mutations that direct-sequencing by the Sanger method could
not reveal, existing in their probe regions using ultra-deep
sequencing. Ultra-deep sequencing is useful for revealing the
resistant strain(s) of HCV before DAA treatment as well as
mixed infection with different genotypes or subgenotypes of
HCV.

Materials and Methods

Patients

Sera from 80 consecutive treatment-naive chronic hepatitis
C genotype 1 patients with well-characterized clinical follow-up
were selected from a chronic hepatitis C database at Chiba
University Hospital, Chiba, Japan. All patients were negative
for hepatitis B and HIV antibodies. Sera from patients were
stored at -20°C until analysis. This study was approved by the
Ethics Committee, Chiba University, Graduate School of
Medicine, Chiba, Japan (permission numbers 1462 and 282),
and conformed to the Helsinki Declaration. Written informed
consent was obtained from all patients before enroliment in this
study.

RNA extraction

Total RNA was extracted from 140 L of each serum sample
using a QlAamp Viral RNA Mini Kit (Qiagen, Tokyo, Japan)
according to the manufacturer's instructions. RNA was eluted
in 60 L of elution buffer and quantified using a NanoDrop Lite
spectrophotometer (Thermo Scientific, Madison, WI, USA).

HCV subgenotyping by real-time PCR-based methods
in the HCV NS5B region

Reactions were performed in a final volume of 50 pL using
the Superscript™ [l Platinum one-step quantitative RT-PCR
system (Invitrogen, Carlsbad, CA, USA) as previously
described [12]. The designed primers and MGB probes shown
in Table 5 and the real-time PCR HCV subgenotyping protocol
were used according to the previous description [12]. The
reaction mixture was prepared in two fractions. The first
fraction (F1) consisted of 18.5 pL of 2X reaction mix (6 mM
MgS0O,, and 0.4 mM of each dNTP), 1.0 yL of Tag mix
(Superscript™Ilf RT, Platinum Tag Mix, Invitrogen), 200 nM of
reverse primer (R56_1), and 0.5 pL of RNase Out (Invitrogen).
Twenty-one microliters of F1 was added to optical tubes. The
second reaction mix fraction (F2) consisted of 4.4 ulL of 2X
reaction mix, 200 nM of forward primer (F56_1), 1.5 plL of 50
mM MgSO,, 0.1 uL. of ROX (25 uM), and 200 nM of each probe
(against either genotype 1a or 1b). A final F2 volume of 10 pL
was transferred to another optical tube. After the addition of 19
uL of RNA, F1 was carefully added to F2. Reverse transcription
was carried out in a TakaRa PCR Thermal Cycler (TaKaRa,
Ohtsu, Shiga, Japan) at 55°C for 35 min with the thermocycler
cover open. Following this, the tubes were briefly centrifuged
and real-time PCR was carried out in a 7300 Real-Time PCR
System (Applied Biosystems, Foster, CA, USA) using the
following cycling parameters: 50°C for 2 min; 95°C for 10 min;
and 40 cycles at 95°C for 15 sec, 50°C for 30 sec, and 60°C for
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Table 5. Probes and primers used for real-time PCR-based
method.

Sequence
5-CAGCTTGAACAGGC-3 MGB.
5"-CAACTTGAAAAAGC-3' MGB
F56 ACTCCAGTYAAYTCCTGG -3
R56_1 5'-CWMCTGGAGAGTAACTGTGGAG -3
Probes and primers used for HCV subgenotypes 1a and 1b in HCV subgenotyping
assay by real-time PCR-based method in the HCV NS5B region [12). Probes 1a66
and 1b266 were used for the detection of HCV subgenotypes 1a and 1b,

Name Quencher
NFQ-MGB

Fluoropho

16266  VIC

respectively.
doi: 10.1371/journal.pone.0073615.t005

Table 6. Probes and primers for sequencing used in the
present study.

Name Sequence Location*

Pri ATGATACCCGCTGCTTTGA-S 38272
Pr2 (sense) 5-TTCACGGAGGCTATGAC-3' nt. 8613-8629
Pr2 (antisen: GTCATAGCCTCCGTGAA nt. 8629-8613

RS6_1 (antisense)  5-CTGGAGAGTAACTGTGGAG-3' nt. 9036-8018

Primers used in direct-sequencing by Sanger method and ultra-deep sequencing
of HCV NS5B region. * The location of primers corresponding to Con1.
doi: 10.1371/journal.pone.0073615.t006

1 min. The total time required for performing this assay was
only 2 hours, as previously described [12].

cDNA synthesis and amplification by PCR for uitra-
deep sequencing

To perform ultra-deep sequencing of the MGB probe region
in HCV NS5B, we used the HPLC-purified specific primers
shown in Table 6. cDNA was synthesized with R56_1
(antisense) for 1 cycle at 55°C for 30 min and 85°C for 5 min
using a Transcript high-fidelity cDNA synthesis kit (Roche,
Tokyo, Japan). Then amplification was performed with Pr1
(sense) and R56_1 (antisense) for 35 cycles at 95°C for 30
sec, 55°C for 30 sec, and 72°C for 60 sec using a FastStart
high-fidelity PCR system, dNTPack kit (Roche).

Then, the first PCR product was further amplified with two
inner primer sets using the FastStart high-fidelity PCR system,
dNTPack kit (Roche). Set one was Pr2 (sense primer) and
R56_1 (antisense primer), and the other was Pr1 (sense
primer) and Pr2 (antisense primer). Considering the MGB
probe locations at nt 8913-8926(1a) in reference sequence
HCV subgenotype 1a, strain H77 (AF009606.1), and
nt8910-8923(1b) in reference sequence HCV subgenotype 1b,
strain Con1 (AJ238799.1), primer set one was used for PCR.
The PCR conditions were as follows: 35 cycles at 95°C for 30
sec, 55°C for 30 sec, and 72°C for 60 sec. Amplified products
were separated by agarose gel electrophoresis and purified
using a high pure PCR clean-up micro kit (Roche). Each
amplicon was quantified using a NanoDrop Lite
spectrophotometer (Thermo Scientific), and all amplicons from
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a single viral genome were pooled together at equimolar ratios.
Each pool was then quantitated, and approximately 500 ng of
each was used in a fragmentation reaction mix using a GS FLX
Titanium Rapid Library Preparation Kit (Roche). Final libraries
representing each genome were characterized for average size
by using an Agilent High Sensitivity DNA kit on Agilent 2100
Bioanalyzer (Agilent Technologies, Loveland, CO, USA). 4 x
107 molecules of these final DNA libraries were then subjected
to emulsion PCR, and enriched DNA beads were loaded onto a
picotiter plate and pyrosequenced with a Roche/454 GS Junior
sequencer using Titanium chemistry (454 Life Sciences Corp.,
Branfold, CT, USA). GS Amplicon Variant Analizer Version 2.7
(Roche) was used for read mapping and calculating variant
frequencies at each nucleotide position according to reference
sequence HCV subgenotype 1a, strain H77 or HCV
subgenotype 1b, strain Con1.

