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Fig.4 Kaplan-Meier curves for the prognostic analyses. A and B,
Cumulative recurrence rate with regard to EZH2 expression (A) and
BMII expression (B). C and D, Cumulative survival rate with
regard to EZH2 expression (C) and BMI1 expression (D).

The potential risk factors affecting tumor recurrence were
analyzed by univariate Cox proportional hazards regression,
and variables of P value less than 0.1 (the presence of BMI1,
risk ratio, 2.3, P = .053; the presence of EZH2, risk ratio, 2.5,
P =060, age <65 years, risk ratio, 2.4, P = .018; AFP >40
mg/mL, risk ratio, 2.5, P = .013; albumin <3.8 mg/dL, risk
ratio, 2.3, P = .020; the presence of portal vein invasion, risk
ratio, 2.1, P = .050; TNM stage I + II, risk ratio, 0.40, P =
.015) were further studied by multivariate analysis. However,
we found that no variables examined in this multivariate
analysis showed a statistically significant correlation with
recurrence (the presence of BMI1, risk ratio, 1.4, P=.51; the
presence of EZH2, risk ratio, 1.6, P = .47; age <65 years,
risk ratio, 2.4, risk ratio, 2.0, P = .07, AFP >40 mg/mL, risk
ratio, 2.0, P =.12; albumin <3.8 mg/dL, risk ratio, 2.2, P=
.11; the presence of portal vein invasion, risk ratio, 0.64, P =
.43; TNM stage I + II, risk ratio, 0.52, P = .10).

We found no effect on survival and recurrence in tumors
that simultaneously expressed both EZH2 and BMI1 as
compared with those that expressed only one of these
proteins (P = .61 for recurrence and P = .58 for survival, as
determined by Kaplan-Meier analysis),

4. Discussion

Hepatocellular carcinoma is one of the most common
malignancies, and chronic viral infection by hepatitis B or C
virus is well recognized as a major risk factor [17].
Therapeutic advancements such as nucleotide analogues
and interferon has successfully improved hepatitis viremia
and reduced the incidence of hepatocellular carcinoma, but
the mortality rate of hepatocellular carcinoma remains high
in spite of recent advances in cancer therapy [18]. In

hepatocarcinogenesis, it appears that repeated injury and
regeneration of damaged liver cells induce genetic and
epigenetic dysregulation, which ultimately contribute to
cancer development [19,20]. Recent studies highlight the
pivotal role of polycomb group proteins in cancer [1].
However, our knowledge on their implications in hepato-
carcinogenesis remains limited [21].

At first, we examined the growth activity of HepG2 cells
in loss-of-function assays. The MTS assays showed that
EZH2 or BMI1 knockdown mediated significant cell growth
inhibition. This finding appears to be consistent with
previous observations suggesting a role for EZH2 or BMI1
in a variety of immortalized and transformed cells [6,7,22].
Interestingly, knockdown of both EZH2 and BMI1 augmen-
ted cell growth inhibition, which indicated that the function
of EZH2 might partly differ from that of BMI! in molecular
mechanisms underlying proliferation of hepatocellular
carcinoma cells.

On the other hand, immunohistochemical analyses
showed that increased expression of either EZH2 or BMI1
protein was observed in 60 (69.8%) of 86 hepatocellular
carcinoma samples. Meanwhile, only 5.8% and 4.7% of
surrounding nontumor tissues expressed EZH2 and BMII,
respectively. These results unveil preferential up-regulation
of polycomb group protein expression during hepatocarci-
nogenesis and might implicate a special role for polycomb
group proteins in the development and progression of
hepatocellular carcinoma. Given that EZH2 and BMIl
were frequently coexpressed in the same samples, there
might be functional crosstalk between EZH2 and BMI1 in
the pathogenesis of hepatocellular carcinoma. Conversely,
26 (30.2%) of 86 samples exhibited expression of neither
protein, which might be reflective of inherent heterogeneity
with respect to origin of hepatocellular carcinoma and/or
underlying molecular mechanisms,

Analyses of EZH2 mRNA expression in hepatocellular
carcinoma samples based on real-time reverse transcriptase
polymerase chain reaction have previously documented no
significant correlation between EZH2 expression and
disease-free survival [21). Recently, another group reported
that overexpression of EZH2 and BMI1 is associated with
aggressive biologic behavior including vascular invasion and
lymph node metastasis [23,24]. To examine whether protein
expression of EZH2 and BMII are good biomarkers for
recurrence and survival in our samples, we conducted
prognostic analyses. The present analyses demonstrate that
increased expression of both EZH2 and BMI1 proteins
significantly correlated with recurrence after hepatectomy
(P =.029 and P = .039, respectively), although there was no
significant correlation between the expression of these
polycomb group proteins and survival. Analyses of clin-
icopathologic parameters showed lower levels of serum
albumin and advanced stage of TNM in EZH2-positive
patients compared with EZH2-negative patients, which
might indicate advanced liver dysfunction and tumor stage
in EZH2-positive patients. In contrast, the significant
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correlation between high EZH2 expression and portal vein
invasion of the tumor, which was previously reported by
mRNA expression-based analyses [21], was not detected in
this study (P = .23).

In conclusion, our studies showed that polycomb proteins,
in particular, EZH2 and BMII, can have a strong effect on
proliferation of hepatocellular carcinoma cells and that
simultaneous knockdown of EZH2 and BMI1 has more
marked effect on cell growth inhibition than knockdown of
either protein alone. Immunohistochemical analyses further
demonstrated a clear association between EZH2 and BMI1
expression and the development and progression of hepato-
cellular carcinoma, as well as recurrence after curative
surgery. Thus, EZH2 and BMI1 could be target molecules in
the development of new treatment strategies against
hepatocellular carcinoma.
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Abstract

Background: We analysed the association of the 5’ nontranslated region
(5'NTR), nonstructural proteins 2B and 2C of the hepatitis A virus (HAV)
genome, whose mutations have previously been shown to be important for
enhanced replication in cell culture systems, in order to align all our data and
examine whether genomic differences in HAV are responsible for the range of
clinical severities. Methods: Our accumulated HAV strains of 5’NTR [nucleo-
tide(nt) 200 and 500], entire 2B and 2C from 25 Japanese patients with
sporadic hepatitis A, consisting of seven patients with fulminant hepatitis
(FH), five with severe acute hepatitis (AHs) and 13 with self-limited acute
hepatitis (AH), in whom the sequences of all three regions were available, were
subjected to phylogenetic analysis. Results: Fulminant hepatitis patients had
fewer nucleotide substitutions in 5'NTR, had a tendency to have more amino
acid (aa) substitutions in 2B and had fewer aa substitutions in 2C than AH
patients. Four FH and two AHs with a higher viral replication were located in
the near parts of the phylogenetic trees, indicating the association between the
severity of hepatitis A and genomic variations in 5’'NTR, 2B and 2C of HAV.
Conclusions: Our study suggests that genetic variations in HAV not in one
specific region but in 5'NTR, 2B and 2C might cooperatively influence
replication of the virus, and thereby affect virulence. Viral factors should be
considered and examined when discussing the mechanisms responsible for the
severity of hepatitis A.

Hepatitis A is still a major problem worldwide, not only
in underdeveloped countries but also in industrialized
nations. Because of improvements in sanitation, there
have been no hepatitis A epidemics in Japan in recent
years. However, sporadic cases of hepatitis A have not
been rare of late. Although the majority of hepatitis A
cases are self-limited acute hepatitis (AH), some develop
into severe forms of hepatitis (1). In fact, in the past
several years, there has been an increase in the numbers
of patients with sporadic hepatitis A, especially the more
severe kind, visiting our hospital. Our analysis of the
possible factors responsible for the disease severity in our
patients revealed no significant differences in terms of
background including age, suggesting that viral factors
might be involved in determining the severity of the
disease (2, 3).

