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Background & Aims: Although the evolution of viral quasi-spe-
cies may be related to the pathological status of disease, little is
known about this phenomenon in hepatitis B, particularly with
respect to hepatitis B e antigen (HBeAg) seraconversion.
Methods: Nucleotide sequences of the hepatitis B virus (HBV) X/
precore/core region was analyzed at five time-points in four
groups of chronic hepatitis B patients, interferon-induced sero-
converters (IS, N = 9), interferon non-responders (IN, N = 9), spon-
taneous seroconverters (SS, N=9), and non-seroconverters (SN,
N=9) followed during 60 months on an average. Only patients
with genotype C were studied.

Results: Analysis of 1800 nucleotide sequences showed that
there was no statistical difference between the nucleotide genetic
distances of seraconverters (IS and SS; 6.9 x 10~? substitutions
(st)/site and 6.7 x 1073 st/site, respectively) and those of
non-seroconverters (IN and SN; 5.3 x 1073 st/site and 3.8 x 1073
st/site, respectively) before seroconversion. Compared to non-
seroconverters (IN and SN; 5.1 x 1073 st/site and 5.9 x 10~ st/site,
respectively), the sequence diversity of seroconverters (IS and
SS; 10.9 x 1073 st/site and 9.9 x 103 st/site, respectively) was
significantly higher after seroconversion (p<0.05), and was
higher in seroconverters after seroconversion than before sero-
conversion (p <0.05), while this changed very little in non-sero-
converters during the observation period. Phylogenetic trees
showed greater complexity in secoconverters than non-serocon-
verters. Parsimony-based estimation of the direction of sequence
change between descendants and ancestors before HBeAg sero-
conversion, revealed higher frequencies of transversional Ato T
substitution in seroconverters (0.06 vs. 0.02, p =0.0036) that
coincided with the dynamics of quasi-species possessing
A1762T mutation.
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seroconversion.

Received 15 December 2009; received in revised form 4 June 2010; accepted 7 june
2010; available online 25 August 2010

+ Corresponding author, Address: Department of Medicine and Clinical Oncology,
Graduate School of Medicine, Chiba University, 1-8-1 Inohana, Chuo-Ku, Chiba
260-8670, Japan. Tel.: +81 43 226 2083; fax: +81 43 226 2088.

E-mail address: imazekif@faculty.chiba-u.jp (F. Imazeki).

Abbreviations: SC, seroconversion; ALT, alanine aminotransferase; CHB, chronic
hepatitis B; HBV, hepatitis B virus; IFN, interferon; HBeAg, hepatitis B e antigen:
HBsAg, hepatitis B surface antigen; 1S, interferon-induced HBeAg seroconverters;
IN, IFN non-responders; SS, spontaneous seroconverters; SN, non-seroconverters,

Conclusions: The distinctly greater viral diversity in HBeAg sero-
converters after seroconversion could be related to escape
mutants resulting from stronger selection pressure,

© 2010 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

Hepatitis B virus (HBV) is a major human pathogen which can
cause severe hepatic disease, including chronic hepatitis, cirrho-
sis (LC), and hepatocellular carcinoma (HCC). Quasi-species com-
prises a complex and dynamic distribution of non-identical but
related genomes [1]. The evolution of viral quasi-species has been
reported as important in the pathogenesis of RNA viruses such as
hepatitis C virus {2-6] and human immunodeficiency virus [7-
10}, but little is known about HBV. HBV is a hepatotropic, non-
cytopathic DNA virus replicated by an error-prone polymerase
through an RNA intermediate. Because of this feature, the replica-
tion of HBV lacks fidelity. This results in a complex distributions
of genomes with naturally-acquired mutations or mutations
selected by either antiviral therapy or the immune response of
the host. HBV quasi-species have not been subjected to detailed
investigation, especially in the context of hepatitis B e antigen
(HBeAg) seroconversion (SC), an immunologically mediated
event. Whether there is a causal relationship between HBV sero-
conversion and HBV quasi-species remains unclear, HBV-related
disease is known to be mediated both virologically and immuno-
logically. Several studies have depicted the dynamic evolution of
HBV quasi-species during lamivudine resistance or multiple drug
resistance. This highlights the importance of HBV molecular evo-
lution in revealing the mechanism of drug resistance [11,12].
HBV-specific cytotoxic T-cells play a significant role in the control
of replication of HBV, which has been well documented in the lit-
erature [13-16].

Precore/core protein is the target of immunologically medi-
ated HBeAg seroconversion. When the precore/core gene in HBV
DNA is transcribed and translated, HBeAg is produced and
secreted into the circulation [17,18]. But the synthesis and secre-
tion of HBeAg are aborted by the emergence of a point mutation
from G to A at nucleotide (nt)1896 (G1896A). Convincing lines of
evidence have indicated a close association between HBeAg/anti-
HBe seroconversion and the emergence of precore and core pro-
moter mutations {19,20].
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The purpose of this study was to elucidate the evolution of
HBV quasi-species during HBeAg seroconversion. The results
might help us to better understand the pathogenic mechanisms
of HBV. We selected patients with well-characterized clinical
phenotypes and compared their viral diversity based on the
nucleotide sequences of the X/precore/core region. Precore and
core promoter mutations were also investigated in detail before
and after HBeAg seroconversion.

Materials and methods

Patients

Sera from 36 chronic hepatitis B patients with well-characterized clinical follow-
up for >5 years were selected from a chronic hepatitis B database (77 serocon-
verters and 67 non-seroconverters) at Chiba University Hospital. Only patients
with genotype C (subtype C2) were studied to ensure that differences found in
viral evolution were not due to genotypic variation. Nine patients in each group
were selected randomly if they fulfilled the following criteria and had sufficiently
long follow-up. The index group comprised patients with documented HBeAg
seroconversion (spontaneous seroconverters, SS), with serum at the following
time-points relative to HBeAg seroconversion: time-point I (~25.2 £ 6.2/months),
time-point 1 (—11.6 £ 2.7/months), time-point Iif (1 £ 2.3/months), time-point IV
(12.5 £ 3.3/months), and time-point V (25 % 3.6 months). Untreated control
patients included those who were followed for a similar period of time and were
persistently HBeAg positive (non-seroconverters, SN), and they were matched for
average age of seroconversion and time-point intervals of the SS group. A second
index group of patients with interferon (IFN)-induced HBeAg seroconversion (IFN
seroconverters, IS), with serum at the following time-points relative to HBeAg
seroconversion: time-point [ (-24.3 + 3.1/months), time-point Il (-11.2+1.9/
months), time-point [l (1 1.2/months), time-point IV (12.7 + 1.7/months), and
time-point V {25.4 £ 2.2/months), Control patients were persistently HBeAg-posi-
tive despite IFN therapy (IFN non-responders, IN). Controls were matched for the
average age of seroconversion, sex and time-point intervals of the IS group.