Direct-sequencing by Sanger method

Then, we amplified the first PCR product using primer set
one and TaKaRa Ex Taqg (TaKaRa). The PCR conditions were
as follows: 40 cycles at 98°C for 10 sec, 55°C for 30 sec, and
72°C for 60 sec; the last cycle followed at 72°C for 7 min.
Sanger sequencing was performed using a BigDye(R)
Terminator v3.1 Cycle Sequencing Kit (Life Technologies,
Tokyo, Japan). Sequences were detected using Applied
Biosystems 3730xl. Nucleotide sequences were analyzed by
GENETYX 10 (GENETYX Corp., Tokyo, Japan) and imported
to MEGA version 4 [28], which was used to align the
sequences, according to reference sequences.
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Abstract

Nucleos(t)ide analogues (NAs) lead to viral suppression and undetectable hepatitis B virus (HBV)
DNA in some individuals infected with HBV, but the rate of virological rebound has been unknown
in such patients. We examined the prevalence of virological rebound of HBY DNA among
NA-treated patients with undetectable HBY DNA. We retrospectively analyzed 303 consecutive
patients [158 entecavir (ETV)- and [45 lamivudine (LAM)-treated] who achieved HBV DNA
negativity, defined as HBY DNA < 3.7 log IU/mL for at least 3 months. They were followed up and
their features, including their rates of viral breakthrough, were determined. Viral rebound after
HBV DNA negativity was not observed in the ETV-group. Viral rebound after HBY DNA negativity
occurred in 38.7% of 62 HBe antigen-positive patients in the LAM-group. On multivariate analysis,
age was an independent factor for viral breakthrough among these patients (P = 0.035). Viral
rebound after HBV DNA negativity occurred in 29.1% of 79 HBe antigen-negative patients in the
LAM-group. Differently from LAM, ETV could inhibit HBV replication once HBV DNA negativity
was achieved. In contrast, LAM could not inhibit HBV replication even if HBV negativity was
achieved in the early phase. Attention should be paid to these features in clinical practice.

Key words: Entecavir, HBeAg, HBV DNA, Lamivudine, Virological rebound.

INTRODUCTION

Hepatitis B virus (HBV) infection remains a ma-  linked epidemiologically to the development of HCC
jor health problem and one of the risk factors for the  for more than 30 years [3]. To date, the mechanism of
development of hepatocellular carcinoma (HCC) HBV-related hepatocarcinogenesis is not clear. Alt-
worldwide [1,2]. Chronic HBV infection has been  hough effective vaccine exists for preventing HBV
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infection [4], acute liver failure due to HBV or acute
exacerbation of chronic hepatitis B is also a
life-threatening disease [5,6].

Positivity for hepatitis B e antigen (HBeAg),
which in serum indicates active viral replication in
hepatocytes, is associated with an increased risk of
HCC [7]. Chronic HBV carriers with high-titer viremia
are also at increased risk for HCC [8]. The risk for
cirrhosis and that for HCC increase significantly with
increasing HBV DNA levels [9, 10]. Thus, it cannot be
overstated that HBV DNA should be directly sup-
pressed to prevent the development of HCC.

There are several nucleos(t)ide analogues (NAs)
for the treatment of chronic hepatitis B [11]. Currently,
the Japanese national health insurance system ap-
proves lamivudine (LAM) and entecavir (ETV) as
first-line therapy for treatment-naive patients with
chronic hepatitis B, although some patients are treated
with standard interferon-alfa or peginterferon-alfa-2a
[6,12]. In general, LAM, the first oral NA available for
the treatment of chronic hepatitis B, is associated with
high rates of drug-resistance, with ~76% after 8 years
of treatment [13,14]. ETV is found to be superior to
LAM from the point of view that ETV is stronger than
LAM and that resistance to ETV is rare, about 1.2%
after 5 years of ETV treatment [14,15].

The aim of this study was to determine the effi-
cacy and the rates of virological rebound after
achieving HBV DNA negativity in the use of ETV or
LAM in clinical practice. Our study showed that ETV
could inhibit HBV replication if HBV DNA negativity
had been achieved, but LAM was unable to inhibit
HBYV replication even if HBV negativity was achieved
in the early phase.

MATERIALS AND METHODS
Patients and Study Design

This was a retrospective analysis comparing the
rates of virological rebound in patients treated with
ETV versus those in patients treated with LAM. A
total of 303 patients were examined from Chiba Uni-
versity Hospital, Chiba, Japan, and 4 affiliated hospi-
tals between the period of January 2000 and Decem-
ber 2011. NAs-naive chronic hepatitis B patients daily
receiving 0.5 mg of ETV (ETV group, N=158) or re-
ceiving 100 mg of LAM (LAM group, N=145) with
undetectable HBV DNA (< 3.7 log IU/mL) for three
months were enrolled. Some of the included patients
had been previously reported [12, 16]. All patients
had serum hepatitis B surface antigen (HBsAg) de-
tectable for at least 6 months, regardless of their
HBeAg status. They were negative for hepatitis C
virus and human immunodeficiency virus antibodies.

This study was approved by the Ethics Committee of
Chiba University, Graduate School of Medicine (No.

977).
Definition of Virological Rebound of HBVY

We defined virological rebound as > 3.7 log
IU/mL for at least 3 months after achieving unde-
tectable HBV DNA.

Monitoring of HBV DNA, Serum Liver Func-
tion Tests and Hematological Tests

The primary outcome of this study was the vi-
rological rebound. Patients were followed up at least
every 3 months to examine physical status and to
monitor liver biochemistry and virology. All clinical
laboratory tests including hematological data, bio-
chemical data, and HBV serologies were performed at
the Central Laboratory of Chiba University Hospital.
HBsAg, HBeAg and anti-HBe antibody were deter-
mined by ELISA (Abbott, Chicago, IL, USA) or CLEIA
(Fujirebio, Tokyo, Japan) [17]. HBV genotype was
determined from patients’ sera by ELISA (Institute of
Immunology, Tokyo, Japan) as reported by Usuda et
al [18]. HBV DNA was measured by transcrip-
tion-mediated amplification (TMA) assay, COBAS
Amplicor HBV Monitor assay, or COBAS TagMan
(Roche Diagnostics, Branchburg, NJ, USA). The clini-
cal efficacy of NAs was assessed as the proportion of
patients achieving HBV DNA negativity, defined as
an HBV DNA level of <3.7 log IU/mL.

Statistical analysis

Data were expressed as mean + standard devia-
tion (SD). Differences were evaluated by Student’s
t-test, chi-square test, or Fisher’s exact test. P < 0.05
was considered statistically significant. Variables with
P < 0.05 at univariate analysis were retained for mul-
tivariate logistic-regression analysis. For all tests,
two-sided P-values were calculated and the results
were considered statistically significant at P < 0.05.
Statistical analysis was performed using the Excel-
statistics program for Windows, version 7 (SSRI, To-
kyo, Japan).

RESULTS

A total 303 patients were recruited into either the
ETV group (n =158) or the LAM group (n = 145), with
a follow-up period of 33.7 + 11.3 months (28.6 + 11.3
months or 39.3 + 31.4 months, respectively). Baseline
demographic and laboratory data are summarized in
Table 1. There were no differences in age, gender,
HBV DNA, alanine aminotransferase (ALT) levels,
ultrasound findings/presence of cirrhosis, and peri-
ods from the initial administration of ETV or LAM to
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undetectable HBV DNA, between the ETV and LAM
groups, although the proportion of HBeAg-positive
patients in the ETV group (55%) tended to be higher
than that in the LAM group (44%).

