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The immunodeficient mice transplanted with human hepatocytes are available for the study of the
human hepatitis viruses. Recently, human hepatocytes were also successfully transplanted in herpes sim-
plex virus type-1 thymidine kinase (TK)-NOG mice. In this study, we attempted to infect hepatitis virus in
humanized TK-NOG mice and urokinase-type plasminogen activator-severe combined immunodefi-
ciency (uPA-SCID) mice. TK-NOG mice were injected intraperitoneally with 6 mg/kg of ganciclovir
(GCV), and transplanted with human hepatocytes. Humanized TK-NOG mice and uPA/SCID mice were
injected with hepatitis B virus (HBV)- or hepatitis C virus (HCV)-positive human serum samples. Human
hepatocyte repopulation index (RI) estimated from human serum albumin levels in TK-NOG mice corre-
lated well with pre-transplantation serum ALT levels induced by ganciclovir treatment. All humanized
TK-NOG and uPA-SCID mice injected with HBV infected serum developed viremia irrespective of lower
replacement index. In contrast, establishment of HCV viremia was significantly more frequent in
TK-NOG mice with low human hepatocyte RI (<70%) than uPA-SCID mice with similar RI. Frequency of
mice spontaneously in early stage of viral infection experiment (8 weeks after injection) was similar in
both TK-NOG mice and uPA-SCID mice. Effects of drug treatment with entecavir or interferon were sim-
ilar in both mouse models. TK-NOG mice thus useful for study of hepatitis virus virology and evaluation
of anti-viral drugs.

© 2013 Published by Elsevier Inc.

1. Introduction

liver infection and potentially death due to liver failure and hepa-
tocellular carcinoma [3]. Although the chimpanzee is a useful ani-

Hepatitis B virus (HBV) and hepatitis C virus (HCV) infections
are serious health problems worldwide. More than 350 and 170
million people are infected with HBV and HCV, respectively [1,2].
Both types of hepatitis viruses result in the development of chronic

Abbreviations: ALT, alanine aminotransferase; GCV, ganciclovir; HBV, hepatitis B
virus; HCV, hepatitis C virus; HSA, human serum albumin; HSVtk, herpes simplex
virus type-1 thymidine kinase; IFN, interferon; PegIFN-alpha, pegylated interferon-
alpha; RI, repopulation index; RT-PCR, reverse transcript-polymerase chain reac-
tion; SCID, severe combined immunodeficiency; uPA, urokinase-type plasminogen
activator.

* Corresponding author. Address: Department of Gastroenterology and Metabo-
lism, Applied Life Sciences, Institute of Biomedical & Health Sciences, Hiroshima
University, 1-2-3 Kasumi, Minami-ku, Hiroshima 734-8551, Japan. Fax: +81 82 255
6220.
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mal model for the study of HBV and HCV infection, there are ethical
restrictions and hampered by the high financial cost on the use of
this animal. The immunodeficient mice with a urokinase-type plas-
minogen activator (uPA) transgene [4,5] or a targeted disruption of
the murine fumaryl acetoacetate hydrolase (FAH) [6-10] were
shown to be excellent recipients for human hepatocyte. These
small animal models are available for hepatitis viruses infection
[4,11], and are useful for the study of HBV and HCV biology
[12-14]. However, there are disadvantages that limit the utility
of this model for many applications, including excessive mortality
[9].

Recently, human hepatocytes were successfully transplanted
into severely immunodeficient NOG mice with the herpes simplex
virus type-1 thymidine kinase (HSVtk) expressing in mouse
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hepatocytes (TK-NOG) [15]. Mouse liver cells expressing HSVtk
were ablated after a brief exposure to ganciclovir (GCV), and
transplanted human hepatocytes were stably maintained within
the mouse liver without exogenous drug administration [15]. The
analyses of drug interactions and pharmacokinetics have previ-
ously been reported using TK-NOG mice transplanted with human
hepatocytes [15-18]. In the present study, we succeeded in infect-
ing human hepatocyte-transplanted TK-NOG mice with HBV and
HCV and showed that this mouse model is as useful as the uPA/
SCID model for the study of hepatitis viruses.