HBeAg seroconversion was defined as the loss of HBeAg and the development
of anti-HBe. The serial serum samples in this study were taken at five time-points
for each patient, as described above. This study was approved by the Ethics Com-
mittee of Chiba University Hospital.

Serological examination

HBsAg, HBeAg and anti-HBe were determined by enzyme-linked immunosorbent
assay (ELISA; Abbott Laboratory, Chicago, IL). HBV genotype was determined from
the patients' sera by ELISA (HBV genotype EIA; Tokushu-Meneki Laboratory,
Tokyo, Japan), based on the method described by Usuda et al. [21], Serum HBV
DNA levels were monitored using the Roche Amplicor Monitor test (Roche
Diagnostics, Tokyo, Japan), which has a lower detection limit of 2.6 log,, copies/ml,
at each time-point.

Cloning and sequencing

Total DNA was extracted from 200 pl of each serum sample using QlAamp DNA
blood mini kits (Qiagen, Hilden, Germany) according to the manufacturer's
instructions and eluted in 200 pl distilled water. Because HBeAg seroconversion
is associated with a decrease in HBV DNA levels, nested PCR was performed for
all the samples. The primers for the first round of PCR were 5'-TCG CAT GGA
GAC CAC CGT GA-3' (sense, nt1604-1623) and 5'-ATA GCT TGC CTG AGT GC-3'
(antisense, nt 2076-2060). The primers for the second round of PCR were
5'-CAT AAG AGG ACT CTT GCA CT-3' (sense, nt 1653-1672) and 5-GGA AAG
AAG TCA GAA GGC-3' (antisense, nt 1974-1957).

Amplification was performed with 2 pl of DNA template {extracted DNA from
serum samples for the first round PCR and the first round PCR products for the
second round PCR) in 50 pi reaction under the following conditions: an initial
2 min of denaturation at 94°C and 36 cycles of 94 °C denaturation for 1 min,
annealing at either 54 °C or 52 °C for 1 min, in the first and second round respec-
tively, and 72 °C extension for 1 min, The last cycle was followed by a final exten-
sion at 72 °C for 10 min. A 473-base pairs fragment (nt 1604-2076) containing
the X/precore/core region was amplified.

PCR reactions were followed by cloning using TOPO™ TA cloning kits (Invitro-
gen, Carlsbad, CA). All PCR products were purified with QJAquick PCR Purification
Kit (Qiagen, Hilden, Germany), then cloned into the TOPO vector, and transformed
into Escherichia coli. At least 15 clones per one cloning for samples from PCR reac-
tions proceeded subsequent to the electrophoretic size separation on 1.2% aga-
rose gel. Ten positive clones per cloning for samples from each PCR reaction
were sequenced using BigDye® Terminator and a 3730x! DNA Analyzer (Applied
Biosystems, Foster City, CA). The cloning PCR and sequencing primers were M13-
forward, 5'-GTA AAA CGA CGG CCA GT-3, and M13-reverse, 5'-GGA AAC AGC TAT
GAC CAT G-3'.

Sequence analysis

The DNAPARS program from PHYLIP v3.65 package, implemented in Simmonic
Sequence Editor version 1.5 [22], was used for sequence analysis, To evaluate
quasi-species-based evolution of HBV strains in chronic patients, sequences of
clones (N=10) isolated at each time-point (N=5) from individual patients
(N=36) were subjected to alignment and used to generate one parsimonious
ancestral sequence, Maximum nucleotide composition distances were evaluated
pair-wise between the ancestral sequence and the sequences of each of the 10
clones with a mean value estimated for each patient at a given time-point (MEGA
version 4 [23]). All patients were categorized into four groups with respect to
seroconversion status and the mean distance value for each group was calculated
for each time-point.

The differences in genetic distance among clinical groups and time-points,
and diversity at each time-point, were analyzed using ANOVA (analysis of vari-
ance). Student's t-test was also performed to determine the average of genetic
diversities in non-seroconverters. All graphical data are presented as
means + standard deviation (SD). Results were considered statistically significant
at p <0.05. The statistical analysis was performed with SPSS (2004; SPSS Inc.,
Tokyo, Japan).

Construction of phylogenetic trees

To examine the evolution of the viral sequence and whether this evolution was
elicited by quasi-species or mutagenesis, phylogenetic trees were constructed
using the Neighbor-Joining (Nj) model with the Simmonic Sequence Editor ver-
sion 1.5, based on the genomic sequences of HBV, Moreover, to investigate viral
genetic features possibly associated with seroconversion, sequences isolated at
time-points 1 and 2 were further analyzed phylogenetically. Neighbor-joining
trees were constructed at time-points 1 and 2 (Fig. S1 and S2, respectively) using
all groups of sequences.

Results

Baseline clinical characteristics of the patients and sequential levels
of serum ALT and HBV DNA

The clinical and laboratory characteristics of all patients are listed
in Table 1. The levels of alanine aminotransferase (ALT) and HBV
DNA over time are illustrated in Fig. 1A and B, respectively.
Serum ALT levels, a marker of hepatocyte damage, normalized
after seroconversion and, for all groups except the interferon
non-responders, were <40 IU/L at the end-point of observation.
HBV DNA loads decreased markedly in seroconverters (<3 logq
copies/ml, p <0.0001) but changed very little in non-seroconvert-
ers. It is noteworthy that, at the second year after seroconversion,
serum HBV DNA loads increased in interferon-induced serocon-
verters compared to spontaneous seroconverters, without statis-
tical significance (p" = 0.1087) (Fig. 1B).

