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where 2 is the number of different species identified, fi is the
observed frequency of a particular variant in the quasispecies, and
Nis the total number of clones analyzed [12,13]. The mean viral
complexity in each sample was determined by calcufating the total
amounts of the Shannon entropy at each nucleotide position
divided by the total nucleotide number (e.g., 3215 bascs) of each
HBV genome sequence.

Nucleotide sequence accession number

All sequence reads have been deposit in DNA Data Bank of
Japan Sequence Read Archive (hitp://www.ddbj.nig.ac.jp/index-
c.html) under accession number DRA000435.

Results

Validation of multiplex ultra-deep sequencing of the HBV
genome

To differentiate true mutations from sequencing errors in the
determined sequences, we first generated viral sequence data from
the expression plasmid, pcDNAS-HBV-wt#1, encoding wild-type
genotype G HBV genome sequences [28]. For this purpose, we
determined the PCR-amplified HBV sequences derived from the
expression plasmid using high-fidelity Taq polymerase to take the
PCR-induced errors as well as sequencing crrors into consider-
ation. Viral sequences determined by the conventional Sanger
method were used as relerence sequences for aligning the
amplicons obtained by ultra-deep sequencing. Three repeated
ultra-deep sequencing generated a mean of 77,663 filtered reads,
corresponding to a mean coverage of 38,234 fold at cach
nucleotide  site  (Table 82).  Errors comprised  insertions
(0.00003%), deletions (0.00135%), and nucleotide mismatches
(0.037%). The mean overall error rate was 0.034% (distribution of
per-nucleotide crror rate ranged lrom 0 to 0.13%) for the three
control experiments, reflecting the error introduced by high-
fidelity PCR amplification and by multiplex ultra-deep sequencing
that remained after [iltering out problematic sequences. We also
confirmed that multiplex ultra-ceep sequencing with and without
the high-fidelity PCR amplification with HBV-specilic primer scts
showed no significant differences in the error rates on the viral
sequence data (mean error rate 0.034% vs 0.043%). Accordingly,
we defined the cut-off value in its current platform as 0.3%, a
value nearly 1 log above the mean overall error rate.

Next, we performed additional control experiments to verify the
detectability of the low abundant mutations that presented at a
[requency of less than 0.3%. For this purpose, we introduced
expression plasmids with a single-point mutation within that
encoding a wild-type viral sequence with a ratio ol 1:1000 and
assessed the sensitivity and accuracy of quantilication using high-
fidelity PCR amplification followed by multiplex ultra-deep
sequencing in association with the different coverage numbers
(Table 83). Repeated control experiments revealed that the
threshold for detecting low-abundant mutations at an input ratio
of 0.10% among the wild-type sequences ranged between 0.11%
and 0.24%, indicating that there was no significant diflerence in
the detection rate or crror rates under the different coverage
conditions. Based on these results, the accuracy of ultra-deep
sequencing in its current platform for detecting low-level viral
mutations was considered to be greater than 0.30%.

Viral complexity of the HBV quasispecies in association
with clinical status

To clarify HBV quasispecies in association with clinical status,
we performed multiplex ultra-deep sequencing and determined
the HBV full-genome sequences in the liver and serum with
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chronic HBV inlection. First, we compared the sequences of the
viral genome determined in the liver tissue with those in the serum
and found no significant differences in the viral population
between the liver and serum of the same individual. Indeed, the
pattern and distribution of genetic heterogeneity of the viral
nucleotide sequences in the liver tissue were similar to those
observed in the serum of the same patient (Figure §1), suggesting
that a similar pattern of viral heterogencity was maintained in the
liver and serum of patients with chronic HBV infection.

Next, we compared the viral heterogeneity in the liver of
chronic-naive and chronic-NA cases. A mean of 5,962,996 bp
nucleotides in chronic-naive cases and 4,866,783 bp nucleotides in
chronic-NA cases were mapped onto the reference sequences, and
an overall average coverage depth of 1,855 and 1.514 was
achieved for each nucleotide site of the HBV sequences,
respectively (Table 2). The frequencies of mutated positions and
altered sequence variations detected in each viral genomic region
are summarized in Table 2. The overall mutation frequency of the
total viral genomic sequences was determined to be 0.87% in
chronic-naive cases and 0.69% in chronic-NA cases. Most
genomic changes observed in viral variants were single base
substitutions, and the genetic heterogencity of the viral nucleotide
sequences was cqually observed throughout the individual viral
genetic regions, including the pre-surface (preS), S, pre-core~core
(preC-C), and X (Table 2). Consistent with the findings obtained
from the viral mutation analyses, the overall viral complexity
determined by the Shannon entropy value was 0.047 in chronic-
naive and 0.036 in chronic-NA cases, and the viral complexity was
equally observed throughout the individual viral genetic region
(Figure 1A). Among chronic-naive cases, we observed no
significant differences in the viral complexity in HBV DNA level,
age, or degree of fibrosis (Figure 1B).

High sensitivity of the G1896A pre-C mutant to
nucleos(t)ide analogues

LEmergence of G1896A mutation in the pre-C region, and
A1762T and G1764A mutations in the core-promoter region is
well known to be associated with HBe-seroconversion [7-9]. We
then evaluated the prevalence of these three mutations in the
chronically HBV-infected liver, in association with HBe serologic
status and the NA treatment history. In chronic-naive cases, 6 and
8 patients showed the pre- and post- HBeAg scroconversion status,
respectively (Table 3). The mean prevalence of the G1896A pre-C
mutant in HBeAg-positive cases was lower than that in the
HBcAg-negative cases (27.4% and 46.5%, respectively). Impor-
tantly, however, 4 of 8 HBeAg-negative cases showed a relatively
low prevalence of the G1896A pre-C mutant (Liver #8, #12,
#13, #14), and all but one case (Liver #10) showed a high
prevalence of the A1762T and G1764A mutations, irrespective of
HBe serologic status and NA treatment history (Table 3). These
findings suggested that other mutations except G1896A, A1762T
and G1764A were also involved in the HBeAg seroconversion
status. Notably, liver tissues ol all but one (Liver #17) chronic-NA
cases showed extremely low levels of the G1896A pre-C mutant
(0.0, 0.0, 0.1, and 1.1%), suggesting the high sensitivity of the
GI896A pre-C mutant to NA (Table 3).

To confirm the difference of the sensitivity to NA between the
wild-type and the G1896A pre-C mutant, we cxamined the
dynamic changes of the relative proportion of the G1896A pre-C
mutant in the serum of 14 treatment-naive patients before and
after entecavir administration. Consistent with the findings
obtained by ulira-deep sequencing, quantitative real-time PCR
revealed that entecavir administration significantly reduced the
proportion of the G1896A pre-C mutant in 13 of 14 cases (92.9%)
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Figure 1. Viral complexity of the HBV quasispecies in association with clinical status. (A) The Shannon entropy values for each viral
genomic region were determined in the liver of chronic-naive and chronic-NA cases. (B) Among the chronic-naive cases, the Shannon entropy values
are shown for patients with serum HBV DNA levels less than 5.0 log copies/ml {<5.0) and greater than 5.0 log copies/ml (25.0) (left panel), patients
under the age of 55 years (<55) and over the age of 55 (=55) (middle panel), and patients with low (F1-2) and high (F3-4) liver fibrosis levels (right

panel). preS: pre-surface, preC-C: precore~core N.S.: not significant.
doi:10.1371/journal.pone.0035052.g001

Table 2. The frequency of mutation rate and the Shannon
entropy in each viral genome region.

Average aligned reads

Mutation rate (%): the ratio of total different nucleotides from the reference
sequence to total aligned nucleotides.

preS: pre-surface, preC-C: pre-core~core,
doi:10.1371/journal.pone.0035052.4002
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irrespective of their HBeAg serostatus, while the G1896A pre-C
mutant were detectable in substantial proportion belore treatment
in all cases (Figure 2A, 2B and 2C; p = 0.001). These results further
support the findings that HBV clones comprising the G1896A
mutation were more sensitive to NA than those with wild-type
sequences.

Prevalence of drug-resistant HBV clones in the liver of
treatment-naive patients

Increasing evidence suggests that drug-resistant viral mutants
can be detected in the serum of treatment-naive patients with
chronic HBV infection [20,21]. Thus, we next determined the
actual prevalence of  spontancously-developed — drug-resistant
mutants in chronically-infected liver of treatment-naive patients
to evaluate whether NA wreatment potentiates the expansion of
drug-resistant clones. The drug-resistant mutations examined
included two mutations resistant to lamivudine and entecavir,
four mutations resistant to entecavir, and three mutations resistant
to adeflovir [16,17]. Based on the detection rate of the low-level
viral clones determined by the control experiments, we identified
the drug-resistant mutants present in each specimen at a [requency
of more than 0.3% among the total viral clones. Based on these
criteria, at least one resistant mutation was detected in the liver of
all of the chronic-naive cases with chronic HBV infection (Table 4).
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Table 3. The prevalence of G1896A mutation in the pre-C region, and A1762T and G1764A mutations in the core-promoter region
in the liver of patients chronically infected with HBV.

Mutation Frequency

Liver #2 - 97596
Liver#3’ ke e T 7677 9
Liver #4 - - 2041701 - @oN)  610/625 96.9)

49/250
Liver #6 727729

228/621
o Liver: #7.

u . 74011193 888/1913
Liver #8 - 111/1892 2335/2339
CLiver o . " 10s35/10944
Liver #10

- 4554/4593
Coosne
- 93/1265

Uﬁer‘#ﬂ -
Liver #12
|ver,‘#13y i

S e
Liver #14 /717
Chronic-NA o
Liver #15 01390

Liver 16,
Liver #17

o399
345/816 @23)

1625/16
994/994

Liver #19 =I+ LAM (11w) 48/4214 an 3438/3456 99.5) 3446/3462

Values in parenthesis show mutation frequency (%): the ratio of total mutant clones to total aligned coverage at each nucleotide sites,
NA: nucleotide analogue, pre C: precore, CP: core promoter, LAM: lamivudine, ETV: entecavir.
doi:10.137 1/journal.pone.0035052.t003

The prevalence of the 9 drug-resistant mutations detected by ultra- serum of treatment-naive patients in response to entccavir
decp sequencing in 14 chronic-naive cases ranged from 0.3% to treatment, Ultra-deep sequencing provided a mean 40,791- and

30.0%, indicating that the proportion of resistant mutations
substantially differed in each case. The most commonly detected
mutation was M204VI (9 cases) and M250VI (11 cases), which
were resistant to lamivudine and entecavir, and entecavir,
respectively. Other mutations resistant to adefovir were detected
in 7 (50.0%) and 3 (21.4%) cases at AI81TV and N236T,
respectively (Table 4).

Nine (64.2%) chronic-naive cases possessed the M204VI
mutants in their liver tissues and the proportion of mutant clones
among the totally infected viruses ranged from 0.3% to 1.1%
among the M204VI mutant-positive patients. In chronic-NA
cases, 4 of 5 (80.0%) liver tissues harbored the M204VI mutants
with the proportion among the totally infected viruses ranging
from 0.4% to 18.7% (Table 4), while the mean seram HBV DNA
was suppressed below 2.6 log copies/mi (Table 1). These results
suggest that the mutant HBV clones comprising various drug-
resistant mutations could latently exist even in the liver of NA
treatment-naive cases.

Expansion of drug-resistant HBV clones harboring
M240VI mutations in response to NA administration

To clarify the risk of latent expansion of drug-resistant
mutations due to NA treatment, we next examined the carly
dynamic changes of the prevalence of M204VI mutants in the

@ PLoS ONE | www.plosone.org

38,823-fold coverage of readings, which were mapped to the
M204VI nucleotide position at the YMDID sites of cach reference
sequence in patients before and after entecavir treatment.

Five of 14 (35.7%) patients harbored the M204VI mutations
prior to entecavir treatment. Although the serum HBV DNA
levels were significantly reduced in response to entecavir in all
cases, the M204VI mutant clones were detected in 9 cases
(64.3%) after entecavir administration (Table 5). Notably, one
patient (Serum #3) who harbored the M240VI mutant clones at
bhaseline had a relatively large expansion of drug-resistant clones
among the total viral population in a time-dependent manner in
response to entecavir treatment (Table 5). Similarly, M240VI
mutant clones became detectable after entecavir administration
in four patients (Serum #1, #7, #12, #13) that harbored no
resistant mutants at baseline (Table 5). We found no correlation
between the degree of the increase in the relative prevalence of
M204VI mutant clones and that of the reduction in serum HBV
DNA levels. Although only a limited number of patients exhibited
a substantial increase in M204VI mutant clones after adminis-
tration of anti-viral therapy, our findings might suggest that
entecavir treatment latently causes selective survival of drug-
resistant mutants in treatment naive patients with chronic HBV
infection.
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Figure 2. The reduction in the relative proportion of the G1896A pre-C clones after ir ad ation. (A) The relative
proportion of the G1896A pre-C mutant was determined in the serum of treatment-naive patients pre- and post-entecavir administration using
quantitative real-time PCR. Serum #1~6 were HBeAg-negative and HBeAb-positive, and Serum #7~14 were HBeAg-positive and HBeAb-negative
before treatment. *: p<<0.05 (B) Semiguantitative PCR analysis was performed using primers specific to the wild-type (upper panel) or G1896A pre-C
mutant (lower panel) pre- and post-entecavir administration. A representative result from 5 cases is shown. (C) The relative proportion of the G1896A

pre-C mutant was compared in 14 treatment-naive patients between pre- and post-entecavir administration.

doi:10.1371/journal.pone.0035052.g002

Discussion

Direct population sequencing is the most common method for
detecting viral mutations [29]. Conventional sequencing tech-
niques, however, are not eflicient for evaluating large amounts of
genetic information of the viruses. Newly developed ultra-deep
sequencing technology have revolutionized genomic analyses,
allowing f[or studies of the dynamics of viral quasispecics as well as
rare genetic variants of the viruses that cannot he detected using
standard direct population sequencing techniques 30,31}, The
sensitivity of ultra-deep sequencing analysis is primarily limited by
errors introduced during PCR amplification and the sequencing
reaction, thus it is a challenge to distinguish rare variants from
sequencing artifacts. In the present study, we optimized the ultra-
deep sequencing with a multiplex-tagging method and reproduc-
ibly detected variants within HBV quasispecies that were as rare as
0.3%. Based on this ultwa-deep sequencing platform, we
determined the abundant genetic heterogeneity of HBV at the
intra- and inter-individual levels.