Hepatitis A virus (HAV) is the sole member of the
hepatovirus genus and a member of the Picornavirus

838

family. Virological studies have revealed that HAV is a
positive-strand RNA virus comprising approximately
7500 nucleotides and containing a 5 nontranslated
region (NTR), a single long open reading frame encoding
a large polyprotein and a 3'NTR. A large polyprotein is
cleaved by the viral protease to produce the P1, P2 and P3
regions. The P1 region encodes four structural proteins —
VP4, VP2, VP3 and VP1. The P2 and P3 regions encode
nonstructural proteins 2A, 2B and 2C, and 3A, 3B, 3C
and 3D respectively (4). As far as is known, nonstructural
protein 2A participates in virion morphogenesis (5). 2B
and 2C play important roles in the replication of viral
RNA. 2C is a multifunctional protein and is considered
to have helicase and NTPase activities. 2C or 2BC have
membrane- and RNA-binding properties (6). 3B is
considered to be a genome-linked viral protein (Vpg),
3A a pre-Vpg, 3C a viral protease and 3D an RNA-
dependent RNA polymerase.
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It was reported that the strains adapted to cell culture
systems have mutations in 5'NTR and the P2 region of
HAV (7, 8). Zhang et al. (9) reported that rapidly
replicating, cytopathic variants of HAV isolated from
cultured cells required mutations within 5'NTR, 2B and
2C, and these mutations acted cooperatively. Raychaud-
huri et al. (10) reported that the simian virus 2C gene
could confer the phenotype of virulence to an otherwise
attenuated virus, and clusters of residues near both ends
of the 2C protein were required for virulence using
chimeras between human and simian strains of hepatitis
A virus in tamarins.

Despite advances in the understanding of HAV, a
correlation between the HAV genome and the clinical
status of hepatitis A has not been established. Durst et al.
(11) reported a cluster of fulminant hepatitis A, in which
the severity of the infection in three siblings was related
to the virulence of HAV. To examine the possibility of
differences in hepatitis A viruses in terms of the different
categories of hepatitis, we have analysed the viral gen-
omes in sera from hepatitis A patients with a variety of
clinicopathological features and reported the associa-
tions between some viral regions and clinical severities
(3, 12-18).

When analysing the viral genome, rather than focusing
on one specific region, perhaps several portions of the
HAV genome should be investigated. In the present
study, we examined the clinicopathological features of
hepatitis A and possible correlations with variations in
the three regions of 5'NTR, 2B and 2C of the HAV
genome, whose mutations have previously been shown
to be important for enhanced replication and virulence
in cell culture systems and simians, in the same patients
using phylogenetic analysis.

Materials and methods
Patients

Serum samples from 25 patients with hepatitis A in Japan
were collected between 1986 and 1999 and stored at
—20°C until analysis. Informed consent was obtained
from the patients or appropriate family members. These
patients were diagnosed based on the positivity of the IgM
antibody to HAV (IgM anti-HAV) in conjunction with
compatible symptoms and laboratory findings.

Among the patients seven had fulminant hepatitis
(FH), five had severe acute hepatitis (AHs) and 13 had
self-limited AH. Patients with a prothrombin time
< 40% of control were defined as AHs, and those with
hepatic encephalopathy as FH. Patients with significant
increases in serum blood urea nitrogen and creatinine
(more than three times the upper level of the normal
range) were judged to be undergoing acute renal failure.
The patients were also investigated for histories of recent
exposure to drugs and chemical agents as well as heavy
alcohol consumption (> 50 g/day for > 5 years).

None of the patients had clinical or laboratory evi-
dence of acquired immune deficiency syndrome.

Liver International (2009)
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Serological markers

IgM antibody to HBc(IgM anti-HBc), HBsAg and sec-
ond-generation antibody to hepatitis C virus (HCV)
were examined in all cases. IgM anti-HAV, IgM anti-HBc
and HBsAg were measured by commercial radioimmu-
noassay kits (Abbott Laboratories, Chicago, IL, USA);
second-generation HCV antibody was measured by the
enzyme immunoassay kit (Ortho Diagnostics, Tokyo,
Japan). In the FH and AHs patients, HCV RNA, IgM
antibody to Epstein—Barr virus (IgM anti-EBV), IgM anti-
body to herpes simplex virus (IgM anti-HSV), IgM anti-
body to cytomegalovirus (IgM anti-CMV), anti-smooth
muscle antibody, liver kidney microsomal antibody-1 and
anti-mitochondrial antibody were also examined. HCV
RNA was measured by nested reverse transcriptase-poly-
merase chain reaction (RT-PCR) as described by the
authors (19). IgM anti-EBV, IgM anti-CMV and IgM
anti-HSV were examined by enzyme-linked immunosor-
bent assays. Anti-nuclear antibody, anti-smooth muscle
antibody, anti-mitochondrial antibody and anti-liver kid-
ney microsomal-1 antibody were examined by the fluor-
escent antibody method.

Quantification of hepatitis A virus RNA by real-time
reverse transcriptase-polymerase chain reaction

Serum viral RNA was extracted by the High Pure Viral
RNA Kit (Roche Diagnostics GmbH, Mannheim, Ger-
many). RT-PCR was carried out with a Hepatitis A Virus
Quantification Kit (Roche Diagnostics) according to the
manufacturer’s instructions. Twenty microliters of the
PCR mixture contained 15 pl of master mix from the kit
and 5l of template RNA. The standards of HAV RNA
are supplied with this kit. All reactions were performed in
a LightCycler (Roche Diagnostics). The Cr values from
clinical samples were plotted on the standard curve, and
the number of copies wes calculated automatically. This
method has a dynamic range of HAV RNA quantification
between 0.5 and 5 x 10° copies/pl.

Amplification of serum hepatitis A virus RNA and direct
sequencing

Hepatitis A virus RNA was examined by nested RT-
PCR and direct sequencing as described previously (14,
17, 18).

Nucleotide sequence accession numbers

The nucleotide sequence data reported herein appear in
DDBJ/EMBL/GenBank nucleotide sequence databases
with the following accession numbers:

5'NTR

AB045327 for Al, AB045336 for A5, AB045330 for A204,
AB045331 for A205, AB045332 for A206, AB045334 for
A414, AB045338 for A601, AB045342 for Al59,
AB045344 for A160, AB045345 for A161, AB045350 for
A302, AB045353 for A811, AB045672 for A7, AB045692

839
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for A9, AB045568 for A20, AB045671 for A68, AB045680
for A75, AB045681 for A77, AB045366 for Al62,
AB045572 for A303, AB045646 for A304, AB045648 for
A306, AB045649 for A307, AB045678 for A712 and
AB045679 for A713.

2B

ABO047652 for Al, AB047671 for A5, AB047660 for A204,
AB047661 for A205, AB047662 for A206, AB047669 for
A414, AB047673 for A601, AB047654 for AlS9,
AB047655 for A160, AB047656 for A161, AB047663 for
A302, AB047680 for A811, AB047675 for A7, AB047681
for A9, AB047658 for A20, AB047674 for A68, AB047678
for A75, AB047679 for A77, AB047657 for Al62,
AB047664 for A303, AB047665 for A304, AB047666 for
A306, AB047667 for A307, AB047676 for A712 and
AB047677 for A713.

2C

AB082174 for Al, AB082130 for A5, AB0821323 for
A204, AB082133 for A205, AB082134 for A206,
A082135 for A414, AB082137 for A601, AB082139 for
Al159, AB082140 for Al160, AB082141 for Al61,
AB082145 for A302, AB082147 for A811, AB082148 for
A7, AB082149 for A9, AB082150 for A20, AB082154 for
A68, AB082155 for A75, AB082156 for A77, AB082160
for Al62, AB082165 for A303, AB082166 for A304,
ABO082167 for A306, AB082168 for A307, AB082171 for
A712 and AB082172 for A713.

