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Abstract

Hepatocellular carcinoma (HCC) remains to be one
of the top causing cancer-related deaths today. The
majority of HCC cases are reported to be the result of
chronic hepatitis B virus (HBV) infection. Current treat-
ments for HBV-related HCC revolve around the use of
drugs to inhibit viral replication, as a high level of viral
load and antigen in circulation often presents a poor
patient prognosis. However, existing therapies are inef-
ficient in the complete eradication of HBV, often result-
ing in tumour recurrence. The involvement of microR-
NAs (miRNAs) in important processes in HBV-related
HCC makes it an important player in the progression of
HCC in chronic hepatitis B infected patients. In this re-
view, we discuss the key aspects of HBV infection and
the important viral products that may regulate cancer-
related processes via their interaction with miRNAs or
their closely related protein machinery. Conversely,
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we also look at how miRNAs may go about regulating
the virus, especially in vital processes like viral replica-
tion. Apart from miRNAs acting as either oncogenes or
tumour-suppressors, we also look at how miRNAs may
function as biomarkers that may possibly serve as bet-
ter candidates than those currently employed in the
diagnosis of HBV infection or HBV-related HCC. A sum-
mary of the roles of miRNAs in HBV-related HCC will
hopefully lead to a gain in understanding of the patho-
genesis process and pave the way for new insights in
medical therapy.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Hepatitis B virus (HBV)-related hepatocellular
carcinoma (HCC) is a complex cancer of the liver stem-
ming from the long term infection of the virus. MiR-
NAs are found to be involved in a multitude of events,
ranging from the diagnosis, pathogenesis as well as
possibly in the treatment of this cancer. This review ex-
plores the current knowledge in understanding the role
of miRNAs in HBV-related HCC, and how it is able to
regulate, or be regulated, such that important cellular
processes may be affected.

Tan YLJ, Chen WN. MicroRNAs as therapeutic strategy for
hepatitis B virus-associated hepatocellular carcinoma: Cur-
rent status and future prospects. World J Gastroenterol 2014;
20(20): 5973-5986 Available from: URL: http://www.wjgnet.
com/1007-9327/tull/v20/i20/5973.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i20.5973

May 28, 2014 | Volume 20 | Issue 20 |



Tan YLJ et a/. MicroRNAs in HBV-associated HCC

INTRODUCTION

Hepatocellular carcinoma (HCC) is currently third leading
cause of cancer-related deaths in the wotld, with mortali-
ty rates reaching up to 500000 deaths per annum. Among
all cancers, patients with HCC display the shortest surviv-
al times, with most dying within 12 mo of developing the
tumour!", There are many risk factors for HCC including
cirrhosis, chronic active hepatitis (CAH), heavy use of
alcohol and chemical contamination by aflatoxins and ar-
senic in foods and water respectively. Other physiological
factors like obesity, gender and age may also pose as a risk
in developing HCC. Among these risk factors, chronic
hepatitis B virus (HBV) infection remains to be the most
significant etiological factor of HCCP. Tts impact on hu-
man health may be illustrated with the following statistics:
(1) A total of 2 billion people are estimated to have been
infected with HBV before"; (2) Current chronic HBV
carrier count averages at 240 million people wortldwide!;
(3) Mote than half of all patients with HCC atre chronic
carriers of HBV™Y; and (4) The risk of developing HCC
is elevated by approximately 30 times in HBsAg carriers
as compared to uninfected patients™. Typically, patients
with HBV-related HCC first get infected with the virus,
suffer from subsequent damage of liver due to the body’s
immune response against the virus, develop cirrhosis and

finally HCC.

HBV LIFE CYCLE

Structure of genome

HBYV belongs to the Hepadnaviridae group of DNA vi-
ruses that preferably replicates within hepatocytes. It is
noncytopathic; cytotoxicity in HBV infection results from
the body’s immune response against the virus, mainly
due to the activity of HBV-specific T cells. The structure
of the HBV genome is simple and compact. The 3.2 kb
HBYV genome is a relaxed, circular, and partially double-
stranded DNA. There are 4 known open reading frames
(ORFs) within the HBV genome that encode viral sur-
face proteins, the e (HBeAg), core (HBcAg) and surface
(HBsAg) antigens, the terminal protein (IP) and a viral
reverse DNA polymerase, as well as a small about 17
kDa protein known as hepatitis B virus X protein (HBx).
Another viral protein, HBSP, is found to be encoded by
a spliced viral transcript”. The production of viral tran-
scripts is controlled by 4 promoters and 2 enhancers.

HBV genome integration and replication

While its mechanism of entry into hepatocytes is pootly
understood and believed to involve the N-terminus of
the viral’s large envelope proteinlgj, its subsequent infec-
tion and replication is better studied. Upon entry into the
cells, the virus nucleocapsid is released into the cytoplasm
and transported to the nucleus vz microtubules. Impoz-
tins o and [ aid in transporting the nucleocapsid through
the nuclear membrane and into the nucleus, where the
nucleocapsid then disintegrates and the HBV genome is
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released”. Once in the nucleus, the HBV genome under-
goes one of two mechanisms. The first is the integration
of the viral genome into the host chromosome, which is
seen in about 80% of HBV-related HCC"*'". It has been
shown that HBV causes higher rates of chromosomal al-
terations as compared to other HCC risk factors"”. This
may result in a loss of tumour suppressor gene functions
and/or activate tumout-promoting genes, with some
studies showing an activation of the mitotic cell cycle,
p53 mutations and activation of the AKT pathwaym. It
is also thought that this integration occurs in damaged
host genome harbouring break-points and is not required
for viral DNA replication. Apart from the direct integra-
tion of HBV genome into the chromosomes, chronic in-
flammation of the immune system due to viral presence
results in increased production of reactive oxygen species
(ROS), which can cause further DNA damage and gene

. 14,15
mutations' "'