@ PLOS ONE | www plosone.org

Because of its ability to handle abundant viral genome
information, ultra-deep sequencing allowed us to evaluate low-
abundant virus variants of patients with chronic HBV infection in
detail. Tt is widely accepted that HBe seroconversion is highly
associated with the emergence of G1896A pre-C and/or A1762T
and G1764A core promoter mutant clones [7-9]. Unexpectedly,
however, our results showed a diverse range of G1896A frequency
(0-99.9%) in HBcAg-negative subjects and a high prevalence of
core promoter mutations, irrespective of HBe serostatus. Consis-
tent with our observation, previous studies utilizing conventional
sequencing methods reported that the frequency of the G1896A
pre-C mutant ranged from 12% to 85% [32]. All but one patient
(Liver #10) showing a predominance of A1762T and G1764A
were infected with genotype C, while patient#10 was infected
with genotype B. Because A1762T and G1764A are reported to be
significantly more frequent in genotype C [33], the difference in
the prevalence of A1762T and G1764A in our study might be a
reflection of the viral HBV genotype rather than HBe serostatus.
Further investigation of the actual prevalence of these mutations
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Table 4. The prevalence of the 9 drug-resistant mutations detected by ultra-deep sequencing derived from liver tissue.

M204v/i $202C/G/I

Drugs. | LAMETY

Chronic-naiv

Liver #1 Cilogsar 23694
Liver #2 35/5344 0/538

Clver#s 0 13nses omoa
Liver 44 15113 /556
Liver # o amz o409,
Liver #6 12/8451

Liver 47 10/3098
Liver #8 13/2442

Clverme -~ 67/13875 /5443
Liver #10 16/7400 073524

Live n32 !
Liver #12 4/1098 1/1389 8] 0/1272
vz 0 eiare ) s ‘
Liver #14 5/3713 0] 0/2009 o]
Chronic-NA S
Liver #15
o Liver %16
Liver #17

Drugs

Chronic-naive
Liver #1 23/2719 {0.9%) 10/3755 ) 474210 3] 2/4139
Liver #3 10/1699 (0.6%)

Liver #5

Liver #14 -
Chronic-NA

0/4403
: v aneso

171464 2/1206
e g

-} mutant clones less than 0.3% among total clones at each nucleotide sites.
LAM: lamivudine, ADV: adefovir, ETV: entecavir.
doi:10.1371/journal.pone.0035052.t004
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Table 5. The prevalence of M204VI mutation at YMDD site in patients before and after entecavir administration.

Entecavir treatment

After -

Prevalence of the mutated clones Period of NA treatment

Serum 4
Serum #2

Serum #1

Serum #12

o237
266/25,301 (1.1%)
Casspssai o
336/28,702 (1.29%)
eeMaNT o ae

T9.6%)

2,839/34,162 (8.3%)

Comseeass T e

258/27,958 (0.9%)

Serum # 20ef6a747 L o
Serum #4 3/7923 39/65,575 )
Sertm #6 - saesse2 CeTmssary D
Seruh #10 38/22,522 8/21,053 )

E 1 arsess o5tes0 g
Serum #14 42/42,784 40/36,668 ©

{-): mutant clones less than 0.3% among total clones at each nucleotide sites.
doi:10.137 1/journal.pone.0035052.t005

and the elucidation of other unknown mutations involved in HBe
seroconversion are necessary for a better understanding of the
underlying mechanisms of HBe seroconversion.

One thing to be noted is that the majority of the chronic-NA
cases had extremely low levels of the GI896A pre-C mutant in
their liver tissues, even though those cases were serologically
positive for anti-HBe and negative for HBeAg. Morcover,
entecavir administration significantly reduced the proportion of
the G1896A pre-C mutant in the serum of the majority of patients
irrespective of their HBeAg scrostatus, while the G1896A pre-C
mutant clones were detectable in a substantial proportion before
treatment in all cases. These findings suggest that the G1896A pre-
C mutant have higher sensitivity to NA than the wild-type viruses.
Consistent with this hypothesis, several previous studies reported
that NA is eflective against acute or fulminant hepatitis caused by
possible infection with the G1896A pre-C mutant [34,35]. Based
on these findings, carly administration of NA might be an effective
strategy for treating patients with active hepatitis  infected
predominantly with the G1896A pre-C mutant.

Ultra-deep sequencing has a relatively higher sensitivity than
conventional direct population sequencing and is thus useful for
detecting  drug-resistant  mutations not detected by standard
sequencing [20,21]. Recently, we revealed that drug-resistant
mutants were widely present in treatment-naive HCV-infected
patients, suggesting a putative risk for the expansion of resistant
clones to anti-viral therapy [19]. Here, we demonstrated that
various drug-resistant HBV variants arc present in a proportion of
chronically HBV-infected, NA-naive patients. Several studies
using ultra-deep sequencing provided evidence that naturally-
occurring drug-resistant mutations are detectable in treatment-
natve individuals with human immunodeficiency virus-1 infection
[30,36,37]. Consistent with the cases of human immunodeficiency
virus-1 infection, a few studies detected minor variants resistant to
NA in the plasma of trecatment-naive patients with chronic HBV
infection [20,21}. It remains unclear, however, whether these
minor drug-resistant mutations have clinical significance. Our

PLoS ONE | www.plosone.org

Mutation frequency (%): the ratio of total mutant clones to total aligned coverage at each nucleotide sites.

observation of the relative expansion of viral clones with the
M204VI mutation during entecavir therapy in some cases
indicates the possibility that preexisting minor mutants might
provide resistance against NA through the selection of dominant
mutant clones. Future studies with a larger cohort size are required
to clarify the clinical implications of the latently existing low-
abundant drug-resistant mutations.

The current ultra-deep parallel sequencing technology has
limitations in the analyses of viral quasispecics. First, because the
massively-paraliel ultra-decp sequencing platform is based on a
multitude of short reads, it is difficult to evaluate the association
between nucleotide sites mapped to different genome regions in a
single viral clone. Indecd, potential mutational linkages between
the pre-C and reverse transcriptase regions were difficule to
clucidate due to the short read length of the shotgun sequencing
approach. Second, accurate analysis of highly polymorphic viral
clones by ultra-deep sequencing is also difficult because the
identification of mutations depends strongly on the mapping to the
reference genome sequences.,

In conclusion, we demonstrated that the majority of patients
positive for anti-HBe and negative for HBeAg lacked the
predominant infection of the G1896A pre-C mutant in the
presence of NA treatment, suggesting that the G1896A pre-C
mutant have increased sensitivity to NA therapy compared with
wild-type HBV. We also revealed that drug-resistant mutants
are widely present, even in the liver of treatment-naive HBV-
infected patients, suggesting that the preexisting low-abundant
mutant clones might provide the opportunity to develop drug
resistance  against NA through the selection of dominant
mutations. Further analyses utilizing both novel and conven-
tional sequencing technologies are necessary to understand the
significance and clinical relevance of the viral mutations in the
pathophysiology of various clinical scttings in association with
HBV infection.
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Supporting Information

Figure S1 Comparison of the viral complexity between
the liver and serum of the same individual. Shannon
entropy values throughout the whole viral genome of the liver and
serum of the representative two cases are shown. (upper two
pancls, casc #11; lower two panels, case #14). preC-C: pre-
core~core, preS: pre-surface, P: polymerase.
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Efficacy and safety of prophylaxis with entecavir and
hepatitis B immunoglobulin in preventing hepatitis B
recurrence after living-donor liver transplantation
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Aim: Hepatitis B recurrence after liver transplantation can be
reduced to less than 10% by combination therapy with lami-
vudine (LAM) and hepatitis B immunoglobulin (HBIG). The aim
of this study was to evaluate the efficacy and safety of pro-
phylaxis with entecavir (ETV), which has higher efficacy and
lower resistance rates than LAM, combined with HBIG in
preventing hepatitis B recurrence after living-donor liver
transplantation (LDLT).

Methods: Twenty-six patients who received ETV plus HBIG
(ETV group) after LDLT for hepatitis B virus (HBV)-related end-
stage liver disease were analyzed by comparing with 63
control patients who had received LAM plus HBIG (LAM
group).

Results: The survival rates of the patients treated with ETV
plus HBIG was 73% after both 1 and 3 years, and there was no

statistical difference between the patients in the ETV group
and LAM group. No HBV recurrence was detected during the
median follow-up period of 25.1 months in the ETV group,
whereas the HBV recurrence rate was 4% at 3 years and 6% at
5 years in the LAM group. No patients had adverse effects
related to ETV administration.

Conclusion: ETV combined with HBIG provides effective and

safe prophylaxis in preventing hepatitis B recurrence after
LDLT.

Key words: entecavir, hepatitis B, liver transplantation,
living donor

INTRODUCTION

HE RECURRENCE OF hepatitis B virus (HBV) infec-

tion after liver transplantation for HBV-related dis-
eases resulted in poor outcomes before the development
of effective prophylaxis with lamivudine (LAM) and
hepatitis B immunoglobulin (HBIG). Without the pro-
phylaxis, the majority of patients developed recurrent
infections due to HBV in the early phases after liver
transplantation, and the recurrence resulted in rapidly
progressive liver injury, early graft loss and reduced

Correspondence: Dr Yoshihide Ueda, Department of Gastroenterology
and Hepatology, Graduate School of Medicine, Kyoto University, 54
Kawahara-cho, Shogoin, Sakyo-ku, Kyoto 606-8507, Japan. Email:
yueda@kuhp.kyoto-u.ac.jp

Received 13 February 2012; revision 6 March 2012; accepted 28
March 2012.

© 2012 The Japan Society of Hepatology

survival.™? The development of prophylaxis dramati-
cally reduced the post-transplant recurrence of hepatitis
B and markedly improved prognosis. The most widely
used prophylaxis so far has been a combination therapy
of LAM and i.v. HBIG.

In the non-transplant setting, the. long-term use of
LAM resulted in high rates of emergence of resistance to
the drug, with rates ranging 14-32% after 1 year and
60-70% after 5 years of treatment. In most cases, the
resistance was the result of selection of LAM-resistant
mutations in the YMDD motif of the DNA polymerase
domain of HBV.* Moreover, the emergence of HBV
strains with mutations that allow escape from hepatitis
B surface antibody (anti-HBs) recognition has been
reported in patients vaccinated for HBV,*¢ in patients
with chronic hepatitis B*® and in liver transplant recipi-
ents after HBIG administration.”"! Therefore, the emer-
gence of LAM resistance and HBIG resistance might
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increase the risk of recurrence during long-term admin-
istration of LAM and HBIG, although the rate of HBV
recurrence in liver transplant recipients who received
prophylaxis with LAM and HBIG for more than 10 years
has not been reported to date. At present, several nucleo-
side analogs are available for the treatment of chronic
hepatitis B*. Among them, there is entecavir (ETV), a
carbocyclic analogue of 2’-deoxyguanosine, which has
been shown to have higher efficacy than LAM in patients
with chronic hepatitis B. In addition, ETV has a higher
genetic barrier to resistance than LAM. The resistance
to ETV requires at least three mutations including
1tM204V/1, which causes LAM-resistance, rtl.180M, and
a mutation at one of the following codons: rt'184,
118202 or 1tM250.* Therefore, EIV is now used as a
first-line therapy in the treatment of chronic hepatitis
B worldwide. Data available in the published work
suggest that, in transplant recipients, EIV plus HBIG
represents a better prophylaxis protocol than LAM plus
HBIG for long-term prevention of HBV recurrence after
liver transplantation. However, the efficacy and safety of
this treatment is largely unknown.

The aim of this study was to evaluate the efficacy and
safety of prophylaxis with EIV and HBIG in preventing
hepatitis B recurrence after living-donor liver transplan-
tation (LDLT).

METHODS

Patients

E RETROSPECTIVELY ANALYZED the medical

records of 97 patients who underwent LDLT for
[1BV-related end-stage liver diseases from September
2002 to December 2010. Of these, eight patients were
excluded from our study because they had breakthrough
hepatitis due to HBV with LAM-resistant mutations and
were prescribed LAM plus adefovir before liver trans-
plantation. Accordingly, 89 patients were enrolled in
this study.

Prophylaxis with ETV or LAM combined
with HBIG

Lamivudine plus HBIG therapy was given to all recipi-
ents with HBV-related end-stage liver diseases from
September 2002 to November 2006, as reported previ-
ously.” From December 2006, we changed the protocol
for prophylaxis to EIV plus HBIG. ETV at a dose of
0.5 mg/day or LAM at a dose of 100 mg/day was given
before transplantation, usually when the patient was
referred to the hospital and scheduled for transplanta-

© 2012 The Japan Society of Hepatology
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tion. Preoperative ETV or LAM prophylaxis was followed
by combination with HBIG after transplantation. The
first application of HBIG at a dose of 200 IU/kg body
mass was administrated i.v. during the anhepatic phase
of LDLT, and repeated every day for the first 5 days
post-surgery. BV serological markers were examined at
weekly intervals for the first 2 months after the trans-
plant, then at monthly intervals, and 1000 U of HBIG
was periodically administrated to maintain the serum
anti-HBs titers at more than 500 1U/L during the
first 6 months and 200 IU/L thereafter throughout the
follow-up period.”

Immunosuppression

Tacrolimus and low-dose steroid therapy were adminis-
trated to induce immunosuppression in most patients.'*
Mycophenolate mofetil was administrated to patients
who experienced refractory rejection or required reduc-
tion of tacrolimus dose due to adverse events. Patients
who received ABO blood-type-incompatible transplants
were treated with rituximab, plasma exchange, and
hepatic artery or portal vein infusion with prostaglandin
E1 and methylprednisolone.'

Diagnosis of HBV activation

Activation of HBV was diagnosed when hepatitis B
surface antigens (I1BsAg) and/or HBV DNA became
positive in the serum of the patients. After LDLT, HBsAg,
anti-HBs and serum HBV DNA were measured at least at
3 monthly intervals. Serological HBV markers, includ-
ing HBsAg, anti-HBs, hepatitis B core antibody, hepatitis
B e antigen (IBeAg) and antibodies to HBeAg (anti-
HBe), were measured by chemiluminescent enzyme
immunoassay (Fuji Rebio, Tokyo, Japan). Serum HBV
DNA titer was analyzed using a commercial polymerase
chain reaction (PCR) assay (Amplicor HBV Monitor;
Roche, Branchburg, NJ, USA). LAM-resistant YMDD
mutant virus was detected by the PCR enzyme-linked
mini-sequence assay.'

Statistical analysis

Baseline characteristics are shown in Table 1. For con-
tinuous variables, medians and ranges are given, and the
significance of the data was analyzed with the Wilcoxon
rank sum test. For categorical variables, counts are given,
and the data were analyzed with the y-test. Survival
rates and the rates of patients who showed HBV activa-
tion after LDLT were estimated using the Kaplan-Meier
method and compared using log-rank tests. P<0.05
was considered significant.

