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Tsujimoto et al. demonstrated reduced contrast effect
and phagocytic activity in vitro in a rat model prepared
by a choline-deficient l-amino acid-defined (CDAA)
diet.’® However, they did not prove it in vivo in a rat
model that the decreased parenchymal enhancement
with Levovist was attributed to phagocytosis by KCs.
Sonazoid (GE Healthcare, Oslo) has also been proven
to be phagocytosed by KCs.'"'> We performed CEUS
using Sonazoid on a rat NASH model prepared by a
methionine choline deficient diet (MCDD)* to evalu-
ate the parenchymal enhancement. The phagocytosis
of Sonazoid by phagocytic cells was observed in vivo in
real time by intravital microscopy. To evaluate and
prove Sonazoid phagocytosis in vitro, isolated and cul-
tured KCs were observed and compared between the
MCDD and control groups. Moreover, to evaluate the
phagocytic capacity of KCs, the uptake of fluorescein
isothiocyanate (FITC)-labeled latex beads was observed
and a quantitative analysis was performed using flow

cytometry.

METHODS

Animals

HIS STUDY PROTOCOL was approved by the

Animal care committee of the Hyogo College of
Medicine, and was performed in conformity with their
institutional guidelines.

Male Wistar rats (190-200 g; SLC Japan, Tokyo), were
housed in the animal facility of the Hyogo College of
Medicine and kept at a controlled temperature of
23 + 1~2°C under 12 h light/12 h dark cycles. Animals
for the NASH model were given free access to tap water
and MCDD (Oriental Yeast, Tokyo). Animals in the
control group had free access to tap water and a normal
laboratory diet (MF diet; Oriental Yeast). Animals on
the 2nd, 4th and 8th weeks of the diet were used. For
observation by intravital microscopy, 25% urethane
(Wako Pure Chemical Industries, Osaka) subcutaneous
anesthesia was used; and for other observations, isoflu-
rane (Takeda Pharmaceutical, Tokyo) inhalation anes-
thesia was used.

Histological examination

The liver tissues were fixed in 10% formalin, and then
stained with hematoxylin and eosin or Azan. Then, the
degree of steatosis, inflammation and fibrosis were
assessed from the tissues using the Brunt's histological
grading and scoring system.
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Preparation of contrast agents and
latex beads

The contrast agent Sonazoid and 2.6% FITC-labeled
latex beads (Polyscience, Warrington, PA) with diam-
eters of 1 pm and 2 pm, were used. They were diluted
with distilled water to 1x 10° microbubbles/mL and
1 x 10° beads/mL, respectively.

Contrast enhanced ultrasound using
Sonazoid

Sonazoid at 0.015puL (approximately 1.5 x 10*
microbubbles)/100g body was injected into the caudal
vein after being diluted with distilled water to a total
volume of 500 UL

CEUS was performed by a Toshiba Aplio (Toshiba
Medical Systems, Tokyo) with a 7.5 MHz linear trans-
ducer. Following conventional B-mode imaging, images
were obtained in Advanced Dynamic Flow (ADF) mode
with a high mechanical index (MI) of 1.0 to cause
destructions of the Sonazoid bubbles. The images were
obtained at a focus depth of 3 cm from the body surface
at a frame rate of 10 frames/second.

Scanning was performed in various planes of the liver
at 20 and 50 min after the Sonazoid injection. This
scanning time was based on evidence that the Kupffer
phase started at approximately 20 min after the Son-
azoid injection when the washout of Sonazoid from the
hepatic vein was observed in a healthy volunteer.’ On
the 2nd, 4th, and 8th weeks of the diet, CEUS was
performed on four animals from each group to see if any
differences in parenchymal enhancement could be
detected depending on the duration of the diet. CEUS
using ADF was performed at 20 min after the Sonazoid
injection to measure the parenchymal intensity within
the region of interest (ROI), which was randomly set in
the depth within the focus area. The average signal
intensity in the liver parenchyma was then calculated
after it was converted to sound pressure using the anti-
log calculation. Scanned images were recorded sepa-
rately as ADF signals and gray scale signals.

Intravital microscopic observation of
phagocytosis by Kupffer cells

Animals in both groups were opened under anesthesia
to expose their livers, and were placed in a prone posi-
tion on a 3 cm diameter transplant platform. A 23 gauge
indwelling cannula was inserted into the caudal vein,
and 500 pL of 150 uL/100 g Sonazoid diluted with dis-
tilled water was administered.
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Preparation and phagocytosis of Kupffer
cells = in vitro study

KCs were isolated from animals in both groups with the
previously published procedure: After anesthetizing the
animals by isofluran inhalation, the portal vein was
cannulated with a 20-gauge needle and the inferior vena
cava was opened and a perfusion circuit was created.

Briefly, liver non-parenchymal cells were isolated
by the pronase-collagenase method as previously
described,'® and eluted fractions were collected using a
Beckman J6-MC centrifuge (Beckman Coulter, Fuller-
ton, CA). The cells were washed, and re-suspended in
Roswell Park Memorial Institute (RPMI) 1640 supple-
mented with 10% fetal bovine serum containing 2-ME
(50 uM), L-glutamine (2 mM), penicillin (100 U/mL)
and streptomycin (100 pg/mL), plated onto plastic
dishes 3.5 cm in diameter, and incubated for 24 h. The
plastic adherent cells (1 x 10°/mL) were then incubated
with 3x10° Microbubble/ml Sonazoid for 30 min.
After washing the plates with culture medium, the
uptake of Sonazoid by the isolated KCs was observed by
inverted microscopy (TE300-HM-2; Nikon, Tokyo) in a
micro-incubator at 37°C in 5% CO,. The microscopic
images were recorded by image analyzing software
(Aquacosmos; Hamamatsu Photonics, Shizuoka). The
Sonazoid microbubbles phagocytosed by the KCs were
then counted.

Observation of phagocytosis by Kupffer
cells - in vivo study

Confocal laser scanning microscopy (CLSM)

Latex beads (diameter: 2 um, concentration: 1 x 10%/kg)
were administered through the caudal vein of animals
from both groups. At 60 min after injection, the animals
were sacrificed by anesthesia overdose to prepare frozen
sections of the liver. The frozen sections were observed
by CLSM (LSM510; Carl Zeiss, Jena).

Flow cytometric quantitative analysis of
phagocytic capacity of Kupffer cells

Prior to the experiment, we determined the gating area
of KCs fraction using purified KCs according to their
forward scatter (FSC) and side scatter (SSC) on a flow
cytometer. Once the gated area for KCs was determined,
it was used for the rest of the experiments. Aliquots of
1 x 10%/kg of FITC-labeled latex beads (diameters: 1 pm
and 2 pum) were injected in both groups. At 1 h after
injection, KCs isolated by the above-mentioned proce-
dure were cultured for 24 h in an incubator at 37°C in
5% CO; to purify the KC fraction and reduce the con-

Kupffer cell phagocytosis and Sonazoid CEUS 825

taminated cells. Following several washes with phos-
phate buffered saline (PBS), KCs adhered to the bottom
of the dishes were detached with 0.25% Trypsin ethyl-
enediaminetetraacetic acid (EDTA; Invitrogen, Tokyo).
They were then centrifuged, and RPMI was added to the
sediment to make a total volume of 1 mL in a culture
tube. KCs in the tube were then analyzed by flow cytom-
etry. The equipment used was a FACScan (BD Bio-
science, San Jose, CA).