. The second is its conversion by viral and
cellular enzymes into covalently closed circular DNA
(cccDNA), which forms the template on which the host
RNA polymerase II acts on to produce viral RNA tran-
scripts. The viral mRNAs are then transported into the
cytoplasm where they are translated into viral proteins,
which play a role in viral replication and HCC develop-
ment. Among the viral transcripts transcribed, the longest
(3.5 kb) transcript is known as the pregenomic RNA,
because it serves as the template for viral genome replica-
tion. This mRNA strand is packaged along with a viral-
encoded DNA polymerase and core proteins to make up
the inner core of the new viral capsid. Following reverse
transcription of the mRNA strand, a new stand of viral
DNA genome is produced within the capsid. A final coat
with surface lipoproteins completes the replication pro-
cess, and the virus may then be either exported out of
the cells to infect other cells or return to the nucleus to
act as a source of cccDNA for further transcription and

. . 16
rephcatlon[ ]

HBY viral products

Current therapies in HBV-related HCC aim at repressing
viral replication by using drugs (e.g., IFN-q) in activating
antiviral defence mechanisms in the body, thus reducing
the chances of progression to liver cirrhosis and Hcc!,
The main disadvantage though, of these treatment op-
tions, is its ineffectiveness in complete cccDNA elimina-
tion in the nucleus of infected hepatocytes“gl, resulting
in viral rebound upon removal of anti-viral therapy and
poor prognosis of patients infected with HBV. The
implication of this is that HBV replication and its viral
products, both stemming from the cccDNA, play impor-
tant roles in disease progression and recurrence. Hence,
the study of the HBV replication and its viral products
is an important step in understanding the mechanisms in
which HCC may be developed from HBV infection. The
main products of the viral transcripts crucial in HCC are
the various antigens and viral proteins. The HBV DNA
and viral antigens are important in viral detection dur-
ing screening while the well-known HBx protein directly
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plays a part in HBV to HCC progression by dysregulating
important cancer-related pathways.

HBx protein

The HBx protein, though small in size, plays a large role
in the malignant transformation of chronic hepatitis B
(CHB)-infected cells. It may be found in both the cell
cytoplasm and nucleus, and is involved in a myriad of
cellular activities. Some studies have found that it plays
a role in HBV transcription and replication by enhanc-
ing the activities of viral promoters and enhancers. I
vitro studies show that HBx stimulates viral replication
via transactivation”*"] by interacting with DNA dam-
age binding protein 1 (DDB1) and Src tyrosine kinase
protein complex”*, by increasing cytosolic calcium ion
concentration™" and by directly being recruited to the
cccDNA and involved in its transcription[zsl. HBYV cell
lines and mouse livers that were deficient in the X gene
had retarded viral replication, and HBx expression was
able to restore HBV replication to that of the wild-type
levels®"*,

Apart from its participation in HBV genome replica-
tion, HBx may also be involved in the transformation
of cells. Till now, it is still uncertain whether HBx is
overall, an oncoprotein or a tumour suppressor protein,
because of its ability to partake in multiple pathways and
activations that result in different cellular phenotypes.
It is known to exhibit pleiotropy in important cancer-
related pathways like apoptosis, cell division, stress re-
sponse, protein degradation, inflammation and immune
responsem’zg]. Some mechanisms in which HBx acts on
may be through its interactions with cellular promoters
and enhancers of signalling pathways containing impoz-
tant binding sites for NF-kB, activator protein 1 (AP-1),
AP-2, CCAAT-enhancer-binding protein (c-EBP), or of
cell proliferation genes such as IL-8, TNE, transforming
growth factor (T'GF) beta and epidermal growth factor
receptor (EGRF), or of cellular proliferation signalling
pathways like Ras/Raf mitogen-activated protein kinase
(MAPK), Stc kinases, cjun N-terminal kinase, JAK1/
STAT and protein kinase™*". There are also many other
important proteins that HBx has interactions with, like
tumour suppressor p53*”, proteasomes™”’, heat shock
proteinsm’azl, vascular endothelial growth factor (VEGF)
and hypoxia inducible factor-1 (HIE-1)"*Y. It may also
be able to regulate the levels of matrix metalloproteinase,
a protein highly involved in cell migration[35’36]. Hence,
HBx could be seen as a multi-functional protein and may
exert non-specific, opposing phenotypic effects on a cell.
These in vitro experiments studying the effects of HBx in
cell culture highlight the potential mechanisms in which
HBx acts upon in infected cells.

These results, however, may not be truly illustrative of
the actual impact zz vivo. In vitro cell culture experiments
tend to employ a higher expression level of HBx for a
clearer elucidation of its functions. In chronically infected
livers however, HBx expression is found to be kept at
low levels””. Nevertheless, because of the wide spectrum
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of activities it is involved in, a high expression level of
HBx may not be required for observable changes in cel-
lular phenotype. In infected mouse models, the levels of
HBx protein varies, depending on the different genetic
makeup and various promoters of the models used. Both
apoptosis and proliferation are activated in these models,
while simultaneously sensitizing hepatocytes to malignant
transformation”™ *. Infected mice livers also suffer from
an impaired regeneration or eatly cell cycle entry follow-
ing partial hepatectomym%]. Not all 7z vivo mouse models
are consistent with the outcomes of HBx expression in
hepatocytes. Some develop HCC as a result of the high
expression of HBx™ while others with a different ge-
netic background did not, although slight changes in his-
tology are observed in them!””. This could mean that the
outcome of HBx expression in livers vary, depending on
the genetic background of the host hepatocyte. Regard-
less, any deviation from normal, wild-type hepatocyte
functioning may potentially contribute to tumorigenesis.
Hence, the impact of a small protein like HBx cannot be
neglected in HBV infections.

HBV ANTIGENS IN VIRAL DETECTION

The three HBV antigens are characteristic of the various
phases of CHB infection. There are five stages of CHB
infection: (1) Immune tolerant phase; (2) Immune active
phase; (3) Inactive HBV carrier state; (4) HBeAg-negative
CHB; and (5) HBsAg-negative phase®*. Current assays
for the detection of HBV infection involve serum or
blood tests that detect these viral antigens or the antibod-
ies produced by the host. The typical early indications of
CHB infection are that of HBeAg-positivity, high viral
load and a varied level of serum alanine aminotransferase
(ALT). Subsequent entry into the immune active phase
results in a reduction of serum viral load, increased ALT
levels and liver damage that may lead to fibrosis. Liver
senescence may also occur, where hepatocytes show no
signs of proliferation or apoptosis. This is believed to be
one of the defence mechanisms of cells in preventing

malignant transformation into carcinoma™". Follow-
ing the immune active phase is the inactive HBV carrier
phase where seroconversion to anti-HBe antibodies oc-
curs. At this stage, clinical remission may follow, which
is characterized by a low viral load and normal ALT
levels. Over time, fibrosis and inflammation may be re-
heved[48,51,52 [53]
However, if viral reactivation occurs, patients enter the
HBeAg-negative CHB stage where ALT levels and viral
load may rise again while not expressing the e antigen[w,
leading to an increase in liver fibrosis and a high risk of
developing cirrhosis and HCC. Out of these patients,
those with a loss of HBsAg tend to have a positive out-
come.