Hepatology Research 2013; 43: 67-71

Table 1 Baseline characteristics of 90 patients

Entecavir and HBIG after LDLT 69

Entecavir + HBIG (n=26) Lamivudine + HBIG (n=63) P-value
Age (years) 55 (33-68) 53 (26-64) 0.062t
Men/women 19/7 46/17 0.995%
Primary disease 0.595%
Acute liver failure 6 (23%) 9 (14%)
Liver cirrhosis, HCC™ 6 (23%) 20 (32%)
Liver cirrhosis, HCC* . 14 (54%) 34 (54%)
HBV markers before LDLT
HBsAg" 24 (92%) 61 (97%) 0.350%
HBeAg" 6 (23%) 18 (29%) 0.595%
HBY DNA before LDLT <2.6 (<2.6-7.6<) 3.7 (<2.6-7.6<) 0.010t
<2.6 log 1U/mL 14 (54%) 19 (30%) 0.024%
Follow-up period (months) 25.1 (0.2-58.6) 70.6 (0.5-109.2) <0.001t

Qualitative variables are shown in number; and quantitative variables expressed as median (range).

tWilcoxon rank sum test.
$x?-Test.

HBeAg, hepatitis B e antigen; HBIG, hepatitis B immunoglobulin; [HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HCC,

hepatocellular carcinoma; LDLT, living-donor liver transplantation.

RESULTS

Patient characteristics

WENTY-SIX PATIENTS who received ETV plus HBIG

(ETV group) after LDLT for HBV-related end-stage
liver disease were included in this study. Baseline char-
acteristics of these patients are listed in Table 1 and
compared with those of 63 control recipients who
received LAM plus HBIG (LAM group) at our institute
already present in our database. The two groups of
patients did not differ significantly by age, sex, primary
diseases or serological markers for HBV before LDLT.
Serum HBV DNA levels before LDLT were significantly
lower in the ETV group than in the LAM group. Fourteen

of 26 patients (54%) showed less than 2.6 log [U/mL of
serum HBV DNA in the ETV group. Median follow-up
period was 25.1 months (range, 0.2-58.6) in the ETV
group, whereas it was 70.6 months (range, 0.5-109.2)
in the LAM group.

Efficacy and safety of prophylaxis with ETV
plus HBIG

Survival rates of the patients treated with ETV plus HBIG
estimated by Kaplan-Meier analysis was 73% at both 1
and 3 years (Fig. 1a). There was no difference between
the ETV group and the LAM group, in which survival
rates were 81% at 1 year, 78% at 3 years and 73% at

(a) (b)
1.0 0.204
= Lamivudine + HBIG
048 - et 0.154
§ | Entecavir+ HBIG ™ 3
< 0.6] <
Figure 1 (a) Post-transplantation sur- @ ‘g 0.10
. e " i} o
vival rates and (b) hepah.n:s B virus € 0.4 ; Lamivudine + HBIG
(FIBV) recurrence after living-donor = @ P
liver transplantation in HBV positive & 0.2 T 0.05; j
recipients who received entecavir and
hepatitis B immunoglobulin (HBIG) o i
J U RS,
(solid line), or lamivudine and HBIG 0.0 0.00 - Envtecav1r+ HBiG
4 6 8 10 0 2 4 6 8 10

(dotted line), estimated by Kaplan- 0 2
Meier method.

Years after liver transplantation

Years after liver transplantation
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5 years. Causes of death in patients in the ETV group
were pneumonia (n=2), sepsis (n=1), pulmonary
hemorrhage (n = 1), cerebral hemorrhage (n = 1), graft
liver failure (n=1) and multiple organ failure (n=1),
none of which were related to ETV. No HBV recurrence
was detected in the median follow-up period of
25.1 months in the ETV group, whereas the HBV recur-
rence rate was 2% at 1 year, 4% at 3 years and 6% at
5 years in the LAM group (Fig. 1b). Three patients in
the LAM group had 1BV recurrence at 10, 34 and
46 months after LDLT. The emergence of HBV with
LAM-resistant mutations in the YMDD motif was con-
firmed in two of the three patients. HBV mutations of
another patient could not be determined because of the
low level of serum HBV DNA. As the follow-up period of
the ETV group was shorter than that of the LAM group
and the HBV recurrence in the LAM group occurred in
long-term follow-up after LDLT, the rate of HBV recur-
rence was not significantly different between the ETV
and LAM groups. No patients had adverse events due to
ETV administration.

DISCUSSION

N THIS STUDY, we demonstrated that ETV combined

with HBIG provides effective and safe prophylaxis in
preventing hepatitis B recurrence after LDLT.

Two studies of patients receiving a combination of
ETV and HBIG after liver transplantation have been
previously reported.’®"” One study demonstrated that
30 recipients who received ETV plus HBIG prophylaxis
had no recurrence of HBV and no adverse effect relat-
ing to EIV.” The other study showed that no
HBV recurrence was observed in two recipients with
HBV-associated cirthosis receiving EIV, tenofovir and
HBIG.' Both studies showed the efficacy and safety of
prophylaxis with ETV and HBIG in preventing short-
term recurrence of HBV after liver transplantation.
The current study confirmed their results for longer
follow-up periods. Our results showed that prophylaxis
with TV and HBIG has similar efficacy and safety to
that with LAM and HBIG, but did not show any further
advantage of ETV compared to LAM treatment. Longer
follow up might be needed to reveal the difference of
HBV recurrence rate. One characteristic of our present
report is that all patients in this study underwent LDLT.
Our results suggest that prophylaxis with ETV and
HBIG in patients after LDLT has similar efficacy and
safety to patients after deceased-donor liver transplan-
tation demonstrated in the previous reports.”*'” More
recently, efficacy of ETV monotherapy in preventing

© 2012 The Japan Society of Hepatology
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recurrence of HBV for liver transplant recipients with
chronic hepatitis B was reported.” The study demon-
strated that most patients showed disappearance of
HBsAg and undetectable serum HBV DNA after liver
transplantation without HBIG. Although long-term
efficacy of EIV monotherapy needs be confirmed, both
our data and previous reports suggest that EIV is an
effective and safe antiviral agent in the post-transplant
setting.
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Introduction

MicroRNAs (miRNAs) are a gene family that is evolutionarily
conserved and have important roles in the control of many
biological processes, such as cellular development, differentiation,
proliferation, apoptosis, and metabolism [1]. Aberrant expression
of miRNAs in liver tissuc has been implicated in the progression of
liver fibrosis, and hepatocarcinogencsis [2,3,4]. Recently, two
independent groups showed that miR-122 plays a critical role in
the maintenance of liver homeostasis and anti-tumor formation
5,6].

Exosome in one of the endoplasmic reticulum carries mRNAs
and miRNAs [7]. Recently, it has become clear that exosome
petform intercellular signaling through miRNA. miRNAs are
released through a ceramide-dependent secretory machinery and
are then transferred and become [unctional in the recipient cells

PLOS ONE | www.plosone.org

[8]. In a prior stucdy using human blood and cultured cells, several
miRNAs were selectively packaged into microvesicle (MV) and
actively secreted [9]. In another study, miRNAs originating from
EBV was transported by exosome and then participated in the
immune response of host cells {10]. In HCC cells as well, this type
of exosome-mediated miRNA transfer is an important mechanism
of ntercellular communication {11].

Tt has also become clear that exosome can adjust to immune
function, control infection or carry the virus itsell. Exosomes of T,
B and dendritic immune cells contain a repertoire of miRNAs that
differ from that of their parent cells [12,13]. Exosomes relcased
from nasopharyngeal carcinoma cells harboring latent EBV were
shown to contain LMP1, signal transduction molecules, and virus-
encoded miRNAs {14]. Retroviruses cvade adaptive immunc
responses by using nonviral or host exosome biogencsis pathways
to form infectious particles and as a mode of infection [13].

October 2012 | Volume 7 | Issue 10 | 48366

Recent evidence has shown that the expression patterns of
serum or plasma miRNAs are altered in several discases, in
particular heart discase, sepsis, malignancics, and autoimmune
discases (reviewed in [16]). Discoveries such as this is encouraging
and has propelied further rescarch leading to the hypothesis that
circulating miRNAs are detectable in serum and plasma in a form
sufficiently stable to serve as biomarkers [17,18]. One such
example is that tumour-associated miRNAs were found in the
serum of diffuse large B-cell lymphoma patients [19]. In other
examples, serum levels of miR-34a and miR-122 were associated
with histological discase severity in patients with CHC or non-
alcoholic fatty-liver disease (NAFLD) [20]. In fact, the serum level
of miR-122 strongly correlates with serum ALT activity and with
necro-inflammatory activity in patients with CHC and clevated
ALT levels. However, there seems to be no significant correlation
between fibrosis stage and [unctional capacity of the liver [21].
The expression levels of miR-122 and miR-194 correlated
negatively with age in patients with CHB and HBV associated
acute-on-chronic liver failure [22]. The expression level of miRk-
122 in serum was found to be closely related to non drug-induced
acute liver injury [23]. Based on the above, it comes as no surprise
that recently, the expression profile from extracellular miRNA is
being used clinically to diagnose various diseases.

Here, in order to obtain data with high resolution that is
reproducible, we extracted MVs from serum using exoquick and
then performed a comprehensive microarray analysis. We
attempted to diagnose HCV infection, and ascertain the degree
of liver inflammation and fibrosis stage using exosome-rich
fractioned miRNA. In short, we investigate il serum-derived
miRNAs had the potential 1o serve as non-invasive bio-markers for
various liver discases.

Resuits

Reproducible Gene-analysis Using Microarray

Tn microarray experiments, serum analysis is comparatively
casy; however, the downside is that the accuracy and reproduc-
ibility of the results are usually not satisfactory. To circumvent this
drawback, we devised a procedure that would give us higher
accuracy and reproducibility. Serum samples from NL subjects
were prepared and divided into two groups; for the first, RNA was
extracted using exoquick treated serum, and in the second, RNA
was extracted from total serum. Next, miRNA expression was
analyzed using Agilent miRNA microarray. The above procedure
was performed independently twice (Fig. 1A). We compared the
miRNA expression pattern among the [our microarray results
(Fig. 1B) and found that miRNA expression analysis using
exoquick was the more reliable and reproducible (Fig. 1G).

Exosome from normal human prostatic cell lines PNT-2, was
yielded by the conventional ultra-centrifugation method [8]. We
prepared serums with and without exoquick treatment and
performed immunoblot analysis with anti-CD63 (Fig. 1D). Bands
of the expected relative sizes were detected in serum treated with
exoquick. We designated RNA extracted using exoquick treated
serum as exosome-rich fractionated RNA.

Unique Expression Pattern of miRNA in CHC

We attempled to diagnose CHC using the miRNA expression
pattern found in the peripheral blood samples from 64 CHC and
24 NL. The expression of nine miRNAs (miR-1225-5p, miR-
1275, miR-638, miR-762, miR-320c, miR-451, miR-1974, miR-
1207-5p, and miR-1246) allowed us to categorize patients as CHC
or NL with 96.59% accuracy (Fig. 2, 3 Table 1 and Table S1). As
shown in Fig., 2C, CHC and NL were well differentiated duc to
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their distinct miRNA expression patterns. The expression pattern
of 12 miRNAs led o the distinction of CHC, CHB, NASH, and
NL with 87.50% accuracy (Fig. 4, S1A, and Table S1). The
accuracy of determining whether samples were CHC or CHB,
CHGC or NASH, CHB or NASH was 98.35%, 97.37%, and
87.50%, respectively. The accuracy of judging whether samples
were NL or CHB, NL or NASH, was 89.29% and 88.89%,
respectively (Fig. 3, $1B and Table S1). Unlike CHC and NL,
there were relatively fewer analyses done of CHB and NASH (due
1o a small sample size), therefore, we used “i silico™ resampling to
overcome any possible bias. With “@ silico” we lound that it was
highly reproducible to determine with high accuracy whether
samples were CHC, CHB, NASH, or NL, CHC or CHB, CHC or
NASH, CHC or NL, CHB or NASH, CHB or NL, or [inally
NASH or NL (Fig. 82 to 88 and Supporting Information).

In order to validate our above-mentioned classifications, we
prepared a separate independent sample consisting of 31 CHC,
16 CHB, and 8 NASH. We established miRNA expression
patterns using microarray for each of these chronic liver discase
groups. We tried to discriminate among the classifications in the
independent cohort using the semi-supervised learning method
[24] based only on the labels in the original sample group and the
sclected miRNAs shown in Table S1. The accuracy of judging
whether samples were CHB or CHC, CHC or NASH, CHB or
NASH, was 74.47%, 87.18%, and 79.19%, respectively (Fig. 89,
Tabic 1, and Supporting Information). During the process of
obtaining these results, we noticed that different versions of the
Feature E tion (FE) Software provided slightly different
results, however it was not possible to fully unify these versions
of FE. This may explain the relatively lower performance of the
independent group compared with the original samples that
mostly used the same FE Software versions,

miRNA Expression Correlates with the Grade of Liver
Inflammation

The grade of inflammation for CHC patients was ascertained
by liver histological examination, and then samples were divided
into four groups A0, A1, A2, and A3 based on their fibrosis stage.
miRNA expression profiles were then cstablished for CHC
according to cach of their inflammation grade. From the four
groups (A0 to A3), a combination of six arbitrary pairs is possible.
miRNAs which had significant differential expression in five or
more of the six pairs were extracted (p<0.05). Five miRNAs (miR-
1914*, miR-193a-5p, miR-22, miR-659, and miR-711) had
expression levels that increased as the severity of liver inflamma-
tion progressed. On the other hand, the expression levels of nine
miRNAs (miR-1274b, miR-197, miR-1974, miR-21, miR-34a,
miR-451, miR-548d-5p, miR-760, and miR-767-3p) significantly
decreased with the progression of liver inflammation (Fig. 5, $10
and Table 82).