Viral nucleotide sequence diversity
Viral sequence diversity, phylogenetic trees, and mutation pat-

tern based on 1800 HBV nucleotide sequences from clones of
the X/precore/core region, were analyzed among selected patients.
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Table 1. Baseline clinical features of patients.
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IFN Spontaneous Spontaneous Non-
Seroconverters Non-seroconverters Seroconverters seroconverters
(IS) (IN) (SS) (SN)
40+8 29+ 10 34+6
Male : Female 6:3 54 7:2
~ HBV DNA (log,, copies/mi) 6.8+0.9 6 6.8+12 7108
ALT (lUL) 88.3+48.6 94.3 1+ 144.4 8981714 67.6+48.7

Note: The IFN-induced group (seroconverters and non-responders) was older than the spontaneous group (seroconverters and non-responders). Males were the majority in
all groups. Baseline serum HBV DNA and ALT levels are similar among the four groups. Data are shown as mean # SD.
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Fig. 1. Serum ALT and DNA levels in the four groups. The group of spontaneous
seroconverters (SS) is a solid line diamond, IFN-induced seroconverters (IS) is a
broken line square, IFN non-responders (IN) is a broken line asterisk, and non-
seroconverters controls (SN} is a solid line triangle. (A) p* =0.0234 comparing
time-point I with time-point 1V, p® = 0.0028 comparing time-point I with time-
point V, p©=0.007 comparing time-point Il with time-point V, p° = 0.0068
comparing time-point HI with time-point V. (B) p® <0.0001 comparing serocon-
verters with non-seroconverters, p¥ <0.0001 comparing time-point I with Il IV, V,
p©<0.0001 comparing time-point I with the other time-points, p" = 0.1087 at
time-point V in seroconverters,
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Fig. 2. Viral genetic diversity in the four groups. The group of spontaneous
seroconverters (SS) is a solid line diamond, IFN-induced seroconverters (1S} is a
broken line square, IFN non-responders (IN) is a broken line asterisk and non-
seroconverters controls (SN) is a solid line triangle. p*<0.0001 comparing
seroconverters with non-seroconverters at time-point 1V, p° = 0.0301 comparing
seroconverters with non-seroconverters at time-point V, p®=0.0013 and
p°=0.0025 comparing I and II with time-point IV in seroconverters. pF=00121
and pf = 0.021 comparing time-points I and [I with V in seroconverters.

Striking differences in nucleotide sequence diversity were
revealed between seroconverters and non-seroconverters before
and after seroconversion (Fig. 2). The nucleotide sequence diver-
sity of seroconverters was similar to that of non-seroconverters
before seroconversion. Analysis of genetic distance showed that
the viral sequence diversity of seroconverters was significantly
greater than that of non-seroconverters after seroconversion
(Fig. 2, p* <0.0001 at time-point IV, p® = 0.0301 at time-point V)
and was greater in seroconverters after seroconversion than
before (Fig. 2, p°=0.0013 and p”=0.0025), while almost no
changes were observed in non-seroconverters during the obser-
vation period.

It is noteworthy that, in interferon-induced seroconverters at
the last time-point of observation, the nucleotide sequence diver-
sity was less, although this increased clearly at the first year after
seroconversion. This tendency of reversed change at the last two
time-points was also seen in HBV DNA loads (Fig. 1B), namely,
increase or decrease of the genetic diversity accompanied by
decrease or increase of the viral load in interferon-induced sero-
converters. On the other hand, the nucleotide sequence diversity
increased continuously in spontaneous seroconverters, accompa-
nied by a concurrent decrease of viral loads (Fig. 1B) during the
follow-up period. Amino acid sequence diversity had an almost
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Table 3. Core promoter and precore mutations in seroconverters (IS and SS).

Patients CP (NA1762T/G1764A) PC (ntG1896A) DNA Loads Histological
(percent) {percent) (logo copies/ml) diagnosis

I i % I n v i H v

181 100 100 100 0 0 70 5.7 38

1S2 100 100 100 90 100 90 76 7.2

1S3 70 100 100 10 0 10 65 82 5%

1S4 90 100 10 0 10 0 76 6.2

IS5 100 40 20 0 0 0 76 36

IS6 70 90 90 20 10 90 5.7 4.1

is7 100 100 90 0 10 10 7.2 34 H

is8 80 100 60 0 0 60 7.6 40

1S9 100 100 10 0 0 0 6.0 45

ss1 0 80 0 80 0 76 4.2

ss2 80 100 20 10 %0 66 7.6

$S3 100 90 60 10 0 65 4.3

$86 30 100 10 0 0 ) 39 44

SS7 80 100 100 0 0 0 76 2.8

ss8 0 100 90 o o o 78 5.4

SS9 0 80 20 0 10 0 76 4.0

$S10 50 20 40 0 0o 40 73 3.9

ss11 100 100 100 0 0 0 6.1 6.3

IS: interferon induced seroconverter; SS: spontaneous seroconverter; ASC: asymptomatic carriers; CHB: chronic hepatitis B; LC: cirrhosis; HCC: hepatocellular carcinoma.

ratio of T1762A quasi-species between seroconverters and non-
seroconverters, indicating that it might be a marker preceding
seroconversion in HBV/genotype C-infected patients as reported
previously [35-37].

HBeAg seroconversion is an incomplete marker of immune
control, although most patients experience some clinical benefit
from it [38,39]. Previous studies have shown that the average rate
of spontaneous HBeAg seroconversion in patients with chronic
hepatitis B is about 10% per year [40,41]. HBeAg seroconversion
associated with incomplete viral suppression may result in the
emergence of the precore mutant and attendant chronic sequelae.
Mutations in the precore and core promoter regions of the HBV
genome have been reported in many HBeAg-negative CHB
patients. Longitudinal studies found that the A1896 mutation
emerges or is selected around the time of HBeAg seroconversion,
and high precore mutant ratios have been associated with persis-
tent hepatitis after anti-HBe seroconversion [42]. Patients who
continued to have high HBV DNA titres after HBe seroconversion
had a lower genetic heterogeneity but more often had the precore
mutant,

The limitations of this study were, the small size of study
group, only 10 clones per sample, and a small region for analysis
of genetic distance. In addition, the X/precore/core region is a
highly conserved region, investigation of another region of the
HBV genome, such as the polymerase, might help us to better
understand the evolution of quasi-species of HBV.