Despite the charactetization and presence of the viral
antigens in blood serum in the various stages of HBV
progression, none of these can really serve as a biomarker
or indicator for the prognosis of the infection. Although

I and patients may have a good prognosis
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it is broadly accepted that the persistence of HBeAg
and blood plasma viral load are highly correlated with
the development of cirthosis and HCC, the highly vari-
able clearance rates tend to make predicting of disease
outcomes difficult. Studies have also shown that HBV
DNA may still be detectable in the blood, even years after
recovery from acute hepatitisﬁs]. In the case of occult in-
fections, patients with HBV-related HCC do not have any
detectable levels of HBsAg in blood serum but do have
low levels of HBV DNA in the serum and insertions in
cellular DNA. Some HBsAg-negative HCC patients have
HBYV DNA present in tumour or adjacent non-tumour
liver tissue, while other patients have anti-HBc as the only
biomarker of HBV infection. The erratic expression of
these viral antigens and HBV DNA in serum, as well as
their weak prognostic assessment of disease progres-
sion, are evidences of them being inadequate biomark-
ers of HBV detection and subsequent cirrhosis or HCC
development. A new standard of biomarkers need to be
found that shortens time to diagnosis and more accurately
predicts the course of disease outcome, such that suitable
treatments may be administered.

MICRORNAS IN HBV-RELATED HCC

MicroRNAs (miRNAs) are single-stranded, non-coding
RNA strands of 19-25 nucleotides in length. They are
increasingly found to be involved in many regulatory pro-
cesses such as cellular proliferation, differentiation, cell
cycle regulation, angiogenesis, metabolism, regulation of
immune response and apoptosis™’. They perform their
function by targeting cellular mRNAs at their 3’'UTR,
resulting in their degradation or a repression of their
translation into proteins. Either host or viral miRNAs
may be involved in pathogenesis of HBV-related HCC.
It is therefore unsurprising, that miRNAs are found to
be dysregulated in cancer, and miRNA signatures are
found to be associated with the vatious cancers'>™ ", In
HCC, miRNAs have also been shown to correlate with
the extent of histological tumour differentiation®. Not
only that, but miRNA profiling in neoplasms are believed
to be more accurate in tumour diagnosis as compared
to mRNA profiling[”]. The current lack of adequate,
specific, and non-invasive biomarkers calls for the need
to develop a new diagnostic technique in HBV-related
HCC cases. Recently, an aberrant expression of plasma
miRNAs was illustrated in adults with CHB as compared
to healthy controls™®. This could open up a new avenue
in biomatker establishment that could possibly serve as
an accurate tool in HBV-related HCC diagnosis and out-
come prediction.

CHB AND HBV-RELATED HCC SERUM
MIRNA PROFILING

Similar to the current non-invasive detection of HBV
antigens, the human serum is also found to contain

miRNAs derived from various tissues and organs. How-
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ever, unlike the antigens, the levels of these miRNAs are
stable because they do not directly depend on the body’
s immune response. This makes them a better biomarker
candidate of CHB infection and HBV-related HCC than
antigens or antibodies, especially in occult HBV infec-
tions where patients are negative for HBsAg[65]. The
expression of these serum miRNAs may be used to
profile various diseases™ ™. One such study has shown
a notable alteration of miRNA expression in HBV as
compared to control serum, identifying 13 miRNAs that
are significantly upregulated in HBV serum. Importantly,
it was also noted that there was no significant difference
in these miRNA expression levels between CHB and as-
ymptomatic HBV carriers. In addition, these 13 miRNAs
were able to differentiate between HBV-positive HCC,
HBYV, HCV and control cases in patients with no signs
of liver cirrhosis, among which miR-375 and miR-92a
were shown to be of significance. Liver cirrhosis may be
consequential of HBV infection. Some patients however,
carry HBV but do not or have not developed cirrhosis.
The ability of miRNAs to distinguish such cases may be
useful in the eatly detection of HBV. MiR-25 and let-7f
levels in the serum are found to be upregulated in HBV-
positive HCC but are unchanged or downregulated in
CHB cases™. This may suggest that certain miRINAs are
involved in the direct transformation of HBV into HBV-
positive HCC, independent of HBV intervention. These
findings highlight the extensive effects miRNAs are able
to exert in diseases, themselves acting as biomarkers or as
a direct cause of malignant transformation.

MIRNAS DYSREGULATED IN A
MULTISTEP HBV-RELATED HCC
DEVELOPMENT

Not only are miRNAs dysregulated in the blood serum,
but also in the liver tissues. HBV-related HCC typically
develops in a stepwise manner, starting from CHB-infec-
tion, progressing on to liver cirthosis and/or low/high
grade dysplastic nodule (LGDN/HGDN), and finally
to HCC"™™. Certain miRNAs in liver tissues have been
identified to be dysregulated in a similar fashion, varying
and accumulating according to the level of disease devel-
opment. One study found that miR-145 and miR-199b
was frequently downregulated in LGDNss with little signs
of allelic loss™, suggesting that miRNA dysregulation
may possibly occur eatlier than genetic alterations during
the start of transformation. The progression to small
HCC from LGDN saw an accumulation in dysregulated
miRNAs, because on top of the downregulation of
miR-145 and miR-199b, miR-224 was also found to be
overexpressed in small HCCs and not in LGDNSs. These
miRNA expressions in HGDN cases were huddled in
the middle of that of LGDN and small HCCs. These
results suggest that the downregulation of miRNAs like
miR-145 and miR-199b may be indicative of eatly pre-
malignant DNs, while the progressive upregulation of
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Table 1 Examples of dysregulated miRNAs in hepatitis B virus-infected or hepatitis B virus-related hepatocellular carcinoma patients

at various locations as compared to healthy or non-tumorous controls

Locations Regulation’

List of miRNAs

HBV serum/plasma Up

miR-375", miR-92a"*, miR-10a*!, miR-223", miR-423"*", miR-23b/a'*, miR-342-3p'*, miR-99a/*", miR-122a', miR-

125b'"", miR-150"", let-7c'*, miR-100"", miR-122", miR-122*""!, miR-192"", miR-192*"*!, miR-193b"", miR-194"",
miR-215"", miR-365"", miR-455-5p", miR-455-3p""*!, miR-483-3p", miR-885-5p""*, miR-1247""!

