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by hepatitis B virus (HBV) throughout the world". HBV

is the main cause of some liver illnesses, such as chronic

hepatitis, liver cirrhosis and hepatocellular carcinoma
Abstract (HCC)”. The Wotld Health Organization classifies HBV
in “group 17 as the consequential oncogenic factor af-
ter tobacco smoking. It has been estimated that due to
late diagnosis and limited treatment options, after lung
and stomach cancer, HCC is third prominent cause of
cancer related death and neatly 53% of HCC cases has
a connection with HBV. The incidence of HCC changes
according to geographical conditions. Chronic HBV in-
fection is the most important risk factor for HCC in the
wortld. Other risk factors such as chronic hepatitis C virus
(HCV), hepatitis D virus or human immunodeficiency
virus infection, aflotoxin B:1 exposure, metabolic factors
as obesity and diabetes and alcohol abuse increase the

The principal reason of chronic liver disease, cirrhosis
and hepatocellular carcinoma is chronic viral hepatitis
all over the world. Hepatitis B virus (HBV) has some
mutagenic effects on the host genome. HBV may be
exhibiting these mutagenic effects through integrat-
ing into the host genome, through its viral proteins or
through some epigenetic mechanisms related with HBV
proteins. This review aims to summarize the molecular
mechanisms used by HBV for effecting host genome
determined in the last decade. The focus will be on the
effects of integration, HBV proteins, especially HBV X
protein and epigenetic mechanisms on the host ge- ) )
nome. These interactions between HBV and the host ~ comparative endanger for tumor progression when coex-
genome also forms the underlying mechanisms of the ist with HBV infection. Moreover, demographic factors

evolution of hepatocellular carcinoma. such as Asian or African ancestry, male sex or advanced
age are the synergistic effects that have been reported to

© 2014 Baishideng Publishing Group Inc. All rights reserved. raise the possibility of HCC in chronic HBV-infected in-
dividuals"™ .

Key words: Hepatitis B virus; Host genome; Integra- Even though many pathways and factors contributing

tion; Hepatitis B virus proteins; Epigenetic to HCC development have been identified, many features

of hepatocellular carcinogenesis and direct role of viral
Core tip: Hepatitis B virus (HBV) has some mutagenic factors are difficult to define”. However, HBV infection

effects on the host genome. This review aims to sum- 1s the main risk factor for HCC development. Not only in
marize the molecular mechanisms used by HBV for ef- HCC, but also in chronic HBV patients and chronic HBV
fecting host genome determined in the last decade. carriers some mutagenic effects of HBV on somatic cells
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are detected. For example in our study, we proofed the
genotoxic effects of HBV on peripheral blood lympho-
cytes of chronic HBV patients and chronic HBV carri-
ers™. Ucur et a/” showed the increased sister chromatid
exchange frequency and low mitotoic index; Bolukbas ez
al"" and Grossi ez al'” demonstrated DNA damage using
the alkaline comet assay, in peripheral blood lymphocytes.
HBYV may harm to host DNA in many ways. But simply
it can be categorized in at least 3 different mechanisms:
First, the viral DNA integration in the host genome can
induce chromosome instability, although HBV usually
persists as an episome and the integrate genomes are
dead and can no longer drive HBV replication. Second,
insertional mutations of HBI  are known to activate
many genes and promote genetic alterations in the host
genome. The third mechanism is based on viral proteins
and gene products of sporadically truncated HBI” genes
from integrated HBV DNAPL While a variety of manu-
scripts have been published about these mechanisms
separately, here a short review describing effects of HBV
on host genome in the last decade is given. The focus of
this review will be on integration, proteins and epigenetic
mechanisms of HBV.

