein clearance could be another reason for HBV
hepatotropism besides NTCP. Third, the report reveals a
new facet of the interplay among HBV, lipids, and lipopro-
teins in the context of viral entry. Lipids including choles-
terol are important to viral life cycle. Viruses are known to
target lipid signaling, transport, and metabolism to favor
their own replication.9 It will be of interest to see whether
other hepatotropic viruses, such as hepatitis C virus, might
also repurpose macrophage reverse cholesterol transport
for viral entry. Finally, an ex vivo HBV infection model has
been established. The direct use of human tissues in this
model ensures the investigation of HBV infection under
physiologically relevant condition.8 This is a valuable addi-
tion to the tool box for analysis of HBV infection.10

Going forward, 4 additional areas of research are worthy
of further exploration. First, it is still not clear how HBV
associates with the Apo-E-rich lipoprotein. Is HBV physically
interacting with Apo-E? If not, which HBV components and
lipoprotein components mediate such association? Second,
hepatocytes are the major cells clearing lipoproteins. It is
interesting to explore whether HBV can infect hepatocytes
through the lipoprotein endocytic pathway directly without
the help of NTCP. Third, HBV seems to use multiple lipid
transport pathways to transcytose across macrophages,
including receptor-mediated lipoprotein endocytosis, selec-
tive sorting into recycling endosomes, and cholesterol efflux.
The mechanism by which HBV hijacks these pathways
should be further explored. Finally, important questions
concerning the interplay between HBV and LSECs should be
addressed. Can LSECs also uptake HBV and pass on to he-
patocytes as in the duck model?4 If yes, can it also be
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mediated through reverse cholesterol transport? If no, to
what extent can transcytosis of HBV from liver macrophages
help to bypass the LSEC barrier? Addressing these questions
might lead to another breakthrough in the field.
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