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Differences in serum microRNA profiles
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Summary Objectives: Patients infected with chronic hepatitis B virus (HBV) or hepatitis C vi-
rus (HCV) are at greater risk of cirrhosis and hepatocellular carcinoma. The objective of this
study was to identify virus-specific serum microRNA profiles associated with liver function
and disease progression. Microarray analysis of serum microRNAs was performed using the Tor-
ay 3D array system in 22 healthy subjects, 42 HBV patients, and 30 HCV patients. Selected mi-
" croRNAs were then validated by qRT-PCR in 186 HBV patients, 107 HCV patients, and 22 healthy
subjects.
Results: Microarray analysis showed up-regulation of a number of microRNAs in serum of both
HBV and HCV patients. In gRT-PCR analysis, miR-122, miR-99a, miR-125b, miR-720, miR-22, and
miR-1275 were up-regulated both in HBV patients relative to healthy subjects, and all except
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lymerase chain reaction; HBsAg, HBV surface antigen; HBeAg, HBe antigen; HBeAb, HBe antibody; HBcAg, HBV core antigen; yGTP, v-glu-
tamyl transpeptidase.
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atitis.

miR-1275 were up-regulated in HBeAg-positive patients relative to HBeAg-negative patients.
Specific microRNAs were independently associated with different aspects of HBV infection.
MiR-122 was independently associated with HBV DNA level, whereas miR-125b was indepen-
dently associated with levels of HBY DNA, HBsAg, and HBeAg. MiR-22 and miR-1275 were inde-
pendently associated with serum y-glutamyl transpeptidase levels.

Conclusions: Serum microRNA levels reflect differences in the etiology and stage of viral hep-

© 2014 The British Infection Association. Published by Elsevier Ltd. All rights reserved.

Introduction

Chronic infection with hepatitis B virus (HBV), a partially
double-stranded DNA virus, and hepatitis C virus (HCV), a
single stranded RNA virus, increases the risk of cirrhosis and
hepatocellular carcinoma (HCC). Despite improvements in
antiviral therapy, many patients fail to respond to current
therapies.'™ Therefore, non-invasive methods are needed
for early detection of changes in liver function. One such
approach is to measure changes in levels of small RNAs pre-
sent in the serum of infected patients. In addition to
messenger RNA, transfer RNA, and ribosomal RNA, there
are many other classes of RNAs, many of which act to
fine-tune gene expression and may play a role in disease
pathogenesis. MicroRNAs are among the most important
classes of non-coding RNA and consist of short linear RNA
sequences that range in size from 19 to 24 nucleotides. Mi-
croRNAs may influence gene expression by binding to a
partially complementary region in the 3’ untranslated re-
gion of a targeted messenger RNA, thereby inhibiting trans-
lation or promoting degradation of the transcript. Because
a single microRNA may regulate multiple genes, and a single
gene may be regulated by multiple microRNAs, microRNAs
may form complex regulatory networks.” Viral pathogenesis
and inflammation may disrupt these intricate networks, re-
sulting in changes in microRNA levels inside and outside of
the cell. Given the liver’s dual blood supply and central
role in circulation, pathogenic changes in gene expression
in the liver are likely to be reflected in changes in microRNA
profiles in the serum.

Understanding the origin and function of serum micro-
RNAs is important in the development of strategies to
eradicate HCV and HBV and to monitor the degree of liver
damage. Analysis of differential microRNA expression in
liver tissues has revealed HCV- and HBV-specific microRNAs
as well as microRNAs associated with the stage of liver
disease.> " MicroRNA levels in the liver have been found to
be correlated with serum levels for a number of micro-
RNAs, %" suggesting that serum microRNAs might act as
a surrogate measure of microRNA activity in the liver. While
RNA typically has a short-half life and is quickly degraded
by RNases, microRNAs tend to exist stably in serum when
bound to argonaute proteins such as AGO2 as part of the
RNA-induced silencing complex, the molecular scaffold
that facilitates interaction of a microRNA with its target
sequence.? Circulating microRNAs may exist in this form
as vesicle-free ribonucleoprotein complexes, or they may
be transported within HBV surface antigen (HBsAg) parti-
cles or contained within exosomes/microvesicles.'? '