Phylogenetic analysis

To determine the heterogeneity of the viral sequences
obtained from the 25 patients, a phylogenetic tree was
constructed by the neighbour-joining method. To con-
firm the reliability of the phylogenetic tree, bootstrap
resampling tests were performed 1000 times. These
analyses were conducted using a computer program,
GENETYX-MAC version 10.1 (Software Development, Tokyo,
Japan).

Statistical analysis

Differences in proportions among the groups were
compared by Fisher’s exact probability test, Student’s
t-test and Welch’s ¢-test (pa sTaTs version 1.0, Nagata O,
Tokyo, Japan).

Results
Clinicopathological characteristics of the patients

The characteristics of the 25 patients with hepatitis A
analysed for HAV 5'NTR, 2B and 2C at admission are
summarized in Table 1. None of the cases was associated
with an epidemic.

Differences in the mean age, sex and presence of
chronic liver disease among FH, AHs and AH, and
between FH+AHs and AH, were not statistically signifi-
cant. Serum was sampled 2-17 days after clinical onset.
The mean ALT level was higher in AHs than that in AH

840
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Table 1. Characteristics of patients

FH AHs AH
n 7 5 13
CLD 1% 1t 31
Recovery/death  3/4% 5/0t 13/0%
Sex (M/F) 3/4% 5/0t 7/6t
Age* 44.1+13.5¢ 36.8+12.9¢ 39.5+9.1%
PT (%) 16+7§ 34+8§ 63+ 20§
ALT (IlUL)* 633738387 6165417189 2873+1733F
T-Bil (mg/dh* 9.4+7.6| 23408 5.0+2.3
*Mean =+ SD.

tStatistically not significant.

{Statistically significant between FH and AH (P=0.007) by Fisher's exact
probability test.

§Statistically significant between FH and AHs (P=0.002) by Student’s t-
test, FH and AH (P < 0.001) by Welch’s t-test, and AHs and AH
(P < 0.001) by Welch’s t-test.

9IStatistically significant between AHs and AH (P=0.002) by Student's ¢
test.

||Statistically significant between AHs and FH (P=0.049) and AHs and
AH (P=0.002) by Welch’s t-test.

AH, acute hepatitis; AHs, severe acute hepatitis; ALT, alanine amino-
transferase; CLD, chronic liver disease; FH, fulminant hepatitis; PT,
prothrombin time; T-Bil, total bilirubin,

(P=0.002), and in FH+ AHs than that in AH (P =0.003).
The mean prothrombin time was prolonged in
FH compared with AHs (P=0.002), FH compared with
AH (P < 0.001), AHs compared with AH (P < 0.001)
and FH+AHs compared with AH (P < 0.001). The
mean total bilirubin level was higher in FH than that in
AHs (P=0.049).

Four of seven patients with FH died of hepatic failure,
and all patients with AHs and AH recovered (P =0.007).
All seven FH cases needed artificial liver support (plasma
exchange and haemodiafiltration). Four (16%) patients —
two (28%) with FH and two (15%) with AH — had acute
renal failure and were treated by haemodiafiltration.

Two patients with AH were positive for HBsAg and
antibody to HBe, and one patient with AH was positive
for anti-nuclear antibody, but they showed a typical
hepatitis A course. IgM anti-EBV, [gM anti-HSV, IgM
anti-CMYV, anti-nuclear antibody, anti-smooth muscle
antibody, liver kidney microsomal antibody-1 and anti-
mitochondrial antibody were negative in all examined
cases of FH and AHs. One FH patient and one AHs
patient had histories of heavy alcohol consumption. One
male patient with AH was homosexual.

Histological examination was performed in all seven
FH cases, two of five AHs cases and seven of 13 AH cases
in the convalescent phase or postmortem. In the FH
cases, liver histology revealed massive necrosis in three
patients and submassive necrosis in one. Liver histology
in the two patients with histories of heavy alcohol
consumption showed pericellular fibrosis, consistent
with alcoholic liver disease. The histological findings of
the other cases showed AH to be in a residual phase or
subsiding.
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Phylogenetic analysis

The results of phylogenetic analysis are shown in Figures
1 and 2. Four FH (A204, A601, A414 and Al) and two
AHs (A160 and A159) were located in the near parts of
the phylogenetic trees (Fig. 2).

The clinical backgrounds, and the biochemical and
viral characteristics are shown in Table 2. As described
above, none of them were associated with an epidemic.
Two of the FH patients died and the others recovered.
HAV RNA was quantified by real-time RT-PCR in five of
these six patients. Our other recent study of HAV RNA
quantification revealed that the mean viral load in > 60
AH at admission was 2.75 =+ 1.55 log copies/ml (20), and
so these five patients had comparatively higher viral loads
(4.35 +0.81 log copies/ml) (P=0.03). The HAV geno-
type was IA in all patients, similar to the majority of
Japanese patients in general.

Discussion

Although the severity of hepatitis A varies, it is not clear
why it is more severe in some patients than that in others.
It is thought that disease severity may be dependent on
certain characteristics of the individual patients. It has
been reported that ageing and underlying chronic liver
disease could be factors that increase hepatitis A severity
(21). Vento et al. (22) reported that patients with chronic
hepatitis C had a substantial risk of FH and death
associated with HAV superinfection.

During an urban epidemic in the US, it was described
that hepatitis A caused serious illness and death and that
complications were more frequent in patients 40 years of
age and older, but that young healthy persons were also at
risk for severe complications (23). A cluster of fulminant
hepatitis A was reported, relating the severity of the
infection in three siblings to the virulence of HAV, as the
patients were all healthy before the infection and their
illness followed a similar course (11).

In the past several years, increasing numbers of
patients with sporadic hepatitis A, especially the more
severe forms, have visited our hospital, but our analysis
of factors possibly contributing to the severity of the
disease failed to reveal any significant differences in
patient characteristics including age (2, 3), suggesting
that viral factors might determine the severity of the
disease. To identify possible differences in hepatitis A
viruses for different types of hepatitis, we analysed the
HAV genome in sera from hepatitis A patients with
various clinicopathological features. Our analysis of
whole HAV genomes from three cases of FH and three
cases of AH indicated possible associations between
the severity of hepatitis A and the nucleotide substitu-
tions in 5'NTR and the amino acid (aa) substitutions
in 2B, although there were no unique nucleotide or
aa substitutions. On the other hand, it was reported
that mutations in 5NTR, 2B and 2C of HAV were
associated with cytopathic variants in cultured cells,
and virulence in tamarins, as described above (9, 10).
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These various observations led us to analyse these three
regions of HAV in greater numbers of clinical samples
(1,17, 18).

In our analysis of 5'NTR, FH and AHs patients had
fewer nucleotide substitutions than AH in the central
part of 5’NTR (P < 0.001) (14). Several regions of
5'NTR, including the pyrimidine-rich tract and internal
ribosomal entry site, have been examined for possible
correlations with replication of HAV RNA in vitro, and it
has been reported that HAV strains adapted to cell
culture systems have mutations in 5’NTR and the P2
region (8), and mutations in 5'NTR significantly en-
hanced growth of the virus in a cell culture system (24).
Thus, nucleotide variations in 5'NTR may influence
replication of the virus and thereby affect virulence.

In 2B, there seemed to be more mutations in the
strains obtained from FH and AHs patients than in those
obtained from AH patients in the central part (18). On
the basis of cell culture studies, substitutions in the
sequence of 2B protein have been suggested to be
associated with the replication capability of the virus.
One nucleotide substitution at nt 3889 in 2B, which
changed Ala to Val in 2B-216, is responsible for differ-
ences in the growth rate of the virus along with the
nucleotide substitutions in 2C and/or 5'NTR (25, 26). A
substitution at the same nt 3889 appeared from the early
stage of replication enhancement in cultured cells, and
several HAV strains showed a cytopathic effect (8). An
Ala-to-Val substitution in 2B-216 was not observed in
our study.

