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Acute hepatitis B virus (HBV) infection can progress to chro-
nicity and development of cirrhosis and hepatocellular carci-
noma (HCC). Current antiviral drugs offer long-term virolog-
ical and biochemical response in patients with chronic HBV 
infection but they are unable to cure HBV.1,2 Many viruses, 
including HBV, exploit the host microenvironment for their 
efficient replication and persistence. Although the dynamic 
interactions between viruses and host cytoskeletal proteins 
vary, the microtubular network always provides a mode 
of directed transport for the invading pathogens. Follow-
ing viral entry, the microtubular network undergoes struc-
tural reorganization, indicating that invading pathogens not 
only utilize, but also alter the host cell cytoskeleton during 
replication and egress. The network is regulated by several 
post-translational modifications of tubulin along with micro-
tubule (MT)-associated proteins (MAPs).3 It is well known 
that MAP1S links autophagic cytoplasmic components to 
MTs and mitochondria, affecting autophagosome biogenesis 
and degradation. Moreover, depletion of the MAP1S gene 
in mice causes deficiencies of both basal autophagy for 
subsequent clearance of abnormal mitochondria and nutri-
tional stress-induced autophagy for cell longevity and nutri-
ent recycling. Autophagic defects that result from oxidative 
stress can subsequently either suppress tumorigenesis by 
triggering cell death or, support tumorigenesis if the cells 
survive the effects of oxidative stress. Xie et al.,4 previously 
suggested that the high incidence of liver tumor foci and 
primary malignancies in MAP1S-depleted mice clearly show 
that MAP1S suppressed hepatocarcinogenesis by regulat-
ing autophagy.4 Various studies have indicated that ablation 
of MAP1S leads to increased accumulation of lipid droplets 
that trigger secretion of inflammatory mediators and reac-
tive oxygen species and cause multiple profibrotic reac-
tions. Cycles of cell division associated with tissue repair of 
the fibrotic liver facilitate the increase of genome instabil-
ity and can ultimately lead to tumorigenesis. Inflammatory 

responses triggered by autophagic deficiencies cause the 
loss of immune cells through the mechanism of pyroptosis 
and eventually lead to the failure of host immune response 
system and additionally in subsequent metastasis of cancer 
cells. Therefore, MAP1S enhances autophagic flux to sup-
press tumorigenesis and metastasis and prolong survival 
of patients probably by suppression of lytic programmed 
cell death because of inflammation.4 Regarding HBV infec-
tion, it is well established that the HBx protein facilitates au-
tophagy by different mechanisms.5,6 Moreover, in a recent 
study, Wang et al.7 reported that HBV infection induced en-
doplasmic reticulum stress and early stages of autophagy, 
facilitating HBV replication and secretion, but at the same 
time inhibition of autophagic degradation was observed in 
liver tissues of chronic HBV infected patients and in in vitro 
experiments.7

In a recent study in the Journal of Clinical and Translational 
Hepatology, Guan et al.,8 describe a hypothesis that offers a 
novel insight on the interplay between HBV and MTs). Their 
primary findings are focused on the unique mechanism by 
which HBV promoted the formation of stable MTs resulting 
in enhancement of productive infection through upregula-
tion of MAP1S. The study investigating the expression of 
MAP1S in both HBV stable-expressing HepG2215 cells and 
HBV-negative HepG2 cells and during natural infection. In 
HepG2215 cells, MAP1S expression was significantly up-
regulated compared with HepG2 control cells. To determine 
whether MAP1S participated in the process of HBV egress, 
the authors silenced or overexpressed MAP1S in HepG2215 
cells and measured HBV DNA copies inside and outside the 
cells by real-time PCR. MAP1S silencing was accompanied 
by decreased acetylated MTs and an increase of the ratio 
of intracellular to extracellular HBV DNA, which suggested 
that absence of MAP1S reduced and affected the stability of 
MTs, impaired the cytoplasmic transport channel driven by 
kinesins, and led to a reduction in the release of HBV viral 
particles. Additional support of the role of MAP1S in the sta-
bilization of MTs, was provided by an increase of acetylated 
MTs that accompanied overexpression of MAP1S, followed 
by a decrease of intracellular HBV accumulation, leading to 
a reduced ratio of intracellular to extracellular HBV DNA. 
The findings indicate that MAP1S was required for multiple 
functions including MT acetylation, HBV intracellular trans-
port, and egress. In addition, confocal microscopy showed 
that HBV surface protein (HBs) in suppressed MAP1S cells 
was localized in the perinuclear region compared with con-
trols, where the signal was more diffused. The results led 
the authors to conclude that MAP1S had a positive role in 
HBV transport. They also suggested that HBx was the key 
viral protein that significantly upregulated the expression 
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of MAP1S protein as after transient transfection of HepG2 
cell with HBx-expressing plasmids. On the basis of the re-
sults, they also performed immunohistochemical staining of 
liver samples from patients with chronic hepatitis B (CHB), 
and they observed that MAP1S expression in HBV-positive 
hepatocytes was much stronger than that detected in HBV-
negative cells, confirming that HBV induced the upregula-
tion of MAP1S during natural infection. Moreover, MAP1S 
expression observed in the same sample of liver tissue de-
rived from patients with CHB was much stronger in HBs-
positive cells than in HBs-negative cells and additionally an 
extensive co-localization of HBs and MAP1S was detected in 
the hepatocytes of the same patients. However, the mecha-
nism by which HBx upregulated MAP1S to stabilize MTs to 
favor HBV intracellular transport was not clearly defined by 
the authors. Many viruses are able to directly interact with 
kinesins and dyneins, which are the essential microtubular 
motor proteins for transport.9–12 For example, HCV uses the 
MAPs, septin 9 and PtdIns5P to support the formation of 
lipid droplets to enhance the assembly of HCV particles.13 
Moreover, the HCV nucleocapsid exploits the MTs lattice at 
late steps of the virus life cycle to facilitate virus transport 
and assembly and establish efficient infection.14

With regard to drug intervention in virus-host MT inter-
play, Iwamoto M. et al.15 reported that HBV permissiveness 
was abrogated when treated with the MT inhibitor nocoda-
zole, suggesting that HBV core impairment upon interaction 
with tubulin and co-localization with MT-like fibriforms dis-
turbs capsid formation.

The above results combined with those of Guan et al.8 
could pave the way for the mechanism by which HBV in-
duces MAP1S upregulation, not only to stabilize MTs and 
to promote HBV transport, but also to promote persistent 
infection, alter the host immune response, and affect HCC 

progression (Fig. 1). Ultimately, the development of novel 
drugs targeting the MTs network and MAP1S would further 
enrich our treatment strategies for curing chronic HBV in-
fection.
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