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Polyenephosphatidylcholine prevents alcoholic liver disease in
PPARa-null mice through attenuation of increases in oxidative stress™
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Background/Aims: Alcoholic liver disease (ALD) is one of the leading causes of cirrhosis and yet efficient therapentic strategies
are lacking, Polyenephosphatidylcholine (PPC), a major component of essential phospholipids, prevented alcoholic liver fibrosis
in baboons, but its precise mechanism remains uncertain. We aimed to explore the effects of PPC on ALD using ethanol-fed per-
oxisome proliferator-activated receptor o (Ppara)-null mice, showing several similarities to human ALD.

Methods: Male wild-type and Ppara-null mice were pair-fed a Lieber-DeCarli control or 4% ethanol-containing diet
with or without PPC (30 mg/kg/day) for 6 months.

Results: PPCsignificantly ameliorated ethanol-induced hepatocyte damage and hepatitis in Ppara-null mice. These effects were
likely a consequence of decreased oxidative stress through down-regulation of reactive oxygen species (ROS)-generating enzymes,
including cytochrome P450 2E1, acyl-CoA oxidase, and NADPH oxidases, in addition to restoration of increases in Toll-like
receptor 4 and CD14. PPC also decreased Bax and truncated Bid, thus inhibiting apoptesis. Furthermore, PPC suppressed
increases in transforming growth factor-f1 expression and hepatic stellate cell activation, which retarded hepatic fibrogenesis.

Conclusions: PPC exhibited anti-inflammatory, anti-apoptotic, and anti-fibrotic effects on ALD as a result of inhibition
of the overexpression of ROS-generating enzymes. Our results demonstrate detailed molecular mechanisms of the anti-
oxidant action of PPC.
© 2009 European Association for the Study of the Liver. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Chronic alcohol consumption can cause a wide spec-
trum of liver abnormalities that ranges from simple ste-
atosis to hepatitis, cirrhosis, and hepatocellular
carcinoma. It has been reported that alcoholic liver dis-
ease (ALD) remains the most common cause of liver cir-
rhosis in Western countries [1]. Since the appearance of
hepatitis is a predictor of progression to cirrhosis and
liver cancer, appropriate therapeutic intervention at this
point is important in treating ALD.

Numerous data on the pathogenesis of ALD have
been obtained from animal studies [1-3]. Chronic alco-
hol consumption induces hepatic oxidative stress due
to increased generation of reactive oxygen species
(ROS) and/or reduced anti-oxidant capacity. Oxidative
stress causes further lipid peroxidation, which can
directly damage the membranes of cells and organelles
and lead to release of reactive aldehydes with potent
pro-inflammatory and pro-fibrotic properties. Chronic
alcohol intake also increases gut-derived lipopolysacca-
ride (LPS) concentration in portal blood, which binds
to Toll-like receptor 4 (TLR4)/CD14 complexes and
activates nuclear factor-kappa B (NF-xB), triggering
pro-inflammatory responses such as induction of tumor
necrosis factor-oo (TNF-a) and interleukin-18 (IL-1B).
Furthermore, ethanol is singularly so toxic that it can
induce hepatocyte apoptosis by itself. These mechanisms
are all presumed to contribute to human ALD to vary-
ing degrees.

Peroxisome proliferator-activated receptors (PPARSs)
are ligand-activated nuclear receptors belonging to the
steroid/thyroid hormone receptor superfamily. Three
isoforms of PPARs exist, designated as PPARa,
PPARB/S, and PPARYy. Of these, PPARa is associated
with the control of fatty acid transport and metabolism
primarily in the liver [4]. A close relationship between
PPARo. and the development of ALD is believed to
exist since chronic alcohol consumption decreases
hepatic PPARa expression and suppresses the tran-
scriptional activity of PPARa-regulated genes [5,6).
We previously reported that PPARo-null (Ppara"/ )
mice fed a 4% ethanol-containing Lieber-DeCarli diet
for 6 months exhibited hepatomegaly, macrovesicular
steatosis, hepatocyte apoptosis, mitochondrial swelling,
hepatitis, and hepatic fibrosis, all of which resembled
the clinical and pathological features of patients with
ALD [7]. These abnormalities appeared with very high
reproducibility and stressful surgical procedures to
increase alcohol levels, such as gastric tube insertion,
were not required. Therefore, Ppara™/~ mice are
regarded as a useful animal model to investigate the
pathogenesis of human ALD.

Essential phospholipids are highly-purified phospha-
tidylcholine fractions containing linoleic acid and other
unsaturated fatty acids. Polyenephosphatidylcholine

{PPC), a major active ingredient in essential phospholip-
ids, has a high bioavailability and affinity for cellular
and subcellular membranes and maintains membrane
fluidity and function. Several experiments have demon-
strated the hepatoprotective effects of PPC [8-10]. How-
ever, the precise molecular mechanism of PPC action
against ethanol toxicity has not been fully elucidated
in vivo, which prompted us to evaluate the effects of
PPC on ALD in greater detail using Ppara“/ ~ mice.