DIRECT EFFECTS OF INTEGRATION
ACTIVATED BY THE HBV DNA ON THE
HOST GENOME

Integration is not necessary for the viral replication but
it enables viral genomic persistence. Long term chronic
inflammation related to continuous cycles of cell death
and proliferation increases the amounts of DNA ends
in host genomic DNA, thus supporting the viral integra-
tion. Cellular topoisomerase I is a crucial factor in the
linearization and integration of viral replicative media-
tors™”. Several kinds of changes in the sequence of HBV
genome have been identified, but inverted duplications
and the deletions are the most common alterations' .
Disclosure to oxidative stress or mutagenic agents, loss
of DNA repair capacity, high hepatocyte turnover due
to inflammation and/or coinfection with other viruses
may be the reason of HBV DNA integrationp’ﬂ. In these
conditions the genome is more unstable and tend to the
devolopment of deletions, single- or double-stranded
breaks or rearrangements“zj. HBYV integration can induce
rearrangements and/or partial deletions at the integration
site of the host chromosome'. Integration happens by
chance in the contex of human genomes and may ocur
at the various places of different chromosomes'”. Trans-
locations, production of fusion transcripts, chromosomal
deletions and generalized genomic instability may be
caused by these integrations, and alterations probably
cause the choosing of hepatocyte clones that have a
growth proﬁtp’m. Liver carcinogenesis may occur as a tre-
sult of HBV integration that cause a significant increase
in an anti-apoptotic or oncogenic signal“zj. Using a poly-
merase chain reaction (PCR) based approach (.., inverse
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PCR, Alu PCR, restriction site PCR)“Z], it was confirmed
that insertion of HBV into cellular genome is an event
that happens during HBV infection even after acute self-
limiting hepatitis”. Tn 85%-90% of HBV-related HCC,
integrated viral DNA has been detected™”.

Most of the integration events reported occur near or
within common fragile sites (large genomic regions that
are liable to deletions, breaks, chromosomal rearrange-
ments and gene amplifications)'?, in genes managing
proliferation control, cellular signal transduction cas-
cades, cell viability” or Alu sequences and microsatellites
(other repetitive human genomic regions) that are liable
to instability in carcinogenesis development and growth.
Integrated viral DNA into coding regions or cellular
regulatory regions of the genome may alter gene expres-
sion (cis-activation) or change the structure and function
of the produced cellular proteins which possibly cause
malignant transformation™”. Insertion of viral DNA may
also cause hepatocellular malign transformation zia the
production of mutated viral proteins such as preS/S pro-
teins or truncated X proteins which may trigger signalling
cascades in carcinogenesis (trans-activation) . Moreover,
HBYV genome has enhancer elements that can activate
heterologous promoters in a orientation- and position-in-
dependent manner"”. The study of many groups suggest
that the HBV enhancers are able to transactivate cellular
genes up to 100 kb distant from the integration site!"?,

In the late 1970s and early 1980s, the primer inves-
tigations defining cellular genomic regions of HBV in-
tegrations were carried out'”. In humans, the recurrent
integration of the viral genome into or in the proximity
of a host genome has been suggested for HBV in 1987
and in the development of HCC in 2000s. In fact, wood-
chuck hepatitis virus causes liver cancer by targeting myc
oncogenes (N-mye, c-mye, and N-mye2) and some cases of
HBYV integration into important cellular genes have been
informed in human liver tumors (e.g., retinoic acid recep-
tor beta, cyclin A). However, HBV integration regions
targeting host genes have not been defined in the pastm.
But in the last decade, there have been many investiga-
tions focusing on the integration sites of HBV and inser-
tional mutagenesis seen in HCC.

Patetlini-Bréchot ez @/ have isolated nine DNA in-
tegration regions from nine hepatocellular carcinomas,
demonstrating that the viral genome make mutations in
the important regulatory host genes by using HBV-Alu
PCR. These genes have a role in cell proliferation and/or
differantiation and/or survival: intetleukin (IL)-1R-asso-
ciated kinase 2 gene, neurotropic tyrosin receptor kinase
2 gene, inositol 1,4,5-triphosphate receptor type 2 (IP3R2)
gene, p42 mitogen-activated protein kinase 1 (p42MAPKT)
gene, alpha 2,3 sialytransferase gene, IP3R7 gene, EMX2-
like gene, human telomerase reverse transcriptase
(hTERT) gene and thyroid hormone uncoupling protein
gene (Table 1). Different genes, which were located at the
HBV DNA integration region, have a specific key cellular
function or share common cell signalling cascades. Also,
they found that HBV targets both the telomerase gene
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Table 1 Genes targeted by hepatitis B virus DNA integration

Gene Description Ref.