In conclusion, the distinctly greater viral diversity after sero-
conversion in HBeAg seroconverters could be related to increased
HBV-specific T-cell responses and escape mutants which arise
from selective pressure caused by host immune activity. Long-
term follow-up is required to determine whether hepatitis B viral
diversity decreases or remains at a high level. Further study will

24

be needed to elucidate the relationship between seroconversion
and viral quasi-species in relation to antiviral therapy.
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Fig. 3. Representative Neighbor-Joining phylogenetic trees of HBV sequences for each clinical group showing complex trees in seroconverters. HBV X/precorejcore
sequences from time-points I (purple filled triangle), If (blue filled inverted triangle), Il (green filled square), IV (red filled diamond) and V (sky blue filled diamond) serum
samples are analyzed phylogenetically and their positions are displayed on the trees. A sequence retrieved from the time-point I (red dot) of each group as outgroup in the
trees, respectively. Scale bar represents 0.002% genetic variation. Seroconversion patients (IS, SS) show relatively complex branching patterns, forming clusters over time.
With the pressure of seroconversion, the genetic diversity increased. In contrast, patients without seroconversion (IN, SN) were simply branching patterns and the genetic

diversity in these patients changed very little over time.

identical pattern to that of DNA nucleotide sequence diversity
(data not shown).

Construction of phylogenetic trees

Phylogenetic trees were complex for secoconverters and compar-
atively simple for non-seroconverters. In seroconverters (IS and
SS), the arrangement and branch lengths of the trees were consis-
tently more complex and longer than those for non-seroconvert-
ers. The genetic diversity was great after seroconversion in
seroconverters (IS and 5S) and less in non-seroconverters (IN
and SN) (Fig, 3).

To investigate viral genetic features possibly associated with
seroconversion, sequences isolated at time-points 1 and 2 (before
seroconversion) were further analyzed phylogenetically. Trees
were reconstructed using Neighbor-Joining, ML (data not
shown), and PAML methods (data not shown). In general, no
clusters were seen to be supported by robust bootstrap values
for any group or particular patient quasi-species. This indicates
that the region of the HBV genome studied does not contain pat-
terns of variability sufficient for robust phylogenetic relation
reconstruction. However, variability of branch lengths in the tree
indicated that seroconversion patient groups exhibit greater
diversity of the quasi-species compared to patients without sero-
conversion. This is in agreement with the genetic distance plot
(Fig. 2), showing greater deviation from the mean values
observed in patients with seroconversion. The IN group exhibited
least deviation on the distance plot (Fig. 2) and shortest branch
lengths on the trees (Fig. 3).

Interclonal differences of the quasi-species

To investigate whether a particular mutation pattern of evolution
of the quasi-species is associated with seroconversion, we further
analyzed the sequence changes in all patients at time-points 1
and 2, corresponding to the time before seroconversion. Parsi-
mony-based ancestral sequences were generated using the Sim-
monic Sequence Editor. Aligned sequences of time-points 1 and
2 from a single patient were used as the input. Frequencies of
changes in 12 types of mutations, including 4 transitions (CT,
TC, AG, and GA) and 8 transversions (AT, TA, AC, CA, CG, GC,
GT, and TG) were evaluated between generated descendants
and ancestral sequences for each clone of the patient. Statistical
t-test comparison of mean values of nucleotide changes between
seroconversion and non-seroconversion groups is summarized in
Table 2 and Supplementary Table 1.

Analysis of sequence changes indicated a higher frequency of
transversional A to T in spontaneous seroconverters (SS vs.
SN =0.06 vs. 0.02, p=0.04) and IFN-induced seroconverters (IS
vs. IN=0.05 vs. 0.01, p=0.05) and A to C changes in IFN-induced
seroconverters (IS vs. IN = 0.025 vs. 0.006, p = 0.04) before sero-
conversion. Comparison of seroconversion groups (SS and IS)
indicated a higher frequency of transversional A to T mutation
pattern (p = 0.003, Table 2) and the trend of G to A mutation is
higher in seroconversion groups (SS and IS) (Table 2). Subse-
quently, alignments of the clones were generated. Visual inspec-
tion of the alignments indicated variation in the ratio of A1762T
mutation in clones isolated from each patient at time-points 1
and 2 (Fig. 4). In contrast to non-seroconverters, seroconverters
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Table 2. t-test comparison of mean values of nucleotide changes between
seroconversion and non-seroconversion groups.

Seroconversion  Non-seroconversion P
(n=18) (n=18)
CcT 0.117033 0.103750 0.637023
TC 0.156706 0.201328 0.155252
AG 0.125483 0.148372 0.498916
GA 0.196722 0.124511 0.073433
AT 0.061194 0.022128 0.003665
TA 0.049372 0.045417 0.778612
AC 0.027944 0.012550 0.145158
CA 0.017128 0.011094 0.523868
CcG 0.009439 0.007744 0.835337
GC 0.018167 0.014894 0.748267
GT 0.009839 0.019217 0.272185
TG 0.041783 0.035528 0.731324
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Fig. 4. The evolution of the core promoter mutation (A1762T) between
seroconversion and control groups from time-point 1 to IL SC indicates
seroconversion and non-SC, non-seroconversion. Alignment of the clones was
carried out and the frequency of A1762T mutation in clones isolated from each

patient at time-points 1 and 2 was determined. Subsequently, the evolutionary
ratio of mutation from time-point I to II was calculated.

showed a higher frequency of A to T mutation pattern in the core
promoter region from time-point I to II.

Core promoter (A1762T/G1764A) and precore (G1896A) mutations

Given that the core promoter/precore mutations influenced virus
replication and HBeAg seroconversion, we analyzed the sequen-
tial change of core promoter (A1762T/G1764A)/precore (G1896A)
mutations over time (Table 3). After seroconversion, patients
with more than 50% precore mutant clone had higher HBV DNA
loads than those with less than 50% of precore mutant clone
(precore wild type) virus at time-point V [54£1.3 (n=5) vs.
3.81 1.1 (n=13), p=0.0185] and 8 patients with a HBV DNA load

JOURNAL OF HEPATOLOGY

less than 4.0 logqo copies/ml had all precore wild-type virus at
time-point V (Table 3). Clinical progress of these patients was
investigated over 10 years as median (range 1-20 years) after
HBeAg seroconversion. HCC developed in 3 of 5 patients with pre-
core mutant virus, compared to 1 of 13 patients with precore
wild-type virus at time-point V (p =0.017). On the other hand,
3 patients with ASC had all precore wild-type virus at time-point
V (Table 3).

Discussion

In this study, analysis of 1800 nucleotide sequences from 36 HBV
carriers showed that the viral diversity of seroconverters (IS and
SS) after seroconversion was significantly greater than that of
non-seroconverters (IN and SN) (Fig. 2, p <0.05) and was higher
after seroconversion than before, in the seroconverters (Fig. 2,
p <0.05). Phylogenetic analysis also generated complex trees for
seroconverters and relatively simple trees for non-seroconverters.
Analysis on interclonal differences in the quasi-specie showed a
higher frequency of transversional A to T mutation pattern in
seroconverters that coincided with the A1762T core promoter
mutation. These findings suggested that HBeAg seroconversion
involves dynamic shifts of the serum HBV quasi-species.