However, serum microRNAs are typically concentrated in
exosomes. '

Exosomes are 30—150 nm endosome-derived microve-
sicles that are released from multiple cell types and are
detectable in blood, urine, saliva, and other body fluids.
Exosomes are involved in removal of cellular waste products
as well as cell—cell communication and immune activation
but may also be exploited by pathogens and contribute to
tumor proliferation. Exosomes contain characteristic RNA
transcripts, including microRNAs, transfer RNAs and other
types of non-coding RNAs'® and have been shown to affect
gene expression in recipient cells. MiR-99a, miR128, miR-
124, miR-22, and miR-99b account for 49% of identified
exosome-associated microRNAs. "® While exosomal RNA pro-
files vary by cell type, they do not completely mirror the
RNA profile of the parent cell due to selective sorting and
may change in response to cellular conditions.'
Hepatocyte-derived exosomes are enriched for gene prod-
ucts involved in lipoprotein metabolism and xenobiotic pro-
cessing and therefore have potential as a diagnostic tool by
reflecting hepatic changes linked to disease.'” Interferon-
stimulated release of exosomes containing antiviral prod-
ucts and internalization by HBV-infected hepatocytes may
also play a role in antiviral defense by bypassing viral inter-
ference in interferon signal transduction.’® It is likely that
analysis of serum microRNA profiles will provide insight
into disease progression and antiviral activity in the liver,
particularly in the case of HBV infection.

In order to investigate the relationship between serum
microRNA profiles and viral hepatitis, we performed micro-
array and quantitative real-time polymerase chain reaction
(qRT-PCR) analysis to identify host microRNAs that differ
between healthy subjects and patients with chronic HBV or
HCV infection as well as between HBeAg-positive and
negative patients.

Methods

Study subjects

All patients had either chronic hepatitis B or C infection and
were negative for HIV and HCC. No patients were co-
infected with both HBY and HCV. All healthy subjects were
negative for HBsAg and HCV antibody. Patient profiles are
shown in Table 1. Histopathological diagnosis was deter-
mined as in Desmet et al.'” The study was.approved a priori
by the ethical committee of Hiroshima University and con-
forms to the ethical guidelines of the 1975 Declaration of
Helsinki. All patients provided written informed consent.
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Microarray analysis of serum microRNA expression
levels

Host microRNA expression in serum samples was measured
using the Toray Industries microRNA analysis system, in
which serum microRNA samples were hybridized to 3D-Gene
human microRNA ver17.1 chips containing 1200 microRNAs
(Toray Industries, Inc., Tokyo, Japan). Serum from 42
patients with chronic HBV infection and 30 patients with
chronic HCV infection were compared with serum from 12
healthy males and 10 healthy females using a separate
microarray for each sample.

Quantitative RT-PCR microRNA analysis

A subset of microRNAs was selected for validation using gRT-
PCR based on preliminary microarray results and a search of
the literature. Expression of 7 microRNAs was measured in
serum from 186 HBV patients, 107 HCV patients, and 22
healthy subjects. Circulating microRNA was extracted from
300 pl of serum samples using the mirVana PARIS Kit (Ambion
Inc., Austin, TX) according to the manufacturer’s instruc-
tions. RNA was eluted in 80 pl of nuclease free water and
reverse transcribed using TagMan MicroRNA Reverse Tran-
scription Kit (Life technologies Japan Ltd, Tokyo, Japan).
Each sample was spiked with Caenorhabditis elegans miR-
238 (cel-miR-238) as a control for extraction and amplifica-
tion. The reaction mixture contained 5 pul of RNA solution,
2 ul of 10x reverse transcription buffer, 0.2 ul of 100 mM
dNTP mixture, 4 pl of 5x RT primer, 0.25 ul of RNase inhibitor
and 7.22 ul of nuclease free water in a total volume of 20 ul.
The reaction was performed at 16 °C for 30 min followed by
42 °C for 30 min. The reaction was terminated by heating
the solution at 85 °C for 5 min. MicroRNAs were amplified us-
ing primers and probes provided by Applied Biosystems Inc.