In 2C, FH patients had fewer aa substitutions than AH
patients (P < 0.05) (17). This indicates that viruses with
fewer aa substitutions in 2C may be more virulent in
comparison with strains with more aa substitutions. 2C
is a multifunctional protein and is involved in replication
of the viral genome. Analysis of the primary aa sequence
of 2C shows homology with a family of proteins that
contains a nucleoside triphosphate (NTP)-binding mo-
tif. This motif consists of elements ‘A’ and ‘B’ The
residues mutated within the conserved A and B sites of
the NTP-binding motif are critical in RNA replication
and virus proliferation (27). Elements A and B were
conserved in all patients except one of FH. 2C is also
suggested to be involved in the rearrangement of cellular
membranes (28). The simian HAV 2C gene was reported
to be required for virulence in tamarins (10). Thus,
subtle substitutions in 2C might influence the replication
capability of the virus and thereby affect virulence. We
could not find specific nucleotide or aa substitutions in
any of the regions.

In the present study, patients with FH had fewer nt
substitutions in 5’NTR, and had a tendency to have more
aa substitutions in 2B, and fewer aa substitutions in 2C,
than patients with AH, and four FH and two AHs were
located in the near parts of the phylogenetic trees,
indicating the association between severity of hepatitis A
and genomic variations in 5'NTR, 2B and 2C of HAV. In
these patients, HAV load was higher than that of AH

841

_.540_



Analysis of HAV genome from patients with severe hepatitis
0.0008 | AL **
0.0029 {
0.0024| R206 **
0.0018
- Al
0.0038] 2% x
0.0066/[ A20
0.0021
A205 **
0.0021
0.0059 A7
0.0048
HM17
0.0041 518)
~ a
0.0064 9
0.0671 A712
0.0120
————————— a7
0.0613 ?
0.0383
0.0060 A7%
0.0321
nG8
0 osag  RGM-27(V)
A304
0.0021
. p—
0.0063 Al62
0.0019
0.0003 | GBM(IA)
0.0029
0.c04g] BLEL *
0.0017
0.0034_{ A302 .
0.0055
7
0.0032 230
0.0127 Als0 *
0.0014
= RA4l4
0.0042 .
[ A204
0.0019 *
0.0003
— A30
0.0059 6
A713
A601 **
0.0034[ An303
AB11 =

Fujiwara et al.

0.0007 | CF53(IIA)

SLF8B (IIB)

Nor-21(IIIA)

* Acute hepatitis severe type

**¥ Fulminant hepatitis
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Table 2. Clinical, biochemical and viral characteristics of six patients with fulminant and severe hepatitis located in the near parts of the

phylogenetic tree
ALT T-Bil IgM-HA Viral load Days from
Patient Diagnosis Age/sex Origin Onset Outcome (IU/L)  (mg/dl) PT (%) (cut-off index) (logcopies/ml) onset
A204 FH 39/F Tohoku  February 1990 Death 4470 5.3 10 3.8 ND 3
A601 FH 64/F Shinetsu January 1997  Death 12500 7.0 13 2.9 3.7 9
Ad414 FH 49/M  Shinetsu January 1989 Recovery 5276 26.3 13 + 5.0 7
A160 AHs 39/M Kanto June 1998 Recovery 9164 1.6 38 3.1 5.1 4
Al FH 29/M Kanto March 1992 Recovery 1175 7.3 17 5.1 3.3 6
A159  AHs 50/m Kanto May 1998 Recovery 5655 2.5 20 4.6 4.6 5
Patient Genotype 5" NTR homology (%) 2B nt horology (%) 2C nt homology (%)
A204 1A 99.0 93.8 90.0
A6D1 IA 99.3 94.3 89.3
Ad414 1A 98.7 95.0 88.6
A160 1A 97.7 95.2 88.3
Al 1A 98.7 96.0 88.5
A159 A 98.7 96.9 88.8

Homology, sequences were compared with wild-type HAV genotype IA strain GBM.
AH, acute hepatitis; AHs, acute hepatitis severe type; ALT, alanine aminotransferase; FH, fulminant hepatitis; 5’NTR, 5/-nontranslated region; ND, not

done; nt, nucleotide; Ti-Bil, total bilirubin.

patients. Rezende et al. (29) reported that HAV-related
liver failure is because of an excessive host response
associated with a marked reduction in viral load, and
there is a discrepancy between their data and ours. But
they did not show the time points of serum sampling that
represent critical data about viraemia in AH, and so we
cannot discuss the discrepancy.

Thus, genetic variations not in one specific region but
in 5'NTR, 2B and 2C might cooperatively influence
replication of the virus and thereby affect virulence. Qur
findings are in accordance with the basic reports that the
pathogenicity of HAV could be related to cooperative
mutations within 5'NTR and P2 in cultured cells and
simians, and the clinical finding that there has been only
one report about a cluster of fulminant hepatitis
A, unlike the many reports of clusters of fulminant
hepatitis B.

Our current study suggests that both viral and host
factors should be considered and examined when dis-
cussing the mechanisms responsible for the severity of
hepatitis A. Further, we should examine several portions
of the HAV genome including 5'NTR, 2B and 2C rather
than focus on one specific region when analysing viral
factors. Our study also suggests that vaccination should
be considered all the more if HAV itself is involved in the
pathogenicity of hepatitis A, because safe and extremely
effective inactivated HAV vaccines are available. '
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Abstract

Background/Aims: The aim was to examine the efficacy of contrast-enhanced ultra-
sound (US) with Sonazoid™ to demonstrate ultrasonically unrecognizable hypervas-
cular hepatocellular carcinoma (HCC) and apply percutaneous US-guided treatments.
Methods: The subjects of this prospective study were 44 cirrhotic patients with 55
hypervascular lesions (12.7 4.5 mm) found by contrast-enhanced computed tomo-
graphy but unrecognized by non-contrast US. Contrast-enhanced US was performed to
demonstrate these hepatic lesions after an intravenous injection of Sonazoid™
(0.0075 ml/kg). The sonograms in both the eatly phase (for 1 min after injection) and
the late phase (5-10 min after) were taken in the harmonic imaging mode under a low
mechanical index (0.24-0.3). Results: Fifty-three lesions were demonstrated by con-
trast-enhanced US, 52 with positive enhancement in the early phase and 44 with
negative enhancement in the late phase. Percutaneous US-guided treatments were
successfully performed for 42 lesions (ethanol injection in 20 and radiofrequency
ablation in 22) in 32 patients with reference to contrast-enhanced US findings. Six
patients were treated by transarterial chemoembolization alone because they had more
than three lesions in the liver. In the remaining seven lesions in six patients, six were
diagnosed as non-HCC lesions: five with vascular abnormalities such as arterioportal or
arteriovenous communication and the other one with benign lesion in alcoholic liver
disease. These six lesions and one HCC lesion with severe liver damage were followed
up without any treatment. Conclusions: As the detectability of ultrasonically unrecog-
nizable hypervascular HCC improved by contrast-enhanced US with Sonazoid™, a

wider application of percutaneous US-guided treatments may be possible.

Hepatocellular carcinoma (HCC) is increasing worldwide and
is one of the most common carcinomas in the eastern part of
Asia (1). As the prognosis of cirrhotic patients depends on the
occurrence and progression of HCC, management of this
neoplasm is a major issue in clinical practice. However, surgical
treatment is not always an appropriate choice, as the majority of
HCC patients have poor liver function and recurrence is not
rare (2—4).