2. Methods

2.1. Mice and treatment

Generation of Ppara”/ ~ mice on a Sv/129 genetic background was
described previously [11]. The mice were housed in an environment
controlled for temperature, humidity, and light (25 °C, 12-h light/dark
cycle) and maintained with standard laboratory chow and tap water ad
Iibitum until 12 weeks of age. Male 12-week-old Sv/129 wild-type or
Ppara™™ mice (n=24 in each genotype) weighing 31-35g were
selected, randomly divided into 4 groups, and pair-fed the following
diet for 6 months: (1) control Lieber-DeCarli liquid diet (n=6); (2)
control liquid diet with PPC (30 mg/kg/day) (n=6); (3) 4%
ethanol-containing Lieber-DeCarli liquid diet (n = 6); and (4) 4% eth-
anol-containing liquid diet with PPC (30 mg/kg/day) (n=6). The
ethanol-containing diet consisted of 19.4% (per weight basis) protein
as casein, 51.0% carbohydrate as sucrose, 13.2% olive oil, 3.6% corn
oil, 4.5% celtulose, 2.9% mineral mix, 1.1% vitamin mix, 0.3% choline
bitartrate, and 4% ethanol (Oriental Yeast Co., Ltd, Tokyo, Japan).
The control diet was replaced ethanol with isocaloric sucrose. PPC
was provided from Alfresa (Osaka, Japan), and mixed in with the diet.
Ethanol concentrations were raised gradually from 2% to 4% over the
first month and maintained at 4% for the remainder of the administra-
tion period. Dietary intake was recorded every day and body weight
was measured once a week, Six months after commencing treatment,
all mice were sacrificed under anesthesia. After obtaining portal blood,
livers were removed and weighed. All animal experiments were con-
ducted in accordance with animal study protocols outlined in the
“Guide for the Care and Use of Laboratory Animals” prepared by
the National Academy of Sciences and approved by Shinshu Univer-
sity School of Medicine.

2.2. Measurement of plasma ethanol concentrations

To ascertain the amount of ethanol intake, blood was obtained
from a tail vein at the same time (AM 10:00) of the first day of each
month, and plasma ethanol concentration was determined using the
vial equilibration method, as described elsewhere [7].

2.3. Preparation of nuclear and cytosolic fractions

Nuclear and cytosolic fractions were prepared as described previ-
ously [12].

2.4. Immunoblot analysis

Protein concentrations were measured colorimetrically with a
BCA™ Protein Assay kit (Pierce, Rockford, IL, USA). For analysis
of NF-xB, nuclear fractions (100 pg of protein) were subjected to
10% SDS-polyacrylamide gel electrophoresis (SDS-PAGE). For anal-
ysis of other proteins, whole lysate or cytosolic fractions (50-100 pg of
protein) were subjected to 8-10% SDS-PAGE [12-15]. The samples
were obtained from all Ppara_/_ mice (n =6 in each group). In each
electrophoresis assay, samples from three different mice in the same
group were loaded. After electrophoresis, the proteins were transferred
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to nitrocellulose membranes and incubated with the primary antibody
followed by alkaline phosphatase-conjugated goat anti-rabbit IgG.
Antibodies raised against cytochrome P450 2E1 (CYP2E1), acyl-coen-
zyme A oxidase (AOX), and catalase were described previously [4,7).
Antibodies against other proteins were purchased commercialty (BD
Transduction Laboratories, San Diego, CA, USA for cytochrome ¢
antibody, Cell Signaling Technology, Beverly, MA, USA for phos-
phorylated kinases, and Santa Cruz Biotechnology, Santa Cruz, CA,
“USA for others). The antibody against protein kinase C (PKC) recog-
nized all PKC isoforms. Actin or histone H1 bands were used as load-
ing controls. Band intensity was measured densitometrically,
normalized to that of actin or histone H1, and expressed as fold change
relative to that of Ppara” ~ mice fed a control Lieber-DeCarli liquid
diet without addition of PPC. For confirmation of data reproducibil-
ity, immunoblot analysis using the same samples was done twice. Sim-
ilar immunoblot analysis was also performed with the remaining three
samples from each group. Overall, four independent assays were car-
ried out for each target molecule and the data of 12 band intensities
were obtained for each group and subjected to statistical analysis.

2.5. Analysis.of mRNA

Total liver RNA was extracted from all Ppara ™/~ mice (=6 in
each group) using an RNeasy Mini Kit (Qiagen, Tokyo, Japan), and
cDNA was generated by SuperScript II reverse transcriptase (Gibco
BRL, Paisley, Scotland) [16]. Quantitative RT-PCR was performed
using a SYBR green PCR kit and ABI Prism 7700 Sequence Detection
System (Applied Biosystems, Foster City, CA, USA). The primer pairs
used are shown in Supplementary Table 1. Measured mRNA levels
were normalized to glyceraldehyde-3-phosphate dehydrogenase (GAP-
DH) mRNA levels, and expressed as fold change relative to those of
Ppara'~ mice fed a control Lieber-DeCarli liquid diet without addi-
tion of PPC,
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Fig. 1. General effects of PPC in 4% ethanol-treated mice. Male wild-
type (+/+) and Ppara-null (—/—) mice were pair-fed a control- or 4%
ethanol (EtOH)-containing liquid diet with or without PPC (30 mg/kg/
day) for six months. The body weights (A), the degrees of hepatomegaly
and liver TG accumulation (B and C), and serum levels of AST and ALT
(D and E) are shown. Results are expressed as mean  SD (# = 6/group).
P <0.01; "P <0.05.