NTRK2 Neurotropic tyrosin receptor kinase 2 Paterlini-Bréchot et al™
IRAK2 Interleukin-1R-associated kinase 2 Paterlini-Bréchot et al™
MAPK1 Mitogen-activated protein kinase 1 Paterlini-Bréchot et al™
IP3R2 Inositol 1,4,5-triphosphate receptor type 2 Paterlini-Bréchot et al™
IP3R1 Inositol 1,4,5-triphosphate receptor type 1 Paterlini-Bréchot et al™
ST3GAL VI Alpha 2,3 sialytransferase Paterlini-Bréchot et al™
TRUP Thyroid hormone uncoupling protein Paterlini-Bréchot et al™
EMX2-like Empty spiracles 2-like Paterlini-Bréchot et al™
hTERT Human telomerase reverse transcriptase Paterlini-Bréchot et al™
WBSCR1 Williams-Beuren syndrome critical region 1 Kimbi et al™

AXIN1 Axis inhibitor 1 Minami ef al"?

BBX Bobby sox Minami et al™”
CTNND2 Catenin delta-2 Minami ef al"®

EYA3 Eyes absent 3 Minami et al™

ODZ2 0Odd Oz 2 Minami et al"

TERT Telomerase reverse transcriptase Sung et al™

MLL4 Mixed-lineage leukemia 4 Sung et al™

CCNE1 CyclinE 1 Sung et al™

FN1 Fibronectin 1 Ding et al™!

SMAD5 SMAD family member 5 Ding et al™!

PHACTR4 Phosphatase and actin regulator 4 Ding et al™

and IP3K gene in two different tumors. This data shows
viral integration may target some preferential regions, es-
pecially S TERT gene.

Kimbi e# a/' amplified HBV and chromosomal
DNA from the sera of five patients with uncomplicated
acute hepatitis B and one with fulminant disease. In one
patient with uncomplicated disease, HBV DNA was in-
tegrated into host chromosome 7q11.23 in the Williams-
Beuren syndrome critical region 1 gene (Table 1). This
gene contains a high abundance of Alu repeats, repetitive
elements that have shown to be the preferred sites for
recombination and for HBV DNA insertion. Moreovert,
the integrant is within the region commonly deleted in
patients with Williams-Beuren syndrome, giving rise to
loss of heterozygosity. The investigators also mentioned
that clonal expansion of an integrant is required for
tumor formation and early integration of HBV DNA
might have a role in HBV-induced hepatocarcinogenesis.
It is because the integrated viral DNA in early infection
is in accordance with the observation, that importation
of linear DNA into the nucleus is necessary for insertion
of viral DNA into chromosomal DNA, and that such
importation is known to occur during the initiation of in-
fection. This data was also examined by Murakami ez al™
in the study of detecting the possible persistence of in-
tegrated genomes in peripheral blood mononuclear cells
(PBMCs) and the exact position of the viral genome, af-
ter the clearence of serum HBV surface antigen (HBsAg).
Their results showed that HBV genome integrates eatly
during acute viral infections and persists in an integrated
form in PBMCs. Another study providing the proof of
HBYV integration at an eatly stage of chronic infection
in hepatocytes was catrried out by Minami ez al", They
examined virus-cellular gene junctions in chronic hepa-
titis tissues without HCC and by analysing six patients
42 independent viral-host junctions have been obtained
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and chromosomal locations for 20 of the 42 junctions
have been shown. Each integration evidently influenced
a single clone in six clones. Among these six genes, axis
inhibitor 1 is believed to function as a tumor suppres-
sor; eyes absent 3, homolog of odd Oz 2 and homolog
of bobby sox are human homolog of drosophila genes
that are critical for organ development, but their roles are
still mysterious; catenin delta-2 is an oncogene (Table 1).
Moreover, in contrast to the previous claim that HBV in-
tegration happens randomly, this study suggests that the
integration of HBV into chromosome 3 is preferential.

Mixed-lineage leukemia (MI.L) 2 and 4 genes are also
suggested as preferential targets for HBV DNA integra-
tion™"". In addition to TERT and cyclin E 1 genes, Sung
et al'¥ showed integration at MI.I 4 gene as previous
studies (Table 1). MLL4 locates on chromosome 19q13.1
where an amplification or a frequent rearrangement has
been shown in solid tumors. After integration, site specif-
ic expression such as HBV X (HBx)/MLIL4 proteins and
chimeric HBx/MLL4 transcripts proposing an insertional
mutagenesis that could functionally have a connection
with liver carcinogenesism.