Osiowy et al. [24] examined viral quasi-species in eight
HBeAg-negative patients at two time-points 25 years apart and
obtained the evolutionary rate. Their results suggested that HBV
diversity may be generated more rapidly than those estimated
previously [25-29]. The higher evolutionary rate may be related
to the seroconversion event driving quasi-specie complexity and
diversification [24]. Our phylogenetic study showed that viral
quasi-species populations appear to be replaced by new popula-
tions arising from a different clade after seroconversion.

Increased immune responses are accompanied by the reduc-
tion of viral loads and stronger immune pressure induces the
selection of escape mutations, which leads to greater viral diver-
sity [30]. According to this scenario, in our study, non-serocon-
verters have a high viral load and low quasi-species diversity
and they obviously have a weak immune response.

Lim et al. [31] reported that viral genetic diversity in genotype
B CHB patients was 2.4-fold greater in HBeAg seroconverters
(spontaneous or IFN-induced) than in non-seroconverters before
seroconversion. In this study of genotype C CHB patients, the
nucleotide genetic distance was 1.49-fold greater in seroconvert-
ers (IS and SS) than in non-seroconverters before seroconversion
but there was no statistical difference. This discrepancy might be
due to the smaller region for analysis of genetic distance in our
study than that of Lim et al. Another interpretation is that the
host's immune response to the selection of mutant virus might
differ between genotype B and genotype C. The natural course
of CHB and the response to treatment could be affected by HBV
genotype and there are some lines of evidence that indicate that
the prevalence rates of precore and core promoter mutations vary
among patients infected with HBV strains of different genotypes
[32-34].

T-test comparison of mean values of nucleotide changes
(Table 2) and linear logistic regression univariate analysis of
mutations associated with seroconversion between seroconvert-
ers and non-seroconverters (data not shown) indicated a varia-
tion in the AT mutation pattern in the former (p=0.003 and
p =0.006, respectively). This coincided with differences in the
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Table 3. Core promoter and precore mutations in seroconverters (IS and SS).

Patients CP (ntA1762T/G1764A) PC (niG1896A) DNA Loads Histological
(percent) (percent) {log1o copies/ml) diagnosis
I I v I 1l % I I v
IS1 100 7100 100 0 0 38 48 CHB
1S2 100 100 100 90 100 7.2 76 HCC
183 : 70 100 100 10 0 52 55 CHB
1S4 90 100 10 0 10 0 76 6.2 33 CHB
L Iss 100 40 20 0 0 . 78 88 4.1 CHB
1S6 70 % 90 20 10 4.1 45 HCC
g o 100 100 90 0 ( 34 Lc
IS8 80 100 60 0 4.5 CHB
1S9 100 100 10 0 4.8 HCC
$S1 0 60 0 80 4.2 5.4 HCC
s82 80 100 90 10 18 59 ASC
$S3 100 90 60 10 43 28 ASC
. S86 30 100 10 0 44 4.1 CHB
ss7 80 100 100 0 0 0 7.6 2.8 26 ASC
sS8 e e 0 20 0 7.6 54 el HB
SS9 0 80 20 0 10 0 76 4.0 26 CHB
SS10 50 20 i dp 0 0 40 73 39 261
S511 100 100 100 0 0 0 6.1 6.3 38 CHB

IS: interferon induced seroconverter; SS: spontaneous seroconverter; ASC: asymptomatic carriers; CHB: chronic hepatitis B; LC: cirrhosis; HCC: hepatocellular carcinoma.

ratio of T1762A quasi-species between seroconverters and non-
seroconverters, indicating that it might be a marker preceding
seroconversion in HBV/genotype C-infected patients as reported
previously [35-37].

HBeAg seroconversion is an incomplete marker of immune
control, although most patients experience some clinical benefit
from it [38,39]. Previous studies have shown that the average rate
of spontaneous HBeAg seroconversion in patients with chronic
hepatitis B is about 10% per year [40,41]. HBeAg seroconversion
associated with incomplete viral suppression may result in the
emergence of the precore mutant and attendant chronic sequelae.
Mutations in the precore and core promoter regions of the HBV
genome have been reported in many HBeAg-negative CHB
patients. Longitudinal studies found that the A1896 mutation
emerges or is selected around the time of HBeAg seroconversion,
and high precore mutant ratios have been associated with persis-
tent hepatitis after anti-HBe seroconversion [42]. Patients who
continued to have high HBV DNA titres after HBe seroconversion
had a lower genetic heterogeneity but more often had the precore
mutant.

The limitations of this study were, the small size of study
group, only 10 clones per sample, and a small region for analysis
of genetic distance. In addition, the X/precore/core region is a
highly conserved region, investigation of another region of the
HBV genome, such as the polymerase, might help us to better
understand the evolution of quasi-species of HBV.

In conclusion, the distinctly greater viral diversity after sero-
conversion in HBeAg seroconverters could be related to increased
HBV-specific T-cell responses and escape mutants which arise
from selective pressure caused by host immune activity. Long-
term follow-up is required to determine whether hepatitis B viral
diversity decreases or remains at a high level. Further study will

be needed to elucidate the relationship between seroconversion
and viral quasi-species in relation to antiviral therapy.
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TTFAREILEI VT H LD
/N ]
OB M B
KRB B
B O Ok A

vV ETTHRELEHAARFIIRT S

A K B E w I E
Z H ¥ B & it i
e B B EF R B EH K

BE:S=7JV (LAM) &E7FREIL (ADV) #HABEEZ 12 AR ETL, HBV DNA B 3log
copies/m/ L &R UTC B EMBMRTER 18 flZR"REL, 48 L EADV ETFHEIIL (ETV)
DOHABEZITVDO AV ABEICDOVWTOREZ{Tofc. LAM MRS, ADV iR, ETV mtes),
RIS ZENZN 100%, 27.8%, 33.3%. 55.6% THofz. FHHBV DNA GR—I 54
T 4.1log copies/ml KD 48 BDE=T 2.9log copies/m/ SIETUIc. ETV 4 EH T B ES
THBVDNABREZIMETUR. AHBABEACLDEMERIHREE T, 48 BOXBTHICESL
7 FOJmEEERbIEMNofe. T /REIL (TDF) DMEBTEREWVWAFRBDIRIRTIE LAM & ADV #
ARGHICH LT, ADV & ETV $tABEIE T HRES BN,