2. Materials and methods
2.1. Animal treatment

TK-NOG mice were purchased from Central Institute for Exper-
imental Animals (CIEA, Kawasaki, Japan). Eight-weeks-old mice
were injected intraperitoneally with 6 mg/kg of GCV twice a day.
After two days, mice were re-injected with the same amount of
GCV. Seven days after 1st GCV injection, mice were transplanted
with 1 or 2 x 10° of human hepatocytes obtained from human
hepatocyte transplanted uPA-SCID chimeric mice by collagenase
perfusion method by intra-splenic injection. Transplanted human
hepatocytes used in this study were obtained from a same donor.
One week after the first GCV treatment, serum alanine aminotrans-
ferase (ALT) levels were measured (Fuji DRI-CHEM, Fuji Film,
Tokyo, Japan). Infection, extraction of serum samples, and sacrifice
were performed under ether anesthesia. Mouse serum concentra-
tion of human serum albumin (HSA), which correlated with the
human hepatocyte repopulation index (RI) [ 15], was measured as
previously described [5]. Generation of the uPA/SCID mice and
transplantation of human hepatocytes were performed as
described previously [5,12,19]. The experimental protocol was ap-
proved by the Ethics Review Committee for Animal Experimenta-
tion of the Graduate School of Biomedical Sciences, Hiroshima
University.

2.2. Human serum samples

Human serum samples containing high titers of either genotype
CHBV (5.3 x 10° copies/mL) or genotype 1b HCV (2.2 x 10° copies/
mL) were obtained from patients with chronic hepatitis who pro-
vided written informed consent. The individual serum samples
were divided into small aliquots and stored separately in liquid
nitrogen until use. Mice were injected intravenously with 50 pL
of either HBV- or HCV-positive human serum. The study protocol
conforms to the ethical guidelines of the 1975 Declaration of
Helsinki and was approved a priori by the institutional review
committee.

2.3. Quantitation of HBV and HCV

DNA and RNA extraction and quantitation of HBV and HCV by
real-time polymerase chain reaction (RT-PCR) were performed as
described previously [12,13,19]. Briefly, DNA was extracted using
SMITEST (Genome Science Laboratories, Tokyo, Japan) and dis-
solved in 20 uL H,0, and RNA was extracted from serum samples
using SepaGene RVR (Sankojunyaku, Tokyo, Japan) and reverse
transcribed with a random hexamer and a reverse transcriptase
(ReverTraAce; TOYOBO, Osaka, Japan) according to the instructions
provided by the manufacturer. Quantitation of HBV DNA and HCV
RNA was performed using Light Cycler (Roche Diagnostic, Japan,
Tokyo). The lower detection limits of real-time PCR for HBV DNA
and HCV RNA are 4.4 and 3.5 log copies/mL, respectively.

2.4. Histochemical analysis of mouse liver

Liver specimens of HBV-infected TK-NOG mice were fixed with
10% buffered-paraformaldehyde and embedded in paraffin blocks
for histological examination. Hematoxylin-eosin and immunohis-
tochemical staining using antibodies against HSA (Bethyl Laborato-
ries Inc., Montgomery, TX) and hepatitis B core antigen (HBc-Ag)
(DAKO Diagnostika, Hamburg, Germany) were performed as
described previously [12].

2.5, Treatment with antiviral agents

Mice were treated with antiviral agents eight weeks after HBV
or HCV infection, by which time stable viremia had developed.
HBV-infected mice were administered either food containing
0.3 mg of entecavir/kg of body weight/day or daily intramuscular
injections with 7000 IU/kg of IFN-alpha (Otsuka Pharmaceutical
Co., Ltd., Tokyo, Japan). HCV-infected mice were administered
intramuscular injection with either 1000 IU/kg of IFN-alpha daily
or 10 pg/kg of PeglFN-alpha-2a (Chugai Pharmaceutical Co., Ltd.,
Tokyo, Japan) twice a week for three weeks.

2.6. Statistical analysis

Differences in HSA levels between TK-NOG mice and uPA-SCID
mice, and incidence of infection between highly and poorly repop-
ulated mice were examined for statistical significance using the
Mann-Whitney U-test.