Statistics

The statistical significance of the signal intensity change
in both groups was evaluated using a repeated measures
analysis of variance (ANOVA) test. The Kruskal-Wallis
test and Scheffe’s F-test were performed for a compari-
son of the phagocytic capacity of isolated and cultured
KCs between both groups. All data were analyzed by a
statistical software package (SPSS, Chicago, IL).

RESULTS

Changes in liver histology

HE HISTOLOGICAL CHANGES were found as

follows: the MCDD-2wk group revealed inflamma-
tion and steatosis, but no fibrosis. The MCDD-4wk
group showed inflammation, steatosis and slight fibro-
sis, which was equivalent to grade 2/stage 2 of Blunt's
grading/staging system. Inflammation and steatosis
were found in the MCDD-8wk group, and their fibrosis
was more severe than the one in the MCDD-4wk group,
and was corresponding to Blunt's grade 2 /stage 3.

Sonazoid CEUS examination

The signal intensity decreased after Sonazoid injection
in the MCDD group as compared to the control group.
The quantification of the signal intensity at 20 min after
injection is shown in Figure 1. The parenchymal inten-
sity in the control group was —5.0 and —5.5 at 20 and
50 min after Sonazoid injection, respectively, but was
-13.0 and -13.3 in the MCDD-4wk group, respectively.
In the control group, the intensity decreased slightly to
-3.5dB, —4.8dB and -5.5dB on the 2nd, 4th and 8th
weeks of administration, respectively. In contrast, in the
MCDD group, the intensity decreased according to the
duration of the diet administration as to —-11.5dB,
-13.0dB and -20.5dB on the 2nd, 4th and 8th weeks,
respectively; this was a significant difference between the
groups (P < 0.05) (Figs 1,2).
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Conventional B-mode

Control

MCDD

Time course change of Sonazoid
phagocytosis observed by intravital
microscopy

Five animals from each group were compared. Particles
appeared on the sinusoidal wall were observed almost
simultaneously at Sonazoid administration, and then
the uptake of Sonazoid by phagocytic cells on the sinu-
soidal wall was recorded using a fixed camera in the
view area of the portal vein before Sonazoid injection
until 30 min after injection (Fig. 3). The time course was
observed by intravital microscopy for 30 min after the
Sonazoid injection, and showed that the number of
Sonazoid microbubbles phagocytosed by the KCs kept
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Figure 2 Liver parenchymal intensity (dB) of Sonazoid CEUS
on control and MCDD rats at 2 weeks, 4 weeks and 8 weeks of
diet administration. The vertical axis is the signal intensity (dB)
and the horizontal axis is the duration of diet administration.
The parenchymal intensity in the MCDD group showed a
decrease as compared with the control group at -11.5dB,
—13dB and -20.5dB at the 2nd, 4th, and 8th weeks after
administration, respectively (P < 0.05).
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50 min

Figure 1 Abdominal US B-mode
images (Aa, Ba) and Sonazoid CEUS
images (Ab, Ac, Bb, Bc) of control rats
(Aa-c) and MCDD-4wk fed rats (Ba-c).
The hepato-renal echo contrast was
greater in the MCDD rat group as com-
pared with the control group. The livers
in the control rats were clearly
enhanced until 50 min after injection.
In contrast, the enhancement of the
liver decreased in the MCDD rats at
both 20 and 50 min after injection.

increasing in the control group. However, in the MCDD
group, only several Sonazoid microbubbles were phago-
cytosed by the KCs (Fig. 4).

Phagocytosis of FITC-labeled latex beads by
Kupffer cells - in vivo

CLSM observations

The number of FITC-labeled latex beads phagocytosed
by the KCs and stained as fluorescent green was
compared between the two groups. The number of
fluorescent-green phagocytosed latex beads in the
MCDD group decreased in comparison with the control
group, and this suggested decreased phagocytic capacity
of the Kupffer cells in the MCDD group (Fig. 5).

Phagocytosis of isolated Kupffer cells — in vitro

The inverted microscopic observation of isolated and
cultured KCs with Sonazoid is shown in Figure 6.
Significant differences were found between the control
group and each week of the MCDD groups, and also
between the MCDD-2wk and MCDD-8wk groups and
between the MCDD-4wk and MCDD-8wk groups
(P<0.01) (Fig. 6).

Phagocytosis capability by flow cytometric analysis

Flow cytometric analysis was performed to quantify the
phagocytic capacity of isolated and cultured KCs, which
were treated with fluorescent latex beads. The phagocy-
tosis rate in the control group was 88%, and many latex
beads were ingested. In contrast, the rate was 61% in the
MCDD-2wk (B), 37% in the MCDD-4wk (C) and 27%
in the MCDD-8wk (D) groups, where the phagocytic
capacity had decreased in proportion to the duration
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Control rat

Kupffer cell phagocytosis and Sonazoid CEUS 827

MCDD rat

Figure 3 Intravital microscopic observation at 30 min after Sonazoid injection. A number of Sonazoid were phagocytosed by
phagocytic cells in the control group; whereas a couple of them were phagocytosed in the MCDD-2wk group.

of the MCDD administration. The phagocytosis index
(expressed by the number of KCs which phagocytosed
beads/the total number of KCs) in the MCDD group was
also lower than in the control groups at every duration
of the MCDD administration (Fig. 7). This finding
revealed that the phagocytic capacity started to decrease
at the early stages of the disease, and kept on decreasing
week by week.

N
(=)

[ Control a ——
MCDD < -----

-
(&)

o

Number of sonazoid
o
o

: : : : : e
e e i et s Sttt AN

o

1 3 5 7 10 15 20 30
Period of time (min)

Figure 4 Time-course change in the phagocytosis of Sonazoid.
The number of Sonazoid microbubbles phagocytosed by the
KCs was plotted at 1, 3, 5, 7, 10, 15, 20 and 30 min after the
Sonazoid injection. The control group is shown with a solid
line and the MCDD-2wk group is shown with a broken line.
Significant difference was seen in the two groups (P < 0.001).
In the control group, the phagocytosis of Sonazoid increased
up to 30 min after Sonazoid injection. In the MCDD-2wk
group, only a couple of Sonazoid microbubbles were phago-
cytosed over a couple min after the injection.