REBEE: STV, PFREIL, TUFHEIL, BEFRDAIIA, MUHEEER

12U BHIC
BRIFFR Y 4 0V AT X 5 Fbe o BE 3R
T3S TH AR EWbRTELY, 2oy
A WAL X BREREYIE LIS UISHREE, AL
rEEL, WHREOREDRERRE RZY. 4~
¥ —7 1 (interferon: IFN) ®#| i B & ¥
RIANVAOHIEZHIHI L, WROEFHICELT
HED, TOFHRIEIB|EYTHY, 7[5~
7 1 ~ (pegylated IFN : PEG-IFN) {2 30~40%
D 8% T sustained response ZEK TS & I T
WBMH, AR TIIBAERRPTH L. BT F
o 7 #8HE BRFRT A VADDNA E) AT —

1) FLBUE A mBE 4 3 LR

YEIH LT DNABREMEL, 71 L A
AR AHEHTH Y, MBAELERAE, R
FTROYWELRT. RNOBET o 7rikhi
PR OHERE R oL 2 IR L, BNy
BEUETHMEEI BRI TWSEY. — /T
RENCRSEBT o 753 EEITT LR
BOFEZRL, LIELIE TANVAENTLA
JAN—FGEBITY. ERICEMOS I 7Y
v (lamivudine ; LAM) 4% 5 & & 3 ([ LAM iiit
oA NVAOMB AR LY. EERE LHHR
DEBTFu 7 8HTHLI Y THEL (ente-
cavir : ETV) I LAM & B L CiftEr 4 W A

Efficacy of entecavir and adefovir combination therapy in patients with chronic hepatitis B refractory to lamivudine and

adefovir combination therapy
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Table 1. FERHKF

203

el

Ry ()

Mg (H9)

FHEREAE (B 0)
LAM+ADV it (H)

HBYV genotype

HBV DNA (logio copies/ml)
HBeAg (+)

ALT (IU/L)

LAM it
ADV Mt
ETV itk
ZH|ii

W13 L5
Mean+/-SD 596 +/-90
(No. [%]) 10 (556)
(No. [%])) 5 (27.8)
Mean+/-SD 291+/-131
Bj:1 C:17
Mean +/—SD 410+/-1.18
(No. [%1) 13 (722)
Mean+/-SD 359+/-177
(No. [%]) 18 (100)
(No. [%]) 5 (278)
(No. [%]) 6 (333)
(No. [%]) 10 (55.6)

DMBAA R L, B 4 VAR DE N 2 L AT
{ODDOBERBBETHS L SN2 RKFIC
BWTHETVIX 2007 EDARBBELAM KD
DHE—BINOBB T Fa 7 8E L ko7 Le
L, BICHRT TS o LAMIitEEH 2 20T
BY, TNHOERIH LT 2009 4 0K =5
%4 (American Association for the Study of
Liver Disease : AASLD) 27 7k ¥V (adefovir
dipivoxil ; ADV), & A \Wid7 / & ¥ (tenofovir
disoproxil fumarate ; TDF) @ LAM & OffH#%
5., & A\id emtricitabine (FTC) & TDF O
HIEG~O ) F 2 2 H3R L 22Y HikiZa —
oy 3 fFBERESE 4 (European Association for the
Study of the Liver : EASL) 7*51x TDF O™
A, A 61 ADV OB 2R S /2" LAM
fif P B A3 5 LAM & ADV ff I #d: (BLF
LAM/ADV #iE) 12X 2874 VAR EOREB
ERIETHD., KEHBO LAMMHEEHR ICAHRT
5D, VEH THBVDNA O FEIA+ 5
THHIEFMBESATWERY, SRbhbh
i LAM/ADV #EARRHIZNT 5 ADV & ETV
#ik (ADV/ETV #ik) 48 HOBREE R L7
DTHET 5.
I MREFE
LAM/ADV #%2 2% &b LEM BT,

(15)

HBV DNA %% 3log copies/m! (PLF log) LLL%
AL 18BI RS E Lz, HOREMRE, 7
Va—VEREEE, 9o FREEOEE, C
BFRYANVASHDLVIZE PRIEAET L IVAD
PEEEB, I - BEOK - BAE - WAL Mm% & b 2
9 BEIXBRA L7 1860 6 113 LAM gt (<
95 ETVHRGOBAEEHE L 2808EH
ADV G HICMiFE s V7 F =y ERE &L
728, ADV IR HIZS A ThiiTwi.

HBV DNA ( TagMan PCR i# (Roche Diagnos-
tics, Tokyo, Japan), Mt~ 4 Vv X D& X
INNO-LiPA HBV DR version 2, version 3 (Innoge-
netics Gent, Belgium) % Hw72',

2 BEOME 21T Student's t test, Mann-Whitney
U test, chi-squared test, Fisher's exact test %
v, p<005#HEE L7

&% 2

18 BIDHHHF 2 Table 1 1Z3¥. 5 BITH
DA %2R, 161 ADV/ETV #E 0 B8
ZRAE LTS, YIRS 5V IdBE 7 ¥ F
PREXIR L CRGEW 2 HE L 2 72 10 3
BYEIFAEZ OIREE T, a7 B Cld 1 #15° Bj A,
176 25CH % /& L, HBe bt B By % (3 1361
(722%) T & - 7z. LAMIit 4 12 18 B & #l
(100%), ADViittix 561 (278%), ETV %
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Table 2. X—274 ¥, 48 MOKIZHTH HBV DNA, HBe bili, ALT HOHR L INNO-LIPA 12 & 2X—2 5

