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Hepatitis B virus PreS1 facilitates hepatocellular carcinoma
development by promoting appearance and self-renewal of liver
cancer stem cells

Zhixin Liu a, Xuechen Dai a, Tianci Wang a, Chengcheng Zhang b, Wenjun Zhang b,
Wei Zhang a, Qi Zhang a, Kailang Wu a, Fang Liu a, ***, Yingle Liu a, **, Jianguo Wu a, *

a State Key Laboratory of Virology and College of Life Sciences, Wuhan University, Wuhan 430072, China
b Department of Pathogen Biology and Immunology, Guangdong Pharmaceutical University, Guangzhou 510006, China

a r t i c l e i n f o

Article history:
Received 31 August 2016
Received in revised form
9 March 2017
Accepted 13 April 2017

Keywords:
Cancer stem cells
Hepatitis B virus
Hepatocellular carcinoma
Stem cell markers
Stemness

a b s t r a c t

Hepatitis B virus (HBV) is a major etiologic agent of hepatocellular carcinoma (HCC). However, the
molecular mechanism by which HBV infection contributes to HCC development is not fully understood.
Here, we initially showed that HBV stimulates the production of cancer stem cells (CSCs)-related markers
(CD133, CD117 and CD90) and CSCs-related genes (Klf4, Sox2, Nanog, c-Myc and Oct4) and facilitates the
self-renewal of CSCs in human hepatoma cells. Cellular and clinical studies revealed that HBV facilitates
hepatoma cell growth and migration, enhances white blood cell (WBC) production in the sera of patients,
stimulates CD133 and CD117 expression in HCC tissues, and promotes the CSCs generation of human
hepatoma cells and clinical cancer tissues. Detailed studies revealed that PreS1 protein of HBV is required
for HBV-mediated CSCs generation. PreS1 activates CD133, CD117 and CD90 expression in normal he-
patocyte derived cell line (L02) and human hepatoma cell line (HepG2 and Huh-7); facilitates L02 cells
migration, growth and sphere formation; and finally enhances the abilities of L02 cells and HepG2 cells
to induce tumorigeneses in nude mice. Thus, PreS1 acts as a new oncoprotein to play a key role in the
appearance and self-renewal of CSCs during HCC development.

© 2017 Elsevier B.V. All rights reserved.

Introduction

Hepatocellular carcinoma (HCC) is one of the most common
causes of cancer death worldwide with rising incidence in the past

decades [1,2]. Hepatitis B virus (HBV) infection is a major risk factor
for the development of HCC, with an estimate of 53% cases
worldwide were related to HBV [3e5]. Studies showed that hepa-
titis B surface antigen (HBsAg)-positive patients have a 25e37
times increased risk of developing HCC compared to non-infected
people [6,7]. Many factors were proposed for HBV-mediated hep-
atocarcinogenesis, including the integration of viral DNA within
host genome in tumors and tumor-derived cell lines [8], persistent
inflammation [9,10], and chromosomal instability and insertional
mutagenesis caused by viral integration [11e17]. Expression of
certain viral proteins such as hepatitis B X (HBx) and HBsAg may
exert effects on cell cycle, cell growth and apoptosis by interfering
with cell signaling and gene transcription [18e20]. However, the
mechanism by which HBV mediates HCC development is still not
fully understood.

Cancer stem cells (CSCs) contribute to tumorigenesis, metas-
tasis, recurrence and chemoresistance. Microarray analyses of hu-
man HCC specimens, cancer cell lines and transgenic models
established the molecular similarities between CSCs and hepatic
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