DISCUSSION

ASH HAS BEEN increasing worldwide, and is the
most common form of non-alcoholic/non-viral
liver disease in the United States and European coun-
tries.'® NAFLD was once considered a benign, reversible
condition, and therefore was often left untreated.
However, since NASH was introduced by Ludwig, a
strong risk of this disease progressing to cirrhosis and
hepatocellular carcinoma has been identified.!”* In the
United States, an estimate shows about 30% of the
population has NAFLD, and about 10% of these NAFLD
patients has NASH.'” In countries other than the United
States, many people are believed to be developing
NASH as their diets become Westernized.'®
Ultrasonography is used for various organs as a non-
invasive diagnostic modality. Ultrasound diagnosis
with an intravenous contrast agent is also widely used,
and has become indispensable especially in diagnosing
the liver diseases.’”® The sonographic features of
NAFLD including NASH are a high-level echo, a bright
liver, vascular blurring, deep attenuation and hepator-
enal contrast.?** Abdominal computerized tomogra-
phy (CT), which provides a more objective assessment,
diagnoses NAFLD when the liver to spleen ratio (L/S
ratio) is less than 0.9.% Thus, the diagnosis of NAFLD
could be easily made by these imaging modalities,
although distinguishing NASH from NAFLD is consid-
ered to be difficult by means of only imaging modali-
ties and blood tests or an invasive liver biopsy is
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required.*® Given the prevalence of NAFLD patients,
which has been reported to be as high as 30% of
adults who get a medical checkup,** establishing non-
invasive and reliable methods for diagnosing NASH is
urgently needed. In the past, we have reported the use-
fulness of CEUS diagnosis using Levovist to distinguish
NASH from NAFLD® because it is not realistic to
perform liver biopsies for so many NAFLD patients.
The diagnosis is made possible by the fact that the
liver parenchymal enhancement significantly decreases
in NASH patients at 20 min after Levovist injection
during the delayed parenchymal phase. One suspected
reason for this is the decreased phagocytic capacity of
KCs in NASH.” Levovist was proven to be phagocy-
tosed by KCs.!' Furthermore, a study using latex beads
on a rat NASH model prepared by a CDAA diet also
showed reduced KC phagocytic function, with no
changes in the KC numbers, in which the decreased
parenchymal contrast effect was possibly attributed
to a decrease in the phagocytic capability of KCs,
although it did not prove that Levovist itself was
phagocytosed by KCs.' Moreover, a recent study
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Figure 5 The animals were sacrificed at
60 min after fluorescent latex beads
injection and were observed by CLSM.
Many latex beads were observed in the
control rats (shown in A) as compared
with the MCDD rats (in B-D). The fluo-
rescent agent of the latex beads is recog-
nized as green.

reported that the engulfment of erythrocytes by KCs
was observed by electron microscopy in a rat NASH
model induced by a high-fat diet.?

Sonazoid is a microbubble with a diameter of
2-4 um, and contains perfulbutane gas. It has a phos-
pholipid shell which is negatively charged on its
surface, and is known to be phagocytosed by liver mac-
rophages, the KCs.??® A report showed that 99% of
Sonazoid and 47% of Levovist microbubbles were
phagocytosed by isolated and cultured rat KCs;'' In
other words, Sonazoid is expected to be more readily
phagocytosed than Levovist. In the present study, the
time-course change of KC phagocytosis was investigated
by performing CEUS on both MCDD and control rats
using Sonazoid by intravital microscopy, and by ana-
lyzing isolated and cultured KCs. Sonazoid CEUS per-
formed on a rat NASH model at 20 and 50 min after
Sonazoid injection showed a significant decrease in
enhancement at 50 min (Fig. 1). Using intravital micro-
scopic observation, the Sonazoid continued to be
phagocytosed in the control group, whereas in the
MCDD group, the number of phagocytosed Sonazoid
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Figure 6 The number of Sonazoid microbubbles phagocy-
tosed by isolated KCs in the control group and the MCDD-
2wk, 4wk and 8wk groups were observed by inverted
microscopy. After Sonazoid was added, the isolated KCs were
cultured before observation. The number of Sonazoid
microbubbles phagocytosed by 10 KCs in the control group
was 450.5+48.5, whereas 204.1 £28.7, 150.9 £34.2, and
69.7 £ 29.1 microbubbles were phagocytosed in the MCDD-
2wk, 4wk and 8wk groups, respectively (mean + standard
deviation). Significant differences were found between the
control group and each week of the MCDD groups, and also
between the MCDD-2wk and MCDD-8wk groups and between
the MCDD-4wk and MCDD-8wk groups (P <0.01).

microbubbles by phagocytic cells was few after injec-
tion. Considering that most of phagocytic cells on sinu-
soidal wall are KCs, it is reasonable to think contrast
agent is phagocytosed by KCs in hepatic sinusoids.
Time-course observation also showed the number of
phagocytosed microbubbles by phagocytic cells did not
increase in the MCDD group (Fig. 4). This finding sug-
gests that the phagocytic capability of KCs may start to
decrease during the early stage of NASH, and that could
enable the diagnosis of NASI at an early stage of fibro-
sis. To demonstrate these findings using isolated and
cultured KCs, the number of phagocytosed Sonazoid
microbubbles decreased in the MCDD rats (Fig. 6). In
addition, the number of phagocytosed Sonazoid or
latex beads tended to decrease in proportion to the
duration of the MCDD administration (Fig.5). In
NASH patients, fibrosis is often detected at a late stage
of the disease, because NASH is usually monitored as
NAFLD. However, by using Sonazoid CEUS, the diag-
nosis of NASH could be possible at an early stage, and
this represents a groundbreaking development in NASH
treatment.

Kupffer cell phagocytosis and Sonazoid CEUS 829

Our study also suggested the clinical usefulness of
Sonazoid CEUS in the diagnosis of NASH by demon-
strating that: (i) parenchymal enhancement was
decreased in the delayed parenchymal phase; and (ii)
the phagocytic capacity of Kupffer cells was lowered as
the duration of MCDD administration increased. Con-
sidering that Sonazoid is specifically phagocytosed by
Kupffer cells, the quantification of phagocytic capacity
should also be possible.

Some studies have reported the narrowed sinusoids
seen in steatosis and steahohepatitis disturb the hepatic
microcirculation.?*-3! In particular, the sinusoidal space
of a NAFLD animal model was reduced by up to 50 %
of the size of healthy control animals?' In order to
preclude the possibility that the lowered liver paren-
chymal enhancement was caused by a circulatory dis-
turbance of the contrast agent, latex beads with a
diameter of 1 um, which is smaller than the diameter
of Sonazoid (2 um), were used in the present in vivo
study, since the width of a normal sinusoid is approxi-
mately 5 um. We performed CEUS with Levovist
(4 mL/body) at one minute after Levovist intravenous
injection in the early vascular phase to see if decreased
parenchymal enhancement was associated with the
narrowed sinusoids. Additionally, the parenchymal
enhancement of fatty liver patients, NASH patients and
healthy volunteers at 1 min after Levovist injection
showed a similar intensity in the liver parenchyma in
the early vascular phase (Fig. 8). These results demon-
strated that the decreased enhancement of liver paren-
chyma was not due to the narrowed sinusoids or
circulatory disturbances.

