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Abstract

AIM: To study Hepatitis B virus (HBV) infection and its
association with hepatocellular carcinoma (HCC) at the
miRNA level.

METHODS: Three cellular models were used to inves-
tigate miRNA expression changes during HBV infection:
human HepG2 hepatoblastoma cell line as a model
without HBV infection; HepG2 cell line transfected with
a 1.3-fold full-length HBV genome as an acute infection
model; and HepG2.2.15 cell line, which is derived from
HepG2 and stably transfected with a complete HBV ge-
nome, as a chronic infection model. The miRNA levels
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were examined using microarray technology. To explore
the relationship between HBV infection and HCC genesis
at the miRNA level, we downloaded from national center
for biotechnology information Gene Expression Omnibus
an miRNA expression dataset derived from HCC patients,
most of whom are HBV carriers. We compared the
miRNA expression alterations during HBV infection with
those in HCC patients, by analyzing miRNA expression
change profiles statistically.

RESULTS: Seventy-seven and 48 miRNAs were differen-
tially expressed during acute and chronic HBV infection,
respectively. Among these miRNAs, 25 were in common,
the intersection of which was significant under the hyper-
geometric test (P = 1.3 x 10™). Fourteen miRNAs were
observed to change coherently in the acute and chronic
infections, with one upregulated and 13 downregulated.
Eleven showed inverse changes during the two phases of
infection; downregulated in the acute infection and up-
regulated in the chronic infection. The results imply that
common and specific mechanisms exist at the miRNA
level during acute and chronic HBV infection. Besides,
comparative analysis of the miRNA expression changes
during HBV infection with those in HCC indicates that, al-
though miRNA expression changes during HBV infection
are distinct from those in HCC patients (P < 2.2 x 10™),
they exhibited significant correlations (P = 0.0229 for
acute infection; £ = 0.0084 for chronic infection). Pertur-
bation of miRNA expression during chronic HBV infection
was closer to that in HCC patients than that during acute
HBV infection. This observation implies the contribution
of miRNAs to HCC genesis from HBV infection. Accord-
ing to their patterns of differential expression in acute
and chronic HBV infection, as well as in HCC, miRNAs of
potential research interest could be identified, such as
miR-18a/miR-18b, miR-106a, miR-221 and miR-101. For
instance, the gradient expression alteration of miR-221 in
the above three phases, which is downregulated in acute
HBV infection, normally expressed in chronic HBV infec-
tion, and upregulated in HCC, indicates that it may be a
key effector for progression of the disease.
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CONCLUSION: Our analysis provides insights into HBV
infection and related HCC in relation to miRNAs, and re-
veals some candidate miRNAs for future studies.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Hepatitis B virus (HBV) is a hepatotropic non-cytopath-
ic DNA virus that belongs to the Hepadnaviridae family.
It is a major cause of acute and chronic infections of
the liver and can lead to hepatitis, cirrhosis and hepa-
tocellular carcinoma (HCC)". Many efforts have been
made to investigate the liver diseases caused by HBV.
However, attempts at treatment of chronic infections
have had only limited success™. Due to the exclusive
dependence of HBV on the host cellular machinery for
its propagation and survival, investigation of the interac-
tions between HBV and the host cell is crucial for the
understanding of viral pathogenesis and development of
novel antiviral therapies. Although the gene regulatory
mechanisms involving host and viral proteins have been
extensively explored, studies on miRNA-mediated regu-
lation in viral infections are just emerging

As a class of small RNA molecules ~22 nucleotides
in length, miRNAs have recently gained widespread atten-
tion as crucial regulators in complex gene regulatory net-
works" . miRNAs regulate gene expression by base-paring
with the 3’ untranslated region (3> UTR) of target mRNAs,
which leads to mRNA degradation or translational silenc-
ing. Recent reports on the interactions between the host
and the pathogen in viral infection through miRNAs shed
light on the role of miRNAs as crucial effectors in the in-
tricate host-pathogen interaction networks. Lecellier ef al”,
demonstrated for the first time that 2 mammalian miRNA,
mir-32, restricts accumulation of the retrovirus primate
foamy virus type 1 (PFV-1) in human cells Hariharan ez a/”
have predicted that five human-encoded miRNAs poten-
tially target the entire repertoire of accessory genes in HIV.
Jopling ez al” have reported an interesting case in which a
liver-specific miRNA, mir-122, causes viral RNA accumu-
lation of hepatitis C virus (HCV), by binding to the 5’ non-
coding region of the viral genome. Pedersen and colleagues
have shown that the antiviral effects of interferon (IFN)-B
against HCV can be at least partially explained by miRINA-
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mediated modulation, and IFN-B treatment leads to a
significant reduction in miR-122 expression, and induces
miRNAs with sequence-predicted targets within the HCV
genomic RNA™. To counteract the small-RNA-mediated
interference, viruses have evolved to express suppressors
that interfere with miRNA and siRNA pathwaysp‘m. Sev-
eral studies have shown that viruses also encode miRNAs,
which can modulate cellular processes as well as regulate
themselves*"". Computational analysis has indicated the
miRNA-encoding potential of HBV",

