Journal of Clinical and Translational Hepatology 2022 vol. 10(3) | 383-385

DOI: 10.14218/JCTH.2022.00135

Editorial

Unraveling the Dynamic Role of Microtubules in the HBV

Life Cycle

Urania Georgopoulou! and John Koskinas?”

St

Check for
updates

2

1Molecular Virology Laboratory, Hellenic Pasteur Institute, Athens, Greece; 2Department of Internal Medicine, Medical
School, National and Kapodistrian University of Athens, Hippokration Hospital, Athens, Greece

Received: 21 March 2022 | Revised: 24 April 2022 | Accepted: 26 April 2022 | Published: 12 May 2022

Citation of this article: Georgopoulou U, Koskinas J.
Unraveling the Dynamic Role of Microtubules in the HBV
Life Cycle. J Clin Transl Hepatol 2022;10(3):383-385. doi:
10.14218/JCTH.2022.00135.

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.,* 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
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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.* Regarding HBV infec-
tion, it is well established that the HBx protein facilitates au-
tophagy by different mechanisms.5.¢ Moreover, in a recent
study, Wang et al.” 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.”’

In arecent study in the Journal of Clinical and Translational
Hepatology, Guan et al.,® 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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Diagram of novel MT targeted therapeutics in HBV infection. Numbers indicated putative drug targets. (1) MAP1S inhibition/silencing, (2) MAP1S-

dependent acetylation of MTs, and (3) MAP1S dependent autophagy. Blue lines indicate induction. Red lines indicate uppression. A red X indicates inhibition or silencing
of MAP1S. Orange/yellow stars represent acetylation of MTs. HBV complete virion is shown by hexagonal capsid with green HBsAg and HBV naked capsid is shown by
a brown hexagon. HBV, Hepatitis B virus; MAPs, microtubule associated proteins; MTs, microtubules; HCC, hepatocellular carcinoma.

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.®-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.!3
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.1> 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
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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.

Funding

None to declare.

Conflict of interest

JK has been an editorial board member of Journal of Clinical
and Translational Hepatology since 2018. UG has no conflict
of interests related to this publication.

Author contributions

Study concept, drafting and critical revision of the manu-
script (JK, UG). All authors have made a significant contri-
bution to this study and have approved the final manuscript.

References

[1] Chuang YC, Tsai KN, Ou JJ. Pathogenicity and virulence of Hepatitis B vi-
rus. Virulence 2022;13(1):258-296. doi:10.1080/21505594.2022.2028483
, PMID:35100095.

[2] Yardeni D, Ghany MG. Review article: hepatitis B-current and emerging
therapies. Aliment Pharmacol Ther 2022;55(7):805-819. doi:10.1111/apt.
16828, PMID:35224760.

[3] Akhmanova A, Steinmetz MO. Control of microtubule organization and dy-

| 383-385


https://doi.org/10.1080/21505594.2022.2028483
http://www.ncbi.nlm.nih.gov/pubmed/35100095
https://doi.org/10.1111/apt.16828
https://doi.org/10.1111/apt.16828
http://www.ncbi.nlm.nih.gov/pubmed/35224760

Georgopoulou U. et al: HBV and microtubule interaction

namics: two ends in the limelight. Nat Rev Mol Cell Biol 2015;16(12):711-
726. doi:10.1038/nrm4084, PMID:26562752.

[4] Xie R, Wang F, McKeehan WL, Liu L. Autophagy enhanced by microtubule-
and mitochondrion-associated MAP1S suppresses genome instability and
hepatocarcinogenesis. Cancer Res 2011;71(24):7537-7546. doi:10.1158/
0008-5472.can-11-2170, PMID:22037873.

[5] LeiY, Xu X, Liu H, Chen L, Zhou H, Jiang J, et al. HBx induces hepatocellular
carcinogenesis through ARRB1-mediated autophagy to drive the G1/S cycle.
Autophagy 2021;17(12):4423-4441. doi:10.1080/15548627.2021.191794
8, PMID:33866937.

[6] Sivasudhan E, Blake N, Lu Z, Meng ], Rong R. Hepatitis B Viral Protein HBx
and the Molecular Mechanisms Modulating the Hallmarks of Hepatocellular
Carcinoma: A Comprehensive Review. Cells 2022;11(4):741. doi:10.3390/
cells11040741, PMID:35203390.

[7] Wang X, Wei Z, Cheng B, Li J, He Y, Lan T, et al. Endoplasmic reticulum
stress promotes HBV production by enhancing use of the autophagosome/
multivesicular body axis. Hepatology 2022;75(2):438-454. doi:10.1002/
hep.32178, PMID:34580902.