As shown above, our results suggested decreased
Sonazoid-enhanced echogenicity was mainly due to
impaired KC phagocytosis, although narrowed sinuso-
ids could be present in MCDD rats due to fatty liver.
Sonazoid CEUS could become a useful tool to distin-
guish NASH patients from many NAFLD patients.
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Figure 7 Flow cytometric analysis of isolated and cultured KCs after being treated with fluorescent latex beads. The vertical axis is
the KC count and the horizontal axis is the fluorescent intensity. M1 is the number of KCs which did not phagocytose any beads,
and M2 is the number of KCs which phagocytosed beads. The phagocytosis rate was calculated by M2/M1 + M2 (the total number
of KCs). The phagocytosis rate in the control group was 88% and many latex beads were ingested, whereas the rate was 61 % in the
MCDD-2wk (B), 37% in the MCDD-4wk (C) and 27% in the MCDD-8wk (D) groups, where the phagocytic capacity was decreased
in proportion to the duration of MCDD administration.
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ABSTRACT

Background/Aims: We investigated a relationship
between the risk factors for metabolic syndrome,
such as obesity, diabetes mellitus, hypertension,
and hyperlipidemia, and the pathogenesis and out-
come of hepatocellular carcinoma (HCC).
Methodology: One hundred twenty four patients
who underwent curative resections for HCC were
classified into 3 groups: those patients who were
positive for hepatitis B surface antigen (group B),
those positive for antibody to hepatitis C virus
(group C), and those negative for both of them (non-
B non-C) (group NBNC). The preoperative laborato-
ry data, risk factors for metabolic syndrome, history
of alcohol abuse, and outcome after surgery were

investigated. The presence of non-alcoholic
o, sma i
‘llzep:ut;us (ql:IhASI'I) was also evaluated. “
esults: The incidence of diabetes mellitus, hyper-
li;?idemig, and alcohol abuse, and the serum'level of
triglyceride were significantly higher in group
NBNC t'han in groups B or C. The risk factors for
metab.Ohc syndrome tended to lower the survival
m mf g:l-o\g; B an};l C, but not in group NBNC.
of the 37 non-B non-C patients socia
ed with NASH. ? ereas i’
Conclusions: It is suggested that the path i
of no_n-B non.-C HCC may be more clisl.)ealy :sg::;zlt?
ed with the risk factors for metabolic syndrome than
that of hepatitis virus related HCC.

INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the
most common cancers, and its incidence has
increased worldwide (1). Epidemiological studies and
recent molecular biological investigations have
revealed that hepatitis B virus (HBV) and hepatitis C
virus (HCV) infection are major causes of HCC, and
hence numerous basic and clinical studies have been
conducted from the view point of hepatitis virus
infection (1.6). On the other hand, little attention has
been paid to HCC in patients without both hepatitis
B surface antigen (HBsAg) and antibody against
H(;JV (HCVAD), possibly because of the small popula-
tlon of these HCC patients (7-12). However, the num-
ber of HCC patients without apparent hepatitis virus
infection has been increasing, and the so-called non-
B non-C HCC has been the subject of investigation in
recent years (10,11).

Recently, other factors such as obesity and type 2
diabetes mellitus, which were regarded as risk factors

Hepato-Gastroenterology 2008; 55:609-614
© H.G.E. Update Medical Publishing §.A., Athens-Stuttgart

of rpetabolic Fyndmme (MS) (13), have been implicat-
ed in steatosis and fibrosis of the liver, and HCC (14-
18). In addition, although the natural histories of non-
alcoholic fatty-liver disease (NAFLD) or nonalccholic
steatohepatitis (NASH) have remained controversial
they have been considered to be one of the possiblc;
causes of cryptogenic cirrhosis of the liver and HCC
(19-25). However, the relationship between HCC and
NASI:I. as.well as the incidence of HCC developing in
the liver in response to NASH, has not been well
understood. Moreover, the relationship between risk
factors for MS, such as hyperlipidemia and hyperten-
sion, and HCC still remain unclear.

. Ba§ed on this point of view, the present study
investigated the participation of risk factors for MS
in the pathogenesis and progression of HCC, and the
outcome ai‘?.er surgical treatment. Evidence will be
presented indicating that non-B non-C HCC is mere
closely related to those diseases with risk factors for
MS than HCC associated hepatitis virus infection.
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METHODOLOGY

A total of 124 patients who underwent curative
resections for HCC from April 2000 to March 2005
were enrolled in this study, and their medical records
were reviewed retrospectively.

Twenty-six of the 124 patients had already under-
gone prior treatments including surgery, tran-
scatheter arterial (chemo) embolization, and/or abla-
tion therapy for HCC before being referred to our

TABLE 1 The Backgrounds of the 124 Patients

B C NBNC P
N 19 68 37
Age 55.8+11.3 67.846.6 67.7¢8.4 <0.0001*
Gender e/Female 15/4 49/19 30/17
Child-Pugh N.S.
A 18 58 35
1 10 1
[o] 0 0 1
Stage’ NS.
1 1 13 2
I 5 16 12
I 7 27 17
IVA 6 12 6
Liver histology 0.03"
Normal liver 2 0 i
_Chronic hepatitis 8 31 17
Liver cirrhosis 9 37 13
Surgical procedure’ N.S.
Hr0 4 31 12
HrS 8 14 8
Hrl 2 12 9
Hr2 5 10 8
Hr3 [1] 1 0
History of previous treatment 3 18 5

* Stage and surgical procedure were defined according to the general rules
for the clinical and pathological study of primary liver cancer, 4th edition.

" Hr 0: partial resection; Hr S: subsegmentectomy; Hrl: segmentectomy;
Hr2: liver resection of 2 segments; Hr3: liver resection of 3 segments.
N.S.: Not significant; *: B vs. NBNC and C; % NBNC vs. C

TABLE 2 Preaperative Laboratory Data

B Cc NBNC P
AST ( TUL) 58.4+58.0 67.9+37.6 36.7+18.6 <0.001*
ALT ( IU/L) 47.8+25.3 656.6446.4 34.1£19.5 <0.001°
PLT (x104/mm?) 15.5¢5.5 13.747.7  19.6412.2 <0.01*
Total Cholesterol (mg/dL)174.0+46.3 152.1435.9 180.1+39.1 <0.01¢
Triglyceride (mg/dL) 76.0+333 954+ 439 1383+ 81.6 <0.001*

s: NBNC vs. Band C; »: NBNC vs. C; ¢ NBNC and B vs. C

TABLE 3 Assaciated Conditions X

B C NBNC »p

N 19 68 37

Body Mass Index (kg/m?) 22.0+3.1 22.8:3.2 24.1#4.1 N.S.
BMI 2> 25 +/- 4/15 12/56 11/26 N.S.
Diabetes mellitus +i- 1/18 15/563 17720 <0.01°
Hypertension +/- 3/16 32/36 19/18 0.03*
Hyperlipidemia +/- 3/16 11/57 14/23 0.03
Alcohol abuse +/- 6/13 13/55 16721 0.03

BMI: Bedy mass index; N.S.: Not significant; a: NBNC vs. B and C;
b: B vs. NBNC and C; <: NBNC vs. C
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department.