Real-time observation is the most significant point to be
emphasized in the clinical use of ultrasound (US), and the
percutaneous US-guided technique is a reasonable procedure
for the treatment of HCC with minimal invasiveness (5-9).
Although these methods require demonstration of focal hepatic
lesions by US, this is not always easy because of deformity and/
or coarse parenchymal echo in cirrhotic liver, and modified
echo patterns as a result of previous treatments (10, 11).
Contrast-enhanced US with Levovist facilitated the application
of percutaneous US-guided treatments by successful localiza-
tion in about 75% of ultrasonically invisible hypervascular
HCCs (12). However, the utility of second-generation micro-
bubble contrast agents for the localization of such focal hepatic
lesions has not been established.

Second-generation microbubble contrast agents have ac-
quired stability of microbubble by homogenization of particle
size distribution in comparison with earlier agents (13, 14). The
combination of second-generation contrast agents with harmo-
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nic imaging mode under lower mechanical index (MI) may
provide US images with an improved signal-to-noise ratio, and
a higher detection rate of focal lesions in the liver is expected
(15, 16).

Sonazoid™ is a newly developed perflubutane US contrast
agent (17-19). The microbubble has the characteristic property
of accumulation in the Kupffer cell, and it is the largest
difference between this agent and SonoVue, a popular agent in
Europe. Application of Sonazoid-enhanced sonograms pro-
duced by accumulated microbubble as well as circulating
microbubble may contribute greatly to the detection of focal
hepatic lesions. With this background, the present study was
designed to examine the efficacy of contrast-enhanced US with
the new perflubutane microbubble agent Sonazoid™ in the
visualization of ultrasonically unrecognized hepatic lesions that
had a hypervascular appearance on contrast-enhanced com-
puted tomography (CT), for the application of percutaneous
US-guided treatments in cirrhotic patients.

Material and methods
Patients

Between February 2007 and May 2008, a prospective study
was performed to examine the efficacy of contrast-enhanced
US with Sonazoid™ (GE Healthcare, Oslo, Norway) to
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demonstrate hypervascular hepatic lesions seen on contrast-
enhanced CT but not by non-contrast US in our department.
The following criteria were used for study enrolment: (i)
cirrhotic patients with solitary or multiple focal hypervascular
lesions found by contrast-enhanced CT taken for the surveil-
lance of HCC, (ii) radiological diagnosis of hepatic lesions was
HCC on CT images, (iii) non-contrast US could not recognize
the hepatic lesions and (iv) ﬁitients without egg allergy, a
contraindication of Sonazoid ™. In this study period, there
were 1286 patients who received a contrast-enhanced CT
examination for the surveillance of HCC in our department.
Among them, the subjects of this study were 44 cirrhotic
patients with 55 hypervascular lesions, and they consisted of
28 males and 16 females, aged 68.2 9.2 years (range 33—78).
The diagnosis of liver cirrhosis was based on imaging findings
with clinical symptoms and biochemistry findings in all
patients, with six patients positive for hepatitis B virus surface
antigen, 33 positive for hepatitis C virus antibody, two with
alcohol abuse and three patients cryptogenic. The total number
of hypervascular lesions in all patients was 55 (one in 37
patients, two in four patients, three in two patients and four in
one patients) with a size ranging from 5 to 24 mm (12.7 & 4.5 mm)
on CT images. The serum a-fetoprotein level ranged from 1.9 to
991.1 ng/ml, being normal in 20 patients and abnormal in 24
patients (109.6 = 209.8). Nine patients had no previous HCC
diagnosis or treatment, and the other 35 patients had treatment
histories for HCC: percutaneous ethanol injection (PEI) in five,
radiofrequency ablation (RFA) in 17, transarterial chemoem-
bolization (TACE) in five and TACE followed by PEI in eight.
Hypervascular lesions were located at treated sites in 43 lesions
in 34 patients and at untreated sites in 12 lesions in 10 patients.
As non-contrast-enhanced greyscale US examination had failed
to detect any of the lesions, a percutaneous needle biopsy was
not performed at that time. This study was approved by the
ethics committee of our institute, and informed written consent
was obtained from all patients.

Ultrasound examination

US examination was performed using SSA-770A and 790A
{APLIO; Toshiba, Tokyo, Japan) with a 3.75MHz convex or
microconvex probe. After non-contrast greyscale US (tissue
harmonic imaging, 2.5/5.0, 14-27Hz) and colour Doppler
imaging, contrast-enhanced US was carried out in the pulse
subtraction harmonic imaging mode with an Ml level from 0.24
to 0.3 to observe the suspected tumour location arca as
estimated from the contrast-enhanced CT images. Gain was
adjusted at an optimal level, and the dynamic range was set at
65 dB for non-contrast US and 45-55 dB for contrast-enhanced
US. Observation of non-contrast images and the late-phase
(5-10min after the injection of Sonazoid™) images was
performed by both an intercostal scan and a subcostal scan for
the right lobe, and both a sagittal scan and a transverse scan for
the left lobe, under possible breath holding. Each scan was
completed with gentle and reciprocatory movement of the
probe, right side to left side and left side to right side, or candal
side to cranial side and cranial side to caudal side. As for the
early phase (from onset of contrast enhancement to 1min), a
scan plane that allowed the most stable demonstration was
carefully selected and contrast-enhanced findings were ob-
served by tilting the probe under L}l)ossible breath holding.

The contrast agent Sonazoid™ (perflubutane microbubbles
with a median diameter of 2-3 um) was used at a dose of
0.0075 ml/kg by a2 manual bolus injection following a flush with
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3.0ml of normal saline solution, once for the observation of
each lesion (once in 37 patients, twice in four patients, three
times in two patients and four times in one patient). The
subsequent injection was given after the disappearance of the
previous enhancement. The operators for US examinations
were H. M. (18-year experience) in 20 patients, M. T. (6-year
experience) in 14 patients, H. I (6-year experience) in six
patients and H. O. (8-year experience) in four patients. All US
images recorded digitally were reviewed at a later date by H. O.,
and contrast-enhanced findings in the hepatic lesions were
noted in comparison with those in surrounding liver parench-
yma as positive, equal or negative enhancement. Hepatic lesions
with either positive enhancement in the early-phase image or
negative enhancement in the late-phase image were considered
to be localized target lesions. Furthermore, the presence or
absence of contrast enhancement in the intrahepatic portal vein
was also noted at the late phase, based on the microbubble-
disappearance time (20).

Contrast-enhanced computed tomography and computed
tomography angiography

Contrast-enhanced CT with a dynamic study was performed in
all patients using Lightspeed ultral6 (GE Yokogawa Medical
Systems, Hino, Japan) with an injection of 100 ml of a contrast
medium (lopamiron 350; Nihon Schering, Osaka, Japan) at
3 ml/s from the antecubital vein by a mechanical power injector.
Imaging was performed with a 30-s delay between contrast
medium administration and start of imaging for the hepatic
artery-dominant phase, an 80-s delay for the portal vein-
dominant phase and a 180-s delay for the equilibrium phase.
Contrast-enhanced CT was performed again in patients who
received treatment for hepatic lesions to evaluate the thera-
peutic response. Findings of contrast-enhanced CT both before
and after the treatment were evaluated blindly by S. O. to
confirm the therapeutic effect and whether the lesion contrast-
enhanced US demonstrated was the lesion detected on contrast-
enhanced CT.

CTangiography was performed using Infinix Active Aquilion
Type (Toshiba) with an injection of 15 ml of contrast medium
(Topamiron 300; Nihon Schering) at 3 ml/s via a catheter placed
at the common hepatic artery by a mechanical power injector.
Imaging was performed with a 2-s and an 8-s delay between
contrast medium administration and start of imaging for the
artery-dominant phase. This imaging was planned after a
contrast-enhanced US examination and applied in 27 patients
according to the standard protocol in our department: in
patients with the initial treatment for HCC, patients with
solitary or multiple lesions requiring TACE because of the
lesions considered to be technically difficult for percutaneous
needle advancement and patients with hepatic lesions not
demonstrated by contrast-enhanced US. Findings of CT angio-
graphy were evaluated blindly by M. Y.