The Grade of Liver Fibrosis Corresponded with the
Expression Level of miRNAs

As previously noted, CHC samples were divided into F0, I1,
¥2, and F3 based on patients’ fibrotic stage. From these four
fibrotic groups, a combination of six arbitrary pairs were
possible. miRNAs that had significant diffcrential expression in
all six pairs were extracted (p<0.05). The expression levels of
two miRNAs (miR-483-5p and miR-671-5p) significantly
increased the higher the fibrotic stage and the expression level
of 14 miRNAs (let-7a, miR-106b, miR-1274a, miR-130b, miR-
140-3p, miR-151-3p, miR-181a, miR-19b, miR-21, miR-24,
miR-375, miR-348], miR-93, and miR-941) became progres-
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Figure 1. The method used to obtain reproducible data for microarray analysis conducted on serum-extracted samples. A. NL
patients’ serum were sampled twice. In the first, RNA was extracted first from untreated serum, and then extracted again from serum treated with
exoquick. In the second serum sample, RNA was also extracted from both untreated serum and serum treated with exoquick. Microarray analysis was
conducted for RNA in a total of four samples. B. Reproducibility test of microarray data. Scatter plots comparing non- normalized signal intensities of
miRNAs in two independent experiments from human total serum and exosome rich fraction. Red and black denotes high and low miRNA
expressions respectively. Total serum extracted first, versus exosome rich fraction first (left), total serum extracted first versus second (middle), and
exosome rich fraction extracted first versus second (right). C. Pearson’s paitwise correlations of signal intensities of miRNAs from human total serum
and exosome rich fraction. D. Western blot was performed for untreated serum, serum extracted by exoquick and exosome fraction from PNT-2, using
anti-CD63.

doi:10.1371/journal.pone.0048366.g001
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Figure 2. Expression patterns of miRNA used for discriminating between CHC and NL. A. Box plots of expression patterns of the nine
miRNAs used for discriminating between CHC and NL. B. Classification of CHC and NL using LOOCV from miRNA expression profile. C. PCA in CHC and
NL. The two dimensional embedding of CHC and NL by PCA. The first and second principal component scores computed (not selected for
discrimination) of normalized miRNA expression were employed for this plot. Computation was done with ALL.

doi:10.1371/journal.pone.0048366.9002

sively downregulated as liver fibrotic stage increased (Fig. 6,

S11 and Table $2).

Classification of Liver Inflammation Grade and Fibrotic
Stage Using miRNA Expression Pattern

We attempted to classily liver inflammation grade and fibrosis
stage using miRNA cxpression pattern. Liver inflammation was
diagnosed by Leave One Out Cross-Validation (LOOCV); the
accuracy of determining Al from other inflammation grade was
71.88% and its odds ratio was 7.08. The accuracy of determining
A2 and A3 was 75.00% and 82.81%, and their odds ratios were
9.50 and 11.08, respectively. In our study, we were unable to
accurately classily AQ because we were limited to only one sample
for that grade (Fig. 7A). Diagnosis of liver [ibrosis by LOOCV
showed that determining FO from the other fibrotic stages had an
accuracy of 87.50% and an odds ratio of 14.25. The classification
of F1, F2, and F3 had accuracy rates of 65.63%, 70.31%, and
73.44% and odds ratio of 3.16, 6.39 and 5.80, respectively
(Fig. 7B).

miRNA Expression Level Detected by Real-time qPCR
Validated the Microarray Result

Four miRNAs (miR-1207-5p, miR-134, miR-1249, and miR-
1183) with expression levels that diflered among liver inflam-
mation grades and liver [ibrotic stages were chosen in order to
confirm the microarray results using stem-loop based real-time
qPCR. miRNAs that correlated with other clinical characteris-
tics besides liver fibrosis and inflammation were listed using the
Wilcoxon test. We performed two Wilcoxon tests and ranked
miRNAs based on their p-value from smallest to fargest and
selected the miRNAs with the four smallest p-values that were
common among the two Wilcoxon tests.

The real-time qPCR result was cons
array analysis (Fig. 8). Here also, we applied “in silico”
resampling to compensate for the small number of paticnts
used in the real-time ¢PCR analysis. The results of the “in
silico” resampling conferred with the results of the real-time
qPCR (Fig. $12).

stent with the micro-

miRNA Expression Pattern was Closely Related to Several
Clinical Parameters in CHC

Although we observed that miRNA expression correlated with
ALT value, we were unable to identify miRNAs that displayed a
strong correlation. 12 miRNAs were chosen sequentially from

miRNAs with a high absolute correlation coeflicient. One to 12 of

these selected miRNAs were used to compare the canonical
corrclation coeflicient of the above. When the expression patterns
of six of the 12 miRNAs were compared with serum ALT value,
the correlation coefficient and p-value were 0.44 and 4.91E—02,
respectively. Similarly, when serum Albumin value was compared
with the expression pattern of all 12 miRNAs, the corrclation
coeflicient and p-value were 0.59 and 2.0411-02, respectively.
Finally when the amount of serum HCVRNA was compared with
the expression pattern of 12 miRNAs, the resulting correlation
coeflicient and p-value were 0.59 and 1.89E—02, respectively
(Fig. 9, 813 and Table S3).
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Expression Pattern of a Several miRNAs Correlated to
Serum and Hepatic Tissue

In a previous report, we described the miRNA expression
pattern found in liver tissues obtained from 105 CHC {2]. From
this group, we analyzed the miRNA expression of hepatic tissuc
and serum in 60 samples. We observed that the expression pattern
of three miRNAs (miR-134, miR-200b, miR-324-5p) in hepatic
tissue negatively correlated with that in serum, and the expression
pattern of miR-370 in hepatic tissue positively correlated with that
in serum (p<<0.05) (Table S4). However, there was no significant
correlation between the expression pattern of miR-122 in the
hepatic tissue and serum (Fig. S14 and Table S4).

Discussion

In this comprehensive miRNA analysis in various chronic liver
discases, we observed that aberrant expression of miRNAs was
closely refated to discase progression. Based on this, we believe
that these miRNAs are potential readily accessible biomarkers,
useful for diagnosing hepatic viral infection and for grading or
staging liver discases.

Many investigators have clected to use miRNA from serum
instead of miRNA from cxosome as the candidate for diagnosing
discases {18,20,22,25,26]. In our study, when exoquick was used,
exosome could not be isolated therefore other MVs similar in size
to exosome were also extracted. In other words, exoquick not only
collected miRNAs contained in exosome, but also miRNA that
were or were not combined with protein. Despite this, we found
that exoquick delivered results that were superior to those obtained
without exoquick. Therefore, although the process of analyzing
miRNA from serum is simple, we chose to analyze miRNA from
exosome rich fraction since it has a higher rate of reproducibility.
Morcover, since exosome is closely related to intercellular
signaling [14,27], it is expected that data obtained by exosome
analysis can clarify the mechanism of chronic infection and
inflammation [28].

When we extended our analysis from miR-122 to all miRNAs, it
became clear that the expression level of several miRNAs
correlated with the progression of liver fibrosis. In [act, recent
studies have stated that when the expression levels of adequate
numbers of miRNAs is used to identify disease, diagnostic ability is
significantly higher than using a single miRNA [29]. In this study,
when liver fibrosis was diagnosed using miRNA expression,
distinguishing between FO and T1-3 was done with 87.50%
accuracy. Since FO cannot be distinguished from other stages of
chronic liver disease using blood examination, we propose that
using miRNA expression pattern may be uselul for diagnosing
chronic liver disease that is in the early stage.

Previous studics have shown that the level of miR-122 in blood
plasma increased carlier than in ALT in the presence of toxic liver
injury in rodents [30]. Serum levels of miR-122 in patients with
CHC are frequently elevated compared with healthy individuals
[21]. Bihrer et al. mentioned that variations in the concentration
of miR-122 in serum or plasma tend to be more specific for liver
diseases than ALT and AST. This is because miR-122 is almost
exclusively expressed in the liver, whereas ALT and AST originate
from skeletal muscles and other tissues, thereflore their diagnostic
value is low [31]. In our study, the expression level of miR-122 had
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a signilicant positive correlation with the grade of liver inllamma-
tion, serum albumin value, or serum HCVRNA value. However,
miR-122 expression did not significantly correlate with liver
fibrosis stage. Moreover, there was no correlation between the
expression level of miR-122 in liver tissue, and that in serum in the
same 60 samples (Fig. $14). The expression pattern of only four
miRNAs out of total liver tissue miRNAs correlated with the
expression patterns of miRNA found in the serum (Table $4).
Most serum miRNA had expression patterns that differed from
those observed in hepatic tissue samples. Morcover, we observed
differences in miRNAs expression between various tissues [32].
These dillerences were observed even in tissues taken from the
same subject; at present we are unclear as to the reason for this
phenomenon.

In regards to the progression of liver fibrosis and the expression
pattern of miR-21, previous studies concur with our result that
miR-21 expression level significantly decreased in response to the
progression of liver fibrosis [20]. Taken together, this suggests that
any miRNAs that may have been emitted from liver tissue cannot
be detected in serum after hepatic cell injury.

The expression pattern of many miRNAs in serum positively
correlated with serum ALT, albumin, and HCVRNA levels in this

PLOS ONE | www.plosone.org

study (Fig. 9, S13 and Table 83). This result contradicts prior
assumptions that no correlation exists between serum miR-122
and HCVRNA serum levels {21]. Three likely reasons for this
difference in results are: 1) the detection method used (real-time
qPCR versus microarray), 2) the difference in the subjects’ ages
(the subjects in this study were older), and 3) the difference in the
amount of miRNAs (multiple miRNAs vs. a single miRNA) used to
identify the clinical parameters of the disease.

CHC and NL were classified with a high level of accuracy
using the expression pattern of miRNA. In order to clucidate if
the miRNA expression in CHGC is common to other chronic
liver diseases including CHB, we compared the miRNA
expression pattern of CHC with those of NASH and CHB.
The result of this analysis was that CHC could be clearly
distinguished from both CHB and NASH. These results
demonstrate that the varying forms of chronic liver discase
have their own unique miRNA expression pattern. NASH is a
histological diagnosis that rests on a combination of features and
can only be confirmed by liver biopsy. Recently, NASH was
diagnosed by first determining the existence of NAFLD from
blood samples and then performing an ultrasound tomograplyy.
Finally, liver fibrosis stage was determined by Fibroscan
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Table 1. Characteristics of subjects in this study of original
samples and independent samples.

Original samples

51%15
66:£5.

eight (kg
ALP (U/L)

WBC (x10%mm? 5115
Platelet (x10%/mm?). 16.
Total Bilirubin (mg/ 0.65+0.22 0.83>0.40
di)

Weight (kg
ALP (1U/L)

Abbreviations; CHC, chronic hepatitis C; CHB, chronic hepatitis 8; NASH, non
alcoholic steatohepatitis; NL, normal liver (healthy control); N.D, no data.
doi:10.1371/journal.pone.0048366.t001

(reviewed in [33]). However, when the results of these and other
measures fail to yield a diagnosis then a pathology evaluation is
necessary. Using “in silico” resampling to increase the reliability
of our data, has led us to helieve that NASH diagnosis may be
possibly through blood examination.

We tested the reliability of our analysis in two ways and
obtained reproducible results in both cases. First we enrolled an
independent sample group, and second, we created virtual
cohorts using in silico resampling to overcome our small sample
size.

In this study we concluded that miRNA profiling is a
promising alternative to diagnosing liver disease. This is based
on our demonstration that the [ollowing evaluations could be
performed using suitable miRNA expression profiles (1) deter-
mining the stage or grade of chronic liver discase, (2)
ascertaining the clinical status of chronic liver discases, and (3)
distinguishing among various forms of chronic liver discases.
While these results suggest there is great potential and benefit of
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miRNA profiling, future studics in a larger population of CHC
patients are warranted to fully elucidate the diagnostic potential
of serum miRNA expression.

Materials and Methods

Patient Selection

A cohort of 64 CHC, 4 CHB, and 12 NASH patients who had
undergone liver biopsy, as well as 24 healthy control subjects was
enrolled. We also prepared independent samples consisting of
31 CHC, 12 CHB, and 8 NASH to validate our results. Patient
characteristics are summarized in Table 1 and detailed clinical
data is depicted in Table 85. The criteria for exclusion for CHC,
CHB, and NASH were: co-infection with human immunodefi-
ciency virus (HIV) types 1 and 2, decompensated liver discase,
organ transplantation, immune suppression, autoimmune disor-
ders, consumption of >20 g/day alcohol, and past history of
intravenous drug abuse. Healthy controls were sclected if they
were not infected with HBV, HCV, nor HIV, had normal liver
function tests, and had no history of liver disease.

All patients or their guardians provided written informed
consent, and Ogaki Municipal Hospital and Kyoto University
Graduate School and Faculty of Medicine’s Ethics Committee
approved all aspects of this study in accordance with the Helsinki
Declaration.

Liver Histology and Blood Examination

A liver biopsy specimen was collected from each patient before
anti-viral treatment. Histological grading and staging of CHC liver
biopsy specimens were performed according to the Metavir
classification system [34]. NASH was diagnosed histologically
[35]).

Serum HCV RNA was quantified before IFN treatment using
Amplicor-HCV Monitor Assay (Roche Molecular Diagnostics
Co., Tokyo, Japan), while serum HBV DNA was quantified before
treatment using Amplicor HBV Monitor Assay (Roche). Pretreat-
ment blood tests were conducted to determine cach patient’s level
of aspartatc aminotransferase (AST), alanine aminotransferase
(ALT), total bilirubin, alkaline phosphatase, gamma-glutamyl
transpeptidase, white blood cell (WBC), platelets, and hemoglobin.

Blood Sampling

Peripheral blood was collected from all subjects directly into
serum tubes belore anti-viral treatment. The tubes were centri-
fuged at 1,500 g for 10 min at 4°C, sera were aliquoted and
additionally centrifuged at 2,000 ¢ to completely remove any
remaining cells. Sera were stored at —80°C until use.

RNA Preparation

Total RNA from 200 ul of serum was prepared using miRNeasy
mini kit (Qiagen, Hilden Germany) according to the manufactur-
er’s instruction. Exosome rich fractionated RNA was prepared
using Exoquick (System Biosciences, CA, USA). Briclly, 900 ul of
serum was mixed with 250 ul of Exoquick and incubated for 12 hr
at 4°C. The tubes were centrifuged at 1500 g for 30 min at room
temperature and then supernatant was discarded. The pellet was
dissolved with 200 ul of PBS with vigorous vortex. RNA was
extracted using miRNeasy mini kit (Qiagen).