Virological Rebound

The patient flow and outcome are summarized
in Figure 1. We excluded 9 patients, whose HBeAg
status at baseline was unknown, from this analysis.
When comparing the baseline characteristics of pa-
tients according to HBeAg status, HBeAg-positive
patients were younger, had higher ALT levels and
HBV DNA levels, and less cirrhotic findings by ul-
trasound than HBeAg-negative patients (Table 2). The
period from the initial administration of ETV or LAM
to the determination of undetectable HBV DNA in the
HBeAg-negative group tended to be shorter than that
in the HBeAg-positive group (Table 2).

In the ETV group, none of the patients had vi-
rological rebound during the follow-up periods. In
the LAM group, 24 and 23 patients of 62
HBeAg-positive and 79 HBeAg-negative patients at
baseline, respectively, developed evidence of viro-
logical rebound. In the 24 HBeAg-positive patients at
baseline with virological rebound, 9, 8, 3, 1, 2, and 1
had virological rebound at<1,1~<2,2~<3,3~<4,
4 ~ <5, and details unknown, respectively. In the 23
HBeAg-negative patients at baseline with virological
rebound, 10, 8, 3, 0, 1, and 1 had virological rebound
at<1,1~<2,2~<3,3~<4,4~<5and details un-
known, respectively. Baseline characteristics of pa-
tients treated with ETV or LAM according to HBeAg
status are shown in Table 3. In the ETV group, the

period from the initial administration of ETV to the
determination of undetectable HBV DNA in the
HBeAg-negative group was the same as that in the
HBeAg-positive group (Table 3). In the LAM group,
the period from the injtial administration of LAM to
undetectable HBV DNA in the HBeAg-negative
group was shorter than that in the HBeAg-positive
group (Table 3). In the HBeAg-positive patients, the
period from the initial administration to undetectable
HBV DNA in the ETV group was shorter than that in
the LAM group (Table 3).

Predictors of Virological Rebound in Patients
treated with LAM

To clarify the predictors of virological rebound
in patients treated with LAM, we compared the pre-
treatment factors between patients with and without
virological rebound according to HBeAg status (Table
4A & 4B). Univariative analysis showed that age, HBV
DNA, ALT levels and the period from the initial ad-
ministration of LAM to the determination of unde-
tectable HBV DNA in HBeAg-positive patients con-
tributed to the occurrence of virological rebound (Ta-
ble 4A). Factors significantly associated with virolog-
ical rebound in HBeAg-positive patients treated with
LAM by univariate analysis were also analyzed by
multivariate logistic regression analysis. Virological
rebound was attained independently of age in
HBeAg-positive patients treated with LAM (Table
4C). In HBeAg-negative patients, no significant fac-
tors contributing to virological rebound could be
found (Table 4B).

I Total 303 patients enrolled }

—
B

/

-

| ETV group (n=158) }\{ o] o= F/[ LAM group (n=145) |

Baseline HBeAg unknown

/

Baseline HBeAg
positive (n=84)

Baseline HBeAg
negative (n=69)

Baseline HBeAg
positive (n=62)

Baseline HBeAg
negative (n=79)

\

; Virological Virological
No rebound || No rebound || Norebound || rebound || Norebound|] rebound
(n=84) {(n=69) {(n=38) (n=24) (n=56) (n=23)
Figure 1. Study design and patient flow for both groups.
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Table I. Baseline characteristics of patients treated with entecavir (ETV) or lamivudine (LAM).

Total ETV group LAM group P-values

Number 303 158 145

Age (years) 51+12 51+12 50 +12 NS,
Gender (male) 205 101 104 N.S.
HBeAg (+) 146 84 62 0.079
HBV DNA (log IU/mL) 65+15 6.6+17 64+13 N.S.
ALT (IU/L) 203 + 280 187 + 290 220 + 266 N.S.

US: Cirrhosis (+) 113 56 57 N.S.
Periods to undetectable HBV DNA (months) 10.0+182 85+11.9 11.8+ 233 N.S.

Data are expressed as mean + SD. ETV group, patients receiving 0.5 mg of ETV daily; LAM group, patients receiving 100 mg of LAM daily; P-values, P-values
between ETV and LAM groups; HBeAg, hepatitis B e antigen; ALT, alanine aminotransferase; US, ultrasound findings; N.S., no statistically significant differ-
ence.

Table 2. Baseline characteristics of patients according to HBeAg status.

HBeAg Positive group Negative group P-values
Number 146 148

Age (years) 46 +12 55+11 <0.001
Gender (male) 101 97 N.S.
HBV DNA (log IU/mL) 72+11 58+14 <0.001
ALT (IU/L) 257 +332 156 + 211 0.002
US: Cirrhosis (+) 41 70 <0.001
Periods to undetectable HBV DNA (months) 11.0+181 74+144 0.063

Data are expressed as mean + SD. P-values, P-values between HBeAg-positive and HBeAg-negative groups; HBeAg, hepatitis B e antigen; ALT, alanine ami-
notransferase; US, ultrasound findings; N.S., no statistically significant difference.

Table 3. Baseline characteristics of patients treated with entecavir (ETV) or lamivudine (LAM) according to HBeAg
status.

ETV group LAM group
HBeAg Positive Negative Positive Negative
Number 84 69 62 79
Age (years) 48 +12 56 +11° 44 +11## 54 +11"
Gender (male) 53 45 48 527
HBV DNA (log IU/mL) 75+1.1 57+15 6.9+1.18 59+1.3"
ALT (IU/L) 219 + 325 159 + 246 309 + 334 154 + 174"
US: Cirrhosis (+) 25 29 16 41
Periods to undetectable HBV DNA (months) 8.3+105 73+11.0 15.0 + 24.7% 7.5 +16.9¢

Data are expressed as mean + SD. HBeAg, hepatitis B e antigen; ALT, alanine aminotransferase; US, ultrasound findings; *P < 0.001, compared to HBeAg-positive
of ETV group; "P < 0.001 and #P = 0.034, compared to HBeAg-positive of LAM group; #P = 0.041, 5P = 0.001 and P = 0.027, compared to HBeAg-positive of ETV
group.

Table 4A. Predictors of virological rebound in patients treated with lamivudine (LAM). (A) Comparison of HBeAg-positive
patients with or without virological rebound by univariate analysis.

Virological rebound No Yes P-values
Number 38 23

Age (years) 42+11 49+11 0.019
Gender (male) 30 17 N.S.
HBV DNA (log IU/mL) 69+12 6.8+09 N.S.
ALT (IU/L) 379 + 377 196 + 205 0.037
US: Cirrhosis (+) 7 9 N.S.
Periods to undetectable HBV DNA (months) 206 +29.1 41431 0.009

Data are expressed as mean + SD. P-values, P-values between patients with or without virological rebound groups; HBeAg, hepatitis B e antigen; ALT, alanine
aminotransferase; US, ultrasound findings; N.S., no statistically significant difference.
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Table 4B. (B) Comparison of HBeAg-negative patients with or without virological rebound by univariate analysis.

Virological rebound No Yes P-values
Number 56 22

Age (years) " 54+11 54 +10 NS.
Gender (male) 40 12 N.S.
HBV DNA (log IU/mL) 59+14 59+1.0 N.S.
ALT (IU/L) 163 + 179 137 + 163 N.S.
US: Cirrhosis (+) 30 11 N.S.
Periods to undetectable HBV DNA (months) 73+14.8 31+21 N.S.

Data are expressed as mean + SD. P-values, P-values between patients with or without virological rebound groups; HBeAg, hepatitis B e antigen; ALT, alanine
aminotransferase; US, ultrasound findings; N.S., no statistically significant difference.