The patients were divided into 3 groups: groups
B, C, and NBNC. Those patients who were positive
for HBsAg but negative for HCVAb were classified
into the group B, and those who were negative for
HBsAg but positive for HCVAb were cldssified ag
group C. The NBNC group was composed of the non.
B non-C patients. In the non-B non-C patients, the
antibody against hepatitis B surface antigen
(HBsAb) and the antibody against hepatitis B core
antigen (HBcAb) were also measured.

We examined the platelet count (PLT) and serum
levels of asparate aminotransferase (AST), alanine
aminotransferase (ALT), total cholesterol (TC), and
triglyceride (TG) preoperatively. In addition, we
investigated the body mass index (BMI), any history
of alcohol abuse and risk factors for MS, which con.
sisted of diabetes mellitus, hypertension, and hyper.
lipidemia (fasting plasma level of TC2220mg/dl,
and/or TG2150mg/dL), in each patient. All of the
patients with diabetes mellitus and/or hypertension
had already been diagnosed and treated before con-
sulting us. Being overweight was defined as a BMI of
25kg/m? or more. A daily ethanol intake of 86g or
more for 10 years was regarded as alcohol abuse.

The liver histology as well as the presence of
NAFLD and NASH was evaluated in the resected
specimens microscopically, especially in those
patients without a history of alcohol consumption
(daily alcohol intake within 20g) in the NBNC group.
If there was moderate to severe macrovesicular
steatosis, hepatocellular ballooning, lobular inflam-
mation with necrosis of the hepatocytes and perisinu.
soidal fibrosis, we considered that NASH was present.
The stage of the HCC was defined according to the
Japanese general rules of primary liver cancer (26).

After surgical treatment, all of the patients were
followed as out patients, and none of the patients
underwent adjuvant therapies. Tumor markers such
as alpha-fetoprotein and protein induced by vitamin
K antagonist-II were measured every month, and
ultrasonography, enhanced computed tomography,
and/or magnetic resonance imaging were performed
every 3 months. If an intrahepatic recurrence was
suspected, computed tomography with angiography
was performed to confirm.

We calculated the cumulative overall and disease
free survival rates in each group, particularly for
those patients with and without risk factors for MS.

The data are expressed as means + standard devi-
ation. Statistical analyses were performed by a one-
way analysis of variance for parametric data, and by
a Kruskal-Wallis test for categorical data among the
three groups. If there was a significant difference on
the Kruskal-Wallis test, a further analysis was per
formed by the Mann-Whitney test with Bonferronis
correction. Both the cumulative overall survival and
disease free survival rates were calculated using the
Kaplan-Meier method, and comparisons were mad¢
by using the log-rank test. A p-value of less than 0.05
was considered statistically significant.
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RESULTS

Of the 124 patients, there were 94 men and 30
women, and the mean age was 65.9:9.0 years (range
30.82 years). The median postoperative follow-up

iod was 18.5 months (range 1-58 months).

The number of patients in groups B, C, and
NBNC were 19 (15.3%), 68 (54.8%), and 37 (29.8%),
respectively. In the NBNC patients, 17 (45.9%) of
patients were positive for HBcAb and 16 patients
were negative for HBcAb. Four patients were not
examined for their HBsAb and/or HBcADb status. The
background of these patients is summarized in
Table 1. The mean age was significantly younger in
group B than in groups C or NBNC (p<0.0001). The
preoperative Child-Pugh scores were not significant-
ly different among the 3 groups, but there was signif-
jcant difference in liver histology (p=0.03); the inci-
dence of chronic hepatitis and liver cirrhosis was sig-
nificantly higher in group C than in groups B or
NBNC. Both the stage of the HCC and the surgical
procedure performed were decided based on the
Japanese rules for HCC (26), and were not signifi-
cantly different among the 3 groups.

Table 2 shows the preoperative laboratory data.
Serum level of ALT was lower and the PLT was sig-
nificantly higher in the NBNC group than in group C.
The serum TG level was significantly higher in the
NBNC group than in groups B or C.

The BMI and number of overweight patients were
not significantly different among the three groups, as
shown in Table 3. The frequency of diabetes mellitus
was significantly higher in the NBNC group than in
either group B or C. The incidences of both hyperlipi-
demia and alcohol abuse were significantly higher in
the NBNC group as compared with group C.

Moreover, we made the same comparisons using
those patients without alcohol abuse to exclude the
influence of alcohol intake (Table 4). Consequently,
we found that the laboratory data were not affected
by alcohol abuse, whereas ratios of having associated
conditions, such as diabetes mellitus, hyperlipi-
flemia, and hypertension, became statistically
Insignificant among the 3 groups.

The cumulative overall survival rates at 1 and 3
Yyears in groups B, C, and NBNC were 88.1% / 66.1%,
71.8% / 58.9%, and 85.5% / 69.8%, respectively (Fig-
ure 1). There were no significant differences among
the three groups (p=0.46). The disease free survival
rates at 1 and 3 years in groups B, C, and NBNC
were 48.5% / 29.1%, 56.5% / 22.56%, and 73.8% /
21.6%, respectively (Figure 2). Although the NBNC
Broup tended to be higher, the differences in the dis-
tase free survival rates among these three groups
Werg not significant (p=0.12). In addition, to estimate
the influence of risk factors for MS on survival after
Surgery, we compared the cumulative overall (Fig-
U2 ) and disease free (Figure 4) survival rates

een those patients with vs. those without risk
factors for MS in each group. In groups B and C,
ere was a trend that the survival rate was better in
those patients without risk factors for MS. On the

without Alcohol Abuse

TABLE Laboratary Data, Liver Histelogy, and Associated Conditions in Patients

B C NBNC p
N 13 55 21
AST (TU/L) 69.0+67.3 68.6£38.0 38.3x19.4  0.01*
ALT (TU/L) 52.6427.1 63.9445.3  39.0:21.6 < 0.05°
PLT (x10¥mmY) 16.3£6.5_ 13.147.9  21.6+14.0 <0.01*
Total Cholesterol (mg/dl) 173.1454.2  151.7430.0 184.6¢38.56 <0.01
Triglyceride (mg/dL) 76.41£34.6 95.3+39.4 124.1+69.7 < 0.05*
Liver histology 0.001®
Normal liver 1 0 5
Chronic hepatitis 5 20 11
Liver cirrhosis 7 35 5 !
Diabetes mellitus _ +/. 0713 11744 7114 N.S.
Hypertension +/- 3/10 27728 9/12 N.S.
Hyperlipidemia +/- 4/9 8/417 6/15 N.S.

N.S.: Not significant; *: NBNC vs. B and C; »: NBNC vs. C

other hand, the survival rate was slightly better with
risk factors for MS in the NBNC group. However,
there were no significant differences between the
groups. In groups B and C, the disease free survival
rate was almost same with vs, without the risk fac-
tors for MS, and they were not significantly different
in each group. In the NBNC group, the disease free
survival seemed to be better in those patients with
the risk factors for MS, but again there was no sta-
tistically significant difference (p=0.24).