Previous works have pointed to the possibility of cross-
talk between HBV and its host at the miRNA level. In the
present study, we investigated human miRNAs that may be
involved in acute and chronic HBV infection, via microar-
ray profiling. We found that a significant number of differ-
entially expressed miRNAs during acute and chronic infec-
tion ovetlapped, which were either coherently or inversely
changed in the two phases of infection. This indicates that
the two processes are both associated and different at the
miRNA level. In addition, we explored the relationship be-
tween HBV infection and HCC genesis, by integrating our
HBYV infection dataset with a public miRNA expression
dataset derived from a group of HCC patients, most of
whom were HBV posirivelm]. Our analysis demonstrated
that perturbations of miRNA expression during HBV
infection were significantly correlated with those in HCC,
although they seemed distinct. Compared with acute HBV
infection, chronic infection showed more consistent miR-
NA expression alterations with respect to HCC. In spite of
this, there is a long way to go from the miRNA expression
states during HBV infection to those that occur in HCC.
The results implie that interference therapy at the miRNA
level may provide a strategy to control the progression of
serious liver diseases in HBV carriers.

MATERIALS AND METHODS

Cell models

Three cell models were used in this study: human HepG2
hepatoblastoma cell line as a model without virus infec-
tion; HepG2 cell line transfected with a 1.3-fold full-
length HBV genome as an acute infection model; and
HepG2.2.15 cell line, which is derived from HepG2 and
stably transfected with a complete HBV genome, as a
chronic infection model.

Microarray experiments

MiRNA expression profiles were determined at Capital-
Bio Corp (Beijing, China; www.capitalbio.com) by using
mammalian miRNA arrays (version 3.0) which were de-
signed based on the miRBase release 10.0 and contained
924 probes from humans, mice and rats. The arrays were
scanned using a LuxScan™ laser confocal scanner and the
images obtained were analyzed using L.uxScan 3.0™ image
analysis package. The raw miRNA expression data were
quantile-normalized to correct for between-sample varia-
tions. A miRNA was determined as differentially expressed
if its expression change was more than 1.5-fold, and it was
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Table 1 MiRNAs differentially expressed during acute and chronic hepatitis B virus infection

Acute infection

Chronic infection

Up MiR-129-3p, miR-133a, miR-196b, miR-223, miR-296-5p, miR-302¢c, miR-361-3p, miR-365, Let-7a, let-7b, let-7d, let-7g, let-7i, miR-23a,
miR-372, miR-409-3p, miR-518b, miR-562, miR-564, miR-574-3p, miR-612, miR-638, miR-634, miR-25, miR-27a, miR-27b, miR-29a, miR-29b,

miR-659, miR-663, miR-665, miR-940

miR-103, miR-146a, miR-146b-5p, miR-181a,
miR-181b, miR-181c, miR-181d, miR-182, miR-
196b, miR-222, miR-331-3p, miR-499-3p, miR-
499-5p, miR-501-3p, miR-660, miR-888

Down Let-7a, let-7g, miR-15a, miR-15b, miR-16, miR-17, miR-18a, miR-19a, miR-19b, miR-20a, miR- MiR-17, miR-18a, miR-18b, miR-19a, miR-19b,
20b, miR-23a, miR-25, miR-26a, miR-26b, miR-27a, miR-27b, miR-29b, miR-29¢c, miR-30a, miR- miR-20a, miR-20b, miR-26b, miR-92a, miR-92b,
30b, miR-30c, miR-30e, miR-32, miR-34a, miR-92b, miR-96, miR-101, miR-103, miR-106a, miR-101, miR-106a, miR-130a, miR-143, miR-
miR-107, miR-122, miR-128a, miR-129-5p, miR-130a, miR-140-5p, miR-141, miR-146a, miR- 148a, miR-193b, miR-199b-5p, miR-325, miR-
146b-5p, miR-148a, miR-181a, miR-186, miR-192, miR-199a-5p, miR-200a, miR-200b, miR-215, 338-3p, miR-378, miR-483-5p
miR-217, miR-221, miR-224, miR-301a, miR-338-3p, miR-374b, miR-454, miR-611, miR-923

identified as significantly changed using the Significance
Analysis of Microarrays method with FDR < 0.05.

