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Advances in research on host factors interacting with HBV proteins

YAO Chen-guang, WEI Yan-hong, KOU Zheng, HU Kang-hong (Biomedical Center, Hubei Collabora-
tive Center for Industrial Fermentation, Hubei University of Technology, Wuhan 430068, China)

[Abstract] The hepatitis B virus (HBV) is the major cause of hepatitis, and HBV has a very short genome of about 3.
2 kb. Host factors are involved in the entire life cycle of the virus. Collaborative interactions include 1) chaperone-de-
pendent processing of envelope proteins, 2) transportation and dynamic modification of nucleocapsids, 3) reverse tran-
scription mediated by chaperones, 4) maturation and secretion of virions facilitated by the cellular multivesicular body

(MVB) pathway, and 5) the regulatory mechanism of HBx, This review describes the latest advances in research explai-

ning how the aforementioned host factors are involved in HBV replication.
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Fig.1 HBYV surface proteins
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REMTEE -5, BXERZEARE, ccc-DNA JB 5L AE B bl
HRB R Z WA B .

UEHBVEASBEETFHHEAEAE S ZRIER,
EH MM E T AN B NS, RS RE
AMT.BEEZMAER ABLTFSE5NRERIBRE . BHR
Z G YR R B AR .

[5%3ik]

[1] Beck]J, Nassal M. Hepatitis B virus replication[J]. World J Gas-
troenterol, 2007, 13(1). 48—64.

[2] Siegler VD, Bruss V. Role of transmembrane domains of hepatitis
B virus small surface proteins in subviral-particle biogenesis [J]. J
Virol, 2013, 87(3): 1491—6.

[8] Lazar C, Macovei A, Petrescu S, et al. Activation of ERAD
pathway by human hepatitis B virus modulates viral and subviral
particle production [J]. PLoS One, 2012, 7(3): e34169.

[4] Liu WW, Wang AZ, Xie FY, et al. Comparison between Elecsys
HBsAg II and Architect assays for quantification of serum hepati-
tis B surface antigen in Chinese patients with chronic hepatitis B
[J]. Clin Lab, 2015, 61(1—2); 141—7.

[5] Prange R. Host factors involved in hepatitis B virus maturation,
assembly, and egress [J]. Med Microbiol Immunol, 2012, 201
(4): 449—61.

[6] XuZ, Bruss V, Yen TS. Formation of intracellular particles by
hepatitis B virus large surface protein [J]. J Virol, 1997, 71(7):
5487 —94.

[7] Tian X, Zhao C, Zhu H, et al. Hepatitis B virus (HBV) surface
antigen interacts with and promotes cyclophilin a secretion: possi-
ble link to pathogenesis of HBV infection [J]. J Virol, 2010, 84
(7): 3373—433.

[8] LiJ, LiuY, Wang Z, et al. Subversion of cellular autophagy ma-
chinery by hepatitis B virus for viral envelopment [J]. J Virol,
2011, 85(13): 6319—33.

[9] Schmitt S, Glebe D, Tolle TK, et al. Structure of pre-S2 N- and
O-linked glycans in surface proteins from different genotypes of
hepatitis B virus [J]. J Gen Virol, 2004, 85(Pt 7): 2045—53.

[10] Werr M, Prange R. Role for calnexin and N-linked glycosylation
in the assembly and secretion of hepatitis B virus middle envelope
protein particles [J]. J Virol, 1998, 72(1): 778—82.

[11] Ostapchuk P, Hearing P, Ganem D. A dramatic shift in the
transmembrane topology of a viral envelope glycoprotein accompa-
nies hepatitis B viral morphogenesis [J]. EMBO J, 1994, 13(5):
1048—57.

[12] Lambert C, Mann S, Prange R. Assessment of determinants af-
fecting the dual topology of hepadnaviral large envelope proteins
[J]. J Gen Virol, 2004, 85(Pt 5); 1221—5.

[13] Lambert C, Prange R. Chaperone action in the posttranslational
topological reorientation of the hepatitis B virus large envelope
protein: Implications for translocational regulation [J]. Proc Natl
Acad Sci USA, 2003, 100(9): 5199—5204.

[14] Wang YP, Liu F, He HW, et al. Heat stress cognate 70 host
protein as a potential drug target against drug resistance in hepati-
tis B virus [J]. Antimicrob Agents Chemother, 2010, 54(5):
2070—17.

[15] Stahl M, Retzlaff M, Nassal M, et al. Chaperone activation of
the hepadnaviral reverse transcriptase for template RNA binding
is established by the Hsp70 and stimulated by the Hsp90 system
[J]. Nucleic Acids Res, 2007, 35(18): 6124—36.