Down
HBV-HCC serum/ Up
plasma Down
Dysplastic nodules Up

Down
HCC tumours Up

Down

miR-122%", miR-192%", miR-194"", miR-21""", miR-23b®", miR-801"")

miR-223", miR-132"*
miR-224""!
miR-145", miR-199b""*!
miR-224", miR-27a™*, miR-501""")

miR-422b", miR-122a™, miR-132""), miR-148a"", let-7a""), miR-101""

!Compared to healthy or non-tumorous controls. HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma.

miR-224 could imply further malignant transformation
onto HCC™. The down-regulation of miR-145 has been
shown to be involved in the immortalization and of
non-tumorigenic cells, and its overexpression is able to
inhibit proliferation and cell migration. MiRNAs are also
able to distinguish between malignant and benign tu-
mours, and in one study it was found that miR-200c and
miR-203 were underexpressed in benign tumours while
miR-21, miR-222 and miR-10b were overexpressed in
Hcc™,

PLASMA MIRNAS DIFFERENTIATE
HBEAG-POSITIVE AND HBEAG-NEGATIVE
CHB CASES

Even within CHB patients with no signs of HCC, there
are various phases of the infection characterized by
the presence (or absence) of certain viral antigens and
host antibodies, as aforementioned. Not only are miR-
NAs able to differentiate between the different phases
of HCC transformation (7.e., CHB infection to DN to
HCC), plasma miRNAs have also shown to be able to
distinguish the phases within CHB infection. One study
identified a panel of 16 miRNAs that are found to be
significantly upregulated in children with CHB who are
positive for HBeAg as compared to their negative HBeAg
counterpattsm. Among these 16 miRNAs identified by
this study, miR-122 and miR-194 have been validated
by another study to be associated with the presence of
HBeAg"™. All 16 miRNAs also formed a positive correla-
tion with the amount of viral load in the serum, another
important risk factor of CHB progression into cirrhosis
or HCC""™. The measure of ALT is a marker for liver
damage. However, there was also no correlation found
between ALT and these 16 miRNAs, which may suggest
that circulating miRNAs may be more sensitive biomark-
ers of liver injury. These findings provide a link between
the abundance of certain miRNAs found circulating
in blood serum and the immunological stages of CHB
infection, either by miRNAs acting as biomarkers, or as
a direct link to disease progression by enhancing viral
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replication. A pathway analysis on the processes affected
by these 16 miRNAs showed their heavy involvement in
signalling pathways or cancer specific pathways, possibly
another means in which their dysregulation could lead to
tumorigenesis. Table 1 lists some commonly dysregulated
miRNAs in both serum and tumour tissues of CHB-
infected and HBV-HCC patients.

MIRNA PANEL IN THE CLINICAL
DIAGNOSIS AND PROGNOSIS OF HBV-

RELATED HCC?

The frequent finding of dysregulated miRNAs in HBV-
related HCC, coupled with the insensitivity and inac-
curacy of using the current alpha-fetoprotein (AFP) as a
serum biomarker for HCC™™ has sparked one group to
conduct a search with a large pool of participants to iden-
tify a stable panel of serum miRNAs that may be poten-
tially useful in the diagnosis of HBV-related HCC. Their
study revealed a panel of 7 miRNAs that demonstrated
a high accuracy in the diagnosis of HCC: miR-122,
miR-192, miR-21, miR-223, miR-26a and miR-801.
This panel is able to successfully distinguish HCC from
healthy, CHB and liver cirrhosis cases"™, and 4 out of
the 7 miRINAs have been validated by other studies to be
frequently associated and dysregulated with HCC %84,
Another group has demonstrated the use of miRNAs in
predicting the patient outcome of surgical treatment of
HBV-related HCCs. As cancer recurrence (due to metas-
tasis or in the liver) is one of the main setbacks of surgi-
cal resection, the group studied the ability of miRNAs to
identify HBV-related HCC patients prone to recurrence.
Among the miRNAs identified, miR-29a-5p is success-
fully validated and shown to be upregulated in patients’
formalin fixed, paraffin-embedded tissue (FFPE) with
early tumour recurrence as compared to those without™”.
Patients may be therefore selected for various follow-up
treatments based on their specific conditions. These new
findings, if further validated, may provide much clini-
cal value to the diagnosis and treatment of HBV-related
HCC.
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MIRNAS AT THE MOLECULAR LEVEL:
MECHANISMS AND PATHWAYS IN HBV-

RELATED HCC

MiRNAs as biomarkers could be a prelude to their func-
tionally important role in the tumorigenesis process, by
having a direct effect in the pathogenesis or the treatment
of HBV-related HCC. As biomarkers, they are believed
to “leak” out of cells during necrosis or apoptosis, or

are secreted out as a survival mechanism of cancer cells.
As effectors of disease progression, many studies have
been done that illustrate the various roles of miRNAs in
important processes and pathways in HBV-related HCC.
They ate found to be involved in viral replication, latency,
epigenetic modulation, interacting with viral products or
indirectly activating/deactivating important cancet-related
pathways.