2.6. Histological evaluation

Small blocks of liver tissue from each mouse were fixed in 4% para-
formaldehyde in phosphate-buffered saline and embedded in paraffin.
Sections (4 pm thick) were stained with hematoxylin and eosin or
Azan-Mallory method. At least three discontinuous liver sections were
evaluated in each mouse, Histological findings were scored by an inde-
pendent pathologist in a blinded fashion according to the following cri-
teria: (1) grade of steatosis: 0, none; 1, mild (5-33% of parenchymal
involvement by steatosis); 2, moderate (33-66%); 3, severe (>66%); (2)
activity of inflammation: 0, none; 1, mild; 2, moderate; 3, severe; and
(3) stage of fibrosis: 0, none; 1, mild perisinusoidal fibrosis mainly in zone
3; 2, moderate perisinusoidal fibrosis in zone 3; 3, perisinusoidal or por-
tal/periportal fibrosis; 4, perisinusoidal and portal/periportal fibrosis.
The overall inflammation score was expressed as the sum of portal (0~
3) and lobular (0-3) inflammation scores and ranged from 0 to 6. The
number of necrotic foci was counted in 20 randomly selected 200x
microscopic fields per section and expressed as number per square milli-
meter [17]. The number of neutrophils infiltrating into liver lobuli was
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Fig. 2. Effects of PPC on liver histology in 4% ethanol-treated mice. (A)
Light micrographs of liver stained by hematoxylin and eosin method.
Upper and lower rows in each genotype show a magnification of 100x
and 400x, respectively. Macrovesicular steatosis was found in all groups,
but intralobular and periportal inflammations (arrows) were evident only
in ethanol (EtOH)-fed Ppara-null (—/—) mice without PPC freatment.
(B-E) Semiquantitative evaluation of histological findings. These assays
were carried out as described in Section 2. Results are expressed as
mean * SD (1 = 6/group). **P < 0.01; P < 0.05,
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counted in 20 randomly selected 400 x microscopic fields per section and
expressed as number per high-power field. To assess hepatocyte apopto-
sis, the terminal deoxynucleotidyl transferase-mediated deoxyuridine
triphosphate nick-end labeling (TUNEL) assay was performed using
MEBSTAIN Apoptosis Kit II (Medical & Biological Laboratories,
Nagoya, Japan)., Two-hundred hepatocytes were examined in each sec-
tion, and the number of TUNEL-positive hepatocytes was expressed
as a percentage [12].

2.7. Other methods

Assays for enzymatic activity were carried out as described previously
[7,18]. Plasma concentrations of aspartate and alanine aminotransferase
(AST and ALT) were examined using a GOT and GPT-test kit (Wako),
respectively. Plasma LPS level was measured by means of an endotoxin sin-
gle-test kit (Wako). Total hepatic lipids were extracted according to a
method by Folch et al. [19], and levels of triglycerides (TG) and lipid perox-
ides [malondialdehyde (MDA) and 4-hydroxynonenal (4-HNE)] were
measured with a Triglyceride E-test (Wako) and LPO-586 kit (OX1S Inter-
national, Portland, OR, USA), respectively.

2.8. Statistical analysis

Statistical analysis was performed using the two-tailed Student’s #-
test. Quantitative data were expressed as mean = standard deviation
(SD). A probability value of less than 0.05 was considered to be statis-
tically significant.

3. Results
3.1. General effect of PPC in 4% ethanol-fed mice

All mice survived treatment and the body weights of
mice did not differ in each genotype (Fig. 1A). Although
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liver TG contents were increased in wild-type and
Ppara™'~ mice fed a 4% ethanol-containing diet, hepato-
megaly and significant elevation of serum AST and ALT
Jevels were observed only in ethanol-treated Ppara™~
mice (Fig. 1B, D, and E), which were consistent with
the previous report (7). In histological examinations,
focal necrosis of hepatocytes and infiltration of inflam-
matory cells, mainly neutrophils, were detected only in
Ppara™'~ mice fed the liquid diet containing ethanol,
but ballooned hepatocytes or Mallory’s hyaline were
not found (Fig. 2A, C-E). Moderate-to-severe macrove-
sicular steatosis was seen in all groups (Fig. 2A and B).
PPC did not have any effects on hepatomegaly or hepa-
tic TG accumulation (Fig. 1B and C), but significantly
improved serum AST and ALT levels (Fig. 1D and E)
and activity of hepatitis (Fig. 2A, C-E) in ethanol-fed
Ppara“/ ~ mice. These results demonstrate that PPC
could alleviate ethanol-induced hepatocyte damage
and hepatitis occurred specifically in Ppara™'~ mice.

3.2. Effect of PPC on ethanol metabolism

To explore the mechanism of PPC action on ALD
in Ppara™/~ mice, we first examined the changes in
ethanol-metabolizing enzymes in the liver. Plasma eth-
anol concentrations were similar between Ppara_/ -
mice fed ethanol-containing diets with or without
PPC (36 + 12 vs. 34 + 14 mM at one month; 45+ 12
vs. 44+10mM at 2 months; and 4646 vs.
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Fig. 3. Analyses of factors associated with ethanol metabolism in Ppara™~ mice. (A~C) Blood concentrations of ethanol (EtOH, A) and hepatic activities
of ADH (B) and ALDH at low (0.5 mM) and high (5.0 mM) acetaldehyde concentrations (C). Results are expressed as mean * SD (n = 6/group).
**P < 0.01. (D) Immunoblot analysis of CYP2E1. Whole liver Iysates (50 pg of protein) obtained from three different mice in each group were loaded.
Actin was used as the loading control. The bands shown are representative of four independent experiments. Band intensity was quantified
densitometrically, normalized to that of actin, and subsequently normalized to that in control Ppara™'~ mice. Results are expressed as mean £ SD (1 = 6/
group). *“P < 0.01. (E) Hepatic activities of CYP2EL. Results are expressed as mean + SD (n = 6/group). ~*P < 0.01. (F) Levels of CYP2E1 mRNA.
CYP2E1 mRNA levels were normalized to those of GAPDH and subsequently normalized to those in control Ppara™'~ mice, Results are expressed as

mean £ SD (n= 6lgroup).
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47 + 14 mM at 4 months), as well as those at the end-
point (Fig. 3A). Although PPC did not change the
levels of alcohol dehydrogenase (ADH) or aldehyde
dehydrogenase (ALDH) activity (Fig. 3B and C), it
normalized increases in the expression and activity
of CYP2E1 (Fig. 3D and E). Quantitative RT-PCR
analysis revealed that the changes in CYP2E] expres-
sion were due to a post-transcriptional mechanism
(Fig. 3F).