New accesses have been improved to identify unique
integration sites in high-throughput manner using the
next generation sequencing (NGS) technologies, which
prevented biased identification and preferential amplifi-
cation of unique integration sites. In the researches of
Sung ez a/lg], Fujimoto et al" and Jiang et al™ they used
complete genomic sequencing to identify genome wide
HBYV integration by the advantages in NGS technologies.
Considering that, whole genome sequencing is overpriced
for sequencing wide amounts of specimen, Ding ez al™
have improved an optional method for deep sequencing
and amplification that joins ligation mediated PCR to II-
lumina’s paired-end adapters. This effective and cheaper
method have been called massive anchored parallel se-
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quencing (MAPS) method. By this method, in addition
to two familiar recurrent target genes, fibronectin 1 and
TERT1, they identified novel target genes for HBV inte-
gration such as actin regulator 4, SMAD family member
5 and phosphatase (Table 1). They also found that HBV
integration prefered chromosome 17 and mostly inte-
grated into human transcriptional sites.

Occult HBV infections (OHBI) have the presence
of HBV DNA but are short of available serum HBsAg;
Occult infection mechanism is still mysterious, how-
ever, many acceptable pathways, such as maintenance
in PBMCs and integration into human genomic regions
exist. Bhargava es al™ planned to research the molecular
pathways lying beneath the DNA damage response acti-
vated as a result of OHBI in host cells in their investiga-
tion. They found that OHBI causes DNA damage in pe-
ripheral blood lymphocytes. It was also found that there
was a strong relationship between OHBI and oxidative
stress. On the other hand, Pollicino e 2/*” reported a case
of 43 years old man seronegative for HBV and HCV
infections and positive for HFE-haemochromatosis, who
developed HCC in the lack of severe liver damage. In
this study they tried to evaluate the occult HBV infec-
tion. HBV-Alu PCR showed HBYV integration. This inte-
grant was placed upstream of the partitioning-defective-
6-homolog-gamma gene (PARD6G) and this gene had
overexpression in tumor tissues when we compare it to
non-tumor liver tissues. Being a target of transforming
growth factor-beta in the tumor invasion and metastasis,
PARDOG is included in the polatized migration of cells,
establishment of cell polarization. These two studies
show that OHBI lead to deregulation of gene expression
and may alter the oncogenic pathways.

HBV integration effectively surveys the human ge-
nome, exerting insertional mutation pressure, and thus
may expand the oncogenic opportunities for patients
infected by HBV. The most dominant HBV integration
sites occur MLL and ATERT genes. Moreover, there are
many candidate genes such as 60S ribosomal protein
genes, platelet-derived growth factor receptor, calcium
signalling related geneslzo’m. Bok et a/™ proposed 3 dif-
ferent models for gene activation in HBV DNA inte-
gration on chromosome 11q13 in the SNU cell line: (1)
viral integration induces genetic changes and activation
of gene expression at the integration site without gene
amplification; (2) viral DNA induces gene amplification,
causing overexpression during integration and rearrange-
ment; and (3) gene activation is related to gene amplifica-
tion, regardless of viral integration. These models might
also be available for all other gene activation mechanisms
in HBV DNA integration. The target sites and integra-
tion mechanisms will give information for key genes and
pathways included in development of not only HBV and
but also non-HBV-induced cancets.

EFFECTS OF HBV PROTEINS ON THE
HOST GENOME

Several studies have reported about the procarcinogenic
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effects of HBV proteins or their randomly truncated
transcripts after integration. This part will focus on the
effects of HBV proteins, especially X protein, on the
host genome in the last decade.

HBx protein

HBx, is a X open reading frame encoded small polypep-
tide of 154 amino acids, usually produced at very limited
amounts during chronic and acute HBV infection. HBx
can be found in the cytoplasm of infected hepatocytes
and at low level in the nucleus. A variety of HBx func-
tions are still enigmaticﬁ’ﬂ.

The clinical importance of HBx starts with the in-
tegration of HBV DNA into the chronic HBV carriers’
hepotocytes genome. X gene is generally preserved in
the integrants, and HBx is frequently seen in malignant
hepatocytes of chronic HBV carriers™. The integrated
HBx often have rearranged forms and may show many
deletions, truncation with fusion to cellular DNA or
point mutations”. One significant information derived
from the researches of HBV integration was that 3’-end
X gene was frequently deleted in HCC cells, and this
causes the COOH-terminal truncated HBx protein. This
protein, rather than the full length HBx, is needed and
adequate to cause HCC?. So as to understand the rela-
tion between HBV integration and HCC development,
Wang ez al® isolated and characterized integrated HBV
in 14 primer cases of HCC. The findings showed that
C-terminal X protein caused by 3’-deleted X gene was
observed in 10 samples as a result of HBV integration.
These deletions lead to the losses of transcription factor
Sp1 binding site, p53-dependent transcriptional repres-
sion binding site, and growth-suppressive effect domain,
causing cell transformation and proliferation. This result
proposes that 3’-deleted X gene may have a significant
role in the HCC development.