Moreover, in the NBNC group, the overall
(p=0.50) and disease free (p=0.15) survival rates were
not significantly different between the two subgroups

‘-
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FIGURE 1
Cumulative overall
survival curves for
HCC after surgery.
The beld line, dotted
line, and thin line
denote groups
NBNC, B, and C,
respectively. There
were no significant
ditferences in the
overall survival rales
among the 3 groups.

FIGURE 2
Disease-free survival
curves for HCC after
surgery. The bold
ling, dotted line, and
thin fine dencle
groups NBNC, B,
and C, respectively.
There were no
significant
differences in the
disease-free survival
rales among the 3
groups.
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with or without HBeAb (data not shown).

Seven out of the 37 patients from the NBNC group
showed various degrees of fatty changes in their live,
histology. Among them, 3 patients who did not have 4
history of alcohol abuse were strongly suspected ¢,
have NASH (8.1%). The clinical features of thege 3
patients with HCC associated with NASH are shoyn,
in Table 5. We estimated both the necroinflammag,.
ry grade and the fibrosis score according to the defip.
itions proposed by Brunt et al. (27). The BMIs of these
three patients were 23.1, 24.8, and 24.4, respectively,
These figures were within the normal range according
to western standards but are considered to be over.
weight by Asian standards (28). Two of the 3 patients
had associated diabetes mellitus, and 1 patient had ng
risk factors for MS.

DISCUSSION

In this study, the background and associated con.
ditions of patients with HCC who underwent surgery
in relation to viral markers was investigated, and
then compared to determine participation of risk fac.
tors for MS in the development of HCC, in particular
non-B non-C HCC. At first, the prevalence of chronic
hepatitis and liver cirrhosis in non-B non-C HCC was
confirmed to be almost the same as in group B, and
was significantly lower than in group C, although
there were no differences in the preoperative Child-
Pugh classifications among the 3 groups.

One of the current topics in this field is the rela-
tionship between obesity and HCC (15,18). In this
study, the mean BMI was less than 25kg/m? in all 3
groups, and there were no significant differences
among them. However, the NBNC group showed the
highest ratio of patients with a BMI greater than
25kg/m?, suggesting the possible participation of obe-
sity in non-B non-C HCC.

This study also demonstrated that patients in
NBNC group had a significantly higher prevalence of
both diabetes mellitus and hyperlipidemia, and their
mean serum TG was significantly higher than groups
B and C. This result showed that non-B non-C HCC
may be strongly associated with metabolic or insulin
resistance syndrome, as suggested in other reports
(16,20). Diabetes mellitus has been recognized as a
risk factor of not only chronic liver disease, but also
HCC (14-17). Bugianesi et al. (20) reported that the
prevalence of diabetes and the plasma levels of both
TC and TG were significantly higher in those
patients with HCC associated with cryptogenic cir-
rhosis than in patients with alcohol and hepatitis
virus infection related HCC. However, in this study,
the prevalence of alcohol abuse was significantly
higher in the NBNC group than in group C. There-
fore, we performed an additional analysis after
excluding those patients with alcohol abuse. Based
on that analysis, no significant difference in the
prevalence of diabetes mellitus and hyperlipidemia
among the 3 groups was found, although the serum
TG and TC levels were still higher. In contrast to
these results, some studies have indicated that alco-
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" Table's Three.cases.of HCC associated with NASH™

Case 1 Case 2 Case 3
.”'f 69 72 79
Gender Male Female Male
M1 (kg/m?) 23.1 24.8 244
Diabetes mellitus - + +
mgnsion - + -
Hpelidema : + +
AST (IU/L) 23 59 59
ALT (TU/L) 23 46 76
PLT (x10¥mm?) 15.6 16 11.8
Total Cholesterol (mg/dL) 212 217 207
Triglyceride (mg/dL) 70 95 205
Steatosis’ mild moderate moderate
Degeneration of hepatocyte® mild ballooning and Mallory bodies and
acidophilic bodies acidophilic bodies
Intraacinar inflammatory cells’  scattered microabscess many microabscess many microabscess
Pertal inflammation® mild moderate to severe moderate to severe
Necroinflammatory grade’ 1 2 3
Fibrosis stage’ 3 4 4

*Definitions according to Brunt et al. (27)

hol intake was associated with a lower prevalence of
MS (29,30). In the patients studied here, however,
chronic liver disease, risk factors for MS, and alcohol
abuse might all participate in the carcinogenesis of
HCC in a very complex fashion.

More recently, NAFLD including NASH has been
considered to be one of the causes of chronic liver dis-
ease (15,31) and HCC (19-25). Although the preva-
lence of NASH in HCC patients remains unknown, in
the literature, HCC has been observed in 2.4-13% of
NASH patients (21,23,24). Bugianesi et al. (20) report-
ed that among 641 cirrhosis-associated HCCs, 44
patients (6.9%) had cryptogenic cirrhosis which was
associated with NASH. On the other hand, Yano et al.
(12) stated that there were no non-B non-C patients
with HCC in whom NASH was thought to be the
cause. However, it is difficult to clearly determine the
participation of NASH in the patliogenesis of HCC
associated with cryptogenic cirrhosis, because the
steatosis might decrease or disappear when the
NASH progressed to cirrhosis (17,18,20,23,31). In the
present study, 3 patients were judged to be associated
with NASH based on microscopic findings of moder-
ate to severe macrovesicular steatosis, hepatocellular
ballooning, lobular inflammation with necrosis of the
hepatocytes, and perisinusoidal fibresis. Although
there was some discussion about the histopathological
findings in NAFLD (19), macro-vesicular steatosis,
Mallory’s hyaline, ballooning, lobular inflammation,
and perisinusoidal fibrosis were considered to be his-
tological features in general (19,31,32).

In this study, the cumulative overall and disease

3-year survival rates for HCC in the non-B non-
C patients after surgery were 69.8% and 27.6%,
respectively, and there were no significant differ-
ences in both the cumulative overall and disease free
survival rates among the B, C, and NBNC patients.
Although this study population contained 26 patients

who had already underwent some treatment for
HCC, these results were considered to be almost the
same as with previous studies (8,10,11,33). HCC in
the non-B non-C patients has been reported to have
a worse prognosis than HCC due to other causes.
With respect to the influence of the risk factors for
MS on survival, the interesting result was obtained
that these risk factors might exhibit an adverse effect
on the survival of hepatitis virus related HCC
patients, but not on non-B non-C HCC patients,
although their survival rates did not show any sta-
tistically significant differences because of the small
number of cases studied. One could speculate that
the risk factors for MS had a positive impact on the
occurrence of non-B non-C HCC, but may exert a neg-
ative impact on the prognosis of hepatitis virus relat-
ed HCC patients.