3.3. Effect of PPC on hepatic oxidative stress

To test whether PPC modified the ROS production
caused by ethanol intake, the hepatic content of lipid
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peroxides MDA and 4-HNE were determined. As
expected, PPC halted increases in these byproducts
(Fig. 4A and B). PPC diminished the induction of
ROS-generating enzymes AOX and NADPH oxidase
NOX-2 (Fig. 4C), and the same was true for changes
in their mRNA levels (Fig. 4D). Furthermore, PPC
alleviated the increases in NOX-4 (Fig. 4C). On the
other hand, PPC did not influence either the expres-
sion of ROS-eliminating enzymes, such as Cu, Zn-
superoxide dismutase (SOD), Mn-SOD, catalase, and
glutathione peroxidase (GPx), or the activities of
SOD and GPx (Fig. 4C, E, and F). Additionally,
PPC did not have any impact on the activity of gluta-
thione S-transferase or glutathione content in the liver
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Fig. 4. Ethanol-induced increases in oxidative stress were inhibited by PPC treatment in Ppara™'~ mice. (A) Hepatic contents of lipid peroxides. Results
are expressed as mean  SD (a = 6/group). ~*P < 0.01. (B and C) Immunoblot analysis of 4-HNE and ROS-generating and ROS-eliminating enzymes.
The same samples used in Fig. 3D (whole liver lysate, 50 pg of protein) were adopted. The bands shown are representative of four independent

experiments. Band intensity was quantified densitometrically, normalized to that of actin, and subsequently normalized to that in control Ppara

~~ mice.

Results are expressed as mean  SD (n = 6/group). A and B bands of AOX, full-length and truncated AOX, respectively; “P<0.01; "P <0.05. (D)

Levels of AOX and NOX-2 mRNA. The mRNA levels were normalized to those of GAPDH and subsequently normalized to those in control Ppara

-

mice. Results are expressed as mean + SD (1 = 6/group). *"P < 0,01. (E and ¥) Activities of SOD and GPx in the liver. *"P < 0.01; *P < 0.05.
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(data not shown). Overall, it appears that PPC con-
tributed to decreases in ethanol-derived oxidative
stress by inhibiting the overexpression of ROS-gener-
ating enzymes, but not by reinforcing anti-oxidant
defense capacity.

3.4. Effect of PPC on kinase phosphorylation

Since ROS can serve as a second messenger in sig-
nal transduction by activating various stress kinases,
the degree of phosphorylation of these enzymes was
examined.  Continuous  ethanol  administration
increased the phosphorylated forms of apoptosis sig-
nal-regulating kinase 1 (ASK1), p38 mitogen-activated
protein kinase (p38 MAPK), PKC, and phosphatidyl-
inositol-3 kinase (PI3K) (Fig. 5). However, PPC sig-
nificantly suppressed the increases in each of these
proteins (Fig. 5).

3.5. Effect of PPC on the NF-kB-mediated signaling
pathway

PPC normalized the increases in NF-kB subunits
p65 and p50 in hepatocyte nuclei of ethanol-fed mice
(Fig. 6A). To determine whether the activation of NF-
kB was the result of degradation of IxB-o, an inhibi-
tor of NF-xB, the expression of IxB-a and its phos-
phorylated form (p-IxB-o) was assessed by
immunoblot analysis. Ethanol caused marked
decreases in IkB-o and increases in p-IxB-o, but
PPC corrected these changes (Fig. 6B), thus ameliorat-
ing the ethanol-enhanced increases in mRNA levels of
NF-«B-regulated genes, including TNF-a, IL-1B,
cyclo-oxygenase 2 (COX-2), inducible nitric oxide syn-
thase (INOS), intercellular adhesion molecule 1
(ICAM-1), and monocyte chemotactic protein 1
(MCP-1) (Fig. 6C). Collectively, these results indicate
that PPC significantly attenuated NF-xB activation
and the resultant pro-inflammatory responses induced
by persistent ethanol consumption.

3.6. Effect of PPC on the LPS-mediated signaling
pathway

Since gut-derived LPS is also known to be a potent
activator of NF-xB, the effect of PPC on portal LPS
concentrations was examined. These concentrations
were raised by the end of the treatment period in etha-
nol-fed mice, but were not improved by PPC
(Fig. 7A). On the other hand, PPC suppressed etha-
nol-induced increases in mRNA levels of TLR4 and
CD14 (Fig. 7B). The mRNA levels of myeloid differen-
tiation factor 88 (MyD88), an essential adapter molecule
that.combines with TLR4/CD14, remained unchanged
in all groups (Fig. 7B). PPC appears to prevent etha-
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Fig. 5. Immunoblot analysis of representative stress kinases and their
phosphorylated forms using Ppara—'~ mouse livers. The same samples
used in Fig. 3D (whole liver lysate, 100 pg of protein) were used. The
bands shown are representative of four independent experiments. The
band intensity of phosphorylated proteins was quantified densitometric-
ally, normalized to that of the corresponding total protein, and
subsequently normalized to that in the EtOB-fed Ppara™'~ mice without
PPC treatment since phosphorylated proteins could not be detected in
controls. Results are expressed as mean £ SD (n = 6/group). p, phos-
phorylated protein; t, total protein; ~P < 0.01.

nol-induced amplification of the LPS-mediated signaling
pathway.

3.7. Effect of PPC on hepatocyte apoptosis

PPC significantly decreased the number of TUNEL-
positive hepatocytes and caspase 3 activity in ethanol-
fed mice (Fig. 8A-C). PPC also suppressed increases
in Bax and truncated Bid (Fig. 8D) and blocked activa-
tion of mitochondrial permeability transition (MPT), as
revealed by the absence of cytochrome ¢ leakage to the
cytoplasm (Fig. 8E). In contrast, PPC did not influence
the expression of anti-apoptotic proteins, such as Bel-2
and Bcl-xL (Fig. 8D).