HBx has some controversal effects like pro-prolif-
erative effects and induction of cell cycle arrest or pre-
vention and initiation of apoptosisﬁ’(ﬂ. HBx effects the
expression of several genes that are included in signal
transduction pathways, metastasis, transcriptional regula-
tion, immune response, metabolism, control of the cell
cycle, proliferation and the apoptosis[()’zﬂ.

HBx changes expression of cellular gene by trigger-
ing cytoplasmic signal transduction pathways [e.g., ras,
nuclear factor kappa B (NF-kB), src, activator protein-1
(AP-1), Jak/STAT, PI3K/Akt, Wnt] and by binding to
nuclear transcription factors [e.g., activating transcription
factor 2 (ATF-2), cAMP responsive element-binding
protein (CREB), Oct-1, basal transcription factors], and
they both help cell growth and survival", HBx localiza-
tions (cytoplasm and nucleus) are associated with differ-
ent functions. HBx, placed in the nucleus, is proposed
to interfere directly with transcription factors or to use a
function like a transcription factor. A direct relationship
between ATF-2 and CREB concluding in their raised
DNA binding affinity'”. HBx placed in the cytoplasm,
where it interferes with and stimulates protein kinases,

including IKK, protein kinase C, Jak/STAT, PI3K, pro-
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tein kinaseB/Akt, and stres activated protein kinase/Jun
N-terminal kinase™.

HBx is an activator of transcription factor NFxB.
HBx stimulated NF-kB promotes liver cells to survive
against Fas-mediated apoptosism. However, Zhang ez
al™ showed another function of NF-kB in their study.
Calpain small subunit 1 (Capn4) is included in the HCC
metastasis and upregulated in the tissues of HCC. They
supposed that HBx might assist migration of hepatoma
cell by Capn4. Their results revealed that HBx could up-
regulate the Capn4 expression at the mRNA and protein
levels, and increase Capn4 promoter activity. Interestingly,
they found that the inhibition of NF-xB could attenuate
the upregulatin of Capn4. Thus, they concluded that HBx
upregulate Capn4 through NF-kB/65 to promote migra-
tion of hepatoma cells. In another study, Zhou et al™
showed the migration of leukocytes in a NF-xB related
pathway. Interferon-y inducible protein 10 (IP-10) in-
volves in cellular immune damage and inflammatory cell
recruitment during virus infection. In their study, Zhou ez
al™” demonstrated that HBx increases IP-10 expression
and the effect of HBx on IP-10 induction is blocked by
the addition of the NF-kB inhibitor. Consequently, they
reported that HBx affects NF-kB pathway which leads to
IP-10 promoter transactivation and then increases leuko-
cyte migration, thus causes immune pathological injury
of liver.

HBx interacts with transcription machinery, in ad-
dition, there is evidence that HBx involves in the stages
of apoptosis. HBx affects the regulation of apoptosis
through its role on survivin, caspases, and mitochondria.
It has been shown that HBx blocks caspase 3 activity®”,
The elevation of cytosolic calcium signals seems to play
a possible role in stimulation of cell proliferation and
transcription pathways. Direct interaction of HBx with
endoplasmic reticulum (ER) and mitochondria as well
as integration events of the X open reading frame were
reported to alter intracellular calcium homeostasis”.
Having a role in caspase-3-dependent pathway, HBx
pertubs homeostasis of intracellular Ca”". This is an im-
portant effect in the control of HBx-related apoptosis.
HBx possibly have a contact with Bel-2 during hepatic
apoptosis. Proapoptotic activity of HBx bypasses or gets
over the Bcl-2 inhibitory effect”. Survivin is a apoptosis
preventer protein and is overexpressed in a majority of
human tumors. HBx can upregulate the expression of
survivin in hepatic tumor cells”". Moreover, several fac-
tors, for example transforming growth factor (TGF)-f3,
induce PI3K and its downstream target, protein kinase
B/Akt, to inhibit apoptosis. HBx downregulates TGF--
induced apoptosis in hepatocytes by stimulating activity
of PI3K™.

