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Fig. 6 (a) Sucrose gradient analysis of the culture media of Huh7 cells that had been co-transfected with wild-type HBV/G
and the CMV-HBV/A2-core plasmid. It was subjected to ultracentrifugation through a 10-60% (w/w) sucrose density
gradient. Density of each fraction is shown as a line with diamond symbols. Fractions were diluted 10-fold and tested for
HBsAg (e) (IU/mL), HBcrAg (A ) (KU/mL) and HBV DNA (o) (10* copies/mL). (b) Sucrose gradient analysis of culture
supernatant obtained from the cells that were subjected to CMV-HBV/A2/core monotransfection using the same protocol.
(c) Western blot analysis for HBV core protein was probed by anti-HBc antibody. HBV/G/core and HBV/A2/core were
obtained from cell lysates that were transfected with the wild-type HBV/G clone and the wild-type HBV/A2 clone,
respectively. The ‘HBV/G + CMV-HBV/A2/core’ was obtained from sucrose high-density fraction 22 (Fig. 6a) that had been
co-transfected with wild-type HBV/G and the CMV-HBV/A2-core plasmid by means of immunoprecipitation using anti-HBs-

coated magnetic beads.

enough for viral replication because the core promoter of
HBV/G was not capable of generating sufficient amounts of
core protein to enhance HBV replication. As well, an HBV/

-241-

G/A2-CP construct containing the HBV/A core promoter
region in the context of the wild-type HBV/G genome did
not enhance replication, even though its core protein
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production was significantly increased (Figs 5a,b).
Although it was previously reported that the 36-nt inser-
tion of the HBV/G core gene was required for both efficient
core protein expression and HBV/G replication [13], in this
study, the discrepancy between viral replication and core
production of the HBV/G/A2-CP clone might indicate
insufficient virion assembly due to the larger core protein
of HBV/G (12-aa unique insertion). Trans-complementation
experiments carried out by Gutelius et al. [14] demon-
strated an association between enhanced core protein level
and reduced replication capacity only when the core and
polymerase proteins are expressed from the same RNA
template. Thus, it was indicated that HBV/G itself could
not replicate sufficiently due to a defect in its core protein
and/or the core promoter of HBV/G.

Finally, we investigated whether HBV/G utilises the core
protein of HBV/A2 for virion packaging. Dane particles
obtained from the culture supernatants of cells that had
been co-transfected with HBV/G and CMV-HBV/A2/core
were assessed by Western blotting, and it was found that
the Dane particles of HBV/G contained HBV/A core pro-
teins. Thus, it was implied that HBV/G replication is
enhanced by the core protein of HBV/A because it is more
suitable for virion packaging than its own core protein,
suggesting that the core protein of HBV/A is a key element

enhancing the replication of HBV/G during co-infection.

Interestingly, our experiments demonstrated that there
were large differences in core protein expression among

the CMV-core constructs of different genotypes, despite the -
fact that all of the CMV-core constructs had the same CMV
promoter (Fig. 4b). In a previous report, it was speculated]

that the core protein binds to its own mRNA to mﬂuence
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Summary

Liver Stiffness for Assessment of Fibrosis Stage
in Chronic Hepatitis C ’

Naoto Kawabe®, Senju Hashimoto®,
Masao Harata®, Yuko Arima®,
Toru Nishikawa® and Kentaro Yoshioka®

Transient elastography (TE : Fibroscan). acoustic radia-
tion force impulse (ARFI) and real-time tissue elastography
(RTE) are methods for measuring liver stiffness (LS).
These methods produce very good or excellent diagnostic
accuracy for the assessment of liver fibrosis stage due to
chronic hepatitis C. These non-invasive methods for the
assessment of liver fibrosis stage do not provide information
on inflammatory activity. steatosis, iron deposition or other
findings derived from liver biopsies. They do not give us an
estimation completely corresponding to that of liver biopsies
or fibrosis stage. In addition. the value of LS may be affected
by factors other than fibrosis stage. for example, inflammato-
ry activity, steatosis and intrahepatic pressure. However.
these non-invasive methods for the assessment of liver
fibrosis stage provide us with useful clinical information
similar to that liver biopsies can provide. This information
includes the appropriate time to initiate antiviral therapy.
prediction of response to antiviral therapy. evaluation of
effects of antiviral therapy, and assessment of the natural
course of chronic hepatitis C.