miRNA expression profiles of HCC

We downloaded the miRNA expression profiles of 78
HCC patients from Gene Expression Omnibus (GEO,
GSE10694)"". For each patient, the expression data for
the liver cancer tissue and the corresponding non-can-
cerous tissue were available. The microarray analysis was
performed using a customized miRNA array produced by
CapitalBio Corp, which was designed based on miRBase
release 7.0 and contained 435 probes for human mature
miRNAs, including 122 predicted ones. The data were
normalized, and differentially expressed miRNAs identi-
fied using the same criteria as described above.

Comparison of miRNA expression changes in HBV
infection and HCC

We generated miRNA expression change profiles (miECPs)
for acute and chronic HBV infection by comparing the
mean miRNA expression levels in the corresponding con-
ditions to those in the uninfected model. Similarly, for the
HCC patients, miECPs were obtained by dividing the miR-
NA expression levels in the patients’ non-cancerous tissues
into those in the matched liver cancer tissues. Hierarchical
clustering of the miECPs was performed to give a qualita-
tive evaluation of the relationship between HBV infection
and HCC. The significance of the observed deviations of
HBYV infection from HCC was determined by compar-
ing the distributions of Pearson correlation coefficients
(PCCs) between the miECPs of HBV infection and those
of HCC, with the distribution of PCCs in HCC using the
Kolmogorov-Smirnov test.

To investigate the association of miRNA expression
alterations between HBV infection and HCC, we tested the
null hypothesis that the correlation between the HBV infec-
tion miECPs and those for HCC was as weak as that be-
tween the random miECPs and HCC, which meant that the
changes in miRNA expression during HBV infection were it-
relevant to those observed in HCC. We first generated 10000
random miECPs by sampling from the elements of the real
miECPs. We then computed, for each random miECP, the
median of its PCCs with the HCC miECPs. By pooling
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together the PCC medians of all the random miECPs, we
constructed the null distribution for statistical analysis. The
correlations between HBV infection miECPs and those for
HCC, which were represented by their PCC medians, were
evaluated by computing a P value, determined as the number
of times random PCC medians were larger (one-tailed test
for a positive PCC median) or smaller (one-tailed test for a
negative PCC median) than the observed one.

RESULTS

Differential expression of miRNAs during HBV infection
We determined the global miRNA expression profiles elic-
ited in the uninfected, acute infection and chronic infec-
tion models using CapitalBio mammalian miRNA arrays.
Among the 570 human mature miRNAs investigated by
the arrays, 77 and 48 were differentially expressed during
acute and chronic infection, respectively, with respect to
the uninfected model (Table 1). The former consisted of
21 upregulated and 56 downregulated miRNAs, and the
latter contained 27 upregulated and 21 downregulated
miRNAs. Among these differentially expressed miRNAs,
25 wete in common between acute and chronic infection
(Table 2); the intersection of which was significant by the
hypergeometric test (P = 1.3 X 10™"). Fourteen of these
miRNAs were observed to change coherently in acute and
chronic infection, with one upregulated and 13 downregu-
lated. Eleven were downregulated in acute infection, but
inversely changed in chronic infection.

Relationship between HBV infection and HCC at the
miRNA level

The close pathological associations between HBV infec-
tion and HCC genesis have been demonstrated by previ-
ous studies. It is of great interest to investigate the rela-
tionship between the two at the miRINA level. Recently, Li
et al'” performed an miRNA expression profiling analysis
on a group of 78 HCC patients, 62 of whom were HBV
carriers. This dataset provided us an opportunity to ex-
plore the problem of whether HBV infection exhibits
similar miRNA expression changes as those observed in
HCC. We identified 217 common miRNAs between our
HBYV infection dataset and that of Li e/ 2/ To summarize
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Figure 1 Clustering of miRNA expression change profiles in acute and chronic hepatitis B virus infection, as well as hepatocellular carcinoma (linkage
type: Average; similarity measurement: Pearson correlation coefficient). The miRNA expression change profiles (miECPs) of the acute and chronic infections are
distant from the majority of the hepatocellular carcinoma (HCC) miECPs, indicating that the alterations of miRNA expression during hepatitis B virus (HBV) infection
are different from those of HCC. Despite this, they are statistically correlated (see the main text).