Immunoblot Analysis and Exosome Preparation

The procedure for exosome preparation has been previously
described [8]. SDS-PAGE gels, SuperSep Ace 5-20% (194-
15021) (Wako, Osaka, Japan), were calibrated with Precision Plus
Protein Standards (161-0375) (Bio-Rad), and anti-CD63 (1:200)
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Figure 5. Significantly differentially expressed miRNAs according to liver inflammation grade. Pairwise heatmap showing the miRNAs

and p-value of two arbitrary grades.
doi:10.1371/journal.pone.0048366.9005

was used as primary antibodics. The dilution ratio of each
antibody is indicated in parentheses. “T'wo secondary antibodics
(peroxidase-labeled anti-mouse and anti-rabbit antibodics
used at a dilution of 1:5000. Bound antibodies were visualized by
chemiluminescence  using the ImmunoStar LD (Wako) and
luminescent images were analyzed by a Luminolmager (LAS-
3000; Fuji Film, Inc.). Only gels for CD63 (BD, NJ, USA)
detection were run under non-reducing conditions, To exclude the

PLOS ONE | www.plosone.org

albumin and IgG in serum, Albumin & IgG Depletion SpinTrap
kit was used (GE health care, WI, USA). Alfter aliquots isolation,
exosome-contained fraction was isolated by Exoquick according to
standard instructions.

miRNA Microarray

To detect serum miRNA, 60 ng of RNA was labeled and
hybridized using the Human microRNA Microarray Kit (Rel
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14.0) (Agilent Technologies, CA, USA) according to the manu-
facturer’s protocal (protocol for use with Agilent microRNA
microarrays Version 1.0). Hybridization signals were detected with
a DNA microarray scanner G2505B (Agilent Technologies) and
the scanned images were analyzed using Agilent feature extraction
software (v9.5.3.1). We used raw data (gProcessedSignal) and
normalized each expression so as to have zero mean and unit
sample variance. The data presented in this manuscript have been
deposited in NCBI’s Gene Expression Omnibus and are accessible
through GEO Series access number GSE33857: http://www.nebi.
nlm.nih.gov/geo/query/acc.cgi?acc = GSE33857.

PLOS ONE | www.plosone.org

Real-time gPCR for Human miRNA

To detect miRNA expression level by real-time qPCR, TagMan®
microRNA assay (Applicd Biosystems) was used to quantify the relative
expression levels of miR-1207-3p (assay ID. 241060), miR-134 (assay
ID. 000459), miR-1183 (assay ID. 002841), and miR-1249 (assay I1).
002868). The expression level of miR-16 (assay ID. 000391) was also
measured and used as an internal control. cDNA was synthesized using
the Tagman miRNA RT Kit (Applicd Biosystems). RNA (2 ng/ml) in
5 ml of nuclease free water was added o 3 ml of 5 x RT" primer,
10x1.5 pl of reverse transcriptase buffer, 0.15 pl of 100 mM dNTP,
0.19 pl of RNase inhibitor, 4.16 pl of nuclease lree water, and 50 U of
reverse transcriptase in a total volume of 15 pl. The reaction was
performed for 30 min at 16°C, 30 min at 42°C, and 5 min at 85°C.
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Figure 7. Determining liver inflammation grade and fibrotic stage using miRNA expression pattern in LOOCV analysis. A. In order to
diagnose the grade of liver inflammation, A0 was identified first. Next A1, A2, and A3 were identified in a similar manner as AO. For each, the accuracy
rate, P value, and the odds ratio are shown. B. For liver fibrosis stage, FO was first diagnosed following which the other stages F1, F2, and F3 were
diagnosed in a similar manner. For each group the accuracy rate, P value, and the odds ratio are shown.

doi:10.1371/journal.pone.0048366.9007
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All reactions were run in triplicate. Chromo 4 detector (Bio-rad) was
used to detect miRNA expression. To allow for the validation of
microarray results with C(t) obtained by qPCR, raw gene expressions
were transformed into logarithmic values. P-values were computed via
one-sided t test. No averages over probes were taken for the
microarray. The above procedures were also done with various
packages/[unctions implemented in R (hitp://www.r-project.org/).

Statistical Analysis

For symptoms having discrete values, grade pairs were
compared with Wilcoxon rank sum test (one-sided); otherwise,
P-values were computed from correlation cocfficients. In both
cases, false discovery rate (FDR) of less then 0.05 computed
from the P-value was regarded as significant. Benjamini and
Hochberg criterion was used for FDR estimation. All p-values
shown are significant even though they are raw numbers. No
average over probes was taken before correlation analyses.

The Canonical Correlation Coefficients for miRNA
Expression and Clinical Parameters

The canonical correlation coeflicients were computed for ALT-
miRNA, albumin-miRNA, and HCVRNA-miRNA correlations,
using up to 12 miRNA with larger correlation coeflicients (sec
Supporting Information).

Classification Analyses for Liver Fibrosis/inflammation

P-values were computed via one-sided t test using the raw
expression values of each miRNA from the samples of CHC
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and healthy controls. The logarithm of obtained P-values was
then transformed into principal components scores via principal
components analysis. Following this, grades were discriminated
by linear discriminant analysis of CHC ages and the optimal
number of principal components.

Selection of miRNAs Required to Diagnose Several Liver
Diseases

For specific pairs consisting of one liver discase and a healthy
control, their normalized miRNAs expression was transformed
into principal components scores via principal components
analysis. miRNAs having the larger first and second principal
component scores were sclected. Following this, the principal
component scores of each sample was computed based solely on
the sclected miRNA expressions. Liver diseases were classified
using the optimal number of these principal component scores.

In order to compensate for the relative small number of NASH
and CHB patients, we performed “in silice” patients resampling
analysis of the microarray data (see Supporting Information). All
the above procedures were done with various packages/functions
implemented in R.

“In silico” Resampling

“In silico” resampling is a tool often used to overcome the
limitation of a small sample size. Using this technique, we
combined the clinical traits of existing patients and created various
virtual samples. Using these virtual cohorts, we were then able to
increase the sample size (see Supporting information).
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characteristics. Pairwise heatmap showing miRNAs and their correlation coefficient and p-values.
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In order to validate the “i silico” resampling vesults, we
prepared another sample set and once again performed “in sifico™
resampling using the microarray data from 99 CHC liver tissuc
samples [36]. The results proved that “in silico” resampling can
accurately reproduce an entire population using only a small
number of existing samples (sce Supporting Information).

Reproducibility Test of Microarray Data

Data were analyzed using the GeneSpring GX10.0.2 (Agilent).
Quality control (QC) was applied according to the manulacturer’s
instructions, and all data were approved by GeneSpring.
Following Agilent recommendations, no inter-array normalization
was applied because the similarity in miRNA expression among
sample arrays was unknown [37]. Scatter plots and Pearson’s
pairwise correlations were performed with GeneSpring.

Supporting Information

Figure 81 Expression patterns of miRNAs used for discriminat-
ing among CHC, NL, CHB, and NASH. Classifying CHC, NL,
CHB, and NASH using LOOCYV. Distinguishing between two
arbitrary groups using LOOCV.

(TTF)

Figure 82 Expression patterns of miRNAs used to discriminate
among CHC, CHB, NASH, and NL “in silico” resampling for
disease discriminant studies reflected by BMI. A. Box plots of
expression pattern of the miRNAs used to discriminate among
CHC, CHB, NASH, and NL. B. Discriminating among four
groups using LOOCV. Accuracy is 95.25%. C. Two dimensional
embedding of CHC, CHB, NASH, and NL by the first and
second principle component scores computed with 12 selected
miRNAs

(IR

Figure 83 The same as Fig.3 for CHC and CHB. A. Box plot of
19 miRNAs used for the discrimination. B. Classification between
CHC and CHB. Accuracy is 100%. C. The two dimensional
embedding of CHB and CHC by the first and second principal
component scores computed with19 selected miRNAs.

(TTF)

Figure 84 The same as Iig.83 for CHC and NASH. A. Box plots
of 20 miRNAs used for the discrimination. B. Classification between
CHC and NASH. Accuracy is 100%. C. Two dimensional
cmbedding of CHC and NASH by the first and second principal
component scores computed with 19 selected miRNAs

(T1F)

Figure 85 The same as Iig.83 for CHC and NL. A. Box plots of
9 miRNAs used for the discrimination. B. Classification between
CHC and NL. Accuracy is 100%. C. Two dimensional embedding
of CHC and NL by the first and second principal component
scores computed with 9 selected miRNAs

(TTF)

Figure $6 The same as Fig.S3 for CHB and NL. A. Box plots of
4 miRNAs used for the discrimination. B. Classification between
CHB and NL. Accuracy is 93.5%. C. Two dimensional
embedding of CHB and NL by the first and second principal
component scores computed with 4 selected miRNAs

(TIF)

Figure 87 The same as Fig.S3 for NASH and NL. A. Box plots
of 5 miRNAs used for the discrimination. B. Distinguishing
between NASH and NL with 84.0% accuracy. C. Two
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dimensional embedding of NASH and NL by the first and second
principal component scores computed with 5 sclected miRNAs
(FIF)

Figure $8 The same as Fig.S3 for CHB and NASH pair. A. Box
plots of 17 miRNAs used for the discrimination. B. Distinguishing
between CHB and NASH with 80.0% accuracy. C. Two
dimensional cmbedding of CHB and NASH by the first and
second principal component scores computed with 17 selected
miRNAs

(TTF)

Figure 89 Classification of the independent sample using semi-
supervised learning based on the labels in the original cohort. A.
Classifying CHB and CHC. Accuracy is 74.47%. B. Classifying
CHC and NASH. Accuracy is 87.18%. C. Classifying CHB and
NASH. Accuracy is 79.19%.

(TTF)

Figure $10 miRNA cxpression pattern that correlated with the
changes in clinical background. miRNAs that were differentially
expressed according to the grade of liver inflammation

(TIF)

Figure 8§11 miRNA expression pattern that correlated with the
changes in clinical background. miRNAs that were differentially
expressed according to liver fibrosis stage

(TIF)

Figure §12 Rcal-time qPCR validation of microarray analysis
“in silico” resampling for disease discrimination studics reflected
by BMI. The result of microarray expression analysis of four
miRNAs was reproduced using real-time PCR analysis. Pairs with
p<<0.001 arc marked by “*#+”,

(TTF)

Figure §13 The relationship between the expression levels of
several miRNAs and serum ALT, albumin, HCVRNA, respec-
tively. Horizontal axis shows the number of miRNAs used in the
analysis. Vertical axis shows the correlation index and p-values.
(TTF)

Figure S14 Summary of the relationship between the expression
level of miR-122 and several clinical [eatures. A. Expression level
of miR-122 positively correlated with an increase in liver
inflammatory grade. Asterisk denotes significant differences of
p<0.05. B. Expression level of miR-122 positively correlated with
the serum level of albumin. C. Expression level of miR-122
positively correlated with the amount of serum HCVRNA. D.
Expression level of miR-122 in exosome rich fraction did not
significantly correlate with that in liver tissues.

(TT1)

Table S1  The list of miRNAs used for classifying arbitrary 2
groups and 4 groups, and their p-values.

(DOCX)

Table 82 Significandy dilferentially expressed miRNAs accord-
ing liver inflammation grade and liver [ibrotic stage.

(DOCK)

Table $3 The list of miRNAs used to obtain the maximum
corrclation coeflicient between expression level of miRNAs, and
clinical characteristics.

(DOCX)

Table $4 List of miRNAs with expression that corresponded in

liver tissue and serum.
(DOCX)
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Table 85 Clinical background of original samples and indepen-
dent samples in detail.
(DOCX)

Table 6 Accuracy of LDA for “in silico” resampling.
(DOCX)

Supplemental Information

(DOCX)
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Predictive Value of Early Viral Dynamics During
Peginterferon and Ribavirin Combination Therapy
Based on Genetic Polymorphisms Near the IL28B
Gene in Patients Infected With HCV Genotype 1b
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A study was carried out to determine whether
early viral dynamics retain prediction of the
outcome of peginterferon (PEG-IFN} and ribavi-
rin combination therapy based on different
genetic polymorphisms near the /L28B gene,
the strongest baseline predictor of response to
this therapy. A total of 272 patients infected
with hepatitis C virus (HCV) genotype 1b were
grouped according to genetic polymorphisms
near the /L28B gene (rs8099917). The ability of
reduced HCV RNA levels at 4 and 12 weeks
after starting therapy to predict a sustained
virologic response was evaluated based on
these genotypes. Among patients with the TT
genotype for rs8099917 (associated with a
favorable response), the rates of sustained
virologic response were higher in patients with
a >3 logyo reduction in serum HCV RNA levels
at 4 weeks after starting therapy (P < 0.0001).
In contrast, among patients with the TG/GG
genotype (associated with an unfavorable re-
sponse), there were no differences in this rate
based on the reduction in HCV RNA levels at
4 weeks. Early viral dynamics at 4 weeks after
starting therapy retains its predictive value for
sustained virologic response in patients with
the TT genotype for rs8099917, but not in
patients with the TG/GG genotype. Patients
who are likely to achieve sustained virologic re-
sponse despite unfavorable TG/GG genotype
cannot be identified based on early viral dy-
namics during therapy. In contrast, lack of early
virologic response at 12 weeks retains a strong
predictive value for the failure of sustained
virologic response regardless of /L28B polymor-
phisms, which remains useful as a factor to
stop therapy. J. Med. Virol. 84:61-70,
2012. © 2011 Wiley Periodicals, Inc.

© 2011 WILEY PERIODICALS, INC.

KEY WORDS: chronic hepatitis C; early
viral dynamics; genetic poly-
morphisms near the [L28B
gene; peginterferon; response-
guided therapy; ribavirin

INTRODUCTION

The current standard antiviral therapy for patients
with chronic hepatitis C is combination therapy with
peginterferon (PEG-IFN) and ribavirin [Ghany et al.,
2009]. Although this treatment regimen has increased
markedly the number of patients with a sustained
virologic response, i.e., the eradication of hepatitis C
virus (HCV), only 50% of patients infected with HCV
genotype 1 achieved a sustained virologic response
approximately.

Many investigators have examined factors that pre-
dict the treatment outcome of PEG-IFN and ribavirin
combination therapy in patients infected with HCV
genotype 1. In addition to the baseline factors, the
response of HCV during combination therapy, i.e.,
the changes in serum HCV RNA levels after starting
therapy, has been shown to be an important predictor
of the treatment outcome [Zeuzem et al., 2001; Buti
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et al., 2002; Berg et al., 2003], with the emphasis on
“response-guided therapy” [Lee and Ferenci, 2008;
Marcellin and Rizzetto, 2008]. Recent reports have
emphasized the importance of evaluating the
viral dynamics at 4 weeks after starting therapy
to predict a sustained virologic response. A rapid
virologic response, in which serum HCV RNA is
undetectable at 4 weeks after starting therapy,
has been the strongest predictive factor of a sustained
virologic response reportedly [Martinez-Bauer et al.,
2006; Poordad et al., 2008; de Segadas-Soares et al.,
2009; Martinot-Peignoux et al., 2009]. In addition,
the predictive value of reduced serum HCV RNA
levels at 4 weeks after starting therapy has been
clarified further, and a >3 log;o reduction in HCV
RNA levels at 4 weeks after starting therapy has
high predictive value that a patient will achieve a
sustained virologic response as a final outcome, even in
the absence of a rapid virologic response [Toyoda
et al., 2011].