Table 4C. (C) Factor associated with virological rebound among HBeAg-positive patients treated with LAM by multivariate

analysis.
Factor Category Odds ratio 95% CI P-value
Age < 44.5 (years) /) 0222 0.0547-0.9023 0.0354
might be needed. In any event, it might be important
DISCUSSION & Y & P

To date, there is not much data regarding viro-
logical rebound after achieving HBV DNA negativity
in the use of ETV or LAM. A recent report supported
the merit of the change from LAM to ETV [14]. This
study concluded that prior optimal viral suppression
with ETV did not confer any significant advantage for
patients who switched to LAM.

The present study revealed that ETV could sup-
press HBV replication after achieving HBV DNA
negativity, although additional longer follow-up
studies will be needed. On the other hand, LAM could
not suppress HBV replication even after achieving
HBV DNA negativity (Figure 1), although most cases
with virological rebound were observed within 2
years of the start of LAM medication. We could not
check the emergence of YMDD motif mutations [19]
in all of the cases because the present study was per-
formed as part of regular clinical practice. Of 2 of the
HBeAg-positive patients at baseline with virological
rebound, one showed YVDD motif (50%). In 4 of the
HBeAg-negative patients at baseline with virological
rebound, one YVDD motif (25%) and three YIDD mo-
tifs (75%) were seen. Virological rebound may not
mean the emergence of NA-resistance mutations [12].

We do not know the reason why virological re-
bound was attained independently of age in
HBeAg-positive patients treated with LAM. HBeAg to
anti-HBe antibody seroconversions were found in 20
and 11 patients with and without virological rebound,
that is, the HBeAg to anti-HBe antibody seroconver-
sion rates were similar in the two groups (data not
shown), although the number of study patients
seemed small in the present study. Further studies

to consider the LAM-to-ETV  switch in
HBeAg-positive patients treated with LAM, although
some of our patients in the LAM group remained
HBV-negative throughout the observation period.

In the present study, 95.3% (122 of 128), 82.3%
(14 of 17) and 89.2% (25 of 28) had an adherence rate
>90% [16] in ETV-treated, LAM-treated with virolog-
ical rebound and LAM-treated patients without viro-
logical rebound, respectively. These results supported
our previous study that viral breakthrough associated
with poor adherence could be a more important issue
in the treatment with especially stronger NAs, such as
ETV [12,16], although we cannot ensure durable HBV
negativity after NAs are discontinued. We and others
reported that HBeAg could impair both innate and
adaptive immune responses to promote chronic HBV
infection [16,20,21]. Of interest, the virological re-
bound with the use of LAM seemed unrelated to the
HBeAg status, suggesting that it was dependent on
resistant mutation.

Recently, other effective antiviral therapies such
as peginterferon [22,23] and tenofovir [24,25] were
reported to be useful for the control of HBV infection.
These drugs might also be candidates for treating vi-
rological rebound. Fung et al. [14] reported that prior
optimal viral suppression with ETV did not confer
any significant advantage for patients who switched
to LAM. Our results also supported the previous
studies that ETV was much more efficient than LAM
[26-29]. In conclusion, ETV could inhibit HBV repli-
cation if HBV DNA negativity had been achieved. In
contrast, LAM could not inhibit HBV replication even
if HBV negativity was achieved in the early phase.
Attention should be paid to these features in clinical
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practice.
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Abstract

Viral breakthrough is related to poor adherence to medication in some chronic hepatitis B patients
treated with nucleos(t)ide analogues (NAs). Our study aimed to examine how adherence to
medication is associated with viral breakthrough in patients treated with NAs. A total of 203 pa-
tients (135 ETV and 68 LAM) were analyzed in this retrospective analysis. Physical examination,
serum liver enzyme tests, and hepatitis B virus marker tests were performed at least every 3
months. We reviewed medical records and performed medical interviews regarding to patients’
adherence to medication. Adherence rates <90% were defined as poor adherence in the present
study. Cumulative viral breakthrough rates were lower in the ETV-treated patients than in the
LAM-treated patients (P<0.00/). Seven ETV-treated (5.1%) and 6 LAM-treated patients (8.8%)
revealed poor adherence to medication (P=0.48). Among ETV-treated patients, 4 (3.1%) of 128
patients without poor adherence experienced viral breakthrough and 3 (42.8%) of 7 patients with
poor adherence experienced viral breakthrough (P<0.001). Only 3 of 38 (7.8%) LAM-treated pa-
tients with viral breakthrough had poor adherence, a lower rate than the ETV-treated patients
(P=0.039). Nucleoside analogue resistance mutations were observed in 50.0% of ETV- and 94.1%
of LAM-treated patients with viral breakthrough (P=0.047). Viral breakthrough associated with
poor adherence could be a more important issue in the treatment with especially stronger NAs,
such as ETV.

Key words: Adherence, Entecavir, Lamivudine, Hepatitis B, Viral Breakthrough.

INTRODUCTION

Two billion people have been exposed to hepati-  chronically infected worldwide. In Japan, the preva-
tis B virus (HBV), and 350-400 million people remain  lence of HBV carriers is estimated at ~1% of the pop-
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ulation, but HBV is a major health issue because it
causes acute hepatitis, chronic hepatitis, cirrhosis, and
hepatocellular carcinoma (HCC) [1, 2].

Lamivudine (LAM) is a reverse-transcriptase in-
hibitor of HBV DNA polymerase that possesses ex-
cellent profile of safety and tolerability and causes
inhibition of viral replication. LAM was the first nu-
cleos(t)ide analogue (NA) to be approved for antiviral
treatment of hepatitis B patients [3, 4]. Entecavir
(ETV), a deoxyguanosine analogue, is a potent and
selective inhibitor of HBV replication. The in vitro
potency of ETV is 100- to 1,000-fold greater than that
of LAM, and it has a selectivity index (concentration
of drug required to reduce viable cell number by 50%
[CCso] / concentration of drug required to reduce
viral replication by 50% [ECso]) of approximately 8,000
[5, 6]. LAM (until 2005) and ETV (from 2006) have
been used as first-line NAs for most patients with
chronic hepatitis B in Japan. Most patients with
chronic hepatitis B have been undergoing treatment
for longer durations, and prolonged treatment is as-
sociated with increasing rates of viral breakthrough
[7]. It has been reported that not all cases are associ-
ated with resistance mutations [8, 9]. We have also
reported that some cases of viral breakthrough during
ETV treatment were related to poor adherence to
medication [10].

Adherence rates are usually lower in patients
with long-term treatment regimens, such as for hy-
pertension, than in patients with short-term regimens,
such as for gastric ulcers [11]. It has been reported that
74.8% of patients with hypertension were determined
to have an adherence rate 280% [12], and that 55.3% of
patients with chronic hepatitis B had an adherence
rate >90% [8].

In the present study, we aimed to investigate
whether drug adherence is related to viral break-
through in chronic hepatitis B patients treated with
LAM or ETV. We also investigated the pattern of poor
adherence and suggested how adherence to medica-
tion could be improved.