3. Results

3.1. Correlation between serum ALT level after GCV administration and
the human hepatocyte index in TK-NOG mice

We analyzed the correlation between serum ALT levels after
GCV injection and the human hepatocyte Rl using 194 TK-NOG
mice. Seven days after GCV injection when serum ALT levels had
reached maximum levels [15], mice were transplanted with hu-
man hepatocytes. After transplantation of human hepatocytes,
serum concentrations of HSA increased and reached plateau at
6-8 weeks. Serum ALT levels one week after GCV administration
and HSA levels 8 weeks after hepatocyte transplantation showed
a positive correlation, indicating that the higher serum ALT level,
the higher the RI (Fig. 1A). HSA levels 8 weeks after human hepato-
cyte transplantation in TK-NOG mice were lower than in uPA-SCID
mice (Fig 1B), which indicates that mice livers were more effi-
ciently replaced with human hepatocytes in uPA-SCID mice than
in TK-NOG mice.

3.2. Infection with hepatitis viruses in humanized TK-NOG mice and
uPA-SCID mice

Eight weeks after human hepatocyte transplantation, TK-NOG
mice and uPA-SCID mice with HSA levels over 1.0 mg/mL were
inoculated with either HBV- or HCV-positive human serum sam-
ples. Eight weeks after injection, the frequency of the development
of viremia was compared between the mice with lower (<70%) and
higher (>70%) human hepatocyte RI. 70% of RI corresponds to 5.4
and 6.3 mg/dl of serum HAS in TK-NOG mice and uPA-SCID mice,
respectively [5,15]. All humanized TK-NOG and uPA-SCID mice
inoculated with HBV developed viremia 8 weeks after injection,
irrespective of the RI (Fig. 2A). Incidence of HCV viremia was also
high in TK-NOG mice regardless of the RI. In contrast, the
frequency of HCV viremia was much lower in uPA-SCID mice with
the RI. Only 20% (1 of 5) of uPA-SCID mice with low RI became
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Fig. 1. Human hepatocyte repopulation index in humanized mice. Serum alaninaminotransferase (ALT) levels in TK-NOG mice were measured one week after ganciclovir
treatment. Human serum albumin (HSA) levels were measured eight weeks after transplantation of human hepatocytes. (A) Correlation between serum ALT level after
ganciclovir administration and human hepatocyte repopulation index in TK-NOG mice. Points represent single mouse measurements. r (Spearman rank) and P value are
shown. (B) HSA levels in TK-NOG mice and uPA-SCID mice. In these box-and-whisker plots, lines within the boxes represent median values; the upper and lower lines of the
boxes represent the 25th and 75th percentiles, respectively; and the upper and lower bars outside the boxes represent the 90th and 10th percentiles, respectively.

positive for HCV, whereas 94.3% (50 of 53) of mice with high RI
became positive (p = 1.07 x 1075). Serum viral titers gradually in-
creased in mice that developed viremia. Eight weeks after infec-
tion, HBV DNA and HCV RNA titers increased to approximately 8
and 6 log copies/mL, respectively in both TK-NOG and uPA-SCID
mice (Fig. 2B). Viremia levels were slightly higher in uPA-SCID
mice than TK-NOG mice, probably due to higher human hepatocyte
RI (HSA levels) in uPA-SCID mice. In HBV-infected TK-NOG mice,
histological analysis showed that hepatocytes positive for HSA
were also positive for HB core antigen (Fig. 2C), which is in line
with our previous findings using uPA-SCID mice [12].

3.3. The effect of antiviral agents on hepatitis virus-infected
humanized mice

We analyzed the effect of antiviral agents on HBV- and
HCV-infected humanized mice. Eight weeks after HBV-infection,
2 humanized TK-NOG mice were orally administrated 0.3 mg/kg
day of entecavir, and 2 other mice received intramuscular
injections with 7000 IU/g of IFN-alpha daily for 3 weeks. Both
treatments resulted in a rapid reduction of mouse serum HBV
DNA titers (Fig. 3A). Two HCV-infected humanized TK-NOG mice
were administrated [FN-alpha daily, and 2 other mice received
PeglFN-alpha-2a injections twice a week for 3 weeks. Both treat-
ments resulted in a reduction of HCV RNA titers in mouse serum.
The effects of these antiviral agents on HBV and HCV in TK-NOG
mice were similar to those in uPA-SCID mice (Fig. 3B).

3.4. Incidence of unexpected death

The incidence of unexpected death is high in human hepatocyte
chimeric uPA-SCID mice [20]. Incidence of unexpected death in the
early stages of viral infection (within 8 weeks of viral infection)
was similar between TK-NOG mice and uPA-SCID mice (6.3% vs
10.6%, p = 0.465) (Fig. 4).