Table 2 Common miRNAs differentially expressed during

acute and chronic infection

Acute
Up Down

Chronic
Up MiR-196b Let-7a, let-7g, miR-23a, miR-25, miR-27a, miR-
27b, miR-29b, miR-103, miR-146a, miR-146b-5p,
miR-181a
- MiR-17, miR-18a, miR-19a, miR-19b, miR-20a,
miR-20b, miR-26b, miR-92b, miR-101, miR-106a,
miR-130a, miR-148a, miR-338-3p

Down

the expression changes of these miRINAs in HBV infec-
tion, we generated miECPs by taking ratios of the mean
miRNA expression levels of acute and chronic infections,
with respect to those of the uninfected model. Similarly,
miECPs for HCC were generated by comparing the miR-
NA expression levels in liver cancer tissues against those
in matched non-cancerous tissues. Hierarchical cluster-
ing of the miECPs indicated that alterations of miRNA
expression were different for HBV infection and HCC,
and more consistent alterations were observed for HCC
(Figures 1). Although the visualization showed the separa-
tion of HBV infection from most HCC, however, several
patients showed a more extreme distribution. Therefore,
we asked whether the observed differences between HBV
infection and HCC were significant.

Statistically, it was equivalent to the question of whether
the miECPs of HBV infection were from the population
represented by the HCC miECPs. To investigate this prob-
lem, we used a PCC to quantify the similarity between a pair
of miECPs, and tested whether the distribution of PCCs
between the miECPs of acute/chronic HBV infection and
those from HCC were different from that between the HCC
miECPs themselves. It was found that these two kinds of
PCC distributions had a significant difference (Kolmogorov-
Smirnov test, P < 2.2 X 10’1(), and the latter had a signifi-
cantly high median PCC of 0.26 compared with -0.07 (acute
infection) and 0.09 (chronic infection) of the former. This
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demonstrates that the miRINA expression changes during
HBYV infection are distinct from those in HCC.

A PCC of 0 indicates linear independence, therefore,
we were curious as to whether the observed small PCCs
suggested that the miRINA expression alterations between
HBYV infection and HCC were untelated. We reasoned that
if the extent of correlation between the HBV infection
miECPs and those of HCC were indistinguishable from
that between the HCC miECPs and random ones, which
are obviously irrelevant, they should be deemed as unre-
lated. The analysis demonstrated that the miECPs of acute
HBYV infection exhibited a significant negative correlation
with those of HCC, with respect to the irrelevant random
background (P = 0.0229); whereas the miECPs of chronic
HBYV infection showed a significant positive correlation (P
= 0.0084). These results indicate that, although subtle, the
miRNA expression changes during HBV infection were
correlated with those observed in HCC. Compared to acute
HBYV infection, chronic infection was closer to HCC at the
miRNA level

Using the same criteria as for the analysis of the HBV
infection dataset, we identified from the HCC dataset 46
differentially expressed miRINAs in liver cancer tissues, with
respect to the corresponding non-cancerous tissues. The
intersection of differentially expressed miRNAs between
HBYV infection and HCC is summarized in Table 3. Eight
of the 10 differentially expressed miRNAs common to
the acute HBV infection and HCC datasets were inversely
changed, whereas only three of the eight differentially
expressed miRNAs common to the chronic HBV infec-
tion and HCC datasets exhibited opposite alterations. The
obsetrvation also indicates that chronic HBV infection has
closer relationship with HCC than acute infection does. Ac-
cording to their patterns of differential expression in acute
and chronic HBV infection, as well as in HCC, miRNAs
with potential research interest could be identified.

DISCUSSION
Our microarray profiling analysis of miRNAs during HBV
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Table 3 Common miRNAs differentially expressed in hepati-

tis B virus infection and hepatocellular carcinoma

Acute Chronic
Up Down Up Down
HCC
- MiR-15b MiR-25 MiR-18a
MiR-18a MiR-103 MiR-18b
MiR-25 MiR-182 MiR-106a
Up MiR-103 MiR-222

MiR-106a

MiR-107

MiR-221

MiR-224
Down - MiR-101 MiR-29¢ - MiR-101

HCC: Hepatocellular carcinoma.