[8] Guan, Sun B, Zhang S, Zhuang Y, Huang Y, Lin M, et al. Hepatitis B Virus
Induces Microtubule Stabilization to Promote Productive Infection through
Upregulating Microtubule-associated Protein 1S. J Clin Transl Hepatol 2022;
10(3):467-473. doi:10.14218/IJCTH.2021.00090.

[9] Sodeik B, Ebersold MW, Helenius A. Microtubule-mediated transport of in-
coming herpes simplex virus 1 capsids to the nucleus. J Cell Biol 1997;

136(5):1007-1021. doi:10.1083/jcb.136.5.1007, PMID:9060466.

[10] Fernandez J, Portilho DM, Danckaert A, Munier S, Becker A, Roux P, et al.
Microtubule-associated proteins 1 (MAP1) promote human immunodeficien-
cy virus type I (HIV-1) intracytoplasmic routing to the nucleus. J Biol Chem
2015;290(8):4631-4646. doi:10.1074/jbc.M114.613133, PMID:25505242.

[11] Naghavi MH, Walsh D. Microtubule Regulation and Function during Virus In-
fection. J Virol 2017;91(16):e00538-17. doi:10.1128/jvi.00538-17, PMID:
28615197.

[12] Chee HY, AbuBakar S. Identification of a 48kDa tubulin or tubulin-like C6/36
mosquito cells protein that binds dengue virus 2 using mass spectrom-
etry. Biochem Biophys Res Commun 2004;320(1):11-17. doi:10.1016/j.
bbrc.2004.05.124, PMID:15207695.

[13] Akil A, Peng ], Omrane M, Gondeau C, Desterke C, Marin M, et al. Sep-
tin 9 induces lipid droplets growth by a phosphatidylinositol-5-phosphate
and microtubule-dependent mechanism hijacked by HCV. Nat Commun
2016;7:12203. doi:10.1038/ncomms12203, PMID:27417143.

[14] Roohvand F, Maillard P, Lavergne JP, Boulant S, Walic M, Andréo U, et al. Initia-
tion of hepatitis C virus infection requires the dynamic microtubule network:
role of the viral nucleocapsid protein. J Biol Chem 2009;284(20):13778-
13791. doi:10.1074/jbc.M807873200, PMID:19269968.

[15] Iwamoto M, Cai D, Sugiyama M, Suzuki R, Aizaki H, Ryo A, et al. Functional
association of cellular microtubules with viral capsid assembly supports ef-
ficient hepatitis B virus replication. Sci Rep 2017;7(1):10620. doi:10.1038/
s41598-017-11015-4, PMID:28878350.

Journal of Clinical and Translational Hepatology 2022 vol. 10(3) | 383-385 385


https://doi.org/10.1038/nrm4084
http://www.ncbi.nlm.nih.gov/pubmed/26562752
https://doi.org/10.1158/0008-5472.can-11-2170
https://doi.org/10.1158/0008-5472.can-11-2170
http://www.ncbi.nlm.nih.gov/pubmed/22037873
https://doi.org/10.1080/15548627.2021.1917948
https://doi.org/10.1080/15548627.2021.1917948
http://www.ncbi.nlm.nih.gov/pubmed/33866937
https://doi.org/10.3390/cells11040741
https://doi.org/10.3390/cells11040741
http://www.ncbi.nlm.nih.gov/pubmed/35203390
https://doi.org/10.1002/hep.32178
https://doi.org/10.1002/hep.32178
http://www.ncbi.nlm.nih.gov/pubmed/34580902
https://doi.org/10.14218/JCTH.2021.00090
https://doi.org/10.1083/jcb.136.5.1007
http://www.ncbi.nlm.nih.gov/pubmed/9060466
https://doi.org/10.1074/jbc.M114.613133
http://www.ncbi.nlm.nih.gov/pubmed/25505242
https://doi.org/10.1128/jvi.00538-17
http://www.ncbi.nlm.nih.gov/pubmed/28615197
https://doi.org/10.1016/j.bbrc.2004.05.124
https://doi.org/10.1016/j.bbrc.2004.05.124
http://www.ncbi.nlm.nih.gov/pubmed/15207695
https://doi.org/10.1038/ncomms12203
http://www.ncbi.nlm.nih.gov/pubmed/27417143
https://doi.org/10.1074/jbc.M807873200
http://www.ncbi.nlm.nih.gov/pubmed/19269968
https://doi.org/10.1038/s41598-017-11015-4
https://doi.org/10.1038/s41598-017-11015-4
http://www.ncbi.nlm.nih.gov/pubmed/28878350

	﻿﻿﻿﻿﻿Funding﻿

	﻿﻿﻿Conflict of interest﻿

	﻿﻿﻿Author contributions﻿

	﻿﻿﻿References﻿