[16] LiD, Wang XZ, DingJ, et al. NACA as a potential cellular tar-
get of hepatitis B virus preSl protein [J]. Dig Dis Sci, 2005, 50
(6): 1156—60.

[17] Rospert S, Dubaquie Y, Gautschi M. Nascent-polypeptide-asso-
ciated complex [J]. Cell Mol Life Sci, 2002, 59(10); 1632—39.

[18] Hartmann-Stuhler C, Prange R. Hepatitis B virus large enve-
lope protein interacts with gammaZ2-adaptin, a clathrin adaptor-re-
lated protein [J]. J Virol, 2001, 75(11); 5343—51.

[19] Yan H, Zhong GC, Li WH. Sodium taurocholate cotransporting
polypeptide is a functional receptor for human hepatitis B and D
virus [J]. ELife, 2012(1): €00049.

[20] Watashi K1, Sluder A, Daito T, et al. Cyclosporin A and its an-
alogs inhibit hepatitis B virus entry into cultured hepatocytes
through targeting a membrane transporter, sodium taurocholate
cotransporting polypeptide (NTCP) [J]. Hepatology, 2014, 59
(5): 1726—37.

[21] Liu H, XuJ, Zhou L,et al. Hepatitis B virus large surface anti-
gen promotes liver carcinogenesis by activating the Src/PISK/Akt
pathway [J]. Cancer Res, 2011, 71(24): 7547—57.

[22] Le Seyec]J, Chouteau P, Cannie I, et al. Infection process of the
hepatitis B virus depends on the presence of a defined sequence in
the pre-S1 domain [J]. J Virol, 1999, 73(3): 2052—7.

[23] Bremer CM, Sominskaya I, Skrastina D, et al. N-terminal myri-
stoylation-dependent masking of neutralizing epitopes in the preS1
attachment site of hepatitis B virus [J]. J Hepatol, 2011, 55(1):
29—37.

[24] Julithe R1, AbouJaoudé G1, Sureau C. Modification of the
hepatitis B virus envelope protein glycosylation pattern interferes
with secretion of viral particles, infectivity, and susceptibility to
neutralizing antibodies [J]. J Virol, 2014, 88(16): 9049—59.

[25] Nassal M. The arginine-rich domain of the hepatitis B virus core
protein is required for pregenome encapsidation and productive vi-
ral positive-strand DNA synthesis but not for virus assembly [J].
J Virol, 1992, 66(7): 4107—18.

[26] Melegari M, Wolf SK, Schneider R]J. Hepatitis B virus DNA
replication is coordinated by core protein serine hosphorylation
and HBx expression [J]. J Virol, 2005, 79(15): 9810—20.

[27] Rost M, Mann S, Lambert C, et al. Gamma-adaptin, a novel
ubiquitin-interacting adaptor, and Nedd4 ubiquitin ligase control

hepatitis B virus maturation [J]. J Biol Chem, 2006, 281(39):



T E R R EDF R E
Journal of Pathogen Biology

2015410 H #1oEE 1o
October 2015, Vol. 10, No. 10

* 953 -

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[38]

[37]

[38]

[39]

[40]

[41]

29297—308.

Garcia ML, Reynolds TD, Mothes W, et al. Functional charac-
terization of the putative hepatitis B virus core protein late domain
using retrovirus chimeras [J]. PLoS One, 2013, 8(8) : e72845.

Shim HY, Quan X, Yi YS, et al. Heat shock protein 90 facili-
tates formation of the HBV capsid via interacting with the HBV
core protein dimmers [J]. Virology, 2011, 410(1): 161—09.

Barrasa MI, Guo JT, Saputelli J, at al. Does a cdc2 kinase-like
recognition motif on the core protein of hepadnaviruses regulate
assembly and disintegration of capsids? [J]. J Virol, 2001, 75
(4): 2024—38.

Guo Y, Kang W, Lei X, et al. Hepatitis B viral core protein dis-
rupts human host gene expression by binding to promoter regions
[J]. BMC Genomics, 2012(13); 563.

Watanabe T, Sorensen EM, Naito A, Schott M. Involvement of
host cellular multivesicular body functions in hepatitis B virus
budding [J]. Proc Natl Acad Sci USA, 2007, 104(24): 10205—
10.

Feng H, Chen P, Hu K, et al. Evidence for multiple distinct in-
teractions between hepatitis B virus P protein and its cognate
RNA encapsidationsignal during initiation of reverse transcription
[J]. PLos One, 2013, 8(8):e72798.

Feng H, Nassal M, Hu KH, et al. A SELEX-screened aptamer
of human hepatitis B virus RNA encapsidation signal suppresses
viral replication[J]. PLos One, 2011, 6(11):e27862.