MATERIALS AND METHODS

Patients

Two hundred seventy-five NA-treated naive pa-
tients (185 ETV- and 90 LAM-treated patients), who
were admitted to Chiba University Hospital between
April 2000 and September 2011, were enrolled (Figure
1). Some of these patients had already been included
in a previous report [10]. Between November 2011
and April 2012, doctors performed medical interviews
of those patients to determine their adherence to
medication. Seventy-two patients (50 ETV- and 22
LAM-treated patients) were excluded from this ret-
rospective analysis, because their adherence to medi-
cation could not be confirmed. One hundred thir-
ty-five patients were administered 0.5 mg of ETV
daily and 68 patients were administered 100 mg of
LAM daily (Table 1). In all patients, serum hepatitis B
surface antigen (HBsAg) and HBV DNA were posi-
tive. All patients had negative results for hepatitis C
virus or human immunodeficiency virus antibodies.
Physical examinations, serum liver enzyme tests, and
HBV marker tests were performed at least every 3
months. The study was carried out in accordance with
the Helsinki Declaration, and was approved by the
Ethics Committee of Chiba University, Graduate
School of Medicine (No. 977).

Total Patients

ETV-Treated

185

135 Confirmation of Adherence

{ 7(5.1%)

7(5.1%) Poor Adherence 6 (8.8%)

Experience of Viral Breakthrough

LAM-Treated 90

(s8]

38 (55.8%) }

Figure |. Patients, adherence rates, and the prevalence of viral breakthrough in this study. ETV, entecavir; LAM, lamivudine.
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Table |. Baseline characteristics of patients.

ETV LAM P-values
Number of cases 135 68
Age (years) 51.7 +11.7 455+121 <(.001
Gender (male/female) 83/52 49/19 0.135
HBeAg (+/-) 64/71 45/23 0.011
Genotype (A/B/C/unknown) 0/11/78/46 1/6/57/4 0.427
HBV DNA (log IU/mL) (<5.0/> 27/108/0 3/55/10 0.009
5.0/ unknown)
ALT (IU/L) 161 +195 353 +394 <0.001
Platelets (x104/mm?) 16.3+59 16.9+7.0 0.556
APRI 249+4.19 6.52 +6.98 <0.001
Follow-up period (months) 269+216 49.0 +39.7 <0.001

ETV, entecavir; LAM, lamivudine; HBeAg, hepatitis B e antigen; N.D., not determined; HBV DNA, hepatitis B virus deoxyribonucleic acid; ALT, alanine ami-
notransferase; APRI, aspartate aminotransferase platelet ratio index. Continuous variables are expressed as mean + standard deviation.

Blood examinations

Aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) levels, and platelet counts
were reviewed in the present study. We also calcu-
lated the aspartate aminotransferase platelet ratio
index [APRI: AST (IU/L)/ 35/ platelet count (103/pL)
x 100], which is significantly correlated with the
staging of liver fibrosis, with a higher correlation co-
efficient than platelet count or AST level alone [13].

Detection of HBY markers

HBsAg, hepatitis B e antigen (HBeAg) and an-
ti-HBe antibody were determined by ELISA (Abbott,
Chicago, IL, USA) or CLEIA (Fujirebio, Tokyo, Ja-
pan)[14]. HBV genotype was determined by ELISA
(Institute of Immunology, Tokyo, Japan) [15]. HBV
DNA was measured by Roche Amplicor PCR assay
(detection limits: 2.6 log IU/mL; Roche Diagnostics,
Tokyo, Japan).

Follow-up period

The follow-up period ended when the NA was
switched to another NA or another NA was added, or
it was discontinued for various reasons.

Definition of adherence to medication

To obtain information regarding adherence to
medication, we reviewed medical records. We also
interviewed patients about their adherence to medi-
cation. We expressed the rate of adherence to medica-
tion as a percentage calculated by the number of days
of taking a pill divided by the follow-up period
(days). Adherence rates <90% were defined as poor
adherence in the present study.

Definition of viral breakthrough

Viral breakthrough was defined as an increase of
>1log IU/mL in serum HBV DNA level from nadir.

Sequence analysis of HBY DNA

The YMDD motif was analyzed by PCR-ELMA
in sera of patients who had experienced viral break-
through, as reported by Kobayashi et al [16]. HBV
polymerase/reverse transcriptase (RT) substitutions
were also analyzed in sera of ETV-treated patients
who had experienced viral breakthrough. Briefly,
HBV DNA was extracted from 100 pL of sera using
SepaGene (Sanko Junyaku, Tokyo, Japan). Nested
PCR was performed using LA Taq polymerase
(Takara Bio, Otsu, Shiga, Japan) under the following
conditions: 5-min denaturation at 94°C, 35 cycles with
denaturation at 94°C for 40 s, annealing at 58°C for 1
min, and extension at 68°C for 1.5 min [2]. An 862
base-pair fragment (nt 242-1103) containing the pol-
ymerase RT domain was amplified on the PCR
Thermal Cycler Dice Model TP600 (Takara Bio). The
primers for the first PCR were 5-CAG AGT CTA
GAC TCG TGG-3 (sense, nt 242-258) and 5-GGC
GAG AAA GIG AAAGCC-3 (antisense, nt
1103-1086). The PCR product was sequenced using
the primers: 5-TGG CTC AGT TTA CTAGTG CC -3’
(nt 668-687) and 5-GGC ACT AGT AAA CTGAGC
CA-3" (nt 687-668), and these primers were also used
for the second PCR. To prepare the sequence tem-
plate, PCR products were treated with ExoSAP-ITR
(Affymetrix, Inc., Santa Clara, CA, USA), and then
sequenced using the BigDye(R) Terminator v3.1 Cycle
Sequencing Kit (Life Technologies, Tokyo, Japan).
Sequences were performed with Applied Biosystems
3730xl (Life Technologies) [17].

Statistical analysis

Statistical analyses were performed using SAS
9.3 Software (SAS Institute, Cary, NC, USA). Contin-
uous variables were expressed as mean * standard
deviation and were compared by Student’s t-test or
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Welch’s t-test. Categorical variables were compared
by chi-square test or Fisher’s exact probability test.
The Kaplan-Meier method was used to calculate viral
breakthrough rates. Baseline was taken as the date
when the first dose of LAM or ETV was taken. Statis-
tical significance was considered at a P-value < 0.05.

RESULTS

Baseline characteristics of patients

Baseline characteristics of patients are shown in
Table 1. In ETV-treated patients, the age was higher,
the prevalence of HBeAg-negative patients was high-
er, HBV DNA was lower, ALT levels were lower, and
APRI was lower (ie., liver fibrosis was milder) than in
LAM-treated patients. HBV genotype C was domi-
nant in both groups. The follow-up period in
ETV-treated patients was shorter than that in
LAM-treated patients, based on the fact that ETV was
a newer drug and many ETV-treated patients had
started treatment more recently.

Adherence to medication, and viral break-
through between ETV- and LAM-treated pa-
tients

Most patients presented good adherence to
medication in the present study. Seven ETV-treated
(5.1%) and 6 LAM-treated patients (8.8%) had poor
adherence (Figure 1). The number of patients with
poor adherence was not significantly different be-
tween the ETV- and LAM-treated groups (P=0.48).
The characteristics of the 13 patients with poor ad-
herence are shown in Table 2. Cumulative viral
breakthrough rates were lower in the ETV-treated

Total Patients

patients than in the LAM-treated patients (P<0.001)
(Figure 2).

Viral breakthrough in HBeAg-positive and
-negative patients

Among the LAM-treated patients, cumulative
viral breakthrough rates in HBeAg-positive patients
at baseline (n=45; 25.0% at 1 year, 55.1% at 3 years,
and 67.0% at 5 years) were similar to those in
HBeAg-negative patients at baseline (n=23; 9.5% at 1
year, 38.2% at 3 years, and 44.4% at 5 years; P=0.16).
Among the ETV-treated patients, cumulative viral
breakthrough rates in HBeAg-positive patients at
baseline (n=64; 2.2% at 1 year, 18.1% at 3 years, and
18.1% at 5 years) were also similar to those in
HBeAg-negative patients at baseline (n=71; 1.6% at 1
year, 1.6% at 3 years, and 1.6% at 5 years; P=0.050).