3.8. Effect of PPC on hepatic fibrosis

Lastly, PPC inhibited perisinusoidal fibrosis in chron-
ically ethanol-administered mice (Fig. 9A and B). This
finding was corroborated by quantification of collagen
type 1 al (COL1A1) mRNA levels (Fig. 9C). PPC also
inhibited ethanol-induced increases in the expression of
pro-fibrotic cytokines transforming growth factor-B1
(TGF-B1) and TGF-q, as well as that of a-smooth muscle
actin (aSMA), an indicator of hepatic stellate cell activa-
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tion (Fig. 9D). Taken together, these results demonstrate
that PPC exhibited an anti-fibrotic effect against ALD.

4, Discussion

The present study characterized the diverse hepato-
protective effects of PPC on ALD in Ppara™~ mice.
Namely, we identified a novel and unique mechanism
involving attenuation of hepatic ROS generation
through down-regulation of CYP2E1l, AOX, NOX-2,
and NOX-4. Such action differs from that of well-known
anti-oxidants tocopherol and S-adenosyl methionine,
which restores glutathione content {1,20]. The peculiar
properties of PPC to inhibit ROS production are consid-
ered to be essential in the down-regulation of several sig-
nal transduction pathways activated by ethanol, ie.,
ROS-PKC-PI3K-NF-xB, ROS-ASK1-p38 MAPK,
ROS-TLR4/CD14, and ROS-Bax/tBid-MPT activation.

These findings enabled us to propose detailed mecha- -

nisms of the anti-oxidant effect of PPC.

Chronic ethanol exposure leads to a metabolic shift
from ADH to CYP2E! in the liver, which is largely
responsible for the overproduction of ROS {1-3]. Our

results demonstrated that ethanol significantly increased
hepatic CYP2E] expression at the post-transcriptional
level in mice. Chronic ethanol consumption is also
known to cause protein accumulation in hepatocytes
because of decreased protein-catabolizing ability in pro-
teasomes [21]. Considering that there was an inverse cor-
relation between proteasomal activity and hepatic
amounts of lipid peroxides [22], as well as the fact that
decreases in proteasomal activity were not detected in
ethanol-fed CYP2E1-knockout mice [23], we can specu-
late that CYP2El-derived oxidative stress plays an
essential role in proteasomal dysfunction in ALD. Since
CYP2EL1 itself is also degraded by proteasomes [24], eth-
anol-induced oxidative stress may down-regulate the
proteasomal degradation pathway and increase
CYP2E] expression, thus further overproducing ROS.
The finding that PPC can discontinue this vicious cycle
is consistent with recent evidence that choline facilitates
proteasomal degradation of phosphoethanolamine
methyltransferase [25]. However, it remains to be eluci-
dated how either PPC or choline improvés proteasomal
activity.

A novel and unexpected result in this study was that
AOX mRNA levels, encoding a rate-limiting enzyme in
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the peroxisomal B-oxidation pathway, were increased in
ethanol-fed Ppara™'~ mice but normalized by PPC. The
same alterations were confirmed in the expression of
other peroxisomal enzymes, such as peroxisomal hydra-
tase and thiolase (data not shown). Since these enzymes
are known to be induced by PPARa activation [4], it is
plausible that PPARo-independent mechanisms also
exist to induce such enzymes [26]. Indeed, Latruffe
et al. previously showed that PKC activation might be
associated with increases in mRNA levels of peroxi-
somal B-oxidation enzymes [27]. PKC was markedly
phosphorylated in ethanol-treated Ppara™~ mice,
implying that ethanol-derived ROS may have activated
PKC resulting in induction of AOX in a PPARa-inde-
pendent manner, thus generating further ROS. There-
fore, we believe that PPC reduces CYP2El-derived
ROS, prevents activation of PKC, and possibly inhibits
overexpression of AOX.

The observation that PPC inhibits NF-xB activation
is consistent with the previous result that dili-
noleoylphosphatidylcholine decreases acetaldehyde-
induced NF-xB activation and TNF-a generation in
isolated Kupffer cells [9]. NF-xB activated by ROS
and acetaldehyde induces the enhancement of NOX-2
expression, whose gene contains an NF-xB response
element in its promoter region ([28]. Furthermore,
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Fig. 8. Ethanol-induced hepatocyte apoptosis was prevented by PPC treatment in Ppara™'~ mice. (A and B) Apoptotic hepatocytes as determined by
TUNEL staining. Two-hundred hepatocytes were examined for each section, and the number of TUNEL-positive hepatocytes was expressed as a
percentage. Results are expressed as mean  SD (# = 6/group). **P < 0.01. (C) Activity of caspase 3. P < 0,01, (D) Immunoblot analysis of apoptosis-
related proteins. The same samples in Fig. 3D (whole liver lysate, 50 pg of protein) were used. The bands shown are representative of four independent

experiments, Band intensity was quantified densitometrically, normalized to that of actin, and subsequently normalized to that in control Ppara

~= mice.

Results are expressed as.meag & SD (n = 6/group). tBid, truncated Bid; **P < 0.01. (E) Immunoblot analysis of eytochrome ¢ (cyt. ¢). The same samples
used in Fig. 3D (whole liver lysate, 50 pg of protein) and Fig. 6B (cytosolic fraction, 100 pg of protein) were adopted. Results are representative of four

independent experiments.
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NF-xB activation can induce the expression of iNOS,
another major source of ROS. Therefore, activated
NF-xB strongly amplifies generation of ROS, which
further activates oxidative stress-responsive transcrip-
tional factors, including NF-xB itself and activator
protein 1 (AP-1). PPC is presumed to block this harm-
ful spiral.

PPC did not decrease portal concentrations of LPS,
suggesting only a minor contribution to gut flora and
integrity of the intestinal mucosal barrier. On the other
hand, we found for the first time that PPC significantly
suppressed increases in TLR4/CD14 expression, which
probably prevented amplification of LPS-mediated sig-
nals by ethanol. The transcriptional activity of TLR4/
CD14 is enhanced by NF-xB and/or AP-1, whose bind-
ing sites are found in the promoter regions of both genes
[29,30). Moreover, induction of the TLR4 gene can also
result from post-transcriptional stabilization of mRNA
by activation of p38 MAPK [29]. Therefore, the sup-
pressive effect of PPC on hepatic TLR4/CD14 levels
seems to occur through the diminishment of oxidative
stress.