4. Discussion

Human hepatocyte chimeric mice are valuable tool for hepatitis
virology and drug assessment [12-14]. To establish human hepato-
cyte chimerism, two conditions are necessary: immunodeficiency
and mouse-specific liver cell damage. For immune deficiency, SCID

mice [4,5,12-14,20], NOG mice [8,21] and RAG-2 deficient mice
[6,9,10] have been reported. We previously reported that the level
of immunodeficiency in SCID mice, which are the most weakly
immunodeficient of the three types, is sufficient to prevent
rejection of transplanted human hepatocytes [5]. However, pre-
ventive treatments for human liver cell rejection via mice NK cells,
such as an anti-asialo GM1 antibody, are necessary in SCID mice
[5].

To evoke mouse liver cell injury, uPA and FAH transgene tech-
niques were used [4-10]. Recently, successful human liver cell
transplantation to TK-NOG mice in the absence of ongoing drug
treatment after a brief exposure to a non-toxic dose of GCV has
been reported [15]. We thus attempted to use TK-NOG mice to
establish high levels of replacement with human hepatocytes and
tried to infect hepatitis viruses.

In this study, we transplanted human hepatocytes to 194 TK-
NOG mice and analyzed whether elevated serum ALT levels, which
results from liver damage caused by GCV exposure, reflects HSA
levels, as it is known that HSA levels are correlated with the human
hepatocyte Rl and can serve as a surrogate measure [15]. We found
a positive correlation between ALT and HSA levels (Fig. 1A), indi-
cating that higher levels of liver damage are associated with estab-
lishment of higher levels of repopulation of the liver with human
hepatocytes. As the human hepatocyte RI obtained in this study
using TK-NOG mice is lower than in uPA-SCID mice (Fig 1B), dose
escalation of GCV or alternative treatment timing might result in
more highly repopulated mice.

We infected humanized TK-NOG mice with hepatitis viruses
and compared infection rates and serum viral titers with human-
ized uPA-SCID mice. HBV inoculation resulted in development of
viremia without regard for the human hepatocyte replacement
index in both TK-NOG mice and uPA-SCID mice (Fig. 2A). Incidence
of HCV viremia was also high in TK-NOG mice regardless of HSA
levels, whereas HCV viremia was infrequent in uPA-SCID mice
with low HSA levels. These results are consistent with those of
Vanwolleghem et al. [20] who showed, using a large number of hu-
man hepatocyte chimeric uPA-SCID mice, that an HSA level well
above 1 mg/mL is important for successful HCV infection. The
reason for the higher infection rate in TK-NOG mice with low hu-
man hepatocyte RI in this study is unknown. Although the level
of immunodeficiency is higher in TK-NOG mice, it is difficult to
conclude that this difference in immunodeficiency alone is respon-
sible for the enhanced HCV infection rate. Although some studies
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Fig. 2. Hepatitis viruses infection in chimeric mice. (A) Eight weeks after human hepatocyte transplantation, mice with serum HSA level over 1 mg/mL were inoculated with
HBV- or HCV-positive human serum samples. Percentages of mice that became positive for HBV DNA (left panel) or HCV RNA (right panel) 8 weeks after inoculation according
to human hepatocyte repopulation index (RI) in TK-NOG mice and uPA-SCID mice are shown. 70% of RI corresponds to 5.4 and 6.3 mg/dl of serum HAS in TK-NOG mice and
uPA-SCID mice, respectively. (B) Changes in serum titers of HBV DNA (left panel) and HCV RNA (right panel) (upper panels) and HSA levels (lower panels) of TK-NOG mice and
uPA-SCID mice. The horizontal dashed lines represent the lower detection limit of HBV DNA and HCV RNA (4.4 and 3.5 log copies/mL, respectively). (C) Histochemical
analysis of liver samples obtained from HBV-infected TK-NOG mice. Hematoxylin-eosin staining (HE) and immunohistochemical staining using monoclonal antibodies
against HSA and HB core antigen are shown. Regions are shown as human (H) and mouse (M) hepatocytes, respectively (Original magnification 100x).