Among the LAM-treated patients who were
HBeAg-positive at baseline, cumulative viral break-
through rates in patients who converted to
HBeAg-seronegative were lower than those in pa-
tients who maintained HBeAg seropositivity
(P<0.001) (Figure 3). All LAM-treated patients who
did not become HBeAg-seronegative experienced
viral breakthrough. Among the ETV-treated patients
who were positive for HBeAg at baseline, conversion
to HBeAg seronegativity did not affect the rate of viral
breakthrough (data not shown).

There were no differences in HBV viral loads at
study entry between HBeAg-positive patients with
and without viral breakthrough. There were also no
differences in HBV  viral loads between
HBeAg-negative patients with and without viral
breakthrough.

0.8

P <0.001
LAM

T T

Cumulative Viral Breakthrough Rates

&0

0 20 40 60 100 120 140 160
Follow-Up Periods (months)
Drug Baseline 12 24 36 48 60
Number of LAM 68 52 34 27 20 19
Patients — gTV 135 95 69 34 19 5

Figure 2.

Cumulative viral breakthrough rates. ETV, entecavir; LAM, lamivudine.
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Table 2. Patients with poor adherence to medication.

Case Drug Adher- Age Gen Gen- HBe HBV ALT APRI HBeAg- HBV V Duration Resis- Treatment Clinical
ence (years) der otype Ag DNA (IU/L) seroneg- DNA T of sis- after VT out-
rate (%) (log ative nega- treatment tance come

IU/m tivity before VT muta-
L) (months)  tions

1 ETV 50 55 F B - 3.8 16 033 N.A + 6 - ETV good

2 ETV 75 49 M C + 73 107 1.60 + + 28 + LAM+ADV good

3 ETV & 38 M C + 6.9 59 280 - + 29 N.D. EIV good

4 ETV 80 39 M C + 5.8 51 0.63 + - NA N.A. ETV good

5 ETV 85 37 F C + 6.9 160 225 + + - NA. N.A.  ETV good

6 ETV 8 66 M ND. + 7.7 68 095 - - - NA N.A.  ETV good

7 ETV 8 38 M C + 65 478 794 - + - NA N.A.  ETV good

8 LAM 50 47 F C + 6.5 455 2.54 + + 45 - LAM good

9 LAM 80 36 M C + 7.0 110 4.25 + + 41 + LAM+ADV good

10 LAM 85 23 M C + >76 161 353 - + + 11 - cessation  flare

11 LAM 85 32 M C + >7.6 343 130 + + - NA N.A. LAM good

12 LAM 85 54 F C - 4.1 196 268 N.A. + - NA N.A. LAM good

13 LAM 85 36 M C + 6.7 1576 1578 + + - NA N.A. LAM good

Cases 2 and 3 had already been included in a previous report.[10] HBeAg, hepatitis B e antigen; HBV DNA, hepatitis B virus deoxyribonucleic acid, ALT, alanine
aminotransferase; APRI, aspartate aminotransferase platelet ratio index; VT, viral breakthrough; ETV, entecavir; LAM, lamivudine; ADV, adefovir; F, female; M,
male; N.D., not determined; N.A., not available; HBeAg-seronegative, conversion to HBeAg-seronegative after administration of a nucleoside analogue; HBV

DNA negativity, achieving HBV DNA negativity after administration of a nucleoside analogue; flare, fluctuating ALT after treatment after VT.
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& 10 LAM-Treated Patients with HBeAg-Positive at Baseline

L. T

&0 H
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0 20 40 60 80 100 120 140 160
Follow-Up Periods (months)

HBeAg-Seronegative Baseline 12 24 36 48 60
Number of - 19 10 4 0 0
Patients +) 26 22 17 13 11 11

Figure 3.

Cumulative viral breakthrough rates in lamivudine (LAM)-treated patients with HBe antigen (HBeAg)-positive at baseline. (-),

maintaining HBeAg seropositivity; (+), conversion to HBeAg-seronegative.

Viral breakthrough in patients who achieved,

and did not achieve HBV DNA negativity

Among the LAM-treated patients, cumulative
viral breakthrough rates in patients who did not

achieve HBV DNA negativity were higher than in
those who achieved HBV DNA negativity (P<0.001)
(Figure 4). All patients who did not achieve HBV
DNA negativity experienced viral breakthrough. In
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contrast, among the ETV-treated patients, cumulative
viral breakthrough rates in patients who did not
achieve HBV DNA negativity were similar to the rates
in those who achieved HBV DNA negativity (data not
shown).

Correlation between adherence to medication
and viral breakthrough

We also compared viral breakthrough rates ac-
cording to adherence to medication. Among 62
LAM-treated patients who did not have poor adher-
ence, 35 patients (56.4%) experienced viral break-
through (Figure 5). Among 6 LAM-treated patients
with poor adherence, 3 patients (50.0%) experienced
viral breakthrough. In LAM treatment, poor adher-
ence did not contribute to viral breakthrough
(P=0.89). However, among 128 ETV-treated patients
who did not have poor adherence, 4 patients (3.1%)
experienced  viral  breakthrough. Among 7
ETV-treated patients with poor adherence, 3 patients
(42.8%) experienced viral breakthrough. In the treat-
ment with ETV, poor adherence contributed to viral
breakthrough (P<0.001).

Resistance mutations

Resistance mutations were analyzed in some pa-

tients who experienced viral breakthrough. They were
analyzed in 34 LAM-treated patients and 4
ETV-treated  patients (Table 3).  Thirty-two
LAM-resistant patients had 10 YVDD, 17 YIDD, and 5
YV/IDD motifs, and 2 ETV-resistant patients had two
YVDD motifs. Resistance mutations were not ob-
served in 2 LAM-treated patients (5.8%) and 2
ETV-treated patients (50.0%) (P=0.047).

Table 3. Patients with viral breakthrough.

ETV LAM
Adherence rate >90% <90% 290% <90%
Resistance mutation (+) 1 1 31 1
L180M 1 1 N.D. N.D.
T184A 1 0 N.D. N.D.
5202G 0 1 N.D. N.D.
M204V 1 1 9 1
M2041 0 -0 17 0
M204V/1 0 0 5 0
M250V 0 0 N.D. N.D.
Resistance mutation (-) 1 1 0 2

ETV, entecavir; LAM, lamivudine; N.D., not determined. Numbers of amino
acid positions were according to Refs. 2 and 10.

P<0.001
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Figure 4.

Cumulative viral breakthrough rates in lamivudine (LAM)-treated patients who achieved HBY DNA negativity and those who

did not. (-), maintaining HBY DNA positivity; (+), achieving HBV DNA negativity. HBY DNA negativity was unknown in 9 patients because

of lack of data.
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Figure 5.

Association between adherence to medication and viral breakthrough.