Beck J, Nassal M. Efficient Hsp90-independent in vitro activa-
tion by Hsc70 and Hsp40 of duck hepatitis B virus reverse tran-
scriptase, an assumed Hsp90 client protein [J]. J Biol Chem,
2003, 27(38); 36128—38.

Hu J, Seeger C. Hsp90 is required for the activity of a hepatitis
B virus reverse transcriptase [J]. Proc Natl Acad Sci USA, 1996
(93): 1060—4.

Stahl M, Retzlaff M, Nassal M, et al. Chaperone activation of
the hepadnaviral reverse transcriptase for template RNA binding
is established by the Hsp70 and stimulated by the Hsp90 system
[J]. Nuc Acids Res, 2007, 35(18); 6124—36.

Christian K, Ida W, Nassal, M, et al. Involvement of the host
DNA-repair enzyme TDP2 information of the covalently closed
circular DNA persistence reservoir of hepatitis B viruses [J]. Proc
Natl Acad Sci USA, 2014, 111(40): E4244—53.

Xie N, Huang K, Zhang T, et al. Comprehensive proteomic a-
nalysis of host cell lipid rafts modified by HBV infection [J]. J
Proteomics, 2011, 75(3):725—39.

Lambert C, Doring T, Prange R. Hepatitis B virus maturation
is sensitive to functional inhibition of ESCRT-III, Vps4, and gam-
ma 2-adaptin [J]. J Virol, 2007, 81(17): 9050—60.

Lentz TB, Loeb DD. Roles of the envelope proteins in the am-

[42]

[43]

[44]

[45]

[48]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

plification of covalently closed circular DNA and completion of
synthesis of the plus-strand DNA in hepatitis B virus [J]. J Vir-
ol, 2011, 85(22); 11916—27.

Huovila AP, Eder AM, Fuller SD. Hepatitis B surface antigen
assembles in a post-ER, pre-Golgi compartment [J]. J Cell Bio,
1992, 118(6): 1305—20.

Abdulkarim AS, Cao H, Huang B, et al. The large GTPase dy-
namin is required for hepatitis B virus protein secretion from hep-
atocytes [J]. J Hepatol, 2003, 38(1): 76—83.

Bardens A, Doring T, Stieler J, et al. Alix regulates egress of
hepatitis B virus naked capsid particles in an ESCRT-independent
manner [J]. Cell Microbiol, 2011, 13(4): 602—19.

S, RE%E, Xe&R, & HBVEARE PRARERSZ
RIFFR ALK R BRI R AR RERRLT]. FERREY
22k, 2013, 8(6): 559.

Li W, Miao X, Qi Z, et al. Hepatitis B virus X protein upregu-
lates HSP90alpha expression via activation of ¢-Myc in human
hepatocarcinoma cell line, HepG2 [J]. J Virol, 2010(7); 45.

Ma NF, Lau SH, Hu L, et al. COOH-terminal truncated HBV
X protein plays key role in hepatocarcinogenesis [J]. Clin Cancer
Res, 2008, (14).: 5061—8.

Yeh CT. Hepatitis B virus X protein: searching for a role in
hepatocarcinogenesis [J]. J Gastroenterol Hepatol, 2000, 15(4) :
339—41.

Lupberger J, Hildt E. Hepatitis B virus-induced oncogenesis
[J]. World J Gastroenterol, 2007, 13(1); 74—81.

Zhang X, Zhang H, Ye L. Effects of hepatitis B virus X protein
on the development of liver cancer [J]. J Lab Clin Med, 2006,
147(2) ; 58—66.

Zhang F, Wang Q, Ye L, et al. Hepatitis B virus X protein up-
regulates expression of calpain small subunit 1 via nuclear factor-
kappaB/p65 in hepatoma cells [J]. J Med Virol, 2010, 82(6):
920—28.

Zhou Y, Wang S, Ma JW, et al. Hepatitis B virus protein X-in-
duced expression of the CXC chemokine IP-10 is mediated through
activation of NF-kappaB and increases migration of leukocytes
[J]. ] Biol Chem, 2010, 285(16): 12159—68.

Martin-Lluesma S, Schaeffer C, Robert EI, et al. Hepatitis B
virus X protein affects S phase progression leading to chromosome
segregation defects by binding to damaged DNA binding proteinl
[J]. Hepatology, 2008, 48(5); 1467—76.

Lupberger J, Hildt E. Hepatitis B virus-induced oncogenesis
[J]. World J Gastroenterol, 2007, 13(1); 74—81.

Ringelhan M, Heikenwalder M, Protzer U. Direct effects of
hepatitis B virus-encoded proteins and chronic infection inliver
cancer development [J]. Dig Dis, 2013, 31(1): 138—51.

[AEHY 2015-06-25 [f&MEEHEY 2015-09-21