have reported structural differences between wild type and chime- Human hepatocyte transplanted uPA-SCID mice are useful for
ric mice {22,23], the influence of such structural differences on evaluating antiviral agents [12-14]. In this study, we analyzed
HCV infectivity remains to be determined. the efficacy of antiviral agents such as entecavir, IFN-alpha and
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Fig. 3. Reduction of serum viral titers in mice treated with anti-viral agents. (A) HBV- (left panel) or HCV-infected (right panel) TK-NOG mice were treated with entecavir,
interferon (IFN)-alpha or PeglFN-alpha-2a. Control: HBV- and HCV-infected mice without antiviral treatment. (B) HBV- (left panel) or HCV-infected (right panel) uPA-SCID
mice were treated with entecavir, IFN-alpha or PegIFN-alpha-2a. Data are shown using the mean £ SD (n=4).
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Fig. 4. Frequency of unexpected death within 8 weeks in mice. The numbers of
sudden deaths occurring within 8 weeks of viral infection in TK-NOG mice and
uPA-SCID mice are shown as bars.

PeglFN-alpha using HBV- and HCV-infected TK-NOG mice and
compared them with uPA-SCID mice (Fig. 3). The results showed
that both mouse models are equally useful for evaluation of anti-
viral drugs.

Human hepatocyte chimeric uPA-SCID mice are weak and
prone to unexpected death [20], and this limitation appears to ap-

ply to TK-NOG mice as well. Incidence of unexpected death in the
early stages of viral infection was not significantly different be-
tween TK-NOG mice and uPA-SCID mice (Fig. 4). The cause of these
unexpected deaths is unknown. Further study is necessary to de-
velop a more robust and easy to manipulate animal model.

In summary, we established a hepatitis virus infection mouse
model using the human hepatocyte transplanted TK-NOG mouse.
This model is useful for the study of hepatitis virology and evalua-
tion of antiviral agents.
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Hepatitis B virus (HBV) infection is associated
with increased expression of microRNA-122.
Serum microRNA-122 and microRNA-22 levels
were analyzed in 198 patients with chronic
HBV who underwent liver biopsy and were
compared with quantitative measurements of
HBsAg, HBeAg, HBV DNA, and other clinical
and histological findings. Levels of serum
microRNA-122 and microRNA-22 were deter-
mined by reverse transcription-TagMan PCR.
Serum levels of microRNA-122 and microRNA-
22 were correlated (R = 0.576; P < 0.001), and
both were elevated in chronic HBV patients.
Significant linear correlations were found
between microRNA-122 or microRNA-22 and

HBsAg levels (R® = 0.824, P < 0.001 and R* =
0.394, P < 0.001, respectively) and ALT levels
(R? = 0.498, P < 0.001 and R? = 0.528, P < 0.001,
respectively). MicroRNA-122 levels were also
correlated with HBV DNA titers (R? = 0.694,
P < 0.001 and R? = 0.421, P < 0.001). Levels of
these microRNAs were significantly higher in
HBeAg-positive patients compared to HBeAg-
negative patients (P < 0.001 and P < 0.007).
MicroRNA-122 levels were also lower in
patients with advanced liver fibrosis (P < 0.001)
and lower inflammatory activity (P < 0.025).
These results suggest that serum micro-RNA
levels are significantly associated with multiple
aspects of HBV infection. The biological mean-
ing of the correlation between microRNA-122
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INTRODUCTION

Hepatitis B virus (HBV) is a small enveloped virus
with a partially double-stranded 3.2 kb DNA genome
belonging to the Hepadnaviridae family [Fields et al,,
2007]. Chronic HBV infection is a major cause of
chronic hepatitis, cirrhosis, and hepatocellular carci-
noma (HCC) [Beasley et al., 1981]. More than 350 mil-
lion people are persistent carriers of HBV and many
may progress to chronic liver disease [Lavanchy,
2004; McMahon, 2009].

MicroRNAs are a class of naturally occurring short
non-coding RNAs that regulate the expression of a
wide range of genes and play an important role in
various biological functions including cell differentia-
tion, development, immune responses, metabolism,
and carcinogenesis. Circulating microRNAs are bound
to Ago2 and remain in the serum for an extended pe-
riod of time [Blumberg et al., 1965; Bala et al., 2009].
Liver damage ultimately results in alteration of
hepatic and serum microRNA expression profiles
[Bala et al., 2009]. Hepatocellular carcinoma-associated
expression profiles have been reported by a number of
laboratories [Murakami et al.,, 2006; Ji et al., 2009;
Ura et al., 2009; Gao et al., 2011; Hou et al., 2011;
Mizuguchi et al., 2011], but microRNA expression pro-
files may differ based on etiology, including differen-
ces among patients infected with HBV compared with
patients infected with hepatitis C virus (HCV). HBV
infection disrupts pathways involved in signal trans-
duction, DNA damage, and cell death, whereas HCV
infection tends to disrupt pathways involved in lipid
metabolism, cell cycle regulation, and immune re-
sponse [Ura et al., 2009].