In conclusion, the prevalence of diabetes mellitus,
hyperlipidemia, and the plasma triglyceride level
were all significantly higher in non-B non-C HCC
patients as compared with those with HCC related to
both HBV and HCV infection. This suggests that the
pathogenesis of non-B non-C HCC was more closely
associated with the risk factors for MS than viral
related HCC. However, alcohol abuse affected the
pathological mechanisms at least in part. With
respect to the participation of NASH, 3 out of 37 non-
B non-C HCC patients were clearly associated with
NASH from the viewpoint of their clinical and histo-
logical analyses. The prognosis of patients with posi-
tive viral markers tended to be worse in those
patients who also had risk factors for MS than those
without. On the other hand, there was no such ten-
dency in the non-B non-C patients. To our knowledge,
this is the first report of its kind on HCC patients
with and without hepatitis virus markers, and the
findings presented here may be informative in a clin-
ical setting.
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Kon K, Ikejima K, Okumura K, Arai K, Aoyama T, Watanabe
S. Diabetic KK-AY mice are highly susceptible to oxidative hepato-
cellular damage induced by acetaminophen. Am J Physiol Gastroin-
test Liver Physiol 299: G329-G337, 2010. First published June 10,
2010; doi:10.1152/ajpgi.00361.2009.—Despite pathophysiological
similarities to alcoholic liver disease, susceptibility to acetaminophen
hepatotoxicity in metabolic syndrome-related nonalcoholic steato-
hepatitis (NASH) has not been well elucidated. In this study, there-
fore, we investigated acetaminophen-induced liver injury in KK-AY
mice, an animal model of metabolic syndrome. Twelve-week-old
male KK-AY and C57Bl/6 mice were injected intraperitoneally with
300 or 600 mg/kg acetaminophen, and euthanized 6 h later. Liver
histology was assessed, and hepatic expression of 4-hydroxy-2-non-
enal was detected by immunohistochemistry. Levels of reduced glu-
tathione were determined spectrophotometrically. Phosphorylation of
c-Jun NH»-terminal kinase (JNK) was analyzed by Western blotting.
Hepatocytes were isolated from both strains by collagenase perfusion,
and cell death and oxidative stress were measured fluorometrically by
use of propidium iodide and 5-(and-6)-chloromethyl-2'7'-dichloro-
dihydrofluorescein diacetate acetyl ester, respectively. Acetamino-
phen induced more severe necrosis and apoptosis of hepatocytes in
KK-AY mice than in C57Bl/6 mice and significantly increased serum
alanine aminotransferase levels in KK-AY mice. Acetaminophen-
induction of 4-hydroxy-2-nonenal in the liver was potentiated,
whereas the levels of reduced glutathione in liver were lower in
KK-AY mice. Acetaminophen-induced phosphorylation of JNK in the
liver was also enhanced in KK-AY mice. Exposure to 20 wM tert-butyl
hydroperoxide did not kill hepatocytes isolated from C57Bl/6 mice
but induced cell death and higher oxidative stress in hepatocytes from
KK-AY mice. These results demonstrated that acetaminophen toxicity
is increased in diabetic KK-AY mice mainly due to enhanced oxidative
stress in hepatocytes, suggesting that metabolic syndrome-related
steatohepatitis is an exacerbating factor for acetaminophen-induced
liver injury.

drug-induced liver injury; metabolic syndrome; steatohepatitis; oxi-
dative stress; hepatotoxicity

ACETAMINOPHEN OVERDOSE Is the leading cause of acute liver
failure in the United States (22). Acetaminophen toxicity
accounts for ~50% of all cases of acute liver failure in the
United States and carries a 30% mortality (35). In the devel-
opment of acetaminophen hepatotoxicity, overdosed acetamin-
ophen is metabolized by cytochrome P450 (CYP) 2E1 (25) and
forms a chemically reactive metabolite, N-acetyl-p-benzoqui-
nonimine (NAPQI). NAPQI reacts with glutathione (GSH)
(20) thereby forming an acetaminophen-GSH conjugate (6)
and GSH depletion (29). Acetaminophen has long been recog-
nized as a dose-dependent toxin, and most cases of acetamin-
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ophen-induced liver failure are suicidal overdose more than 15
g; however, in some cases, people develop acute liver failure
although they do not take doses of acetaminophen exceeding
the amount recommended on the package labeling of upto 4 g
daily (22). Since unintentional acetaminophen-induced liver
injury tends to be treated late with antidote N-acetylcysteine, it
is extremely important to investigate the risk factor for increas-
ing susceptibility to acetaminophen-induced liver injury.

Nonalcoholic steatohepatitis (NASH) is the syndrome diag-
nosed following liver biopsy results that are consistent with
alcoholic hepatitis and/or fibrosis although patients deny sig-
nificant alcohol use. NASH has been consistently associated
with metabolic syndrome including obesity, diabetes mellitus,
hypertension, dyslipidemia, and insulin resistance (18, 26, 38,
42), and it has been proposed that simple steatosis can progress
to NASH (7). Recently, it was reported that nonalcoholic fatty
liver disease (NAFLD) conveys a nearly fourfold increase of
risk for liver injury caused by various drugs. Some exacerbat-
ing drug treatments include antihypertensive medication, drugs
that inhibit platelet aggregation, antimicrobials, nonsteroidal
anti-inflammatories, and proton pump inhibitors prescribed to
obese middle-aged patients (41). Although it is well known
that alcohol use is an important risk factor of acetaminophen-
induced liver injury (33, 43), the impact of NAFLD on acet-
aminophen hepatotoxicity still remains unclear.

KK-AY mice are a strain derived from crossing the diabetic
KK mouse (13) with the lethal yellow (AY) mouse, which carry
a mutation of the agouti (a) gene in chromosome 2 (28, 40).
KK-AY mice exhibit phenotypes including obesity, dyslipide-
mia, and insulin resistance, which resemble metabolic syn-
drome in human (1, 11, 15). We have reported that KK-AY
mice develop steatohepatitis spontaneously and exhibit in-
creased susceptibility to methionine- and choline-deficiency
diet-induced steatohepatitis (32). In the present study, we
investigated the sensitivity of KK-AY mice to acetaminophen
hepatotoxicity to address the influence of steatosis and steato-
hepatitis on acetaminophen-induced liver injury.

MATERIALS AND METHODS

Animals and experimental design. Male KK-AY and C57Bl/6 mice
were purchased from CLEA Japan (Tokyo, Japan). Mice were housed
in air-conditioned, specific pathogen-free animal quarters with light-
ing from 0800 to 2100 and were given unrestricted access to a
standard laboratory chow and water throughout this study. All animals
received humane care, and the experimental protocol was approved by
the Committee of Laboratory Animals according to institutional
guidelines. C57Bl/6 mice, which are the strains of two generations
ago, were selected as nonobese and nondiabetic controls. After accli-
mation, both KK-A¥ and C57B1/6 mice at 12 wk of age were separated
into three groups randomly, and some mice were injected with 300 or

G329

- 685 -

110z ‘21 Aernuged uo Bio ABojoisAyd-ibdie wol) pepeojumoq




600 mg/kg acetaminophen intraperitoneally. Control groups were
injected with physiological saline solution alone. After administration
of acetaminophen for 6 h, mice were killed by exsanguination by
snipping the inferior vena cava, followed by collection of liver and
serum samples.