1 o7 F a7t

" HBV DNA (log copies/ml) HBeAg (S/CO) ALT (IU/L) Resistance Mutation
ase
ow 418W OW-48W ow 48W ow 48W LAM ADV ETV
1 76 3.1 45 17 34 74 39 + +
2 503 369 1.34 44 18 32 28 +
3 3.09 1.8 1.29 e — 31 16 + +
4 412 251 161 245 106 27 20 + +
5 49 46 0.3 528 359 49 36 4+ +
6 3 1.8 1.2 37 = 27 28 i +
7 52 353 1.67 — — 39 47 +
8 387 293 094 1043 927 15 15 +
9 493 391 102 87 39 28 25 + +
10 5.24 417 1.07 161 121 48 43 +
11 4.76 264 212 19 1.3 40 36 +
12 346 3.36 01 . — 37 30 +
13 3 1.8 12 75 48 10 11 + +
14 361 2.51 1.1 39 3 28 25 +
15 307 18 127 57 5:1 21 22 +
16 3.96 311 085 164 94 73 138 + -
17 317 1.8 1.37 = e 28 42 + +
18 359 2.89 07 — — 14 16 + + +
LAM/ADV
£ o N
2 7
Q.
8 6
8 5 \
- B
< 4 - —L L i ‘
o 3 = ] ‘ Max.
5 2 T } - wd l [ T5percentile
= f Median
1 “(' 25percentils
0 Toaw TOW  12W  24W  36W  48W -
Figure 1. LAM/ADV #ik - ADV/ETV #iEi2 X 5 HBV DNA o % : HBV

DNA lZX— A% 1 » 4.1log copies/ml %5 48 # 29log copies/ml &, 48 8T 1.2log

copies/m{ & F L 7z.

6% (333%), 10#) (55.6%) 1 34 Wit %
27z (Table2).

S HBV DNA 1 ADV/ETV #BEICTAR =2
74~ 41llog, 128 33log, 24 A 30log, 368 2.8
log, 4838 29log & #IFIMT L7z (Figure 1).
18 Bl 5 B 75 48 WD IEHEFIZ 2.1log Kii % B L

72, 18 #1361 13 48 8 T llog L £ @ HBV
DNA BOE F 2R LA, A5 580K TR
llog Kii Td » 7>. HBe VLR - BEMEH T
A 48D HBV DNAK T RICEZED L) -
7z, T u ZiERN O % 48 T HBV DNA
D FE & I LAM B % < 12log, LAM i ¥+
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E B -o— ETV resistance (-)
2 5 = —o— ETV resistance (+)
g
2 4 T
<L 3 | I e |
5
> ¢ T
fa8]
b
0 A s . A L i
A -24W oW 12w 24w 36W 48W
(N=12) (N=6) - (N=12) (N=6)
E P=0.032 £ P=0.241
g 2 S
2 g 3
< <
51 = 8 2
0 T 1
i ETV T ETY
B resistance (-)  resistance (+) C toglatance (  resistanoe (+)

Figure 2. ETV itk O & #IC L 5 LAM/ADV #ik - ADV/ETV #i£I2 X % HBV DNA
D #¥% A) HBV DNA DR, B) ADV/ETV#ER— R F 1 ¥ - 128 #% ® HBV

BoOWE. ETVtt2 &3 %40 CHBV DNA K FEMPZ LW (128 p=0032,

488 p=0241) &/RL7.

ADV i 2.1log, LAM it +ETV W4T 1.0
log, 3#MET07log TH-72. ETVIFtEZ A
TH6REAESRZVI2P O 128, 48HAD
HBV DNAREEZXNHETZ L, ETVittEzH
THHCHRRRIET L2 ETVIERL vs
ETVitkEd » 12 8 1llog vs 06log, p=0032,
48 38 15log vs 1.0log, p=0241) (Figure2).

~N—2Z 54 T HBe HuskEEZ R L7z 13609
1 PIAEREBEDOR M TERYEE 2D, 1HEER<
& HBe LB EAMET L7z, ALT IZ2WTREAN—
A4 7, BEETHELZEAZRD o7
(Table 2).

INNO-LiPA 12 & 2L O TIX.
WA I BT, File WO MBERD Lh o
72 WOERTI Y181 D A/NVHA aF
Y236 DTHANIZELT L L EDMHEs 0—~
DY EBED LN, YA NVIBOETFICLLE
W 1 T INNO-LIPA #:1C X 2RISR RE L 2 o
7= (Table 3).

ARFZEH IS EER O HBUC L 290EAIEELD
Lotz 285 LAM/ADV #E: O H CTEE
ED OB ADV R HIRG & ko TWizh,
D26 % & T ADV/ETV BEIIBITHROF
REEOMERIIED o7z,
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Table 3. ETV/ADV #HEN—Z 7 4 », 48 BITBIT 2WHHERM O

A) Baseline

Case | Codon

1 \Y
2 %
3 A4
4 \%
5 v ILF)
6 Y 1
7 A4 T
8 % T
9 Vv T
10 \Y T
11 v T
12 4 T
13 T
14 T
15
16
17
18

B) Week 48

Case | Codon 80 173 181 233 236
1 L Vv A I N
2 L Vv A I N
3 v A I N
4 v A I N
5 \% A I N &
6 ND ND ND ND ND ND ND
7 v I N T M A
8 v I N T M A
9 \ I N T M A
10 v I N T M A
11 % * N T M A
12 % I N T M A
13 I N T M A
14 I N * M A
15 I N T M A
16 I N / M A
17 I N M A
18 N M A

A alanine, C : cysteine, G : glysine, F ! phenylalanine, I : isoleucine, L : leucine, M:
methionine, N : asparagine, S : serine, T : threonine, V : valine.
ND : not detected, * :impossible to judge.

m £ = % TDF OB L Vit 4 v 20 B F K
B RIS RE T AT F o SEEOR TFLZY2, BMICLAMEEZ2#EBLTLE- 2
DEERMEIHEYANVAOBBETH S, ETV £ OBEVEHREPICHELELTWSBY. HAR

(18)
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B2 Cld LAM SIS R LTl ADV % ff
BATaIH#BLTWwAY. 2o LAM/ADV #
BRI L OBEIENTH LY, —HOBETIR
HBV DNA DT &4+ TdH b, HBV DNA
DEMALIEB S WY F 72 LAM i ¥ 6
Tid LAM/ADV #4112 ADV iftE 25 iU B 5%
ZENFETENTE Y, HBV DNA »Etkib
Ly, Wb RRFIIBWTIE, FHROEE
EFEFNTEL Baibivbivid LAM W6
W29 % LAM/ADV #9112 ADV i 2 # %
L7721 BB L7728, S ORI 4 VAW
TUA 7 AN—%5EL, BETHHIHRON
BEELZ LAMZIE L, ADV iRk L
7:FFTCETVE2EBMLALZA, BiFRIi7 1
WARIEPFE LN, ALTESIEEILLZ (Table
2, case 1). CZOEFDOBEEREZEEF 2T, LAM/
ADV EEARILBFCH§ 5 ADV/ETV # ik o B
KB % 1T > 72. ETViZ LAMIH# & ADV it
P2, ADV X LAM % & ETV i 41
HLUTHTANARRERIET LN EAREN
THH, LAM/ADV #EREHIx 3 % ADV/
ETV #i3 TDF R B I N TR WAK OB
KEZEETHE, T, BAMEEZEZEZTHHI
PlrolHERELZEZONS.