Ultrasound-guided puncture for hepatic lesions

Biopsy for hepatic lesions was performed by a 21-gauge needle
(Sonopsy; Hakko, Tokyo, Japan), PEI was performed with a 22-
gauge Chiba needle (Top, Tokyo, Japan) and RFA was per-
formed with a 17-gauge cool-tip radio frequency electrode
(Radionics, Burlington, MA, USA). All US-guided procedures
were performed using a convex or microconvex probe with a
specially designed attachment. Percutaneous needle biopsy was
applied in patients with the initial diagnosis or treatment for
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HCC, according to the standard protocol in our department.
When hepatic lesions became recognized on the non-contrast
sonogram in reference to the contrast-enhanced US findings,
US-guided punctures were conducted under non-contrast US.
However, when hepatic lesions were not clearly recognized on
the non-contrast sonogram regardless of the reference of
contrast-enhanced US findings, these US-guided procedures
were conducted under contrast-enhanced US with an addi-
tional injection of Sonazoid™.,

Statistical analysis

All data were expressed as mean =+ standard deviation or percen-
tage. Statistical significance was determined using Fisher’s exact
test, and significance was considered at P < 0.05. Statistical
analysis was performed using the sess package (version 13.0]; SPSS
Inc., Chicago, IL, USA).

Results

Detection of focal hepatic lesions by contrast-enhanced
ultrasound

Fifty-two lesions showed a positive enhancement in the early
phase and 44 lesions showed a negative enhancement in the late
phase (Table 1), with phasic detectability being significantly
higher in the early phase (52/55) than that in the late phase (44/
55, P=0.0221). Consequently, 53 lesions were demonstrated by
contrast-enhanced US with Sonazoid™, yielding a detection
rate of 96.4% (Figs 1 and 2). Twenty-one of the 55 lesions
(38.2%) were < 10mm, with the detection rate between
lesions < 10 mm and > 10 mm not being significantly different
(Fig. 3). In addition, 13 of the 55 lesions (23.6%) lesions
were located deeper than 8cm from the skin surface (Fig. 3).
Contrast enhancement in the intrahepatic portal vein at the late
phase was still visible in 33 (60%) patients with 37 lesions and
in 11 (29.7%) of the 37 lesions showing an equal enhancement
to the surrounding liver parenchyma in this phase. Percuta-
neous needle biopsy was performed for 10 of the successfully
demonstrated 53 lesions under the non-contrast sonogram.
Their diagnosis was seven moderately differentiated HCC (7,
10, 13, 15, 18, 20 and 24 mm), two well-differentiated HCC (10,
12mm) and one benign nodule (13 mm) found in alcoholic
liver disease.

Clinical course after contrast-enhanced ultrasound

Percutaneous US-guided treatments were successfully per-
formed in 42 lesions (PEI in 20 and RFA in 22) in 32 patients,
and all hypervascular hepatic lesions changed to hypovascular

Table 1. Contrast-enhanced ultrasound findings of hepatic lesions
in each phase

Enhanced findings Early phase Late phase
Positive 52 0
Equal 3 1
Negative 0 44

Fifty-two lesions showed positive enhancementin the early phase and 44
lesions showed negative enhancement in the late phase, with phasic
detectability being significantly higher in the early phase (52/55) than in
the late phase (44/55, P=0.0221). Consequently, 53 lesions were
demonstrated by contrast-enhanced ultrasound with Sonazoid™,
a detection rate of 96.4%.
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appearances on contrast-enhanced CT images after the treat-
ment. Thus, treatment effectiveness was confirmed on contrast-
enhanced CT images and this was the evidence that the lesion
contrast-enhanced US demonstrated was the lesion detected on
contrast-enhanced CT. Six patients, each patient having one
hypervascular lesion on contrast-enhanced CT, were treated by
TACE alone because CT angiography showed more than three
lesions in the liver. In the remaining seven lesions in six
patients, six were diagnosed as non-HCC lesions. Two lesions
were diagnosed as arterioportal communication by both CT
angiography and contrast-enhanced US. Two lesions unde-
tected by contrast-enhanced US were diagnosed as a vascular
abnormality such as arterioportal communication because
HCC was ruled out by CT angiography and the findings on
subsequent contrast-enhanced CT showed no change in their
clinical course, one case after 11 months and the other after 1
year (Fig. 2). One lesion was diagnosed as arteriovenous
communication by contrast-enhanced US, and the other case
with a benign lesion in alcoholic liver disease by a percutaneous
needle biopsy. These six lesions and one lesion with severe liver
damage were followed up without any treatment, and the
findings of the former six lesions on contrast-enhanced CT did
not change during the clinical course of 8.4+1.9 (5-14)
months.

Discussion

Percutaneous US-guided treatments that require obvious de-
monstration of focal hepatic lesions on sonograms are mini-
mally invasive and effective for HCC. However, a potential
pitfall sometimes hinders the wider application of the techni-
que, because visnalization of focal hepatic lesions is not easy in
cirrhotic patients (10, 11). To overcome this problem for the
application of percutaneous US-guided treatments, some in-
genious development is awaited.

As shown in the present study, the majority of ultrasonically
unrecognized small hepatic lesions with a hypervascular
appearance on contrast-enhanced CT were successfully demon-
strated by contrast-enhanced US with Sonazoid™., Further-
more, the results suggested that our technique might be less
dependent on the size or the location of the hepatic lesions.

Although all the hepatic lesions had a hypervascular appear-
ance on contrast-enhanced CT, three of the 55 lesions showed
equal enhancement on the early-phase sonograms. This might
be explained by the saturation by contrast enhancement of the
surrounding parenchyma owing to the inappropriate scan
timing for the hepatic lesion, because the onset of contrast
enhancement after the injection of the microbubble agent varies
case by case and breath holding is sometimes inadequate,
Furthermore, we had to observe early-phase images while
searching for the lesions with positive enhancement by tilting
the probe. Therefore, an inevitable delayed observation might
account for the equal enhancement on the early-phase sono-
grams in these three hepatic lesions.

Meanwhile, the late-phase observation was relatively easy to
perform, as with repeated observation it was possible to depict
the negatively enhanced lesions in the liver parenchyma with
homogeneous enhancement. However, detectability of hepatic
lesions in the late phase was significantly lower than that in the
early phase, and 11 of the 55 lesions had equal enhancement in
the late phase. It is reported that Sonazoid™™ microbubbles are
captured by Kupffer cells in the liver (18), while retained
intrahepatic microbubble circulation was found in approxi-
mately half of the subjects in the late phase in the present study.

Liver International (2009)
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Fig. 1. Fifty-seven-year-old female, hepatitis B virus-related liver cirrhosis. (a) Contrast-enhanced computed tomography (CT) image. A
hypervascular lesion (arrow) considered to be hepatocellular carcinoma was demonstrated on CT image. (b) Non-contrast sonogram. Hepatic
lesion corresponding to CT findings was not recognized on the sonogram before enhancement. (c) Contrast-enhanced sonogram in the early
phase. A hypervascular lesion was demonstrated on the sonogram after enhancement (arrows). (d) Contrast-enhanced sonogram in the late
phase. The lesion showed negative enhancement in this phase (arrows). (e) Contrast-enhanced CT image after a percutaneous ethanol
injection. Hepatic lesion showed a hypovascular appearance after the treatment (arrow).

Therefore, the phase from 5 to 10 min after the injection of
Sonazoid™ might not be produced by accumulated micro-
bubbles alone, and the equal enhancement findings in some
hepatic lesions in the late phase might be explained by the
residual intravascular enhancement. In any event, observation
both in the early phase and in the late phase would be necessary
for detection of these hepatic lesions.