Key words : transient elastography (Fibroscan), liver stiff-
ness. chronic hepatitis C. liver fibrosis, antiviral
therapy
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Can non-invasive assessment of liver fibrosis replace

liver biopsy?

Kentaro Yoshioka and Senju Hashimoto

Department of Liver, Biliary Tract and Pancreas Diseases, Fujita Health University, Aichi, Japan

Transient elastgraphy, acoustic radiation force impulse and
real-time elastography are the methods with very good or
excellent diagnostic accuracy for the assessment of liver
fibrosis stage. They do not provide the information on
inflammatory activity, steatosis, iron deposition or other
findings derived from liver biopsy. Even on account of fibro-
sis stage, these non-invasive methods do not give us the
estimation completely corresponding to that of liver biopsy.
However they provide us useful clinical information that liver
biopsy has been providing us, such as appropriate time to
start antiviral therapy, prediction of response to antiviral

therapy, evaluation of effects of antiviral therapy, assess-
ment of natural course of hepatitis and estimation of
prognosis of hepatitis. Recently non-invasive methods for
assessment of inflammatory activity, steatosis and iron
deposition in the liver have been developed. Thus in
the near future, non-invasive methods will replace liver
biopsy.

Key words: acoustic radiation force impulse, fibrosis stage,
inflammatory activity, liver stiffness, real-time elastography,
transient elastography

INTRODUCTION

ON-INVASIVE ASSESSMENT OF liver fibrosis has
been one of major objectives in the society of
hepatologists for a long time. Routine laboratory tests,
serum markers of fibrosis’” and apparatuses for measur-
ing liver stiffness (LS) have been tested. The apparatuses
include transient elastography (TE),*’ acoustic radiation
force impulse (ARFI),'° real-time elastography,'’ and
magnetic resonance imaging (MRI).'2
Liver biopsy is the gold standard for the assessment of
fibrosis stage in chronic viral hepatitis. However, liver
biopsy is an invasive and expensive procedure, and its
accuracy is sometimes questionable because of sam-
pling errors, inadequate specimens and the subjectivity
of diagnosis.’*™
Infections of hepatitis B virus (HBV) and hepatitis C
virus (HCV) are world-wide problems and cause the
need of a great number of liver biopsies mainly for
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assessment of fibrosis stage and inflammatory activity,
which sometimes cause serious complications. Thus
the replacement of liver biopsies with non-invasive
methods is an important subject to be deal with as soon
as possible.

In this article, we review the manuscripts that applied
non-invasive methods to estimate fibrosis stages for the
five different clinical aims in the replacement of liver
biopsies. These aims include the determination of
appropriate time to start antiviral therapy, prediction
of response to antiviral therapy, evaluation of effects of
antiviral therapy, assessment of natural course of hepa-
titis and estimation of prognosis of hepatitis. We will
discuss whether non-invasive methods can replace liver
biopsies for these aims.

We discuss the three methods that have been often
reported; TE, ARFI imaging, and real-time elastography.
Algorithm of serum fibrosis markers such as FibroTest?
will be also described. There have been published a
lot of manuscripts on non-invasive methods, and we
selected the manuscripts that seem to us to be important
in discussing whether non-invasive methods can replace
liver biopsies.

Transient elastography measures LS with the use
of an apparatus, FibroScan (EchoSens, Paris, France).?
FibroScan is equipped with a probe including an
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ultrasonic transducer and a vibrator. A vibration of mild
amplitude and low frequency is transmitted from the
vibrator placed on the body surface toward the liver
through the intercostal space. The vibration induces an
elastic shear wave that propagates through the liver
tissue. The pulse-echo ultrasound acquisitions follow
the propagation of the shear wave and determine its
velocity. The velocity is directly related to tissue stiffness;
the harder the tissue, the faster the shear wave propa-
gates. LS is calculated from velocity and expressed in
kilopascal (kPa).

Acoustic radiation force impulse imaging is a radiation
force-based imaging method that is provided with con-
ventional B-mode ultrasonography (Siemens Acuson
$2000, Siemens AG, Germany).' In ARFI imaging, an
initial ultrasonic pulse is transmitted at diagnostic inten-
sity levels to obtain a baseline signal for later compari-
son. A short-duration, high-intensity acoustic pushing
pulse is transmitted from the probe, and cause shear

wave in the liver. A series of diagnostic intensity pulses |

are used to quantitate shear wave velocity (Vs; m/s). The
velocity of the shear wave depends on LS.