UV-damaged DNA binding protein 1 (DDB1) works
as an E3 ubiquitin ligase complex subunit™ and has been
shown to help cell cycle regulation and DNA repairm’m.
HBx binds to DDB1 and by this way replication of
HBYV genome is stimulated in the nuclear compartment
of cells. HBx needs this nuclear interaction with DDB1
also for interfering with cell viability. It has been demon-
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strated that HBx triggers lagging chromosomes during
mitosis, which then causes arrangement of abnormal
mitotic spindles and cells with multinucleus. These for-
mations demand the binding of HBx to DDB1. Thus,
this binding may induce genetic instability in regenerating
hepatocytes; therefore causes to HCC development[32].

The human p53 genes’ transcriptional repression is
caused by HBx and it has capacity to bind to the p53.
HBx C-terminal region is needed for sustaining the p53
in the cytoplasm and blocking the p53-mediated apopto-
sis. However, a tremendous excess of p53 is found when
it is compared to HBx in the hepatocytes[()’zq. It seems
that the anti and proapoptotic effects of HBx depends
on the status of hepatocyte differantiation”.

Telomerase which adds repetitive DNA sequences to
the telomeres, the ends of the chromosomes, is a ribonu-
cleoprotein. By this way it prevents telomere shortening
and cell death™. Telomerase activation has been implied
in immortalization and malignant transformation of cells
in vitro and is a vital step in tumor and cellular senes-
ence. Although telomerase is a complex comprising
a catalytic subunit (h"TERT) and an RNA component
(hTER), h'TERT is the crucial factor of telomerase activ-
ity in human cells"”. High levels of hTERT mRNA in
HCC of several grades were found by researchers and
they originate in cells which have gone through the mo-
lecular changes of the first steps of hepatocarcinogen-
esis”. It has shown that HBx gene can up-regulate the
transcriptional expression of hTERT mRNAP. In the
study of Su e a/™| it was found that by transcriptionally
repressing its promoter, HBx down-regulated the human
telomerase expression. They evaluated human telomerase
promoter and identified myc-associated zing finger pro-
tein (MAZ) as a transcriptional repressor of the promot-
er in order to find out the molecular mechanism. It was
found that the physical association of HBx with MAZ,
supresses human telomerase by enhancing MAZ binding
to its consensus sequence in the promoter. In this situa-
tion, HBx acts as a transcriptional corepressor.

HBx can also lead to both stabilization of hypoxia-
inducible factor-1 and overexpression of vascular endo-
thelial growth factor gene. It seems HBx causes carcino-
genesis via the alteration of angiogenic pathwaysm.

In addition to being involved in angiogenic pathways,
HBx can contribute to tumor cell invasion by the way
that includes the up-regulation of heat shock protein 90
alpha (HSP90alpha). HSP90alpha isoform is an ATP-
dependent molecular chaperone which sustains the effec-
tive structure of client oncoproteins in tumor cells. Li ez
al’™ showed that HBx triggers expression of Hsp90alpha
at the transcriptional level. HBx is directly included in the
HSP90alpha transcriptional activation mediated by c-myc.
Morteovet, by activation of Ras/Raf/ERK1/2 cascades
HBx triggers c-Myc expression, which causes c-Myc-
mediated HSP90alpha promoter activation first and
then HSP90alpha expression up-regulation. HSP70 and
HSPG60 have also been shown as a HBx cellular targetsm.

In conclusion, the HBx protein is a multifunctional
and very important viral protein in the initiation of he-

December 27,2014 | Volume 6 | Issue 12 |



Ozkal-Baydin P. Effects of hepatitis B to the host genome

patocellular transformation and cell survival during the
HBYV infection. It interacts with alot of molecules and in-
volves in many cellular pathways. Variations in the role of
HBx in hepatocarcinogenesis may be due to hepatocyte
differantiation, different functions of truncated X protein
and amount of expressed HBx. More information about
HBx might highlight many mechanisms involved in HCC
and give insights and tools for therapeutic means.