DISCUSSION

The current study found that ETV-treated pa-
tients were not likely to acquire any resistance muta-
tions and experience an ALT flare. Therefore, patients
with poor liver residual function, such as liver cirrho-
sis, were likely to be administered ETV rather than
LAM. Unexpectedly, HBsAg loss was observed in 3 of
28 LAM-treated patients without viral breakthrough
(10.7%) and in 3 of 118 ETV-treated patients without
viral breakthrough (2.5%). Long-term treatment with
these drugs might result in HBsAg loss, although
several reports have stated that one-year treatment
with peg-interferon led to more HBsAg loss than
these drugs [18-25].

In the current study, adherence to medication of
most patients was excellent. The reasons for this
might be as follows: (1) Our setting was a University
Hospital, and this may have strengthened their will to
succeeded with the treatment; (2) some patients with
poor adherence might have been excluded because
they did not see a doctor during the interview period;
and (3) the rate of adherence to medication was based
on patient self-assessment. A previous report showed
that adherence might be underestimated by the Med-
ication Event Monitoring System, a system that au-
tomatically records whenever a drug bottle is opened,
and might be overestimated by pill counting and at
interviews [26]. We classified the adherence rate as
good at 90% or more, and as poor at less than 90%.
However, we could not prove any significant influ-
ence of this classification on viral breakthrough as
well as resistance mutation.

In the 13 patients with poor adherence (Table 2),
we examined the reasons for their failure to take the
pills. All 13 patients displayed some carelessness
about taking pills. Two ETV-treated patients did not
see a doctor and could not take pills continuously for
a certain period of time, which particularly appeared
to affect their viral breakthrough.

In LAM-treated patients, conversion of HBeAg
to seronegative and achieving HBV DNA negativity
was one of the important factors for successful treat-
ment (Figures 3 & 4). In contrast, among ETV-treated
patients, maintaining HBeAg seropositivity or HBV
DNA positivity was not associated with viral break-
through in the present study. Because of the stronger
effect of ETV, it has been reported that long-term ETV
treatment leads to a viral response in the vast majority
of patients with detectable HBV DNA after 48 weeks
[27]. Moreover, in the current study, poor adherence
to medication was a major factor of viral break-
through in the ETV-treated patients, but not in the
LAM-treated patients. Ha et al. [9] also reported that
medication non-adherence is likely to be a more im-
portant contributor to treatment failure than antiviral
resistance, especially with new anti-HBV agents such
as ETV and tenofovir. In LAM-treated or ETV-treated
patients, viral breakthrough without resistance muta-
tions might occur to some degree because of poor
adherence to medication. In the present study, in
LAM-treated patients, emergence of viral break-
through with resistance mutations was common.
Therefore, viral breakthrough due to poor adherence
to LAM might not be important, compared with
ETV-treated patients. However, in ETV-treated pa-

-134 -

htpdfwww omadsclorg



Int. J. Med. Sci. 2013, Vol. 10

574

tients, viral breakthrough with resistance mutations
was rare, and therefore, viral breakthrough due to
poor adherence to ETV might be important.

In conclusion, viral breakthrough associated
with poor adherence could be an important issue in
the treatment with strong nucleoside analogues, such
as ETV.

ABBREVIATIONS

ALT: alanine aminotransferase
ETV: entecavir

HBeAg: hepatitis B e antigen
HBsAg: hepatitis B surface antigen
HBV: hepatitis B virus

HCC: hepatocellular carcinoma
NA: nucleos(t)ide analogue

LAM: lamivudine

ACKNOWLEDGEMENTS

We are all thankful to our colleagues at the liver
unit of our hospitals who cared for the patients de-
scribed herein.

Funding

This work was supported by grants for Scientific
Research from the Ministry of Education, Culture,
Sports, Science, and Technology, Japan (TK and SN),
grants from the Ministry of Health, Labour and Wel-
fare of Japan (TK and OY), and a grant from Chiba
University Young Research-Oriented Faculty Member
Development Program in Bioscience Areas (TK).

Contributors

HK, TK, FI, and OY designed the study. HK, TK,
MA, TC, HM, KF, FK, FI, FN and OY saw patients and
conducted the interview. HK, TK, WS, and SN ana-
lyzed the data. HK and TK drafted the paper and all
authors approved the paper.

COMPETING INTERESTS

Dr. Tatsuo Kanda reports receiving lecture fees
from Chugai Pharmaceutical, MSD, and Ajinomoto,
and Prof. Osamu Yokosuka reports receiving grant
support from Chugai Pharmaceutical, Bayer, MSD,
Daiichi-Sankyo, Mitsubishi Tanabe Pharma, and
Bristol-Myers Squibb.

References

1. Lok AS, McMahon BJ. Chronic hepatitis B. Hepatology. 2007; 45: 507-539.

2. Wu S, Fukai K, Imazeki F, et al. Initial virological response and viral
mutation with adefovir dipivoxil added to ongoing Lamivudine therapy
in Lamivudine-resistant chronic hepatitis B. Dig Dis Sci. 2011; 56:
1207-1214.

3. Dienstag JL, Perrillo RP, Schiff ER, et al. A preliminary trial of lamivu-
dine for chronic hepatitis B infection. N Engl ] Med. 1995; 333: 1657-1661.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

23.

24,

25.

26.

27.

Lai CL, Chien RN, Leung NW, et al. A one-year trial of lamivudine for
chronic hepatitis B. Asia Hepatitis Lamivudine Study Group. N Engl J
Med. 1998;339:61-8.

Innaimo SF, Seifer M, Bisacchi GS, et al. Identification of BMS-200475 as a
potent and selective inhibitor of hepatitis B virus. Antimicrob Agents
Chemother. 1997; 41: 1444-1448.

Ono SK, Kato N, Shiratori Y, et al. The polymerase L528M mutation
cooperates with nucleotide binding-site mutations, increasing hepatitis B
virus replication and drug resistance. J Clin Invest. 2001; 107: 449-455.
Hashimoto Y, Suzuki F, Hirakawa M, et al. Clinical and virological
effects of long-term (over 5 years) lamivudine therapy. ] Med Virol. 2010;
824: 684-691.

Chotiyaputta W, Peterson C, Ditah FA, et al. Persistence and adherence
to nucleos(t)ide analogue treatment for chronic hepatitis B. ] Hepatol.
2011; 54: 12-8.

Ha NB, Ha NB, Garcia RT, et al. Medication nonadherence with
long-term management of patients with hepatitis B e antigen-negative
chronic hepatitis B. Dig Dis Sci. 2011; 56: 2423-31.

Kamezaki H, Kanda T, Wu S, et al. Emergence of entecavir-resistant
mutations in nucleos(t)ide-naive Japanese patients infected with hepati-
tis B virus: virological breakthrough is also dependent on adherence to
medication. Scand ] Gastroenterol. 2011; 46: 1111-1117.

Haynes RB, McDonald HP, Garg AX. Helping patients follow prescribed
treatment: clinical applications. JAMA. 2002; 288: 2880-2883.

Bramley TJ, Gerbino PP, Nightengale BS, et al. Relationship of blood
pressure control to adherence with antihypertensive monotherapy in 13
managed care organizations. ] Manag Care Pharm. 2006; 12: 239-245.
Ishibashi H, Maruyama H, Takahashi M, et al. Assessment of hepatic
fibrosis by analysis of the dynamic behaviour of microbubbles during
contrast ultrasonography. Liver Int 2010; 30: 1355-1363.

Wu S, Kanda T, Imazeki F, et al. Hepatitis B virus e antigen downregu-
lates cytokine production in human hepatoma cell lines. Viral Immunol.
2010; 23: 467-476.