In contrast, the lack of an early virologic response,
defined as either undetectable serum HCV RNA or
HCV RNA levels decreased by >2.0 log;, from the pre-
treatment level at 12 weeks after starting therapy,
has been the most important predictor for the failure
of a sustained virologic response in patients infected
with HCV genotype 1 reportedly [Fried et al., 2002;
Davis et al., 2003]. Therefore, treatment may be dis-
continued in patients without an early virologic re-
sponse at 12 weeks of treatment, according to the
recommendation in the AASLD guidelines [Ghany
et al,, 2009].

More recently, several studies reported that genetic
polymorphisms near the I[L28B gene (rs8099917,
r$12979860) on chromosome 19 affect the virologic re-
sponse to PEG-IFN and ribavirin combination therapy
in patients infected with HCV genotype 1 [Ge et al.,
2009; Suppiah et al., 2009; Tanaka et al, 2009;
McCarthy et al., 2010; Rauch et al., 2010]. Further-
more, genetic polymorphisms near the IL28B gene are
the strongest baseline predictive factor of the final
outcome of combination therapy. An additional report
showed the effects of genetic polymorphisms near the
IL28B gene on HCV viral dynamics during PEG-IFN
and ribavirin combination therapy [Thompson et al.,
20101

Although early HCV viral dynamics during therapy
was shown originally to have a high predictive value
for a sustained virologic response in HCV genotype 1-
infected patients before genetic polymorphisms near
the IL28B gene were linked to a therapeutic response,
it is not clear whether early viral dynamics retain
their predictive value in light of this additional
information. The purpose of the present study was to
investigate whether response-guided therapy based
on viral dynamics at 4 or 12 weeks after initiating
therapy retains its ability to predict the final outcome
of PEG-IFN and ribavirin combination therapy after
accounting for genetic polymorphisms near the IL28B
gene.

J. Med. Virol. DOI 10.1002/jmv

Toyoda et al.
MATERIALS AND METHODS

Patients and Treatment

Between January 2007 and June 2008, a total of
402 patients with chronic hepatitis C received anti-
viral combination therapy with PEG-IFN and ribavi-
rin for HCV infection at the Ogaki Municipal Hospital
or the Nagoya University Hospital. Among these
patients, 272 were infected with HCV genotype 1b and
had pretreatment HCV RNA levels >5.0 logyo IU/ml
based on a quantitative real-time PCR-based method
for HCV (HCV COBAS AmpliPrep/COBAS TagMan
System; Roche Molecular Systems, Pleasanton, CA;
Lower limit of quantification, 1.7 logy IU/ml: Lower
limit of detection, 1.0 log;o IU/ml [Colucci et al., 2007;
Pittaluga et al, 2008]. This study did not include any
patients infected with HCV genotype la because this
genotype is not found in the general Japanese population.

All patients were given PEG-IFN alpha-2b (Pegintron,
Schering-Plough, Tokyo, Japan) weekly and ribavirin
(Rebetol, Schering-Plough, Kenilworth, NdJ) daily. The
PEG-IFN and ribavirin doses were adjusted based on
the patient’s body weight. Patients weighing <45 kg
were given 60 ug of PEG-IFN alpha-2b once a week,
those weighing >45 and <60 kg were given 80 pg, those
weighing >60 and <75 kg were given 100 ug, those
weighing >75 and <90 kg were given 120 pg, and
those weighing >90 kg were given 150 pg. Patients
weighing <60 kg were administered 600 mg of ribavirin
per day, those weighing >60 and <80 kg were given
800 mg per day, and those weighing >80 kg were
administered 1000 mg per day. The PEG-IFN and riba-
virin doses were modified based on the manufacturer’s
recommendations. All patients were scheduled to under-
go 48 weeks of treatment. The treatment duration was
extended up to 72 weeks in some patients. In addition,
treatment was discontinued before 48 weeks in some
patients who had a low likelihood of achieving an eradi-
cation of HCV due to the presence of serum HCV RNA
at 24 weeks after starting therapy.

A sustained virologic response was defined as un-
detectable serum HCV RNA at 24 weeks after ending
the therapy. A patient was considered to have re-
lapsed when serum HCV RNA was detectable between
the end of treatment and 24 weeks after completing
treatment, although serum HCV RNA was undetect-
able during and at the end of therapy. Patients were
considered to have non-response if serum HCV RNA
was detectable at 24 weeks after initiating therapy
(i.e., null response or partial response according to the
American guidelines [Ghany et al., 2009]). Patients
were considered to have a rapid virologic response if
they had undetectable serum HCV RNA at 4 weeks
after starting therapy. An early virologic response was
defined as the disappearance or decrease in serum
HCV RNA levels by at least 2 logio at 12 weeks after
starting therapy. Patients were considered to have a
complete early virologic response if serum HCV RNA
was undetectable at 12 weeks after starting therapy
and a partial early virologic response if the serum
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HCV RNA levels had decreased by at least 2 log;, at
12 weeks after initiating therapy. Patients were con-
sidered not to have an early virologic response if their
HCV RNA levels did not decrease by more than 2
logio at 12 weeks compared to the pretreatment
levels. Patients were considered to have a slow
virologic response if the serum HCV RNA became un-
detectable between 12 and 24 weeks.

The study protocol was in compliance with the Helsinki
Declaration and was approved by the ethics committee of
the Ogaki Municipal Hospital and the Nagoya University
School of Medicine. Prior to initiating the study, each
patient provided written informed consent to use the
laboratory data, analyze genetic polymorphisms near the
IL28B gene, and test stored serum samples.

Assessments of Serum HCV RNA Levels and
Genetic Polymorphisms Near the IL28B Gene

After a patient provided informed consent, serum
samples were obtained at the patient’s regular hospi-
tal visits, just prior to initiating treatment, every
4 weeks during the treatment period, and during the
24-week follow-up period after treatment. Serum sam-
ples were stored at —80°C until further use. The HCV
RNA levels were measured using a quantitative real-
time PCR-based method for HCV (HCV COBAS
AmpliPrep/COBAS TagMan System).

Genotyping of rs 8099917 polymorphisms near the
IL28B gene was performed using the TagMan SNP
assay (Applied Biosystems, Foster City, California)
according to the manufacturer’s guidelines. A pre-
designed and functionally tested probe was used for
rs8099917 (C__11710096_10, Applied Biosystems).

Statistical analyses. Quantitative values are
reported as the mean + SD. In between-group differ-
ences were analyzed by the chi-square test. Univari-
ate and multivariate analyses using a logistic
regression model were performed to identify factors
that predict a sustained virologic response, including
age, sex, body weight, serum alanine aminotransferase
activity, serum aspartate aminotransferase activity,
serum gamma-glutamyl transpeptidase levels, serum
alkaline phosphatase values, serum albumin levels,
total serum bilirubin values, white blood cell counts,
hemoglobin, platelet counts, hepatitis activity grade
(A0 and Al vs. A2 and A3), liver fibrosis grade (FO and
F1 vs. F2 and F3), pretreatment HCV RNA levels
(>6.5 logyo vs. <6.5 logig), reduction in peginterferon
dose and ribavirin dose, reduction in HCV RNA levels
at 4 weeks after starting therapy (>3 logyo vs. <38 logio),
and the type of an early virologic response. All P-values
are two-tailed, and P < 0.05 was considered significant
statistically.

RESULTS

The characteristics of the patients examined in this
study are shown in Table I. Liver histology was evaluat-
ed according to the METAVIR score [The French

TABLE I. Characteristics of all Study Patients (n = 272)
Age (years) 56.0 £ 10.9
Sex (female/male) 139 (51.1)/133 (48.9)
Body weight (kg) 57.8 £ 10.5
Alanine aminotransferase IU/L) 64.6 + 56.4
Aspartate aminotransferase (IU/L) 53.9 + 42.7
Gamma-glutamyl transpeptidase (IU) 48.5 + 43.9
Alkaline phosphatase (IU/L) 267.9 + 101.3
Albumin (g/dl) 4.04 + 0.37
Total bilirubin (mg/dl) 0.79 + 0.30
‘White bleod cell count (/ul) 4892 + 1333
Hemoglobin (g/dl) 140+ 1.3
Platelet count (x 10%ul) 163 + 51
Liver histology-activity 3(1.2)/136 (55.3)/

(AO/A1/A2/A8)*
Liver histology-fibrosis
(FO/F1/F2/F3)*

92 (37.4)/15 (6.1)
27 (11.0)/114 (46.3)/
70 (28.5)/35 (14.2)

Pretreatment HCV RNA 6.35 & 0.79
concentration (logyo IU/ml)

Reduction in the peginterferon dose 81(29.8)

Reduction in the ribavirin dose 130 (47.8)

Final outcomes (sustained virologic 118 (43.4)/
response /relapse/ no response) 84 (30.9)/70 (25.7)

HCV, hepatitis C virus.
Percentages are shown in parentheses.
*Liver biopsy was not performed in 26 patients.

METAVIR Cooperative Study Group, 1994]. Although
some patients had a reduction in their PEG-IFN and
ribavirin doses during therapy, respectively, all patients
except for those who discontinued the therapy had more
than 80% adhesion to both the PEG-IFN and ribavirin
regimens. No patients discontinued the therapy because
of adverse effects. The treatment duration was extended
up to 72 weeks in 51 of 71 patients (71.8%) who exhib-
ited a slow virologic response. As a final outcome,
118 patients (43.4%) achieved a sustained virologic re-
sponse, 84 patients (30.9%) relapsed, and the remaining
70 patients (25.7%) had no response.

Reduction in Serum HCV RNA Levels at 4 Weeks
after Starting Therapy and Treatment Outcome
According to Genetic Polymorphisms Near the
IL28B Gene

An analysis of genetic polymorphisms at rs8099917
near the IL28B gene indicated that 207 patients
(76.1%) had a TT genotype, 3 patients had a GG geno-
type (1.1%), and the remaining 62 patients were TG
heterozygote (22.8%). Table II shows the comparison
of the background characteristics between patients
with the favorable TT genotype and those with the
unfavorable TG/GG genotype. As reported previously
[Abe et al, 2010}, gamma-glutamyl transpeptidase
level was higher significantly in patients with the TG/
GG genotype. As a final outcome, the rate of a sus-
tained virologic response was higher significantly in
patients with the TT genotype. Among 207 patients
with the TT genotype, serum HCV RNA became unde-
tectable in 19 patients (9.2%) at 4 weeks after starting
therapy (a rapid virologic response). In the remaining
188 patients, the decrease in serum HCV RNA levels
at 4 weeks after starting therapy ranged from 0.12
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TABLE II. Characteristics of Study Patients According to the Genetic Polymorphisms Near the IL28B Gene

Patients with Patients with
TT genotype TG/GG genotype
of rs8099917 of rs8099917
(n =207 (n = 65) P-value
Age (years) 56.5 + 10.4 544 £ 124 0.4112
Sex (female/male) 107 (51.7)/100 (48.3) 32 (49.2)/33 (50.8) 0.8384
Body weight (kg) 57.8 £ 10.9 57.8 + 9.4 0.8361
Alanine aminotransferase (IU/L) 65.1 + 53.3 62.8 + 65.6 0.2548
Aspartate aminotransferase (IU/L) 53.6 + 34.8 54.7 + 62.0 0.3339
Gamma-glutamyl transpeptidase (IU) 44.2 £ 37.1 62.3 + 59.0 0.0003
Alkaline phosphatase (IU/L) 263.1 + 90.3 282.8 +129.9 0.3875
Albumin (g/dl) 4.04 +0.36 4.05 = 0.43 0.8020
Total bilirubin (mg/dl) 0.79 + 0.30 0.76 - 0.32 0.3010
White blood cell count (/ul) 4826 + 1333 5100 + 1320 0.1608
Hemoglobin (g/dl) 13.9 £ 1.3 141+ 14 0.3339
Platelet count (x10%/ul) 161 £ 49 169 + 57 0.3871
Liver histology-activity (A0/A1/A2/A3)* 2(1.1)/98 (52.4)/ 1(1.7)/38 (64.4)/ 0.3241
74 (39.6)/13 (6.9) 18 (30.5)/2 (3.4)
Liver histology-fibrosis (FO/F1/F2/F3)* 21(11.2)/83 (44.4)/ 6 (10.2)/31 (52.5)/ 0.6401
57 (30.5)/26 (13.9) 13 (22.0)/9 (15.3)
Pretreatment HCV RNA concentration (log;o IU/ml) 6.37 £ 0.85 6.29 + 0.55 0.0582
Reduction in the peginterferon dose 61(29.5) 20 (30.8) 0.9644
Reduction in the ribavirin dose 101 (48.8) 29 (44.6) 0.5565
Final outcomes (sustained virologic 106 (51.2)/ 12 (18.4)/15 (23.1)/ <0.0001
response /relapse/ no response) 69 (33.3)/32 (15.5) 38 (58.5)

HCV, hepatitis C virus.
Percentages are shown in parentheses.
*Liver biopsy was not performed in 26 patients.

logyo to 5.71 logyo (mean, 3.12 log;o). The reduction in
serum HCV RNA levels was >3 logyo in 98 patients
(47.3%), <3 logio and >2 logyo in 52 patients (25.1%),
<2 logyo and >1 logo in 23 patients (11.1%), and <1
logig in 15 patients (7.3%). Figure 1A shows the rate

A 15809991 7T T (nw207)

of a sustained virologic response according to the re-
duction in HCV RNA levels at 4 weeks after starting
therapy in patients with the TT genotype. The rates
were higher significantly in patients who achieved a
rapid virologic response or had a >3 log;o decrease in

B rs809991 7TGIGG (n=65)
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serum HCV RNA levels at 4 weeks compared to those
with a <3 logjo decrease in serum HCV RNA levels
(P < 0.0001). When a 3 log;o decrease in serum HCV
RNA levels was defined as the cut-off point, 56.5% of
patients were considered to have a >3 log;o decrease
in serum HCV RNA levels. The sensitivity, specificity,
positive predictive value, and negative predictive
value for a sustained virologic response were 86.8,
75.2, 78.6, and 84.4%, respectively.