The previous study showed that Levovist (Schering AG,
Berlin, Germany), a first-generation US contrast agent, im-
proved the localization of ultrasonically unrecognized hyper-
vascular lesions in the liver (12). However, the detection rate of
75% was lower than that with Sonazoid™. An appropriate
imaging mode for Levovist was based on Doppler mode, which
suffers from artefacts, and it requires the setting of regions of
interest whose size vary inversely to the frame rate. In addition,
contrast-enhanced US images were observed by a low frame
rate of 4-8 Hz in the early phase and intermittent scanning with
1frame/s in the late phase, imaging sequences suitable for
Levovist. Thus, improved signal-to-noise ratio and real-time
performance may be the advantages of our technique with

Liver International (2009)
© 2009 The Authors. Journal compilation © 2009 Blackwell Publishing Ltd

Sonazoid™, which resulted in increased detectability of hepatic
lesions in comparison with the results using Levovist. Another
stud¥ showed that RFA was sufficiently achieved using Sona-
z0id™ for undetected lesions by conventional US (19). How-
ever, that study had some differences from ours, because it
included large-sized tumours and the use of a combined
method with low acoustic power and high acoustic power
according to the phase. Although an optimal acoustical condi-
tion for Sonazoid™ has still not been established, our techni-
que under a low-MI condition throughout the examination
may be more simple and convenient. Obviously, the establish-
ment of appropriate imaging sequences would be helpful for the
standardization and popularization of contrast-enhanced US
with Sonazoid™.

We failed to demonstrate two focal hepatic lesions in our
study, which were fortunately considered to be arterioportal
communications. In fact, there were five patients with vascular
abnormalities, so-called ‘pseudo-lesions’, that sometimes con-
fuse the differentiation from hypervascular HCC on contrast-
enhanced CT (21-23). The reasons for detection failure of these
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Fig. 2. Sixty-eight-year-old male, liver cirrhosis caused by alcohol
abuse. (a) Contrast-enhanced computed tomography (CT) image on
10 March 2007. Contrast-enhanced CT image showed a
hypervascular lesion (arrow) considered to be recurrence of
hepatocellular carcinoma around the treated area. This lesion was
not demonstrated by either non-contrast ultrasound (US) or
contrast-enhanced US. (b) Contrast-enhanced CT image on 22
February 2008. Hypervascular lesion (arrow) did not show
remarkable changes in form and size in comparison with that in the
previous CT image. This hypervascular lesion was considered to be a
vascular abnormality such as arterioportal communication.

lesions may be the difficulty of sonographical demonstration
because of the location and/or the pathological property of the
vascular abnormality. Although our technique achieved quite a
high detection rate for malignant hepatic lesions, improvement

712

Maruyama et al.

(@)
25
o e
~ 20
E 00000000000 00000
5 15
° 0000000000000 0 0
glo
0000 cccecccocnsooor e
5
0
(b)
12
oo
10
oo 000 OOEOOEOES
,é\ 8
g t0ceccecococo o0
g 6
a eececccococcee
4
sececcccscee
2
0

Fig. 3. (a) Distribution of hepatic lesions in relation to the diameter
of the tumour. Twenty-one of the 55 lesions (38.2%) were

< 10mm. Closed circles: detected lesions [diameter measured by
ultrasound (US)]. Open circles: undetected lesions (diameter
measured by computed tomography). (b) Distribution of hepatic
lesions in relation to the depth of the tumour location. Thirteen of
the 55 lesions (23.6%) were located deeper than 8 cm from the skin
surface. Two lesions undetected by contrast-enhanced US were not
included because their depth was not measured on sonograms.

in diagnostic ability for such vascular abnormalities would be a
worthwhile mission for contrast-enhanced US development in
the near future.

There was one benign hepatic lesion histologically proven in
one patient with alcoholic liver disease. It is known that
hypervascular hepatic lesions do not always reflect the fact that
the final diagnosis of the nodule is HCC in heavy drinkers (24).
The ring-shaped appearance on liver-specific contrast-en-
hanced sonograms with Levovist is reported to be a useful sign
for the diagnosis of a benign nodule in heavy drinkers (25).
However, the benign lesion in the present study did not show
this sign in the late phase. Although this might be explained by
the very small size of the lesion in which the ring-shaped
appearance was hard to recognize and/or the difference of
microbubble property between Levovist and Sonazoid™,
further studies would be needed to investigate this issue.

CT-guided needle puncture is also an effective method for
hepatic tumours not recognized by US examination (26-29).
However, it is not an easy procedure, and it requires radiation
exposure and is time consuming. As contrast-enhanced US with
Sonazoid™ could provide quite sufficient detectability of
ultrasonically unrecognizable hepatic lesions, the application
of CT-guided treatment may be confined to cases not demon-
strated by contrast-enhanced US.

Cost, time and manpower are not negligible aspects to
discuss the value of physical examination. As for the cost of
contrast agent, one vial of Sonazoid™ (about US$100) is
usually enough for one patient, because 2.0 ml of Sonazoid™

Liver International (2009)
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solution is available by one vial and each injection was applied
at a dose of 0.0075ml/kg in our method. Next, contrast-
enhanced US examination is not a costless work, because it
needs an assistant for the preparation and injection of a contrast
agent, in addition to the US operator. Furthermore, as about
10-min observation was required for both the early and the late
phase in our study, contrast-enhanced US may not be as brief as
conventional US. However, the benefit and safety of contrast-
enhanced US with Sonazoid™ would outweigh the cost man-
power and time required in this procedure.

The present study has the limitation that the diagnosis of all
hepatic lesions was not proven histologically. The European
Association for the Study of the Liver has documented that
nodules larger than 2 cm with an arterial hypervascular pattern
by two imaging techniques are diagnosed as HCC without
pathological findings, and sampling error could not be denied
in the needle biopsy for small hepatic lesions (3, 30). Therefore,
histological proof for all hepatic lesions may not be indispen-
sable in our study. However, various kinds of hypervascular
hepatic tumours such as haemangioma or focal nodular hyper-
plasia might have been included, although their diagnosis on
contrast-enhanced CT was HCC. A second limitation was that
there were no additional lesions detected by contrast-enhanced
US, because the observation of contrast enhancement was
limited to the tumour area estimated by contrast-enhanced
CT. In fact, we had six patients treated by TACE alone because
CT angiography following contrast-enhanced US showed more
than one lesion that was presented on contrast-enhanced CT in
the liver. Although the early-phase observation for multiple
hepatic lesions may be difficult, scanning for other areas of the
liver in the late phase might be helpful for detecting additional
lesions as hypo-enhancement lesions. As these six patients were,
after all, treated not by US-guided treatment but by TACE,
demonstration of additional lesions might not affect the
therapeutic strategy for them. However, this point may be
improved with an increase in the detectability of hepatic lesions
by contrast-enhanced US.

In conclusion, the detection rate of ultrasonically unrecog-
nized hypervascular HCC was improved by contrast-enhanced
US with Sonazoid™., This technique may allow the wider
application of percutaneous US-guided treatments, which are
minimally invasive procedures, in patients with HCC.
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Quantification of hepatitis C amino acid substitutions 70 and 91 in the
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Abstract

Objective. The effects of hepatitis C virus (HCV) sequence variations on the success of antiviral therapy or the
development of hepatocellular carcinoma (HCC) are complex for many reasons. Recently, there have been several reports
on the effects of genotype 1b HCV core amino acid substitutions 70 and/or 91 on the outcome of antiviral therapies and the
clinical course. The purpose of this study was to establish real-time amplification refractory mutation system (ARMS)
reverse transcription (RT)-polymerase chain reaction (PCR) assays for easy detection of these HCV mutations. Material
and methods. Plasmids p-core-W, including the wild-type HCV core coding region (70R and 91L), and p-core-M,
including the mutant-type HCV core (70Q and 91M), were constructed by cloning and PCR-based mutagenesis for control
vector of the wild-type core and that of the mutant core, respectively. Using serially diluted forms of these vectors, SyBr
Green-based real-time ARMS RT-PCR detection with each of the specific primer pairs was performed. Results. Each
primer could clearly distinguish the difference between p-core-W and p-core-M at the same copy numbers. Concerning
substitution 70, the ratios 100:1, 10:1, 1:1, 1:10, and 1:100 of p-core-W versus p-core-M could be distinguished, while for
substitution 91, the ratios 100:1, 10:1, 1:1, 1:10, 1:100, and 1:1000 could be distinguished, confirming the sensitivity and
specificity of the assay. Conchesions. This method could be a useful alternative for the detection of genotype 1b HCV core
amino acid substitutions 70 and 91 and be reliably applied for rapid screening.