ADV NS BIZ A $ % ETV O ILEF
HRESNLD, WTFRbEFATD A%, 5NN
DEMAREINBIITEL W, 40O ADV A
ofl (14 1T ADViittEd H) L TETV %
45 L 7-#45 T2, HBV DNA B LA 10%
LHET, 66 (15%) ICETVIFtEo MR % 38
H7z*. )T HBe HURBME ADV AN 14 61 (3
BICADVitEH V) ST 5 ETV RS T,
HBV DNA BB LRIIEWb 00, 157 0
1 CHBVDNA X LAM 5 B % L T 34log,
LAM#ZESBEOH S HOT39%gKTFL, ZD#Hk
HTRETVIHEO B IIED L h o 72%. LAM
& ADV @ 2 HliitE % A5 5 50 BlICH § % ETV
%45 T3 48 8 O £ 8 T HBV DNA B2 HE{b £ X
10%. HBV DNA §iI~X—2Z254 ~ 690log &£ b
296log LK F L7, ETV it H 32 161(2%)
THB LY. ADVESEE2H T HEMIIHTT

(19)
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5 ETVHYS T LAMBSGEEZHT % 24 6 (9
#23 ADV it » ) THBV DNARK L &R ix
42% TH Y, 17% OIFEFITETV B L
% WEICE 0 v 4 v ABE%{EES HBV DNA
ETFRICEXH LD, EAELLLEWIER
ANERRIZ TR EONRREPINREHT L, @
FACZIF - T 0 7 ORBENA R BRI
borlbrtEbhs.

Sllbb AT - 72 LAM/ADV A IS )
4 % ADV/ETV # #: 4838 T & ¥ ¥ THBV
DNA i 12log & T L7, KT &EIZP WAL, 18
B 5Bl A48 MO EHE W IZ 21log K & B L
7o, HFAZE LA, ADVARIEHIICH T 5 ETV
HFEIC X ) ETVIREHEASHE S h T
AR ADV/ETV#ETIE, B stko
HBEd o7 ADV OIS P ETV
i 1 % #0072 W7 REME AR S 7.

ADV/ETV #ikep, B - kB3 &
Mo, ADVICI2EBREEORENBA I
BE0H 0 ETV b EHR O -0 FEEFLETH
L, MEZL7F = ICE 2B E=y—%
FEIAT, BES L TRGEOREI 21T
CENEETHA.

BBhIZ

LAM/ADV #iEARBICH$ 5 ADV/ETV #
FOREE R L. ABENEIRC, 2P
DO TIZH HA, HBVDNA XK T L, #7
T astkotBzEd R o7 5%, Bl
HPMA LR L, ADV/ETVHEOMR L EE
AT ALENH L L BN

X W
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Differential evaluation of hepatocyte apoptosis and

necrosis in acute liver injury
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Aim: The significance of cytokelatin-18 fragment cleaved by
caspase-3 (CK-18-fr) and high mobility group box-1 (HMGB-1)
were evaluated experimentally and clinically for the differen-
tial evaluation of hepatocyte apoptosis and necrosis in
patients with acute hepatic injury (AHI).

Methods: In this study, typical apoptosis and necrosis were
induced in HepG2 cells by staurosporin (STS) and hydrogen
peroxide, respectively. intracellular generation of CK-18-fr and
extracellular leakage of CK-18-fr and HMGB-1 were deter-
mined. In the clinical study, serum CK-18-fr and HMGB-1 levels
in 84 patients with AHI of varied severity and etiology were
measured and compared with conventional liver tests.
Results: In the experimental study, CK-18-fr was rapidly
increased after STS stimulation, and peaked after 6 h inside
the cells but increased in the medium 12 h after stimulation,
while hydrogen peroxide stimulation caused no increase

either in- or outside the cells. Extraceliular HMGB-1 levels
markedly increased after hydrogen peroxide stimulation, but
did not change after STS stimulation. In the clinical study,
serum CK-18-fr increased in correlation with serum ami-
notransferase, but not other liver tests or markers of disease
severity of AHI,. Serum HMGB-1 levels mildly increased
without any correlation to liver test or disease severity. Serum
HMGB-1 levels in patients with circulation disturbance was
significantly higher than that in patients with other etiologies.

Conclusion: The simultaneous determination of the serum
CK-18-fr and HMGB-1 may be useful in the differential diagno-
sis of hetocellular death in AHI, which is primarily due to
apoptosis except in patients with circulation disturbance.

Key words: apoptosis, cytokelatin -18, HMGB-1, oncotic
necrosis

INTRODUCTION

ULMINANT HEPATIC FAILURE (FHF) develops in

1- 2% of acute hepatic injury (AHI) cases' and it
affects approximately 400 patients in Japan per year.” In
addition, the proportion of survival in FHF patients
remains around 30% without liver transplantation,®”
whereas most patients with conventional AHI sponta-
neously recover without any specific therapy.®” The
major pathological difference between the two disease
types, AHI and FHF, is the degree of hepatocellular
death; focal and extensive (submassive to massive)
hepatocullular death in conventional AHI and FHF,
respectively.® The mechanism by which focal hepatocel-
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lular death progresses to massive hepatocellular death
is under elucidation but is generally considered as a
complex process including excessive inflammation due
to excess viral load,’ an excessive response of proinflam-
matory cytokines,'*'? and a microcirculation distur-
bance resulting from intravascular coagulation in the
hepatic sinusoid.”

Two distinct mechanisms, namely oncotic necrosis
(necrosis) and apoptosis, are involved in the hepatocel-
lular death.'* Excessive inflammation through proin-
flammatory cytokines and acquired immune response
may cause apoptotic hepatocellular death, while anoxia
through microcirculation disturbance may lead to
necrosis. However, it is unclear which of them is domi-
nantly responsible for the extensive hepatocyte death in
FHF. Because the predominance of the two mechanisms
is supposed to depend on many dlinical factors includ-
ing the etiology of the liver injury and the course and
severity of the disease, the differential estimation of the
implication of those mechanisms in each case may
provide valuable information for the treatment of liver
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