Among the 65 patients who had the TG/GG geno-
type, no patient achieved a rapid virologic response at
4 weeks after initiating therapy. The decrease in se-
rum HCV RNA levels at 4 weeks after starting thera-
py ranged from 0.11 log;o to 4.75 log;y (mean, 1.66
logio). The reduction in serum HCV RNA levels at 4
weeks after starting the therapy were smaller in
patients with the TG/GG genotype than those with
the TT genotype (1.66 + 1.02 logyo in patients with
the TG/GG genotype vs. 3.12 & 1.37 logyo in patients
with TT genotype excluding RVR, P < 0.0001). The
reduction in serum HCV RNA levels was >3 logo in
five patients (7.7%), <8 logis and >2 logje in 10
patients (15.4%), <2 logio and >1 logio in 27 patients
(41.5%), and <1 logye in 23 patients (35.4%).
Figure 1B shows the rates of a sustained virologic re-
sponse according to the reduction in HCV RNA levels
at 4 weeks after starting therapy in patients with the
TG/GG genotype. There were no differences in the
rate of a sustained virologic response based on the re-
duction in HCV RNA levels at 4 weeks after starting
therapy; the rate of a sustained virologic response
remained at 20% approximately regardless of the
reduction in HCV RNA levels in 42 patients with a >1
log1o reduction in serum HCV RNA levels.

A FSBO99917=TT (1=207)

25.5%

74.5% 80.8%
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200%
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3 logao~ {n25) 2-3logyy (w10}

[ Complete emly viologic respons

Association Between an Early Virologic Response
at 12 Weeks and Treatment Qutcome Based on
Genetic Polymorphisms Near the IL28B Gene

Figure 2 shows the rate of patients with the TT
genotype or TG/GG genotype for rs8099917 who
achieved a complete early virologic response, a partial
early virologic response, and those who did not
achieve early virologic response at 12 weeks after
starting therapy based on the reduction in serum
HCV RNA level at 4 weeks after initiating therapy.
Nearly 76% of patients with the TT genotype whose
HCV RNA levels were reduced by >3 log;o at 4 weeks
after starting the therapy achieved a complete early
virologic response. In contrast, 80% of patients with
the TG/GG genotype whose HCV RNA levels were
reduced by >3 log;y at 4 weeks after starting the
therapy showed a partial early virologic response.
The majority of patients with the TT or TG/GG geno-
types achieved a partial early virologic response when
their reduction in HCV RNA levels was <3 log;o and
>2 logip or <2 logp and >1 logye.

Figure 3 shows the rates of a sustained virologic
response according to the type of early virologic re-
sponse in patients with the TT genotype (Fig. 3A) and
TG/GG genotype (Fig. 3B). Among patients with
the TT genotype, the rate of sustained virologic re-
sponse was significantly higher in patients with a com-
plete early virologic response than in those with a
partial early virologic response (P < 0.0001). In con-
trast, there was no difference in the rate of a sustained
virologic response between patients with a complete
early virologic response and those with a partial early
virologic response (P = 0.8917) among patients with

13.0%

60.9% 93.3%
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Fig. 2. The association between the virologic responses at 12 weeks after starting therapy and the
reduction in serum HCV RNA levels at 4 weeks after starting therapy. A: Patients with the T geno-
type for rs8099917, (B) patients with the TG/GG genotype for rs8099917.
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Fig. 3. The rate of sustained virologic responses based on the type of early virologic response. A:
Patients with the T genotype for rs8099917, (B) patients with the TG/GG genotype for rs8099917.

the TG/GG genotype. None of the patients with the TT
genotype or TG/GG genotype who yielded a lack of an
early virologic response reached a sustained virologic
response.

Univariate and Multivariate Analyses for Factors
Associated With a Sustained Virologic Response
to Peginterferon and Ribavirin Combination
Therapy in Patients With the TT and the
TG/GG Genotype for the rs8099917

Univariate and multivariate analyses were con-
ducted for factors associated with a sustained virolog-
ic response based on different genetic polymorphisms
near the IL28B gene. In patients with the TT geno-
type, the factors that were associated with a sustained
virologic response included serum alkaline phospha-
tase levels, serum albumin, platelet counts, hepatitis
activity grade, liver fibrosis grade, reduction in HCV
RNA levels at 4 weeks after starting therapy, and a
complete early virologic response based on a univari-
ate analysis (Table IITA). In a multivariate analysis,
the serum albumin levels, reduction in HCV RNA lev-
els 4 weeks after starting therapy, and a complete
early virologic response were independent factors that
were significantly associated with a sustained virolog-
ic response (Table IIIB). A reduction in HCV RNA lev-
els 4 weeks after starting therapy was the strongest
factor that affected a sustained virologic response. In
patients with the TG/GG genotype, the factors that
were associated with a sustained virologic response
included patient age, platelet counts, and pretreat-
ment HCV RNA levels based on a univariate analysis
(Table IITA). A reduction in the HCV RNA levels at
4 weeks after starting therapy was not associated

J. Med. Virol. DOI 10.1002/jmv

with a sustained virologic response. In a multivariate
analysis, patient age and pretreatment HCV RNA levels
were independent factors that were significantly associ-
ated with a sustained virologic response (Table IIIC).

Characteristics of Patients who Achieved a
Sustained Virologic Response to the Combination
Therapy Despite the Unfavorable TG/GG
Genotype Near the IL28B Gene

Table IV shows the characteristics of 12 patients
who achieved a sustained virologic response despite
having the unfavorable TG/GG genotype for
rs8099917 near the IL28B gene. All but one patient
was under 60 years old and had liver fibrosis not
more than grade 2 (one patient did not undergo a liver
biopsy). Except for one patient, the reduction in the
serum HCV RNA levels at 4 weeks after starting ther-
apy was less than 3 log;o and all but one patient
showed a partial early virologic response at 12 weeks
after starting the therapy. In all 11 patients with a
partial early virologic response, the serum HCV RNA
was undetectable up to 24 weeks after starting the
therapy. All but one patient extended the treatment
duration from 48 to 72 weeks (two patients discontin-
ued therapy at 60 weeks during the extended treat-
ment period). When the characteristics of patients
who achieved a sustained virologic response were
compared between those with the unfavorable TG/GG
genotype and those with the favorable TT genotype,
patients with the TG/GG genotype were younger
(41.8 + 14.4 years vs. 55.1 + 10.4 years, P = 0.0023)
and had lower pretreatment HCV RNA levels
(5.91 + 0.44 logyo IU/ml vs. 6.21 + 1.05 logyo IU/ml,
P = 0.0199).

Value of Response-Guided Therapy Based on IL28B Gene Polymorphisms 67

TABLE III. Univariate and Multivariate Analyses for Factors Associated With a Sustained Virologic Response to
Peginterferon and Ribavirin Combination Therapy in Patients With the TT and the TG/GG Genotype for the rs8099917

(A) Univariate analyses P-value
Patients with Patients with
TT genotype TG/GG genotype
of rs8099917 of rs8099917
(= 207) (n = 65)
Age (years) 0.0505 0.0007
Sex (female/male) 0.1830 0.2296
Body weight (kg) 0.6891 0.2456
Alanine aminotransferase (IU/L) 0.7988 0.4032
Aspartate aminotransferase (IU/L) 0.5021 0.1705
Gamma-glutamyl transpeptidase (IU) 0.6340 0.6648
Alkaline phosphatase (IU/L} 0.0315 0.0599
Albumin (g/dl) 0.0002 0.6594
Total bilirubin (mg/dl) 0.2929 0.7130
White blood cell count (/ul) 0.2508 0.5549
Hemoglobin (g/dl) 0.0847 0.2289
Platelet count (x10%ul) 0.0454 0.0411
Liver histology-activity (A0~1/A2-3) 0.0445 0.1117
Liver histology-fibrosis (F0-1/F2-3) 0.0002 0.2283
Pretreatment HCV RNA concentration (>6.5 logyo vs. <6.5 logig) 0.5279 0.0379
Reduction in the peginterferon dose 0.4316 0.5563
Reduction in the ribavirin dose 0.1823 0.4272
Reduction in HCV RNA levels at 4 weeks after starting the <0.0001 0.9265
therapy (>3 logio vs. < 3 logyo)
Early virologic response (complete vs. partial) <0.0001 0.9777
Early virologic response (partial vs. non) 0.8632 0.0686
Odds ratio
(B) Multivariate analyses: Patients with TT genotype of rs8099917 P-value (95% confidence interval)
Alkaline phosphatase (IU/L) 0.2617
Albumin (g/dl) 0.0365 28.287 (1.4107-755.41)
Platelet count (x10%/ul) 0.2599
Liver histology-activity (A0~1/A2-3) 0.6678
Liver histology-fibrosis (F0-1/F2-3) 0.2307
Reduction in HCV RNA levels at 4 weeks after starting the <0.0001 16.029 (6.8593-40.406)
therapy (>3 logyo vs. <3 logyo)
Early virologic response (complete vs. partial) 0.0224 0.3685 (0.1557-0.8749)
Odds ratio
(C) Multivariate analyses: Patients with TG/GG genotype of rs8099917 P-value (95% confidence interval)
Age (years) 0.0022 0.0034 (0.0000-0.0840)
Platelet count (x10%/ul) 0.3344
Pretreatment HCV RNA concentration (>6.5 logyo vs. <6.5 logio) 0.0304 0.0548 (0.0020-0.4950)

HCV, hepatitis C virus.

DISCUSSION

Several previous studies reported that patients who
achieved a rapid virologic response, in which serum
HCV RNA become undetectable at 4 weeks after start-
ing therapy, had a high likelihood of achieving a sus-
tained virologic response [Martinez-Bauer et al., 2006;
Poordad et al., 2008; de Segadas-Soares et al., 2009;
Martinot-Peignoux et al., 2009]. In addition, several
recent studies reported the predictive value of the de-
gree of reduction in serum HCV RNA levels at 4 weeks
after starting therapy [Yu et al., 2007; Huang et al.,
2010; Toyoda et al, 2011). Therefore, the viral

dynamics of HCV at 4 as well as 12 weeks after start-
ing therapy is important for response-guided therapy.

Genetic polymorphisms near the IL28B gene have
emerged as the strongest predictive factor of a sus-
tained virclogic response in patients infected with
HCV genotype 1 [Hayes et al., 2011; Kurosaki et al.,
2011]. In addition, Thompson et al. {2010 reported
that genetic polymorphisms near the IL28B gene
were associated strongly with early viral dynamics
during PEG-IFN and ribavirin combination therapy.
These findings raised an important issue of whether
response-guided therapy, based on the reduction in
serum HCV RNA levels at 4 or 12 weeks after starting
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TABLE IV. Patients who Achieved a Sustained Virologic Response Despite the TG/GG Genotype for the rs8099917

Pretreatment HCV RNA HCV RNA became  Treatment

Age Liver HCV RNAlevel reduction at Response at undetectable duration

(years) Sex histology (logyo IU/ml) 4 weeks 12 weeks (weeks) (weeks)
1. 31 Female Al/F1 6.13 2.19 partial EVR 20 48
2. 55 Male Al/F1 5.80 1.77 partial EVR 16 72
3. 57 Female Al/F1 5.58 3.01 partial EVR 16 72
4. 57 Female Al/F1 6.21 1.81 partial EVR 20 72
5. 62 Male N.D. 6.23 113 partial EVR 24 72
6. 21 Male Al/F2 6.04 1.83 partial EVR 24 72
7. 42 Male Al/F1 6.27 0.57 partial EVR 24 72
8. 29 Female Al1/F2 5.83 1.83 partial EVR 20 60
9. 52 Male Al/FO 5.91 2.12 complete EVR 12 48
10. 40 Male AZ/Fl 5.84 1.34 partial EVR 20 72
11 27 Male N.D 5.63 0.42 partial EVR 24 72
12 28 Male A1/F0 6.59 0.76 partial EVR 20 60

N.D., not done; HCV, hepatitis C virus; EVR, early virologic response.

therapy, retains a predictive value when considering
genetic polymorphisms near the IL28B gene.

In the present study, the predictive value of the de-
crease in serum HCV RNA levels was evaluated at 4
and 12 weeks after starting therapy in Japanese
patients infected with HCV genotype 1b based on ge-
netic polymorphisms near the IL28B gene. Consistent
with previous reports, patients with the TG/GG geno-
type for rs8099917 had a smaller reduction in serum
HCV RNA levels at 4 weeks after starting treatment
(P < 0.0001), which indicates an unfavorable response
to the combination therapy. Patients with the TT
genotype for rs8099917, which is associated with a
favorable response to the combination therapy,
exhibited a significant difference in the rate of a sus-
tained virologic response based on the reduction in
serum HCV RNA levels at 4 weeks after initiating the
therapy. Patients with a rapid virologic response or
with a >3 log¢ reduction in HCV RNA levels had a
higher likelihood of achieving a sustained virologic
response.

In contrast, these factors did not have any predic-
tive value in patients with the TG/GG genotype. Only
18.5% of patients achieved a sustained virologic re-
sponse (12 of 65 patients), and it was difficult to iden-
tify these patients based on the reduction in HCV
RNA levels at 4 weeks or the type of an early virologic
response at 12 weeks after starting therapy. Patients
who achieved a sustained virologic response, despite
the TG/GG genotype for rs8099917, were identified
among those with a <2 logyo and >1 logy, or even <1
logio reduction in HCV RNA levels at 4 weeks after
starting therapy. Interestingly and paradoxically, the
possibility of a sustained virologic response can be
expected in patients with a <1 logo reduction in HCV
RNA levels at 4 weeks after starting therapy only
when they have the unfavorable TG/GG genotype.

In the evaluation at 12 weeks after starting thera-
py, patients with the TT genotype who achieved a
complete early virologic response had a higher rate of
a sustained virologic response significantly than
patients who achieved a partial early virologic
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response, whereas this difference was not found in
patients with the TG/GG genotype. No patients who
failed to achieve an early virologic response achieved
a sustained virologic response regardless of the
genetic polymorphisms near the IL28B gene. Thus,
the lack of an early virologic response retained a
strong predictive value for the failure of achieving a
sustained virologic response. This result supports the
recommendation in the AASLD guidelines, in which
treatment may be discontinued in patients without an
early virologic response at 12 weeks of treatment.

The characteristics of patients who achieved a sus-
tained virologic response despite the unfavorable TG/
GG genotype were younger in age and lower pretreat-
ment HCV RNA levels. Most patients with the TG/GG
genotype who achieved a sustained virologic
response showed a partial early virologic response
and extended the treatment duration. It was difficult
to identify these patients according to viral dynamics
at 4 or 12 weeks after starting therapy.