using TagMan MicroRNA assays according to the manufac-
turer’s instructions. The reaction mixture contained
12.5 pl of 2x Universal PCR Master Mix, 1.25 pl of 20x TagMan
Assay solution, 1 pl of reverse transcription product and
10.25 ul of nuclease free water in a total volume of 25 pl.
Amplification conditions were 95 °C for 10 min followed by
50 denaturing cycles for 15 s at 95 °C and annealing and
extension for 60 s at 60 °C in an ABI7300 thermal cycler.
For the cel-miR-238 assay, a dilution series using chemically
synthesized microRNA was used to generate a standard
curve that permitted absolute quantification of molecules.
A separate internal normalization factor was not used.

Statistical analysis

MicroRNA microarray expression data was normalized using
cyclic loess and analyzed using moderated t-tests using the
limma package in the R statistical framework (http://www.
r-project.org). P-values were adjusted for multiple testing
using the false discovery rate (Pepr). qRT-PCR expression
levels were compared between healthy subjects and HBV
or HCV using the non-parametric Mann—Whitney U test. As-
sociation between gRT-PCR microRNA levels and clinical pa-
rameters such as HBsAg, HBV DNA, HBeAg, HBeAb, AST, and
ALT were evaluated using multiple linear regression. Fac-
tors that were significant at 0.05 in univariate analysis
were included as candidates in the multivariate model,
and forward-backward stepwise selection based on Akaike
information criterion (AIC) was used to identify indepen-
dently associated factors.

Pathway analysis

Target genes of differentially expressed microRNAs were
predicted using the miRWalk database (http://www.umm.
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uni-heidelberg.de/apps/zmf/mirwalk/ accessed on 14
September 2014)*° based on maximum agreement among
the following tools: DIANA-mT, miRanda, miRDB, miRWalk,
RNAhybrid, PICTAR5, PITA, RNA22, and TargetScan. Gene
set enrichment in canonical pathways was analyzed using
Ingenuity Pathway Analysis software (Ingenuity Systems,
CA, USA).

Results

MicroRNA microarray results

MicroRNA microarray analysis was performed to identify
differentially expressed microRNAs in serum of patients
with chronic HBV or HCV compared to healthy individuals
and between patients with chronic HBV compared to
patients with chronic HCV. A larger number of microRNAs
were significantly up- or down-regulated in serum of HCV
patients compared to HBV patients (Table 2, Suppl.
Table 1). MiR-122 was strongly up-regulated in both pa-
tients with HBV (logFC = 2.77) and HCV (logFC = 1.81),
but the fold change was modest for other microRNAs.
Several microRNAs were associated with HBV infection,
including miR-22, miR-99a, miR-1246, miR-320a and miR-
320b (Table 2; Fig. 1A). Serum microRNA profiles of
HBeAg-positive and negative patients were compared with
healthy subjects (Table 3, Fig. 1B, Suppl. Table 2). Results
were similar for both HBeAg-positive and negative patients,

but several microRNAs, including miR-122, miR-194, miR-
125b, miR-99a, and miR-100, were up-regulated in HBeAg-
positive patients compared to HBeAg-negative patients. Mi-
croRNAs were annotated based on whether or not they have
been reported to be detected within exosomes (www.
exocarta.org accessed on 12 September 2014)*"*? and/or
within circulating HBsAg particles.' Nearly all of the signif-
icantly up-regulated microRNAs have been reported to be
detected in exosomes, and miR-122, miR-30a, miR-30b,
and miR-30c have been detected in HBsAg particles. How-
ever, further research is necessary to confirm in which com-
partments these microRNAs are present in these patients.