COL1A1 and COL1A2 genes, encoding collagen type
1 ol and o2 chains, respectively, are highly sensitive to
ROS. The COL1A2 promoter possesses TGF-f1-,
TNF-o-, and NF-kB-binding sites, and its transcription
is reported to be activated through a lipid peroxidation-
PKC-PI3K-NF-xB-driven mechanism [31]. Thus, PPC
is suspected to inhibit collagen synthesis by reducing

mice. Results are expressed as mean + SD (1 = 6/group). ~*P < 0.01.

ROS, down-regulating TGF-B1, and inactivating the
PKC- PI3K-NF-kB-mediated pathway.

It is quite noteworthy that PPC markedly corrected
the increases in hepatic NOX-4 expression caused by
chronic ethanol consumption. Because of trace amounts
of NOX-4 in normal livers, little information has been
available regarding the contribution of this NOX iso-
form to various liver diseases. However, a recent study
demonstrated a central role in the process of TGF-B-
induced hepatocyte apoptosis [32]. Furthermore, over-
expression of NOX-4 was detected in the livers of
human ALD [33]. Thus, down-regulation of NOX-4
by PPC is considered to be one of the molecular mech-
anisms of its anti-oxidant and anti-apoptotic properties.

It has been reported that the expression of molecules
contributing to fibrogenesis (TGF-B1, COL1Al, and
aSMA) and inflammation (MCP-1) was significantly
up-regulated in human livers with alcoholic hepatitis,
and was strongly correlated with disease severity [33].
Since these increases were also found in 4% ethanol-
fed Ppara™~ mice, the mechanism documented in the
present study might, at least in part, apply to human
ALD. Although there was a trend towards improvement
of serum ALT levels in PPC-treated groups in a long-
term trial in patients with alcoholic cirrhosis, the full
spectrum of PPC benefits have not been evaluated
appropriately because of the dramatic reduction in alco-
hol consumption in the treated and placebo groups [34].
Thus, PPC might deserve re-examination for its efficacy
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in patients with alcoholic hepatitis, especially in non-cir-
rhotic ones.

In conclusion, we were able to uncover the precise
mechanism of PPC in the amelioration of ethanol-
induced oxidative stress, which was distinct from other
anti-oxidants. These data raise the possibility that PPC
might be beneficial in chronic liver diseases associated
with increased oxidative stress, including ALD, nonal-
coholic steatohepatitis, and chronic hepatitis C [35,36].
Further studies are needed to confirm the efficacy of
PPC against these diseases.
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A case of well-differentiated cholangiolocellular carcinoma
visualized with contrast-enhanced ultrasonography

using Sonazoid

Satoru Joshita," Tetsuya Ichijo,' Fumitaka Suzuki,? Takahide Yokoyama,? Yukiko Sugiyama,?
Mana Fukushima,* Atsushi Kamijo," Michiharu Komatsu,' Takeji Umemura,’
Kaname Yoshizawa,' Shinichi Miyagawa? and Eiji Tanaka'

'Department of Internal Medicine, Division of Gastroenterology and Hepatology, Department of Surgery,
*Department of Radiology and “Department of Laboratory Medicine, Shinshu University School of Medicine,

Matsumoto, Japan

We here report the first case of cholangiolocellular carcinoma
(CoCC) visualized with contrast-enhanced ultrasonography
(CEUS) using a second-generation contrast agent, Sonazoid. A
76-year-old man was admitted to our hospital for evaluation
of a hepatic tumor. The tumor was described as having hyper-
enhancement in the early phase and persistent enhancement
in the late phase by contrast-enhanced computed tomogra-
phy (CT) and magnetic resonance imaging (MRI), as well as
hypervascularity by angiography. CEUS assessment of the
nodule showed diffuse and homogeneous enhancement in

the pure arterial phase, which became progressively hypo-
echoic relative to the adjacent liver parenchyma during the
portal vein and late phases (mixed vascular phase), and
showed a contrast defect with an unclear border in the
Kupffer phase. Histologically we diagnosed this hepatic
tumor as CoCC. In light of the above findings and the rarity
of CoCC, it is helpful to incorporate the results of several
imagings, such as CT, MRI, angiography and CEUS with a
second-generation contrast agent when clinically diagnosing
CoCC.

INTRODUCTION

HOLANGIOLOCELLULAR CARCINOMA (COCC)

was first reported as an adenocarcinoma originat-
ing from the ductules/canals of Hering.! Considered to
be derived from hepatic stem cell carcinoma,? CoCC is
categorized as a subtype of cholangiocellular carcinoma
(CCC) based on criteria from the World Health Organi-
zation (WHO).? In Japan, CoCC was classified as an
independent primary liver cancer in 2008.* CoCC has
been reported to account for approximately 1% of
primary liver cancers.' In a Japanese study, four cases
of CoCC were found in 708 (0.56%) consecutively
resected cases of primary liver cancer.® CoCC can be
dinically misdiagnosed as hepatocellular carcinoma
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(HCC), because many patients are infected with hepati-
tis C or B virus.® Furthermore, the features of CoCC in
ultrasonography have not been fully elucidated.
Contrast-enhanced ultrasonography (CEUS) is a
useful tool for the diagnosis of hepatic tumors’, the
evaluation of malignancy grade and treatment res-
ponse, and CEUS-guided percutaneous local ablation
therapy.”” Injection of Sonazoid (perfluorobutane;
Daiichi-Sankyo, Tokyo, Japan),’® a second-generation
contrast agent for ultrasonography, was approved in
Japan for imaging lesions associated with hepatic cancer
via ultrasound in 2007. However, due to the rarity of
CoCC, few studies combining the findings of CEUS, MRI,
computed tomography (CT) and angiography have been
reported. As such, we here present a case of CoCC that
showed interesting findings under CEUS using Sonazoid.