Many of these cellular changes are mediated by
changes in microRNA expression, suggesting that
analysis of microRNA expression may improve under-
standing of HBV pathogenesis and uncover new ave-
nues for risk assessment and therapy. A number of
microRNAs associated with HBV infection have been
reported [Bala et al., 2009], but in most cases little is
known about the biological roles of the identified
microRNAs. In this study, two microRNAs, micro-
RNA-122 (miR-122) and microRNA-22 (miR-22), were
examined as possible biomarkers for association with
chronic HBV infection. miR-122 was selected due to
its strong expression in the liver and central role in
liver function, and because it directly suppresses HBV
replication by binding to viral RNA [Qiu et al., 2010,
Chen et al., 2011]. Serum miR-122 has been reported
as a biomarker for various liver injuries and is corre-
lated with levels of ALT, HBV DNA, and HBsAg
[Zhang et al., 2010; Waidmann et al., 2012]. Circulat-
ing miR-122 is elevated in patients with chronic hepa-
titis B, especially in patients positive for HBeAg [Xu
et al., 2010; Ji et al., 2011; Qi et al., 2011; Zhou et al.,
2011; Waidmann et al., 2012]. miR-22 was selected for
this study because it is also highly expressed in the
liver and has been implicated in HCC and liver failure
in patients infected with HBV [Ji et al.,, 2011; Jiang
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et al., 2011; Xu et al., 2011]. miR-22 is described in
the literature both as a tumor-suppressor [Xu et al,
2011] and as a micro-oncogene [Liu et al., 2010] due
to its central role in targeting multiple genes involved
in determining cell fate, including PTEN [Liu et al.,
2010], p21 [Tsuchiya et al., 2011], Matla and Mthfr
[Koturbash et al.,, 2011], and senescence-associated
transcripts CDK6, SIRT1, and Spl [Xu et al., 2011].
miR-22 also targets estrogen receptor alpha [Pandey
and Picard, 2009], which compromises the protective
effects of estrogen and leads to up-regulation of IL-1a
in hepatocytes under conditions of oxidative stress,
such as that caused resulting from activity of the HBx
protein [Jiang et al., 2011]. HBV also evades senes-
cence through hypermethylation of p16 and transcrip-
tional interference in components of the stress-
induced senescence pathway [Kim et al., 2010].
Changes in miR-22 expression may, therefore, reflect
cellular changes leading to suppression of senescence
and indicate an increased risk of dysplasia.

Because of their prominent roles in the liver and
association with HBV infection, serum microRNA
levels of miR-122 and miR-22 were compared between
healthy individuals and patients with chronic HBV in-
fection, and correlation with clinical and histological
parameters were examined.

MATERIALS AND METHODS
Study Patients

One hundred and ninety-eight patients with chronic
hepatitis B who visited Hiroshima University
Hospital between January 2000 to December 2009
who underwent liver biopsy for diagnosis of chronic
hepatitis and agreed to provide blood samples for a
viral hepatitis study were examined. Histological
diagnosis was evaluated as described previously
[Desmet et al., 1994]. Anti-HBs and anti-HBc antibod-
ies were also examined in 22 healthy controls, all of
whom tested negative for HBsAg and anti-HBe and
anti-HCV antibodies. The study protocol conforms
to the ethical guidelines of the 1975 Declaration of
Helsinki. All patients provided written informed
consent for the study using a form approved by the
ethical committee of Hiroshima University.

Viral Markers

Serum samples obtained at hiopsy were kept frozen
at —80°C prior to analysis. Serum HBsAg and HBeAg
levels were measured quantitatively using the Abbott
Chemiluminescence Immunoassay Kit (Abbott Japan,
Tokyo, Japan). HBV DNA levels were determined by
the Cobas TagMan HBV standardized real-time poly-
merase chain reaction (PCR) assay (Roche Molecular
Systems, Pleasanton, CA). Results are expressed in
logl0 international units per milliliter.