MIRNAS AND THEIR INTERACTIONS
WITH THE HBV GENOME

Regulating replication through direct interaction with
the HBV genome

Many miRNAs have been identified to affect viral repli-
cation, either by direct interaction with the HBV genome
or indirectly regulating important transcription factors. In
cases where miRNAs regulates HBV replication through
direct targeting of the HBV genome, one study em-
ployed a bioinformatics approach in elucidating possible
miRNAs capable of direct binding to the viral DNA.
Cellular miR-199a-3p and miR-210 were found to pos-
sess putative binding sites in the HBV pre-S1/pre-S2/S
region. Further 7z vitro studies showed a positive binding
between miR-199a-3p and the HBsAg encoded region,
as well as between miR-210 and the pre-S1 region of the
HBYV genome. The results of these bindings led to a re-
duction in HBsAg mRNA and protein levels, and a sup-
pression of HBV replication respectively, without affect-
ing cellular proliferation®. These 2 miRNAs are found
to be upregulated in HepG2.2.15 as compared to HepG2
cells. The low viral load that is often maintained in CHB-
infected patients may be attributed to the overexpression
of these 2 miRNAs, possibly contributing to HBV dor-
mancy and a chronic viral infection. Another important
miRNA that is found to directly bind to the HBV tran-
script is miR-122. It is significant as it is the most abun-
dant miRNA in the liver, making its role in HBV replica-
tion rather considerable. It directly binds to HBV RNA
at the coding regions for viral polymerase and 3’UTR
of the core protein, consequentially suppressing HBV
replicationlsﬂ. It also targets and regulates cyclin G(1)
activity and delays entry into the viral cell cycle, therefore
indirectly repressing replication[ggl. This again, may lead
to viral latency and a chronic viral infection. A separate
study on miR-122 further validated its negative regulation
on viral and antigen expressions by measuring both viral
load and antigen expression upon miR-122 transfection,
without any significant effect on cell proliferation. They

Baishidenge ~ WJG | www.wjgnet.com

however, also showed that miR-122 negatively regulates
heme oxygenase-1 (HO-1) protein expression, a mecha-
nism that activates an opposing pathway as this results
in an increase in viral expression[s(ﬂ. Putting these results
of miR-122 together, it may suggest that miR-122 may
overall suppress viral replication. However, the extent of
this suppression may be attenuated due to the conflicting
pathways activated by miR-122.

Not only do cellular miRNAs interact with the HBV
genome, it is also believed that viral miRNAs can bind
to and regulate their own gene expression. Viral miR-
NAs have been identified in Epstein-Barr virus infected
cells. One study aimed to elucidate the presence of viral
miRNAs transcribed by the HBV genome. Using bio-
informatics and a computational approach, they found
that only 1 putative pre-miRNA that could possibly be
encoded by HBV. From there, they generated the puta-
tive mature miRNA sequence, which was subsequently
detected and validated in blood cells mock-infected with
HBV. According to its sequence, the viral miRNA is pre-
dicted to complementarily bind to the viral polymerase
gene, although no experiments had been carried out to
validate this™
that the viral miRNA may regulate its own replication via

| However, if this is the case, it could mean

this viral miRNA, possibly leading to latency and a long-
term infection in patients.

Regulating replication through epigenetics

In cases where miRNAs indirectly regulate HBV replica-
tion, one study showed that miR-1 acts as a positive regu-
lator of the viral replication by targeting histone deacety-
lase 4 (HDAC4) and increasing the expression of nuclear
receptor farnesoid X receptor (FXR) I, By directly bind-
ing and reducing HDAC4 expression, changes in promot-
er activity may result. Coupled with the increase in FXR
expression by miR-1, HBV RNA levels and antigens were
found to increase in culture supernatants of HepG2.2.15
cells due to the increase in transcription at the HBV core
promoter. FXR has been shown to increase the synthesis
of HBV pregenomic RNA and RI™. Other similar stud-
ies have been conducted. Where miRNAs repress HBV
replication, one study identified miR-141 to effectively
repress HBV replication as well as HBsAg/HBeAg ex-
pression in HepG2 cells transfected with pHBV1.3 plas-
mid. Again, cell proliferation was not affected, thereby
attributing the effect of miR-141 directly on viral replica-
tion. MiR-141 was found to target 3 binding sites in the
3UTR of PPARA mRNA, reducing both the PPARA
mRNA and protein levels”. PPARA is a transcription
factor with many binding sites at the promoters and en-
hancers of the HBV genome[%]. Its targeting by miR-141
could have led to a reduction of promoter transcription
activities. Other studies have found that PPARA is one
of the essential transcription factors required for HBV
pregenomic RNA transcription and replication®”,

HBYV viral proteins regulate cellular miRNA expression

levels
Not only do miRNAs regulate viral processes, but they
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themselves may also be regulated by viral proteins. The
HBx protein is notorious for its extensive role in the
many aspects of viral infection, not just in viral replica-
tion. It is found associated with miRNAs in many studies.
Metastasis, a source of cancer recurrence, is often found
linked to miRNAs as they are able to directly regulate cell
migration and invasion. Specifically in HBx-transfected
hepatoma cells and in transgenic mouse models, the level
of miR-29a is found to be overexpressed as compared to
control cells and wild type mice respectively. HBx could
therefore, upregulate the expression of miR-29a. MiR-
29a positively correlates with metastasis potential and its
overexpression results in increased migration ability of
cells, due to its targeting of phosphatase and tensin ho-
molog (PTEN) at both the mRNA and protein level. The
downregulation of PTEN increases phosphorylation of
Akt at serd73" activating a pathway leading to increased
cell migration[w’gg]. An elevated level of miR-29a is also
found in MHCC-97H cells, which possess a high meta-
static potential[gg].