There are several limitations in this study. Some
patients with a slow virologic response did not have
their treatment period extended from 48 to 72 weeks.
This is because the effectiveness of a 72-week combi-
nation therapy regimen in patients with HCV geno-
type 1 with a slow virologic response [Berg et al.,
2006; Pearlman et al., 2007] had not been established
in Japan in the earlier part of this study. This fact
might have influenced the treatment outcome espe-
cially in patients with the unfavorable TG/GG geno-
type. Another limitation is a smaller sample size of
patients with the TG/GG genotype in comparison to
that of patients with the TT genotype. This sample
size could have caused the lack of statistical signifi-
cance in the rate of a sustained virologic response
according to the reduction in HCV RNA levels at
4 weeks after starting therapy or according to the
type of an early virologic response in patients with
the TG/GG genotype. In addition, the data were based
on Japanese patients infected with HCV genotype 1b.
Therefore, these results should be confirmed in other
ethnicities and patients infected with HCV genotype la.
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In conclusion, among patients infected with HCV
genotype 1b with the TT genotype for rs8099917, a
rapid virologic response or a >3 logo reduction in
HCV RNA levels at 4 weeks after starting therapy, or
a complete early virologic response indicate strongly
that these patients will achieve a sustained virologic
response as a final outcome for PEG-IFN and ribavi-
rin combination therapy. Early viral dynamics retain
the predictive value in this patient subpopulation. A
reduction in HCV RNA levels at 4 weeks after start-
ing therapy or the type of an early virologic response
does not predict the likelihood that patients with
the TG/GG genotype will achieve a sustained virologic
response. In contrast, the lack of an early virologic re-
sponse retains a strong predictive value for the failure
to achieve a sustained virologic response regardless
of JL28B polymorphisms, which remains useful as a
factor to stop therapy.
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p53/p66Shc-mediated signaling contributes to the progression
of non-alcoholic steatohepatitis in humans and mice
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Background & Aims: The tumor suppressor p53 is a primary sen-
sor of stressful stimuli, controlling a number of biologic pro-
cesses. The aim of our study was to examine the roles of p53 in
non-alcoholic steatohepatitis (NASH).

Methods: Male wild type and p53-deficient mice were fed a
methionine- and choline-deficient diet for 8 weeks to induce
nutritional steatohepatitis. mRNA expression profiles in normal
Jiver samples and liver samples from patients with non-alcoholic
liver disease (NAFLD) were also evaluated.

Results: Hepatic p53 and p66Shc signaling was enhanced in the
mouse NASH model. p53 deficiency suppressed the enhanced
p66Shc signaling, decreased hepatic lipid peroxidation and the
number of apoptotic hepatocytes, and ameliorated progression
of nutritional steatohepatitis. In primary cultured hepatocytes,
transforming growth factor (TGF)-B treatment increased p53
and p66Shc signaling, leading to exaggerated reactive oxygen
species (ROS) accumulation and apoptosis. Deficient p53 signal-
ing inhibited TGF-p-induced p66Shc signaling, ROS accumulation,
and hepatocyte apoptosis. Furthermore, expression levels of p53,

Keywords: P53; Non-alcoholic steatohepatitis; P66Shc; Reactive oxygen species;
Transforming growth factor-p.
Received 9 December 2011; received in revised form 14 May 2012; accepted 21 May
2012; available online 26 May 2012
“ Corresponding author. Address: Division of Gastroenterology and Hepatology.
Department of Internal Medicine, National Defense Medical College, 3-2 Namiki,
Tokorozawa-shi, Saitama 359-8513, Japan. Tel.: +81 4 2995 1211x2369; fax: +81
42996 5201.
E-mail address: kengo@ndmc.ac,jp (K. Tomita).

* These authors contributed equally to this work.
Abbreviations: NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic
steatchepatitis; ROS, reactive oxygen species; MCD, methmmne deﬁclent and
choline-deficient; ALY, alanine aminot HE, : HNE,
hydroxynonenal; TUNEL, terminal deoxy leotidy] t diated nick
end-labeling: PCR, polymerase chain reaction; TGF-f, transforming growth factor-
f; PFT, pifithrin; Col11, 1 (1) collagen; Col12, 2 (1) collagen; SMA, smooth muscle
actin; MDA, malondialdehyde.

ELSEVIR

p21, and p66Shc were significantly elevated in human NAFLD
liver samples, compared with results obtained with normal liver
samples. Among NAFLD patients, those with NASH had signifi-
cantly higher hepatic expression levels of p53, p21, and p665Shc
compared with the group with simple steatosis. A significant cor-
relation between expression levels of p53 and p66Shc was
observed.

Conclusions: p53 in hepatocytes regulates steatohepatitis pro-
gression by controlling p66Shc signaling, ROS levels, and apopto-
sis, all of which may be regulated by TGF-B. Moreover, p53/
p66Shc signaling in the liver appears to be a promising target
for the treatment of NASH,

© 2012 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

Non-alcoholic fatty liver disease (NAFLD) afflicts as much as 20%
of the US adult population [1]. Non-alcoholic steatohepatitis
(NASH)~part of the spectrum of NAFLD~is the most prevalent
liver disease in the US, affecting approximately 3-4% of the
population [1].

NAFLD and NASH are often co-morbid with disorders charac-
terized by insulin resistance, such as diabetes and obesity. Thus,
these liver diseases can be considered hepatic manifestations of
metabolic syndrome. Given the growing number of patients with
metabolic syndrome, the incidences of NAFLD and NASH are
expected to increase further, particularly in North America, Eur-
ope, Asia, and countries in the Western Pacific.

NASH is a progressive disease. In a study that followed NASH
patients for ten years, the disease progressed to cirrhosis in 20%
of the patients and led to fatal liver disease in 8% of the cases
[2]. A population-based cohort study demonstrated that
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Table 1. Histological characteristics of patients.

NASH Simple steatosis
{n = 57) {n=13)
Steatosis
1 31 10
2 18 3
3 8 0
inflammatory activity
0 0 11
1 9 2
2 43 0
3 5 0
Fibrosis stage
0 0 13
35 0
2 14 0
3 8 0
4 0 0

approximately 3% of the patients diagnosed with NAFLD devel-
oped cirrhosis or a liver-related complication [3]. The progressive
nature and serious consequences of NASH highlight the need for
effective therapies. The pathologic mechanisms underlying
NASH, however, have not yet been clarified.

Recently, a number of diagnostic tests that incorporate clinical
markers, including age, have been reported for NAFLD. Indeed,
advanced age is a major risk factor for the progression of NASH
[4]. On the other hand, the tumor suppressor p53—a master sen-
sor of stressful conditions—controls many biological processes,
including aging [5]. Reactive oxygen species (ROS), which are
thought to make major contributions to aging, stimulate p53 sta-
bilization and subsequent induction of apoptosis via a feed-for-
ward regulatory loop [6]. Hepatic p53 expression is elevated in
patients with NASH [7]. A recent report has also shown that
hepatic p53 expression and hepatocyte apoptosis significantly
increase in a mouse model of NASH {8]. These results suggest that
p53 plays a role in the pathophysiology of NASH.

In the present study, we examined the role of p53 signaling
during NASH using p53-deficient mice and a mouse model of
NASH. We found that hepatic p53 signaling markedly contributes
to the pathogenesis of NASH. Our findings suggest hepatic p53
signaling as a promising target for new modalities in the treat-
ment of NASH.

Materials and methods

Please refer to the Supplementary Materials and methods section for more
detailed descriptions.

Animal studies

Eight-week-old male C57BL{6] mice were purchased from CLEA Japan lnc. p537~
mice were purchased from Jackson Laboratories (Bar Harbor, Maine, USA). p53**
and p53~/~ mouse littermates were obtained from crosses of p53”~ mice with the
C57BL{6] background.

In experiments for nutritional steatohepatitis, 8-week-old male p53*' mice
or p537" mouse littermates were fed a methionine- and choline-deficient
{MCD) diet {cat No. 960439; ICN, Aurora, Ohio) or a standard chow (CE-2; CLEA
Japan Inc.) for 8 weeks, In order to make a time-course analysis of nutritional ste-
atohepatitis, 8-week-old male C57BL/6} mice were fed an MCD diet for 3 or
8 weeks.

All animals received humane care in compliance with the National Research
Council's criteria outlined in the “Guide for the Care and Use of Laboratory Ani-
mals”, prepared by the US National Academy of Sciences and published by the
US National Institutes of Health.

Human liver tissue samples

Liver tissues were obtained from 70 patients undergoing ultrasound-guided liver
biopsy for suspected NASH and from 10 patients undergoing surgical operation at
the Keio University School of Medicine and National Defense Medical College.
Patient characteristics are shown in Table 1. Written informed consent was
obtained from all patients. This study protocol was approved by the Ethical Com-
mittee of the Keio University Hospital and National Defense Medical College Hos-
pital, and followed the ethical guidelines of the Declaration of Helsinki.

Statistical analysis

Data are expressed as means (SEM) or median and interquartile range. Statistical
analyses were performed using unpaired Student’s t test, one-way analysis of var-
iance (ANOVA), or Mann-Whitney's U test for univariate comparison, as appro-
priate. Correlations were assessed using the Pearson product-moment
correlation coefficient. Differences were considered statistically significant at p
values less than 0.05. All of the computations were performed with a commercial
statistical package (SPSS version 12, Chicago, USA).

Results

P53 deficiency ameliorates the progression of nutritional
steatohepatitis in mice

Following administration of an MCD diet, mice rapidly and consis-
tently develop a severe form of steatohepatitis with the character-
istic pathology of steatosis, mixed cell inflammatory infiltrate,
hepatocyte death, and pericellular fibrosis, which resembles
human NASH [9]. Therefore, to examine the effects of p53 signai-
ing on the progression of NASH, we fed wild type and p53-defi-
cient mice an MCD diet for 8 weeks. After 8 weeks of MCD diet,
the p53-deficient mice exhibited significantly fewer lipid droplets
in their hepatocytes, and reduced infiltration of inflammatory
cells into their livers, compared with those observed in the wild
type group (Fig. 1A). The MCD diet also produced a higher increase
of serum alanine aminotransferase (ALT) levels in wild type mice
than in p53-deficient mice (Fig. 1B). After 8 weeks of MCD diet,
the livers of wild type mice exhibited a significant increase in lipid
droplets in hepatocytes and elevated hepatic TG concentrations
compared with p53-deficient mice (Fig. 1C}.

Moreover, the livers of wild type mice showed increased col-
lagen deposition, whereas fibrosis was markedly reduced in the
livers of p53-deficient mice (Fig. 1A). Quantification of Masson
trichrome staining and liver hydroxyproline levels confirmed
the histologic results (Fig. 1D). Those levels were significantly
lower in p53-deficient mice compared with wild type mice
(Fig. 1D). Real-time PCR analyses of whole liver homogenates
from mice fed the MCD diet revealed significantly increased
mRNA levels of collagen type 1 o1 (Colla1), collagen type 1 o2
(Col10:2), and transforming growth factor (TGF)-B, compared with
those of mice fed the control diet. Compared with the wild type
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livers, the livers of p53-deficient mice showed significantly
decreased mRNA expression of Collal, Colla2, and TGF-p after
the mice were fed the MCD diet (Fig. 1E). The MCD diet signifi-
cantly increased hepatic mRNA expression of o-SMA (smooth
muscle actin), a marker of hepatic stellate cell activation; p53-
deficient mice showed significantly Jower levels of expression
compared to wild type mice (Fig. 1E).

p53 signaling regulates hepatic ROS accumulation in nutritional
steatohepatitis

Hepatic ROS accumulation is thought to play a role in the patho-
genesis of NASH [10-12]. We immunostained samples for 4-
hydroxynonenal (4-HNE) protein adducts as products of lipid
peroxidation. Lipid peroxidation in the liver was significantly
enhanced in mice with nutritional steatohepatitis compared with
mice fed the control diet (Fig. 1F). Compared with p53-deficient
mice, wild type mice showed more intense staining of hepato-
cytes after being fed the MCD diet (Fig. 1F). Levels of malondial-
dehyde (MDA)—another product of lipid peroxidation—in liver
homogenates also showed that inhibition of p53 signaling signif-
icantly decreased hepatic lipid peroxidation in nutritional steato-
hepatitis (Fig. 1G).

p53 deficiency decreases hepatocyte susceptibility to damage in a
mouse model of nutritional steatohepatitis

Because liver injury in NASH is associated with increased hepato-
cyte apoptosis [10}, we performed terminal deoxynucleotidy!
transferase-mediated nick end-labeling (TUNEL) assays to evalu-
ate apoptosis in mice with nutritional steatohepatitis. The per-
centage of TUNEL-positive apoptotic hepatocytes was
significantly larger in the group fed the MCD diet than in the
group fed the control diet, while p53 deficiency significantly
ameliorated this effect (Fig. 1H and 1).

Fig. 1. Effect of p53 i on iti ROS accumu-
Iation, and hepatocyte injury, induced by MCD dietary feeding. (A) Effect of
hepatic p53 deficiency on nutritional steatohepatitis. Haematoxylin-eosin (H&E)-
stained and Masson trichrome-stained sections of liver samples are representa-
tive of the indicated groups, which received the MCD or control diet for 8 weeks
(magnification, 100x). (B) Serum ALT activity in the indicated groups. (C) The

of involved in steatosis (left) and hepatic TG levels (right).
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(D) Quantification of Masson trichrome staining (left) and liver hydroxyproline
concentrations (right). Values are means + SEM (n = 6-9 mice/group). KO, p53-
deficient mice; WT, wild type mice. *p <0.05 compared with wild type mice fed
the control diet. *"p <0.05 compared with witd type mice fed the MCD diet. (E)
Real-time PCR analysis was used to quantitate hepatic mRNA levels of Collal,
Collo2, TGF-f, and ¢-SMA (n =6-9 micefgroup). *p <0.05 compared with wild
type mice fed the control diet. **p <0.05 compared with wild type mice fed the
MCD diet. (F) The effect of p53 deficiency on 4-HNE expression. Representative 4-
HNE-stained sections (left). Quantification of 4-HNE staining (right). (G) Liver
MDA levels in the indicated groups. Values are means + SEM (n =5 mice/group).
“p <0.05 compared with wild type mice fed the control diet. **p <0.05 compared
with wild type mice fed the MCD diet. (H) The effect of p53 deficiency on
hepatocyte apoptosis. Representative TUNEL-stained sections. (1) Percentages of
TUNEL-positive hepatocytes (n =6-8 mice/group). *p <0.05 compared with wild
type mice fed the control diet, and **p <0.05 compared with wild type mice fed
the MCD diet. (This figures appears in color on the web),
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