CASE REPORT

76-YEAR-OLD man was admitted to our hospital
for examination of a hepatic tumor located from
segment 4 to 8. He had seen a doctor regularly since the
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Figure 1 (a) B-mode ultrasonography showed the hepatic nodule as a heterogeneous hypoechoic lesion with an unclear border in
which the middle hepatic vein was seen running through it. (b-e) Contrast enhanced ultrasonography. (b) 26 s (pure arterial
phase) after contrast agent injection, the nodule showed homogeneous hyper-enhancement without invasion of vessels in and
around the tumor. (c) 90 s {portal vein phase) after contrast agent administration, the tumor was isoechoic with the surrounding
tissue. (d) During the late phase (180 s after injection) the nodule became hypoechoic relative to the liver parenchyma. (e) In
Kupffer phase imaging (10 min after injection), it showed a contrast defect with an undlear border.

onset of chronic hepatitis C at 60 years of age. The
nodular lesion was 10 mm in diameter and was first
detected with B-mode ultrasonography and CT three
years before admission, but had neither changed in size
nor imaging characteristics since. The size of the tumor
began slowly enlarging 5 months before admission.

Physical examination on admission was normal.
Laboratory tests were also normal and were as follows:
white blood cell count, 5340/mm;® red blood cell count,
483 x 10*/mm;*® platelet count, 145 000/mm;® pro-
thrombin time (percentage), 94.7%; albumin, 4.6 g/dL;
total bilirubin, 1.1 mg/dL; aspartate aminotransferase,
19 U/L; alanine aminotransferase, 21 U/L; alkaline
phosphatase, 189 U/L; and gamma-glutamyl transpep-
tidase, 24 U/L. Hepatitis B virus surface antigen was
negative and core antibody was low strength positive.
The levels of several serum tumor markers were all
within the normal limits, including o-fetoprotein,
1.3 ng/mL; prothrombin induced by vitamin K absence
or antagonist II, 13 mAU/mL; carcinoembryonic
antigen, 2.1 ng/ml; and carbohydrate antigen 19-9,
20.7 U/mlL.

The hepatic nodule appeared as a heterogeneous hypo-
echoic lesion with an unclear border in which the middle
hepatic vein was seen running through it in B-mode
ultrasonography (Fig. 1a) and Doppler ultrasonography
(EUB-8500; Hitachi Medical Corporation, Tokyo,
Japan). An abdominal CT (LightSpeed VCT; GE Health-
care, Waukesha, WI, USA) showed a 28 mm-wide tumor
with a lobulated edge, diffuse homogeneous enhance-

© 2008 The Japan Society of Hepatology

ment in the early phase and persistent enhancement in
the delayed phase of dynamic contrast imaging (Fig. 2a-
¢). Magnetic resonance imaging (MRI) (Magnetom Trio,
A Tim System; Siemens Healthcare, Erlangen, Germany)
showed low and high intensity nodules in T1 and T2
weighted imaging with fat suppression, respectively
(Fig. 2d,e), with a capsule-like lesion having a mosaic
pattern in early contrast enhancement and persistent
enhancement in the delayed phase (Fig. 2f-i). The tumor
showed no decrease in signal intensity in T2 weighted
images by superparamagnetic iron oxide magnetic reso-
nance imaging (SPIO-MRI) (Fig. 2j) and was seen as
feeding from the hepatic artery (A8) in both angiography
and CT during hepatic arteriography (CTA). It also had
enhanced persistency in the equilibrium phase of angiog-
raphy, and revealed a complete contrast defect in CT
during arterial portography (CTAP) (Fig. 3). These find-
ings suggested that the tumor was neither common HCC
nor CCC. We next performed CEUS using harmonic
ultrasound and a bolus injection of 0.015 mL/kg Son-
azoid and found a more extensive tumor area than the
area shown in B-mode ultrasound, that was diffusely and
homogeneously enhanced from 10 to 40 s in the pure
arterial phase. The lesion became progressively hypo-
echoic relative to the adjacent liver parenchyma during
the portal vein and late phases (mixed vascular phase),
and provided a contrast defect with unclear border in the
postvascular Kupffer phase (Figure 1b-e).

The tumor invasively proliferated in a duct-like con-
figuration without production of mucinous fluid in a
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Figure 2 (a) Precontrast computed
tomography (CT) depicted a hypoat-
tenuating tumor (arrows) measuring
28 mm in diameter between the medial
segment (S4) and anterior superior
segment (88) of the liver. (b) It showed
enhancement in the early phase of
dynamic enhanced CT. {c) It also
showed persistent enhancement in the
delayed phase. (d-e) Magnetic reso-
nance imaging (MRI) showed low and
high intensity nodules in T1 (d) and T2
(e) weighted imaging with fat suppres-
sion, respectively. (f-i) MRI revealed
that the tumor (amow heads) had
mosaic pattern contrast enhancement
in the early phase and persistent
enhancement in the delayed phase: (f)
30s, (g) 60s, (h) 90s, (i) 120 s after
injection of contrast agent. (j) Super-
paramagnetic iron oxide MRI showed
that the tumor had no decrease in
signal intensity in T2 weighted images.

tissue specimen taken by ultrasound-guided biopsy. As
the tumor had mild atypia, immunostaining of hepato-
cyte paraffin 1 (Hep par 1), cytokeratin (CK) 7, CK 19,
epithelial membrane antigens (EMA) and neural cell
adhesion molecule (NCAM) were negative, positive,
slightly positive, strongly positive intraluminally but
negative in the cytoplasm, and slightly positive, respec-
tively. We thus histologically diagnosed the tumor as
being well-differentiated CoCC. (Figure 4a-d)

The patient had a relative contraindication for surgical
tumor resection because of the high risk of cerebrovas-
cular complications due to cervical arteriosclerosis and
his past history of asymptomatic lacunar infarction
detected by brain MRI in preoperative analysis. The
patient first opted for transcatheter arterial embolization
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(TAE), despite warnings that TAE might have no effect
on this type of tumor. Indeed, no changes were seen one
month later. After informing the patient about the
risk of cerebrovascular complications of surgery, we
obtained informed consent and performed an expanded
anterior segmentectomy of the liver with lymph node
dissection. The histological diagnosis after surgery was
the same as the tumor biopsy.