Surface proteins

Large hepatitis B (LHBs) and Middle hepatitis B (MHBs)
virus surface proteins are encoded by the preS1/preS2
sequences of HBV. Experimental data revealed that HBV
preS/S genes truncated at the 3’ end and integrated into
the cellular genes have a transcriptional activator function
and encode proteins that accumulate in the ER. These
preS/ S’ genes encoded for C-terminally truncated sur-
face proteins (MHBS') exhibit regulatory functions, such
as the transactivation of host genes involving c-Ha-ras,
c-myc, and c-fos oncogenes and the precise activation of
the c-Raf-1/MEK/Erk2 signaling essential for AP-1 and
NF-kB activation. Described processes result in increased
hepatocyte proliferation™”,

HBYV surface proteins accumulate in ER. Accumula-
tion of proteins in ER is known to trigger apoptosis in
the presence of prolonged and severe stress due to an in-
duction of an oxidative stres”. PreS-mutant LHBs might
also accumulate in ER and with induction of genomic
instability and oxidative DNA damage, they become the
reason of stress-signalling pathways. This also causes de-
fective DNA damage response and repair in liver cells ex-
pressing HBV surface antigen®”
multiplication and the overexpression of both cyclin A
and cyclooxygenase 2 might be caused by pre-S2 mutant
proteins, therefore inducing cell cycle progression, chro-
mosome instability and proliferation of hepatocytes in
HBV related HCCP". Churin ez /™ also demonstrated
that the expression of HBV surface proteins in the liver
of transgenic mice induces phosphorylation of eukary-
otic initiation factor 2o (elF2a) and protein kinase like
ER kinase activation. elF2¢ phosphorylation resulted in
activation of ER stress markers and a proapoptotic pro-
tein. Morover, by searching on two groups of mice with
different genetic backround, they showed that hepatic
HBYV surface protein expression induced tumor develop-
ment and fibrosis depends on host genetic backround.

HBYV surface proteins may also alter the expression
of some host genes with known functions as proved
in the research of Rao e# a/*". Tt has shown that HBV-
encoded small surface protein (SHBs) has an influence
on hepatic cell expression of host genes related to fatty
acid synthesis and decomposition.

. Moreover, centrosome

Core protein

The HBV core protein (HBc) is a 21-22 kDa protein
that affects the human immune response. HBV genome
encode for the core protein to form the viral capsid”.
HBc may interact with the human genome in HBV in-
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fected liver cells. HBc was demonstrated to suppress
the the human carcinogenesis related genes expression,
p53 and interferon beta; inhibits tumor necrosis factor-
related apoptosis-inducing ligand induced apoptosis in
hepatocytes viz blocking gene expression of the pathway-
associated death receptor[m.

However, it is not known how HBc interacts with
human genome. Guo e7 al*" examined the distribution
of HBc binding to promoters in the human genome and
assessed its effects on the associated genes’ expression. It
was shown that HBc antibody immunoprecipitated neatly
3100 human gene promoters. The high CpG density pro-
moters were found most commonly among this set of
gene promoters. HBc is able to bind to 41 gene promot-
ers of the WNT/B-catenin signalling pathways and 64
gene promoters of the MAPK pathways. These are two
most important pathways involved in HBV-related HCC.
Moreover, HBc is able to increase host NF-xkB DNA-
binding ability, thus in order to enhance or inhibit other
host nuclear proteins’ transcriptional activator functions,
HBc may bind to and interact with them. As a result,
HBc can bind to a great amount of human gene promot-
ers throughout the whole human genome. This key find-
ing may represent one of the pathogenic mechanism of
HBYV infection.

EPIGENETIC EFFECTS OF HBV ON THE
HOST DNA

According to the recent researches virus and host inter-

actions also happen epigenetically. Interactions between
epigenetic machinery and the viral proteins may cause
changes in the epigenetic landscape of the cell thus caus-
ing cancer. Histone modifications and DNA methylation
are epigenetic mechanisms which have an important role
during HBV replicationm].

Bisulfite sequencing is the gold standart technique
to analyze the methylation state of individual cytosines.
In order to acquire complete DNA methylomes of
double-stranded DNA viruses like HBV, Fernandez e#
al® joined the use of model organisms and bisulfite ge-
nomic sequencing of multiple clones. Most importantly,
they found that DNA methylated HB1 gp2 and HBI gp4
genes, which respectively code for the S and C viral pro-
teins, have lost their expression. It was also shown in
their sequencing data that the vast majority of the HBV
genomes kept the HB1gp3 gene coding for the X protein
in an unmethylated condition. Interestingly, HBX protein
might regulate DNA methyltransferase (DNMT) activity.