The HBx protein may also exert its oncogenic effect
via its indirect role in epigenetic modification through
miRNAs. One study found that HBx-expressing HepG2
cells, as well as HepG2.2.15 cells, both had a significantly
lower miR-101 expression level than control HepG2
cells that do not express the HBx protein. The study also
showed that miR-101 directly binds to and targets the 3’
UTR of DNA methyltransferase 3A (DNMT3A) mRNA,
and is able to decrease both its mRNA and protein levels.
The DNMT family is known to catalyse the addition of a
methyl group to the 5-CpG dinucleotide of the cytosine
ring, leading to epigenetic gene silencing and is one of the
causes of many cancers, including that of the liver""™"",
The inverse relationship of DNMT3A and miR-101 was
further validated by the lowered mRNA expression levels
and increased methylation in the promoter regions of
6 tumour suppressive genes (ISG) when miR-101 was
inhibited""™. The 6 TSGs: glutathione S-transferase pi 1
(GSTP1), Ras association domain family 1A (RASSF1),
cyclin-dependent kinase inhibitor 2A (CDKN2A), adeno-
matous polyposis coli (APC), RUNX3 and PRDM2, have
been found to be one of the earliest genes to be silenced
during HCC transformation"”!. Their lowered expres-
sion levels upon miR-101 inhibition may have possibly
been partly due to the relief in DNMT3A targeting by
miR-101 when miR-101 was inhibited. HBx, therefore,
may enhance tumorigenesis by lowering miR-101 expres-
sion levels, ultimately leading to the epigenetic silencing
of TSGs. Instead of miRNAs altering the epigenetic
mechanisms in cells, another studymﬁq found the con-
verse to be true as well. Specifically, HBx induced DNA
methylation of the promoter region of miR-132, leading
to the repression of its expression. MiR-132 is down-
regulated in HepG2.2.15 and HBV-related HCC tissue
samples compared to HepG2 cells and the adjacent non-
cancerous liver tissues respectively. MiR-132 decreases
cell proliferation, possibly through the inactivation of the
Akt-signalling pathway. The serum levels of miR-132 was
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also found to correlate with that of the tumour tissues,
making miR-132 a non-invasive biomarker candidate of
HBV-related HCC diagnosis. These findings demonstrate
the multiple roles miRNAs may be involved in, in a single
process in this case in the epigenetic modulation of
HBV-related HCC.

Another mechanism in which HBx acts as an onco-
gene is its ability to regulate cell proliferation. One study
found that HBx negatively regulates let-7a, a miRNA of-
ten downregulated in many cancers, including the liver"™.
Let-7 miRNAs have been shown to be involved in cellu-
lar differentiation and proliferation[10
expression of let-7a significantly decreases proliferation
in both HepG2 and SNU-182 cells. The converse was
seen when let-7a was inhibited. Let-7a is subsequently
shown to target STAT3, a protein mediating the JAK/
STAT pathway, therefore very much involved in cell pro-
liferation. Despite its regulation of proliferation through
let-7a and STAT3, HBx expression was not shown to
significantly enhance proliferation in HBx-infected cells

‘ and increasing the

as compared to control cells. However, this was explained
by the simultaneous activation of both proliferation and
apoptosis in HBx-infected cells, because when apoptosis
was inhibited, HBx-infected cells were seen to show a
significantly higher cell proliferation than control cells""”.
Another group saw HBx expression decreasing the
level of miR-148a. They identified HPIP as a target of
miR-148a and showed that miR-148a (HPIP) negatively
(positively) regulates mTOR through the AKT/ERK/
FOXO4/ATF5 pathway. mTOR is a protein kinase that
leads to cell proliferation, migration and invasion. They
also managed to elucidate the mechanism of HBx-miR-
148a regulation. HBx was found to interact with p53, a
crucial transcription factor and tumour suppressor that
is recruited to the miR-148a promoter. The interaction
of HBx with p53 thus reduces the availability of p53
transcription of miR-148a. As expected, miR-148a over-
expression suppressed cell proliferation, migration and
epithelial-mesenchymal transition (EMT). The expression
levels of miR-148a (HPIP) are found to be lower (higher)
in patients with HBV-related HCC as compared to those
with HCC but without HBV infection". A similar
study"”! reported opposing results, where they found
that HBx enhances miR-148a levels, and inhibiting miR-
148a reduced cell proliferation and migration in HBx-
expressing hepatoma cells. This difference in observation
could have been due to the different liver cancer cell lines
used, experimental strategies and population size. This
contradiction illustrates the complexity of liver cancer
and emphasizes the need for more robust and accurate
studies/models of the disease.

Other separate independent studies further describe
the role of miRNAs in HBV-related HCC: MiR-501 has
been shown to be overexpressed in HepG2 cells with
high levels of HBV replication. It is found to increase
HBV replication and HBsAg levels by targeting HBXIP,
a protein that negatively regulates HBx activity and there-
fore represses viral replicationmo]. MiR-125a-5p has been
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Table 2 Examples of miRNAs involved in chronic hepatitis B

infection or hepatitis B virus-related hepatocellular carcinoma

miRNA Target gene Process(es) affected
miR-1 HDAC4 HBV replication

E2F5 Cell proliferation; cell cycle
miR-199a-3p, HBYV genome HBV replication and antigen
miR-210 production
miR-501 HBXIP HBV replication
miR-141 PPARA HBV replication
miR-29a PTEN Cell migration
miR-101 DNMT3A  DNA methylation and gene silencing
let-7 STAT3 Cell proliferation
miR-148a HPIP Cell proliferation; migration; EMT

Their validated miRNA targets and subsequent effects on cells are listed
accordingly. HBV: Hepatitis B virus; EMT: Epithelial-mesenchymal
transition.

shown to interact with HBV surface antigen and interfere
with its expressionm”. MiR-27a is significantly upregu-
lated in HBV-infected HCC patients and positively cor-
relates with cell proliferation, migration, invasion and cell
cycle entry without any effect on apoptosis. Unlike some
other miRNAs, the levels of miR-27a in blood plasma
and liver tumour tissues do not correlate with each
other. A low level of miR-27a expression is reported in
the plasma in HBV-infected HCC patients compared to
control groups while the inverse was seen in tissue sam-
plesmzl. This portrays the variation of miRNA levels at
the different locations of the body. Therefore, the choice
of biomarkers should be location-dependent.