Key Words: ARMS, core, HCYV; interferon response, real-time PCR

Introduction due to its localization at the 5’ end of the HCV

More than 170 million people world-wide are polyprotein transcript [3]. The core protein has

chronically infected with hepatitis C virus (HCV), an ability to interact with the viral genomic regicn
which can lead to hepatic cirthosis and hepatocellular ~ *© form nucleocapsids [4], and the presence of a
carcinoma (HCC) [1]. Treatment with peginterferon ~ Putative DNA-binding motif, nuclear localization
and ribavirin for 2448 weeks can result in a signals, phosphorylation sites, and a nucleocytop-
sustained loss of serum HCV-RNA (termed a sus- lasmic localization of the core protein suggest its
tained virological response (SVR)), with resolution of possible funct-ion as a genf regulatory protein {3,5].
chronic hepatitis in approximately half of the patients In many previous studies it has been suggested that

[2]. Several new, potent HCV protease and poly- the HCV core protein may be important in hepato-
merase inhibitors have been described recently, but carcinogenesis and interferon signaling [3,6-8].
none of them are available for therapeutic use. HCYV genotype 1b is a major genotype (~70%) in
The genomic region encoding the HCV core Japan. HCV genotype 1 is one of the most refractory
protein is located between amino acids 1 and 191 to interferon treatment with or without ribavirin. It

and is likely to be the first gene product synthesized has been reported that its response to interferon
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monotherapy is affected by HCV NS5A gene
diversity [9]). Thus, sequence diversity may predict
the response to the combination therapy of pegin-
terferon and ribavirin. Furthermore, ribavirin has
different antiviral effects from those of interferon
[10]. An approach to the prediction of treatment
against hepatitis C in patients who do not have SVR
is urgently needed. Several reports suggest that
HCV amino acid substitutdons 70 and 91 in the
core coding region affect the results of combination
therapies of interferon and ribavirin [11-13], but
most of these studies were retrospective, and we do
not know whether these substitutions already existed
before treatment or were selected by the treatment.
A sensitive, real-time polymerase chain reaction
(PCR)-based assay for the detection of these muta-
tions in the presence of high levels of wild-type virus
is described here. The method is based on the
amplification refractory mutation system (ARMS)
reverse transcription (RT)-PCR for detection of
single base mutations [14,15].

Material and methods
Plasmid DNA controls

Plasmids carrying HCV genotype 1 b core wild-type
and mutant clones were made as described previously
[16,17] and are summarized in Table 1. Plasmid
DNA was purified using the QIAprep spin miniprep
kit (Qiagen, Hilden, Germany). Plasmids were seri-
ally diluted 1:10 in EASY dilution (for real-time
PCR) (Takara, Ohtsu, Shiga, Japan) to give a dilution
range of 1-1 x 10° copies for controls of real-time
PCR.

Extraction of HCV-RNA from serum

Serum samples (100 pl) were extracted using the high
pure viral RNA kit (Roche Diagnostics, Indianapolis,
Ind., USA) according to the manufacturer’s protocol.
The RNA was eluted in RNase-free water. Written
informed consent was obtained from each patient
inchided in this study.

c¢DNA synthesis and SyBr Green real-time PCR

Reverse transcription was carried out using random
hexamers to make HCV cDNA by superscript cDNA
synthesis kit (Invitrogen, Carisbad, Calif., USA).

Table I. Plasmid DNA used as standard in this study.

Detection of HCV core substitutions 873

ARMS primers were designed so that the 3’ base
matched either the wild-type or mutant sequence
[18] (Table IT). Each 25-pl reaction contained 2x
Power SYBR Green PCR Master Mix (Applied
Biosystems, Tokyo, Japan), 2.5 pmol of each primer
(Table IT). Reactions were run on the Step One real-
time PCR system (Applied Biosystems). Cycling
conditions were: denaturation at 95°C for 10 min,
then 40 cycles at 95°C for 15 s and 60°C for 1 min,
followed by 2 melting curve analysis, confirming their
specificity. A plasmid DNA standard was included in
each run.

Cloning of clinical HCV sequences and site-dsrected
mutagenesis

To make the plasmid p-core-mutant, PCR products
were cloned into pCR-TOPO2.1 vector (Invitrogen).
To make the plasmid p-core-wild, PCR-based i1 vitro
site~directed mutagenesis was performed using the
Quick Change site-directed mutagenesis kit (Strata-
gene, La Jolla, Calif., USA). DNA sequences of
clones were confirmed by direct sequencing.

Results
Optimization of real-time PCR

For this study, real-time PCR using the SYBR Green
I detection system (Applied Biosystems) was imple-
mented to detect the HCV amplicon. ARMS PCR
specificity is conferred by direct placement of the 3’
end of one of the primers (Figure 1). Cross-reactivity
was tested to ensure that the primer sets specifically
bound their targets.

When 10° copies of the CAA (codon c70) template
were amplified using the primer with a base mis-
match, approximately 15 cycles were required before
the crossing threshold was reached. This compares
with 8 cycles for the matching primer. On the other
hand, when 10® copies of the CGA (codon c70)
template were amplified using the primer with a base
mismatch, approximately 16 cycles were required
before the crossing threshold was reached. This
compares with 6 cycles for the matching primer
(Figure 1A and B).

When 10® copies of the ATG (codon c91) template
were amplified using the primer with a base mis-
match, approximately 25 cycles were required before
the crossing threshold was reached. This compares

Plasmid Amino acid ¢70 Codon ¢70 Amino acid c91 Codon c91
p-core-wild Arginine CGA Leucine CTG
p-core-mutant Glutamine CAA Methionine ATG
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Table I1. Primers used for detection of substitutions at residues ¢70 (A) and c91 (B).
A.

Primers for detection of substimtion at c70

Primer common to all reactions

c70 sense primers HCV-c-reverse: 5'-CGGGGTGACAGGAGCCATCC-3’ Codon Amino acids
HCV 70W: 5-TATCCCCAAGGCTCGCCG-3’ CGN Arg
HCV 71M: 5-TATCCCCAAGGCTCGCCA-3’ CAN Gln, His

N =A, G, T, or C; Arg =arginine; Gln =glutamine; His =histidine.
B.

Primers for detection of substitution at ¢91

Primer common to all reactions

¢91 reverse primers HCV-c-sense: 5-TCGCAACCTCGTGGAAGGC-3’ Codon Amino acids
HCV 91W: 5'-CATCCTGCCCACCCCAR-3" TTG or CTG Leu
HCV 91M: 5-CATCCTGCCCACCCCAT-3’ ATG Met

R =A, G; Met =methionine; Leu =leucine.
HCV sequences are identical to AJ238799. Ref. [11].
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Figure 1. Quantitation of a 10-fold dilution of plasmid p-core-W or p-core-M with wild- or mutant-type primers. Cycle numbers were
plotted against the logarithmic concentration of serial dilutions. A. ¢70-wild primer sets (HCV-70W and HCV-c-reversc). B. ¢70-mutant
primer sets (HCV-70M and HCV-c-reverse). C. c¢91-wild primer sets (HCV-c-sense and HCV-91W)). D. c91-mutant primer sets HCV-
c-sense and HCV-91M). *Unable to detect any signals by 40 cycles.
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