Quantitative RT-PCR analysis

gRT-PCR was used to validate expression of selected
microRNAs (Table 4). MiR-122, miR-99a, miR-125b, miR-
720, miR-22, and miR-1275 were significantly up-regulated
in serum of HBV patients (n = 185) compared to healthy
subjects (n = 22). MiR-122 and miR-720, but not miR-
1246, were significantly up-regulated in serum of HCV pa-
tients (n = 107) relative to healthy subjects (n = 10). Mi-
croarray and gqRT-PCR expression levels from the same
individual were correlated (P < 0.05; data not shown).
MiR-99a, miR-125b, miR-122, miR-720, and miR-22, but
not miR-1275, were significantly elevated in HBeAg-
positive versus HBeAg-negative individuals (Table 4;
Fig. 2). In Fig.2, the points representing the highest
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Figure 1 Heatmap of results of serum microRNA microarray analysis. Up-regulated microRNAs are shown in red, and down-
regulated microRNAs are shown in green. Hierarchical clustering was performed in R using Euclidean distance and McQuitty clus-
tering. A) Healthy (blue) versus HCV (purple) and HBV (yellow). B) HBe antigen-positive patients (yellow) versus HBe antigen-
negative patients (purple). MicroRNAs that have been reported to be associated with exosomes are annotated based on a search
of the Exocarta database.”'

expression level for each of miR-122, miR-99a, and miR- mean, is robust to outliers and was used to prevent patients
125b corresponds to the same patient, who also had the with high microRNA expression levels from having undo in-
highest HBsAg level (239000 1U/ml), but no other patients fluence over the results. No internal normalization factors
shared a similar rank pattern. The non-parametric Krus- were selected a priori. However, because miR-1275 did
kal—Wallis test, based on the median instead of the not differ between HBeAg-positive and HbeAg-negative, it
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was used to renormalize miR-99a, miR-125b, miR-122, miR-
720, and miR-22 qRT-PCR expression data. P-values using
renormalized data decreased by approximately one order
of magnitude but remained highly significant and did not
affect any conclusions (data not shown).

192

Association between microRNA level and clinical
factors in patients with chronic HBY

Multiple regression was used to identify associations among
microRNA levels and clinical factors in HBV patients using
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Figure 2 Serum microRNA expression in HBe antigen positive and negative individuals. gqRT-PCR microRNA expression levels

normalized by cel-miR-238 are shown. P-values represent the difference in median values using the non-parametric Kruskal—Wallis

rank sum test.

qRT-PCR data (Table 5). MiR-122 was independently
associated only with HBV DNA level, whereas miR-125b
was independently associated with HBV DNA, HBsAg,
HBeAg, and HBeAb levels. MiR-99a was also independently
associated with HBeAb levels, and miR-720 was indepen-
dently associated with HBsAg. While these microRNAs
were associated with viral components, miR-22 and miR-
1275 were independently associated with yGTP levels.
rs8099917 SNP genotype TT in the IFNL3 locus was indepen-
dently associated with necroinflammatory activity. MiR-
125b was the strongest independent factor associated
with HBeAg levels, and miR-125b and miR-99a and HBV
DNA were each independently associated with HBeAg level.
Pairwise expression levels of serum microRNAs were highly
correlated, e.g., miR-22 and miR-99a (R?> = 0.97), miR-99a
and miR-125b (R> = 0.96), and miR-122 and miR-125b
(R* = 0.96).

Pathway analysis

To determine which pathways HBV or HCV-associated
microRNAs affected, gene targets were predicted using
the miRWalk database, and predicted gene targets were
compared against pathways in the Kyoto Encyclopedia of
Genes and Genomes (KEGG) database. Predicted targets
were found to be significantly overrepresented in the
“Pathways in Cancer” gene set. Several of the genes in
this set (AKT1, AKT3, PTEN, BCL2, CDKN1B, CCND1, and
TP53) were also targeted by multiple microRNAs as part
of a complex regulatory network. To further examine dif-
ferences between HBV and HCV infection, predicted gene
targets were analyzed using Ingenuity Pathway Analysis
software. Significant associations were found between pre-
dicted targets and "Cancer,” “Cell Cycle,” and “Cell Death
and Survival” networks in HCV patients and between
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