Real-time elastography is an imaging technique that
can reveal the physical property of tissue using conven-
tional ultrasound probes; the Hitachi EUB-8500 and
EUB-900 machines (Hitachi Medical Systems, Tokyo,
Japan).' The region of interest is divided up in to 30 000
finite elements before compression. During the compres-
sion by the probe or heart beats, the displacement of each
element is measured. In hard tissue, the amount of dis-
placement is low, whereas in soft tissue, the amount of
displacement is high. The calculation of tissue elasticity
distribution is performed in real time, and the results are
displayed as color-coded images with the conventional
B-mode image in the background. In this way, a large
number of summarizing variables were obtained to char-
acterize elastography. The final score was based on 10
summarizing variables selected from them to obtain high
reproducibility. The variables selected for the final score
differ among the investigators.

APPROPRIATE TIME TO START ANTIVIRAL
THERAPY: DIAGNOSIS OF SIGNIFICANT
FIBROSIS (F> OR =2)

N CHRONIC VIRAL hepatitis, the presence of signifi-

cant fibrosis (F> or =2) indicates the need of antiviral
therapies both in chronic hepatitis B and in chronic
hepatitis C."**¢

A meta-analysis of the performance of TE for staging
of liver fibrosis demonstrated that the area under the

© 2011 The Japan Society of Hepatology

-259-

Hepatology Research 2012; 42: 233-240

receiver operating characteristic curve (AUROC) for
significant fibrosis ranged 0.68-1.0 among different
studies with a mean of 0.84 (95% confidence intervals
[CI], 0.82-0.86) and an adjusted AUROC of 0.91 and
that the optimal cut-off value for the significant fibrosis
suggested from the summary ROC techniques was 7.65
kilopascals (kPa)."”

We published a review article on the investigations of
TE for assessment of fibrosis stages and presented the
summary table.’® Thus we do not show the table in the
present article.

Friedrich-Rust et al. studied 134 patients with chronic
liver diseases and reported that the AUROC for the diag-
nosis of significant fibrosis of real-time elastography, TE
and FibroTest was 0.69, 0.84 and 0.85, respectively.”

Koizumi measured LS with real-time tissue elastogra-
phy in 70 patients with chronic hepatitis C*. The elastic
ratio (ratio of the value in the intrahepatic venous small
vessels divided by the value in the hepatic parenchyma)
was calculated. The cut-off value and AUROC for signifi-
cant fibrosis were 2.73 and 0.89, respectively.

Although real-time elastography is a hopeful non-
invasive method, the calculations of elastic value differ
among the investigators. Thus we think it is inappropri-
ate to present the summary table.

Friedrich-Rust et al. studied 86 patients with chronic
viral hepatitis and reported that the AUROC for the
diagnosis of significant fibrosis of ARFI, TE, and FibroTest
was 0.82, 0.84, and 0.82, respectively.' The cut-off values
for significant fibrosis of ARFI and TE were 1.37 m/s
(sensitivity 68.5%, specificity 92.6%) and 6.3 kPa (sen-
sitivity 83.3%, specificity 74.1%), respectively.

Takahashi et al?* studied 55 patients mainly consisting
of people with HCV by ARFI. The AUROC and cut-off
value of the Vs for significant fibrosis were 0.94 (95%
Cl, 0.87-0.99) and 1.34 m/s (sensitivity 91.4%, speci-
ficity 80%).

Fierbinteanu-Braticevici*? studied 74 patients with
HCV by ARFI. The AUROC and cut-off value of Vs for
significant fibrosis were 0.902 (95% CI, 0.831-0.972,
P <0.001) and 1.215 m/s (sensitivity 100%, specificity
71%).

The summary of investigations of ARFI for assessment
of significant fibrosis is shown in Table 1.1%#-2

Generally the diagnostic accuracy of test with AUROC
0f0.7-0.8 was considered as good, that of 0.8-0.9 as very
good, and that of 0.9-1.0 as excellent. The diagnostic
accuracy of TE, ARFI and real-time elastography for sig-
nificant fibrosis is very good or excellent. They do not give
us the estimation completely corresponding to that of
liver biopsy; in our study (AUROC 0.88; sensitivity 81%;
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