Regulation of miRNA-related machinery by viral proteins
The regulation of miRNA-related machinery is an in-
direct method HBV deploys to control the levels of
miRNA expression. One study found that Argonaute2
(AGO?2) co-localizes with HBcAg and HBsAg in T23
cells expressing these viral proteins. They were found to
conglomerate at organelles like the ER, endosomes and
Golgi complex. AGO2 is a component of the RNA-
induced silencing complex (RISC) and plays a role in the
binding of miRNAs to their mRNA targets. As AGO2
is being sequestered by HBcAg and HBsAg, their func-
tion in the cells as gene regulators may be lost. Not only
that, the miRINAs that are bound to the AGO2 may also
lose their targeting ability. Indeed, when AGO2 expres-
sion was downregulated, HBV replication was seen to
be suppressedlml. This opens up the possibility of HBV
controlling the general miRNA profile in the cell by man-
aging the levels of “functional” AGO2-miRNA and their
cellular location. It is believed that the low levels of HBV
genome aids in its persistence in CHB-infected patients,
and this may be one of the mechanisms of achieving it.
Apart from AGO2, HBV is also able to decrease the
expression of Drosha, an RNase Il enzyme that pro-
cesses the biogenesis of miRNAs, through HBx protein.
Drosha mRNA and protein levels were both expressed
at a lower level in HepG2.2.15 than HepG2 cells. HBx
also inhibited the Drosha promoter activity, although the
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mechanism of this inhibition was not successfully elu-
cidated in the study. They however, speculate that HBx
performs this by phosphorylating transcription factor
SP1, causing it to bind to the Drosha promoter site and
ultimately downregulating Drosha expression“m. The
implication of inhibiting Drosha expression 1s that HBx
may cause an overall downregulation of miRNAs, affect-
ing the entire miRNA profile in the cell. Another inde-
pendent studym] reported a general downregulation of
miRNAs in tumour tissues compared to healthy tissues.
This again, could contribute to its pleiotropic tendencies,
making its functional classification in cancers more com-
plex.

HBYV replication and miRNAs in interferon-mediated anti-
viral defence

The role of miRNAs, by now, can be seen as being very
extensive. Not only are they implicated in molecular
pathogenesis, they are also very much involved in the ef-
fectiveness (or lack of) of HBV therapy. Recent studies
have demonstrated the role of miRNAs in interferon
(IFN)-mediated anti-viral defence. They have been found
to act by targeting viral RNA or by regulating the in-
nate immune signal pathway through the modulation of
IFN-B protein expression’ ). One study on HBV rep-
lication elucidated over 200 differentially expressed miR-
NAs in HBV expressing HepG2 cells (i.e., HepG2.2.15)
and HepG2 cells. A further investigation on their re-
sponse to IFN-a2b treatment showed fewer miRNAs ac-
tivated upon IFN treatment in HepG2.2.15 cells as com-
pared to HepG2 cells. Furthermore, a pathway search
showed an activation of inflammation, cell cycle, IFN-y,
interleukin and {3 cell activation when HepG2 cells were
treated with IFN-therapy due to the change in HepG2
miRNA profile upon treatment. HepG2.2.15 cells, on the
other hand, only showed a dysregulation of 5 miRNAs,
among which only 1 (7.e., miR-98) had some involve-
ment in apoptosis and inflammation. This suggests that
HBYV teplication may impair the IFN-mediated anti-viral
miRNA response in HepG2 cells, further extending the
effects of HBV replication and miRNAs not just on dis-
ease progression but also on current IFN treatment' !
Table 2 lists some examples of miRNAs and their targets
in HBV-related HCC.

Artificial miRNAs in anti-viral defence strategy?

The current lack of effectiveness in HBV-related HCC
treatments (IFN-related or not) presents a need to estab-
lish better treatment options. One alternative could be
the use of artificial miRNAs in targeting the HBV ge-
nome. One study developed 3 artificial plasmid miRNAs
targeting various regions of the S region of the genome.
The transfection of these into HepG2.2.15 cells resulted
in a significant reduction of viral mRNA, up to 83% de-
crease in HBV § mRNA expression levels. HBsAg and
HBeAg protein levels, as well as HBV DNA levels were
also significantly decreased in the culture supernatant and
within the cells respectively. The 3 artificial miRNAs had
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varying levels of effectiveness. Among them, HBV-5608
proved to be the most potent in repressing viral replica-
tion'"*”. The use of artificial miRNAs may potentially
improve the effectiveness of HBV-related HCC thera-
pies, because of its relative insensitivity to the interferon
system and little cytotoxicity induced in the host cell. As
seen in the study, the use of synthetic miRINAs to target
viral genome could be a good option. However, more
work needs to be done to formulate an optimal plasmid
capable of effective HBV targeting in HB V-infected cells.

TECHNIQUES IN MIRNA CANCER
RESEARCH

A brief summary of techniques often encountered in
miRNA research may be useful in the design and plan-
ning of experiments. Most studies make use of micro-
arrays in establishing differentially expressed miRNAs
between two or more samples of cells/tissues/serum. A
general panel of miRNAs may be used or selected miR-
NAs involved in processes important in the area of study
may be chosen to streamline the scope of the work. Fol-
lowing the identification of dysregulated miRNAs, their
validation is usually confirmed by a qPCR or northern
blot analysis. Subsequent work may revolve around the
identification of their target mRNAs and/or a functional
analysis of their effects in cells. Functional analysis of
miRNAs in HBV-related HCC typically covers measuring
viral antigen detection and expression levels, HBV DNA
expression levels, cell proliferation and apoptosis, cell mi-
gration and invasion, EMT progtession, cell cycle, or any
other processes important in cancet.

In the identification of direct mRNA targets, a bio-
informatics analysis and/or computational approach is
usually used in predicting putative mRNA targets. Com-
mon programs such as TargetScan, miRanda, miRTar ez,
are often used in combination and overlapping targets are
chosen for further experimental validation. Subsequently,
surface plasmon resonance (SPR) and luciferase assays
may be carried out to detect RNA interactions z vitro and
in vivo respectively. To further validate the binding, target
mRNA and/or protein levels may be measured to study
the level of target regulation, whether at the mRNA or
protein level. Pathway analysis may also be investigated
to see which pathways are activated, and the miRNA may
be “categorized” as an oncogene or tumour suppressof,
depending on the pathways activated or deactivated by it.
Why miRNAs are temporarily “categorized”, is because
miRNAs ate known to affect a myriad of cellular path-
ways, sometimes even conflicting somewhat like HBx.
Also, their overall effect depends on cell type and stages
of cell differentiation ez, hence their individual classifica-
tion as an oncogene of tumout suppressor may not be
obvious just by studying their effect on a single process
or pathway.