DISCUSSION

HE CLINICAL AND imaging features of CoCC have
not been fully characterized because only a small
number of cases have been previously reported.>&!-1
Most CoCC cases have hyper-enhancement in the early

© 2008 The Japan Society of Hepatology
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phase of contrast enhanced CT or MRI and hypervascu-
larity in angiography.®'® Persistent enhancement in the
late phase of contrast enhanced CT or MRI was also
depicted in some cases,”*!!-13 reflecting slow diffusion of
the contrast agent into the fibrotic component of the
tumor similarly seen in cases with CCC."*

This study is the first to present findings of CoCC
using ultrasonography with injection of Sonazoid. Son-
azoid is a second-generation ultrasound contrast agent
consisting of perfluorobutane gas microspheres stabi-
lized by a membrane of hydrogenated egg phosphatidyl
serine, which imparts more persistency in the blood-
stream after injection than first-generation contrast
agents.” In particular, Sonazoid enables stabilized
images for more than 10 min after injection in the
Kupffer phase, stemming from phagocytosis or trapping
of the Sonazoid microspheres by Kupffer cells.?>*¢ Thus,
common HCC and other metastatic hepatic tumors
present as contrast defect images in the Kupffer phase
because they contain no Kupffer cells, unlike the sur-
rounding hepatic parenchyma.'”*® This was also the case
in our patient; a contrast defect was seen in the Kupffer
phase during CEUS.

© 2008 The Japan Society of Hepatology
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Figure 3 (a) Angiographic examina-
tion showed a hypervascular tumor
(arrows) fed by the anterior superior
branch of the right hepatic artery (A8).
(b) The tumor had persistent enhance-
ment in the equilibrium phase. (c)
Computed tomography during hepatic
arteriography (CTA) showed that the
tumor (arrow heads) was enhanced. (d)
Persistent enhancement was seen in the
delayed phase. (e) It was depicted as a
complete contrast defect by computed
tomography during arterial portogra-
phy (CTAP).

In a report of overt HCC visualized using Sonazoid, a
pure arterial supply was seen in the pure arterial phase,
hypervascularity in the mixed vascular phase and a con-
trast defect in the Kupffer phase.!” Similar characteristics
in the arterial phase of this case were observed, in that
we recognized the tumor with strongly homogeneous
hyperperfusion, which was induced by blood pooling;
assessment of microvessel density using immunohis-
tochemical staining of the biopsy specimen for specific
endothelial cell markers, such as CD 34," showed an
abundance of capillary endothelial vessels in the tumor
(Figure 4e). In contrast, one report on common HCC
using Sonazoid showed fast wash-out in the late vascu-

“lar phase 3 minutes after injection of Sonazoid.'® Visu-

alization of CCC using Sonazoid has yet to be reported
in the English literature. However, it has been reported
using other second-generation contrast agents, and per-
fusion images of almost all cases revealed hyperperfu-
sion in the arterial phase,®* followed by punched-out
contrast defects and relatively rapid wash-out in subse-
quent portal and/or sinusoidal phases.”® The character-
istics of this case in the mixed vascular phase are
comparable to those of common HCC and CCGC, in that
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Figure 4 (a) Microscopic examination
revealed that the tumor was a well-
differentiated adenocarcinoma. The
tumor was composed of small ovoid
nuclei and eosinophilic cytoplasm with
mild atypia and proliferated in an anas-
tomosing pattern of Hering's canal-like
small glands with fibrous stroma. We
could not see production of mucinous
fluid in ducts. Hematoxylin—eosin (HE)
staining x 100. (b) Cells were immuno-
histologically negative to antibodies
against hepatocyte paraffin 1 (Hep Par
1). X 100. (c) They also showed a strong
intraluminal staining pattern of the
gland for epithelial membrane antigens
(EMA) x 100 (d) Cells were slightly posi-
tive for cytokeratin 19. (e} A number of
capillary endothelial vessels stained with
antibody for CD 34 antigens were seen in
the cancerous part (arrows) compared to
the non-cancerous part (arrowheads)
X 25.
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wash-out relatively early in the mixed vascular phase
was described. We cannot generalize that all cases of
CoCC show hyperperfusion in the arterial phase, rela-
tively rapid wash-out in the mixed phase and complete
contrast defect in the Kupffer phase because CoCC can
show several pathologically different patterns.? Further-
more, more cases and comparisons with HCC and CCC
are required to better characterize the images of CEUS
with Sonazoid. Nonetheless, consideration of these
CEUS findings should be helpful to elevate diagnostic
accuracy in patients with CoCC.

In conclusion, our case of CoCC showed homoge-
neous hyperperfusion in the arterial phase, relatively
rapid wash-out in the mixed vascular phase and then
contrast defect with unclear border in the Kupffer phase
using Sonazoid as a contrast agent. Clinicians should
consider a hepatic tumor to be CoCC when the tumor
simultaneously presents phenomena of both HCC
and CCC in imaging tests. Incorporating findings from

CEUS with those of CT, MRI and angiography will be
helpful to better diagnose CoCC. Further studies are
required to clarify the dinical and clinicopathological
features of CoCC.
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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
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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 24, 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 virnlence using
chimeras between human and simian strains of hepatitis
Avirus 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 [gM
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.
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Analysis of HAV genome from patients with severe hepatitis

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-CMYV), 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 A1, 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
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