MicroRNA Analysis

Circulating microRNA was extracted from 300 pl of
serum samples using the mirVana PARIS Kit (Ambion,
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TABLE I. Clinical Characteristics of Hepatitis B Virus Patients and Healthy Controls

HBYV patients (n = 198) Healthy controls (n = 22)
Characteristic N Value N Value
Age (years)® 198 42 (13-71) 22 31.5 (25-39)
Sex (male/female) 198 140/58 22 10/12
Fibrosis (1/2/3/4) 198 58/75/43/22
Activity (0/1/2/3) 198 2/53/109/34
miR-122/cel-miR-238 198 0.144 (0.002-1.737) 22 0.02 (0.01-0.04)
miR-22/cel-miR-238 198 0.266 (0.019-1.652) 22 0.02 (0.11-0.49)
HBV DNA (LGE/mD)?* 181 6.5 (2.6-8.8)
AST TU/MD* 197 51 (18-982)
ALT (IU/MD? 197 73 (10-1,867) 20 16 (10-23)
y-GT (IU/D* 189 46 (9-536)
ALB (g/dD* 196 4.3 (2.6-5.2)
PLT (x10*mm®? 197 17.1 (1.0-36.2)
PT® 180 92 (19-1486)
AFP (ng/mD)* 186 6.5 (<5.0-8,928.0)
HBsAg (IU/ml) 176 2,765 (<0.05-1,55,000)
Anti-HBeAg (£/NA) 176 104/82/12
HBeAb (+/NA) 176 85/96/17

NA, not available.
“*Median (range).

Austin, TX) according to the manufacturer’s instruec-
tions. RNA was eluted in 80 pl of nuclease free water
and reverse transcribed using TagMan MicroRNA Re-
verse Transcription Kit (Life Technologies Japan Ltd,
Tokyo, Japan). Caenorhabditis elegans miR-238 (cel-
miR-238) was spiked to each sample as a control for
extraction and amplification steps. The reaction mix-
ture contained 5 pl of RNA solution, 2 pl of 10x reverse
transcription buffer, 0.2 1l of 100 mM dNTP mixture,
4 pl of 5x RT primer, 0.25 pl of RNase inhibitor, and

A
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7.22 pl of nuclease free water in a total volume of
20 pl. The reaction was performed at 16°C for 30 min
followed by 42°C for 30 min. The reaction was terminat-
ed by heating the solution at 85°C for 5 min. miR-122
and miR-22 were amplified using primers and probes
provided by Applied Biosystems (Foster City, CA) 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 ul of reverse
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Fig. 1. Detection of miR-122 and miR-22 in patients infected with HBV and in healthy subjects and
the relationship between miR-122 and miR-22. A: Serum levels of miR-122 and miR-22 in
patients infected with HBV (171) and in healthy controls (22). Boxes represent 25-75 percentiles, and
horizontal bars represent median values. Statistical analysis was performed using the Mann-—
Whitney U test. B: The relationship between miR-122 and miR-22 was analyzed using the Spearman

rank correlation coefficient.
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transeription product, and 10.25 pl of nuclease free wa-
ter in a total volume of 25 pl. Amplification conditions
were 95°C for 10 min followed by 50 denaturing cycles
for 15 sec at 95°C and annealing and extension for
60 sec 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 mole-
cules. For miR-122 and miR-22, relative abundance was
determined using standard curves generated with a di-
lution series of samples with high serum levels. miR-
122 and miR-22 levels were calculated by normalizing
based on cel-miR-238 measurement levels.

Arataki et al.
Statistical Analysis

Data were analyzed using the Mann—Whitney U
test for continuous variables and the chi-squared or
Fisher exact test for categorical variables using the R
statistics package (http://www.r-project.org). Factors
associated with high miR-122 and miR-22 levels were
analyzed by multiple regression analysis using the
rms library. Forward/backward stepwise selection of
factors with a P-value < 0.05 in univariate analysis
was used for model selection. The Spearman rank cor-
relation coefficient was used to evaluate the strength
of the association between continuous variables.
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Fig. 2. Pairwise correlations of miR-122 and miR-22 with HBsAg, HBV DNA, ALT, and AST levels.
Serum levels of miR-122 and miR-22 were compared with serum HBsAg and HBV DNA titers and with
ALT and AST levels using the Spearman rank correlation coefficient.
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