The expression of DNMTs, which catalyze the addi-
tion of a methyl group to the cytosine ring of the 5-CpG
dinucleotide, is often raised in livers infected with HBV
and also in HCC"™. The roles of the major methyltrans-
ferases have the following roles: DNMT1 adds methyl
groups to the hemimethylated CpG dinucleotides and
has an important function in the supply of methylation
during cell division; DNMT?2 lacks DNA methyltransfer-
ase capabilities and seems to take part in adding methyl
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groups to the structural RNA; DNMT3a and DNMT3b
is able to methylate not only unmethylated, but also hemi-
methylated CpG dinucleotides™. Several studies have
reported that both HCC and HBV-infected cells exhibit
increased levels of DNMT1, DNMT3a and DNMT3b
and aberrant DNA methylation!?,

It was reported that the overexpression of HBx pro-
tein induces transcription of DNMT7, DNMT3a and
DNMT3b genes and directly interacts and activates the de
novo methyltransferase DNMT3a. It suggests that this vi-
ral protein may be responsible for methylator phenotype
in HBV related HCC™".

In their study, Vivekanandan ef al™ have revealed
that HBV infection up-regulates DNMTs, which then
causes the methylation of HBV DNA by DNMT3a.
This methylation causes the production of pregenomic
RNA, viral mRNA, and a dectreased production in viral
protein. However, in the same cells, the up-regulation of
DNMTs also causes methylation of host CpG islands
overlapping gene promoters related to carcinoma'™. Tt
was demonstrated that specific gene promoters are meth-
ylated in HBV infected cells such as metallothionein-1F,
IGFBP3, SUFU, and TIRAP"***), HBx may also inhibits
transcription of E-cadherin!*”, pléINK4A and glutathione
S-transferase P1 »ia CpG methylation of the regulatory
clements”. Some immunoregulatory genes active against
HBV can also be methylated. For instance, HBV replica-
tion is able to cause de novo methylation and decrease the
IL-4 expression, that favors the virus because HBV repli-
cation is repressed by the I1.-4 expression™.

In addition to methylation processes, it has also been
shown that HBx associates with components of histone
modification machinery, such as HDAC and CBP/p300
HAT. So it has an effect on gene expression™”

In summary, HBV infection up-regulates DNMTs in
hepatocytes. This up-regulation causes methylation of
viral DNA, however specific and critic genes in the host
genome can also be methylated. It is certain that, these
modifications are significant factors in the development

of HCC.

CONCLUSION

At present, in terms of the experimental approaches
used, such as PCRs, gene clonings, microarrays, immu-
nohistochemical methods, it is possible to explore the
effects of HBV on the host genome. In the last decade,
the investigations about the pathogenic effects of HBV
on the host genome have mostly focused on HCC de-
velopment. During this development period, a dominant
oncogene isn’t encoded by HBV genome, however it
uses multifactorial pathogenic mechanisms. In addition
to direct mechanisms, which are mainly represented by
integration of HBV DNA into the cellular genes and by
the production of proteins with transforming capaci-
ties, indirect mechanisms involving HBV proteins dis-
rupting vital molecular pathways may be seen in HCC

development. Although it is thought that HBV DNA
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integrations are random and there is no specific region
of integration, it is not fully incidental but instead seems
to be partly optional. Special integration sites change
the expression of various components of the cell cycle,
signalling, transcription and apoptotic pathways. It is also
shown that the formation of truncated HBV proteins,
the activation of host genes by integrated HBV enhancer
sequences and modifications in the epigenetic machinery
of the host cell are important carcinogenic mechanisms
in HCCs.

Although the main risk factors for HBV-induced he-
patocarcinogenesis are well known, we still lack a deeper
understanding of molecular pathways disrupted by HBV
and the relationship between key molecules in these path-
ways. Therefore, molecular understanding of the mecha-
nisms in HBV-related HCC is necessary for defining risks
and identifying novel therapeutic approaches.

Cloning and fully characterizing HBV integrations,
phage library construction and sequencing are still the
gold standards. Recently, several new methods have been
developed using NGS technologies avoiding optional am-
plification and biased identification of unique integration
sites. For example, complete genomic sequencing and an
efficient, cost effective method, MAPS, have been de-
veloped in high-throughput manner. In the future, novel
easy and not time consuming experimental approaches
and new HCC animal models might be developed to
invent promising therapeutic approaches. The specific
antiviral new drugs reducing the chance of integration,
decreasing or preventing the harmful epigenetic effects
and blocking HBV proteins related with HCC develop-
ment might provide basis for future and might give hope
to the patients.
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