infection showed that a significant number of miRNAs
differentially expressed during acute and chronic infection
were ovetlapped, which were either coherently or inversely
changed in the two phases of infection. These observa-
tions indicate that common and phase-specific mechanisms
for acute and chronic infection may exist at the miRNA
level. To examine the reliability of our expression dataset,
we compared our results with a recent study performed by
Liu"" ¢z al, who investigated the miRINA expression altera-
tions in the HepG2.2.15 cell line with respect to HepG2.
They used an eatly version of CapitalBio mammalian miR-
NA arrays, which contains probes for 435 human mature
miRNAs, a subset of the miRINAs present on our arrays.
Similar to our analysis, Liu et al used SAM and fold changes
to determine differentially expressed miRNAs. However,
they required a larger extent of expression alteration of at
least three fold, compared with our 1.5. Under their criteria,
eleven and seven miRNAs present on the arrays were iden-
tified as upregulated and downregulated, respectively. Be-
tween our chronic infection data and theirs, seven upregu-
lated (miR-23a, miR-146a, miR-181a, miR-181b, miR-181c,
miR-181d and miR-196b) and three downregulated (miR-17,
miR-338-3p and miR-378) miRNAs were in common. The
intersection was significant by the hypergeometric test (P
=445 x 10" for the upregulated case; P = 3 X 10” for the
downregulated case), which demonstrated the reproducibil-
ity of our miRNA profiling experiments.

By integrating a miRNA expression dataset of HCC
patients'”, most of whom were HBV positive, we were
able to investigate the relationship between HBV infec-
tion and HCC at the miRNA level, and also had an op-
portunity to explore miRNA expression changes with the
progression of disease, namely from acute HBV infection
to chronic infection and at last to HCC status. The statisti-
cal analysis of miRNA expression change profiles sug-
gested that the perturbation of miRNA expression during
HBYV infection is different from that in HCC, however,
they are correlated. The pattern of miRNA expression
during different phases of disease offers a means to dis-
cover miRNAs that might be of great importance for fur-
ther research. It could be conjectured that miRNAs that
exhibit opposite alterations between HBV infection and
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HCC may be of importance for the entry into a serious
disease state, for instance, miR-18a/miR-18b and miR-
106a", which have already been reported to be involved
in HCC. Those showing a gradient alteration may be key
effectors for the progression of disease. For example,
miR-221, which is downregulated in acute HBV infection,
and normally expressed in chronic HBV infection and up-
regulated in HCC, has been shown recently to contribute
to liver turnorigenesism]. Also, miRNAs showing coherent
alteration patterns among the disease states may be related
to the establishment and maintenance of these disease
states. For instance, aberrant expression of miR-101,
which remains downregulated in acute and chronic HBV
infection, as well as in HCC, is closely associated with
HCC development[zo’zﬂ.

In summary, the correlation between HBV infection and
HCC can be identified at the miRNA level. Compared with
acute HBV infection, miRNA expression changes duting
chronic HBV infection are closer to those in HCC. Howev-
er, there is a long way to go from miRNA expression states
of HBV infection to those of HCC, which may provide
us with opportunities to control the progression of serious
liver diseases via interference therapy at the miRINA level.

COMMENTS

Background

Hepatitis B virus (HBV) is a major cause of liver infection and severe liver dis-
eases. The survival and propagation of HBV exclusively depends on the host
cellular machinery, therefore, investigation of HBV-host interactions is crucial for
understanding viral pathogenesis and development of antiviral therapies.

Research frontiers

Although the gene regulatory mechanisms involving host and viral proteins
have been extensively explored, studies on miRNA-mediated regulation in viral
infections are just emerging. Recent works on the pathogen-host interactions
through miRNAs point to the possibility of crosstalk between HBV and the host
at the miRNA level.

Innovations and breakthroughs

The present study indicates that acute and chronic HBV infections are both
associated and different at the miRNA level. In addition, the perturbations of
miRNA expression during HBV infection are significantly correlated with those
in hepatocellular carcinoma (HCC), although they seem distinct. In spite of this,
there is a long way to go from miRNA expression states during HBV infection to
those that occur in HCC.

Applications

The study implies that interference therapy at the miRNA level may provide a
strategy to control the progression of serious liver diseases in HBV carriers and
reveals some candidate miRNAs for future studies.

Terminology

miRNAs are a class of small RNA molecules, ~22 nucleotides in length, which
regulate gene expression by base-paring with the 3’ untranslated region of
target mRNAs, leading to mRNA degradation or translational silencing. miRNAs
have recently gained widespread attention as crucial regulators in complex
gene regulatory networks.

Peer review

This study illustrated that the miRNA level is correlated in HBV infection and HCC.
miRNA expression levels during HBV acute and chronic infections were inves-
tigated in cell lines, and the clustering between their profiles and those in HCC
showed some insights into associations between HBV infection and HCC.
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