Usuda S, Okamoto H, Iwanari H, et al. Serological detection of hepatitis
B virus genotypes by ELISA with monoclonal antibodies to type-specific
epitopes in the preS2-region product. ] Virol Methods. 1999; 80: 97-112.
Kobayashi S, Shimada K, Suzuki H, et al. Development of a new method
for detecting a mutation in the gene encoding hepatitis B virus reverse
transcriptase active site (YMDD motif). Hepatol Res. 2000; 17: 31-42.
Kanda T, Jeong SH, Imazeki F, et al. Analysis of 5' nontranslated region
of hepatitis A viral RNA genotype I from South Korea: comparison with
disease severities. PLoS One. 2010; 5: e15139.

Lau GK, Piratvisuth T, Luo KX, et al. Peginterferon alfa-2a, lamivudine,
and the combination for HBeAg-positive chronic hepatitis B. N Engl J
Med. 2005; 352: 2682-2695.

Chan HL, Leung NW, Hui AY, et al. A randomized, controlled trial of
combination therapy for chronic hepatitis B: comparing pegylated in-
terferon-a2b and lamivudine with lamivudine alone. Ann Intern Med.
2005; 142: 240-250.

Liaw YF, Jia JD, Chan HL, et al. Shorter durations and lower doses of
peginterferon alfa-2a are associated with inferior hepatitis B e antigen
seroconversion rates in hepatitis B virus genotypes B or C. Hepatology.
2011; 54: 1591-1599.

Buster EH, Flink HJ, et al. Sustained HBeAg and HBsAg loss after
long-term follow-up of HBeAg-positive patients treated with peginter-
feron a-2b. Gastroenterology. 2008; 135: 459-467.

. Wong VW, Wong GL, Yan KK, et al. Durability of peginterferon alfa-2b

treatment at 5 years in patients with hepatitis B e antigen-positive
chronic hepatitis B. Hepatology. 2010; 51: 1945-1953.

Marcellin P, Lau GK, Bonino F, et al. Peginterferon alfa-2a alone,
lamivudine alone, and the two in combination in patients with
HBeAg-negative chronic hepatitis B. N Engl ] Med. 2004; 351: 1206-1217.
Papadopoulous VP, Chrysagis DN, Protopapas AN, et al. Peginterferon
alfa-2b as monotherapy or in combination with lamibudine in patients
with HBeAg-negative chronic hepatitis B: a randomised study. Med Sci
Monit. 2009; 15: CR56-CR61.

Marcellin P, Bonino F, Lau GK, et al. Sustained response of hepatitis B e
antigen-negative patients 3 years after treatment with peginterferon al-
pha-2a. Gastroenterology. 2009; 136: 2169-2179.

Liu H, Golin CE, Miller LG, et al. A comparison study of multiple
measures of adherence to HIV protease inhibitors. Ann Intern Med. 2001;
134: 968-977.

Zoutendijk R, Reijnders JG, Brown A, et al. Entecavir treatment for
chronic hepatitis B: adaptation is not needed for the majority of naive
patients with a partial virological response. Hepatology. 2011; 54:
443-451.

-135-

heepflwwew medsclorg



Format for TOPIC HIGHLIGHT

Name of journal: World Journal of Gastroenterology

Tk
JRaishideng®

‘R’ég’ul‘ation‘ of ‘miRN‘A‘ by HBV infection and their possible association with control of
innate immunity
Jiang X et al. HBV and miRNA

Xia Jiang, Tatsuo Kanda, Shuang Wu, Masato Nakamura, Tatsuo Miyamura, Shingo

Nakamoto, Arup Banerjee, Osamu Yokosuka

Xia Jiang, Tatsuo Kanda, Shuang Wu, Masato Nakamura, Tatsuo Miyamura, Osamu
Yokosuka, Department of Gastroenterology and Nephrology, Chiba University,
Graduate School of Medicine, 1-8-1 Inohana, Chuo-ku, Chiba 260-8677, Japan

Shingo Nakamoto, Department of Molecular Virology, Chiba University, Graduate
School of Medicine, 1-8-1 Inohana, Chuo-ku, Chiba 260-8677, Japan

Arup Banerjee, Vaccine and Infectious Disease Research Center (VIDRC) and
Translational Health Science and Technology Institute (THSTI), Gurgaon-122016,
Haryana, India

Author contributions: Xia Jiang, Tatsuo Kanda, Shuang Wu, Masato Nakamura, Tatsuo

Miyamura, Shingo Nakamoto, Arup Banerjee, and Osamu Yokosuka contributed to this

paper.

Supported by Grants for “Asia-Oceania Collaborative Research Grants” from Kanae
Foundation for the Promotion of Medical Science (TK), and grants for Scientific Research

from the Ministry of Education, Culture, Sports, Science, and Technology, Japan (TK).

Correspondence to: Tatsuo Kanda, MD, PhD, Associate Professor, Department of
Gastroenterology and Nephrology, Chiba University, Graduate School of Medicine, 1-8-1
Inohana, Chuo-ku, Chiba 260-8670, Japan E-mail: kandat-cib@umin.ac.jp

- 136 -



Telephone: +81-43-226-2086 Fax: +81-43-226-2088
Received: Revised: Accepted: Published online:
Abstract

Hepatitis B virus (HBV) chronically infects more than 350 million people worldwide.
HBV causes acute and chronic hepatitis, and is ohe of the major causes of cirrhosis and
hepatocellular carcinoma. There exist complex interactions between HBV and the
immune system including adaptive and innate immunity. Toll-like receptors (TLRs) and
TLR-signaling pathways are important parts of the innate immune response in HBV
infections. It is well known that TLR-ligands could suppress HBV replication and that
TLRs play important roles in anti-viral defense. Previous immunological studies
demonstrated that HBV e antigen (HBeAg) is more efficient at eliciting T-cell tolerance,
including production of specific cytokines IL-2 and IFNy, than HBV core antigen. HBeAg
downregulates cytokine production in hepatocytes by the inhibition of MAPK or NF-xB
activation through the interactioh with receptor-interacting serine/threonine protein
kinase (RIPK/RIP). MicroRNAs (miRNAs) are also able to regulate various biological
processes such as the innate immune response. When the expressions of ~1,000 miRNAs
were compared between human hepatoma cells HepG2 and HepG2.2.15, which could
produce HBV virion that infects chimpanzees, using real-time RT-PCR, we observed
several different expression levels in miRNAs related to TLRs. Although we and others
have shown that HBV modulates the host immune response, several of the miRNAs seem
to be involved in the TLR signaling pathways. The possibility that alteration of these
miRNAs during HBV infection might play a critical role in innate immunity against HBV
infection should be considered. This article is intended to comprehensively review the
association between HBV and innate immunity, and to discuss the role of miRNAs in the

innate immune response to HBV infection.

© 2012 Baishideng. All rights reserved.

Keywords: Hepatitis B virus; HepG2.2.15; Innate immunity; MicroRNA; Persistent

infection; Toll-like receptor
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Core tip: Hepatitis B virus (HBV) is the leading cause of chronic hepatitis, cirrhosis, and
hepatocellular carcinoma in the world. HBV could interact with the host’s innate and
adaptive immune responses to establish chronic infection. HBV also interacts with
Toll-like i'eceptOrs‘ (TLRs) and TLR signaling pathways, and regulates host immune
féépOhSes through the regulation of miRNAs to some extent. This article focuses on the
involvement of miRNA in the association between HBV and TLR signaling pathways and

reviews the miRNAs involved in HBV infection.
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