CONCLUSION
HBV-related HCC is a cancer with two individually
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complex parts intertwined together: HBV and HCC. It
is currently a dire medical problem that is the cause of
many deaths in spite of the advance in technology. This
is partially due to its complicated nature involving both
viral and host cell components. HBV alone has many
parts to it: Genome, cccDNA and replication machinery,
mRNA transcripts, protein products and possibly viral
miRNAs. These could all be involved in the replication
of the virus, its integration into host chromosomes, as
well as interfering with important cellular pathways that
may lead to chronic infection and possibly HCC. These
may themselves also be potential targets in HCC therapy.
Liver transplantation or surgical resections are more likely
to produce a better patient prognosis. However, the often
late diagnosis of the cancer makes these options unavail-
able to patients, therefore requiring the need for other
types of suitable treatment like chemotherapy. The prob-
lem with those treatments is that they produce a lot of
toxicity and also evoke the immune response. The exist-
ing IFN therapy is unable to fully eliminate the cccDNA
in HBV-infected cells, possibly an outcome that leads to
cancer recurrence.

The involvement of miRNAs in HBV-related HCC
is very extensive. As they are stably present in the blood
serum and plasma, they may act as non-invasive biomark-
ers for the diagnosis of HBV-infection and even for its
progression into cirrhosis, DNs and HCCs. One other
advantage miRNAs have over current biomarkers like the
various viral antigens and DNA is that they are stable and
not as immune-dependent. MiRNA profiles may be de-
rived directly from liver tumour tissues, however it must
be noted that the miRNA profile in these tissues may
differ from that in the serum/plasma. Not only that, but
it has been shown that there is a significantly higher con-
centration of miRNAs found in the serum as compared
to plasmam}]. This could indicate some difference, possi-
bly, even between serum »s plasma miRNA. The miRNAs
present in serum/plasma is believed to be excreted from
the hepatocytes, either as part of a signalling cascade
in aiding viral replication and infection or as the body’
s means of preventing viral growth and further spread.
It is important that an accurate, stable panel of miRNAs
be designed such that it is representative of the diagnosis
status of the patient, or even one that has prognostic
value. For this to be effectively established, the time of
miRNA profiling, in what disease stage, from which loca-
tion the miRNA profile is obtained, and even the HBV
genotype may be important factors to consider that could
give rise to different miRNA profiles.

Apart from miRNAs being biomarkers, they may be
important players in the pathogenesis of HBV-related
HCC or take part in its eradication. MiRNAs may be
from host cells or transcribed by the virus. Till now, not
much of HBV miRNA is elucidated, but they potentially
may exist and interfere in important cellular processes
in cancer progression or in chronic HBV infection. On
the other hand, the vast and ever-increasing amount of
miRNAs being discovered in human cells, accompanied
by their multiple non-specific targeting of mRNAs, en-
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Regulates expression of miRNAS
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Figure 1 General overview of how miRNAs may associate with hepatitis
B virus, apart from acting as biomarkers in chronic hepatitis B-infected
or hepatitis B virus-related hepatocellular carcinoma patients. Hepatitis
B virus (HBV) consists of 4 main components that may interact with miRNAs:
The genome, RNA transcripts, the various antigens and the pleiotropic hepa-
titis B virus X (HBx) protein. MIRNAs may bind to the genome, resulting in the
silencing of tumour-suppressor genes, or this could be achieved epigeneti-
cally through miRNAs’ modulation of histone deacetylase etc. The binding of
miRNAs to HBV DNA or RNA transcripts may also regulate HBV replication, a
mechanism that may lead to latency and chronic hepatitis B infection. Important
protein products like the various antigens and HBx could also regulate miRNA
activity. The antigens are found to localize with miRNAs and Argonaute2, which
may result in their sequestering and loss of function. MiRNAs, conversely, are
found to target and reduce the expression levels of circulating antigens. HBx
protein affects miRNAs at both an individual level, by regulating specific miR-
NAs’ expression, and also at a general miRNA level, by decreasing the level of
Drosha, an enzyme involved in the biogenesis of miRNAs. As miRNAs are able
to regulate mRNA and subsequently protein levels, the effect of HBV on the
miRNA profile is considerable, implying its potentially substantial modulation of
important cellular activities.

able them to be involved in a multitude of processes.
Not surprisingly, they have been frequently reported to
take part in HBV-related HCC progression. The different
components of HBV may interact with miRNAs. One
important aspect where miRNAs are involved in HBV to
HCC progtession is in viral replication. Cellular miRNAs
may suppress HBV replication by directly binding to the
genome or by altering replication epigenetically. Interac-
tions between cellular miRNAs and transcription factors
or epigenetic machinery like HDAC are some examples
of how miRNAs indirectly regulate viral replication.
Moving away from the HBV genome, miRNAs may also
interact with viral proteins, especially with HBx. HBx
affects a whole list of processes, and hence their associa-
tion with miRNAs is expected. It is still unclear, exactly
how HBx is able to regulate the levels of miRNAs. It
could be at the transcriptional level, where miRNA tran-
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scription is either enhanced or inhibited by HBx. Perhaps
miRNAs may be transcribed but also quickly degraded or
sequestered by HBx. More studies ate requited to further
elucidate the mechanisms of this interaction. However,
it is observed that the presence of HBx is able to alter
the expression of many miRNAs, such that important
cancer processes are activated. Cell proliferation, viral
replication, migration and invasion, are a few of the
many processes that could be activated by HBx through
its miRINA regulation. Not only does HBx regulate miR-
NAs, it also is found to regulate Drosha, an important
enzyme involved in miRNA biogenesis. By affecting the
expression levels of Drosha, HBx is able to control the
miRNA profile of a cell at a general level, instead of just
single, individual miRNAs each time. In addition, viral
antigens may also bind to and sequester AGO2, another
enzyme involved in the miRNA targeting of mRNAs.
This may result in a quarantine of miRNAs along with
AGO2, leading to their loss of function in a cell.

These examples illustrate the various independent
ways where miRNAs may be involved in HBV-related
HCC. Figure 1 shows a summary of the main aspects of
HBV-related HCC where miRNAs may play an impor-
tant role in the infection and tumorigenesis process. The
pleiotropic properties of both HBx and miRNAs make
the cancer much more complex to understand and treat.
However, studies have also shown that miRNAs them-
selves may possess some anti-viral and anti-HCC effects.
Their application as medical biomarkers could be the first
step in improving current diagnostic methods used in
HBV-related HCC, by cither resulting in its earlier detec-
tion and/or greater prognostic value. Their further un-
derstanding would be required before they may become
of any therapeutic value.
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