Histological analysis. For histological evaluations, liver tissues
were fixed in 10% buffered formalin and embedded in paraffin, and
hematoxylin-eosin staining was performed. To detect apoptotic cell
death in tissue, the terminal deoxynucleotidyl transferase-mediated
dUTP nick-end labeling (TUNEL) assay was performed by using a
commercial kit according to the manufacturer’s instructions (In Situ
Cell Death Detection Kit, Fluorescein, Roche, Indianapolis, IN).
TUNEL-positive staining was assessed by using a green nuclear
fluorescence dye and was compared with a total nuclei stain, pro-
pidium iodide (PI). Staining was quantified by use of laser scanning
confocal microscopy (Zeiss 410; Carl Zeiss, Thornwood, NY) and
was performed on more than 500 hepatocytes per animal. TUNEL

Fig. 1. Effect of acetaminophen on liver histology in
KK-AY mice. C57Bl/6 and KK-AY mice were given a
single intraperitoneal injection of acetaminophen (300—
600 mg/kg body wt), and euthanized 6 h later. Repre-
sentative photomicrographs (n = 5) of the liver from
C57Bl/6 saline controls (A), KK-AY mice saline controls
(B), C57B1/6 mice treated with 300 mg/kg acetamino-
phen (C), KK-AY mice treated with 300 mg/kg acet-
aminophen (D), C57Bl/6 mice treated with 600 mg/kg
acetaminophen (E), KK-AY mice treated with 600 mg/kg
acetaminophen (F), are shown with hematoxylin-eosin
staining at an original magnification of X100.

ACETAMINOPHEN TOXICITY IN KK-AY MICE

staining was expressed as the number of positively stained nuclei
divided by the total number of nuclei.

Immunohistochemistry. The expression and localization of tissue
4-hydroxy-2-nonenal (4-HNE) in the liver was detected by immuno-
histochemical staining as previously described elsewhere (32).
Briefly, deparaffinized tissue sections were incubated with a mono-
clonal anti-4-HNE antibody (Japan Institute for the Control of Aging,
Nikken SEIL, Shizuoka, Japan) and a secondary biotinylated anti-
mouse IgG. The specific binding was visualized with the avidin-biotin
complex solution followed by incubation with a 3,3-diaminobenzidine
tetrahydrochloride solution by use of Vectastain Elite ABC kit (Vec-
tor Laboratories, Burlingame, CA). Specimens for histology and
immunohistochemistry were observed under an optical microscope
(PH-2; Olympus, Tokyo, Japan) equipped with a digital microscope
camera (VB6000; Keyence, Osaka, Japan).

Measurement of serum aminotransferase levels. Serum alanine
aminotransferase (ALT) levels were measured spectrophotometrically

AJP-Gastrointest Liver Physiol « VOL 299 « AUGUST 2010 - www.ajpgi.org
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by a standard enzymatic method using a commercial kit (KAINOS
Laboratories, Tokyo, Japan).

Lipid peroxidation assay and measurement of GSH in the liver. The
tissue contents of malondialdehyde (MDA)/4-hydroxyalkenals (HAE)
were measured colorimetrically using the lipid peroxidation assay kit
(Calbiocher, EMD Biosciences, San Diego, CA). Briefly, the whole
liver was homogenized in ice-cold phosphate-buffered saline (PBS)
containing 5 mM butylated hydroxytoluene and was centrifuged at
3,000 g for 10 min to collect the supematant. Samples were then
incubated with N-methyl-2-phenylindole in methanol:acetonitrile and
methanesulfonic acid at 45°C for 60 min, and the absorbance at 586
nm was measured spectrophotometrically. Reduced GSH levels in the
liver tissue samples were measured using a commercial kit (OXIS
International, Portland, OR) according to the manufacturer’s instruc-
tions.

Western blot analysis. Protein extracts were obtained by homoge-
nizing frozen tissues in a buffer containing 50 mM Tiis, pH 8.0, 150
mM NaCl, 1 mM ethylenediaminetetraacetic acid, 1% Triton X-100,
and protease inhibitors (Complete Mini, Roche Diagnostics, Mann-
heim, Germany) followed by centrifugation at 17,400 ¢ for 15 min,
and the protein concentration was determined by use of a Bio-Rad
protein assay kit (Bio-Rad Laboratories, Hercules, CA). Five micro-
grams of protein was separated in 12.5% sodium dodecyl sulfate
(SDS)-polyacrylamide gel electrophoresis and electrophoretically
transferred onto polyvinylidene fluoride membranes. After blocking
with 5% nonfat dry milk in Tris-buffered saline, membranes were
incubated with a primary rabbit. polyclonal anti-phospho-stress-acti-
vated protein kinase (SAPK)/c-Jun NH-terminal kinase (JNK)
(Thr183/Tyr185) antibody (Cell Signaling Technology, Danvers,
MA), followed by a secondary horseradish peroxidase (HRP)-conju-
gated anti-rabbit IgG antibody (DakoCytomation Norden). Subse-
quently, specific bands were visualized using the ECL detection kit
(Amersham Pharmacia Biotech, Piscataway, NJ). The membranes

ACETAMINOPHEN TOXICITY IN KK-AY MICE

were stripped by incubation in a buffer containing 100 mM 2-mer-
captoethanol, 2% SDS, and 62.5 mM Tris-HCI, pH 6.7, at 50°C for 30
min and reprobed with rabbit anti-SAPK/INK polyclonal antibody
(Cell Signaling Technology) and secondary HRP-conjugated anti-
rabbit IgG antibody.

Isolation and primary culture of mouse hepatocytes. Hepatocytes
were isolated from both strains by in situ collagenase perfusion and
differential centrifugations as previously described (21). Hepatocytes
were resuspended in Waymouth’s medium MB-752/1 containing 2
mM L-glutamine, 10% fetal bovine serum, 100 nM insulin, 100 nM
dexamethasone, 100 units/ml penicillin, and 100 wg/ml streptomycin,
Cell viability was greater than 90%, as determined by Trypan blue
exclusion. Hepatocytes were plated in a 24-well microtiter plates (1.5 X 10°
cells per well) or 35-mm Petri dishes (6 X 10° cells per dish, Falcon,
Lincoln Park, NJ). Plates and coverslips were coated with 0.1% Type
1 rat-tail collagen. Hepatocytes were preincubated in humidified 5%
C0,-95% air at 37°C, and medium was replaced with Krebs-Ringer-
HEPES buffer (KRH) containing 115 mM NaCl, 5 mM KCl, 2 mM
CaCl,, 1 mM KHsPOy, 1.2 mM MgSQOj, and 25 mM HEPES (pH 7.4)
at 37°C after overnight incubation (19),

Fluorometric assay of cell viability and oxidative stress in primary
cultured hepatocytes. Cell death and production of oxidative stress in
isolated hepatocytes was determined fluorometrically by using PT and
S-(and-6)-chloromethyl-2'7'-dichloro-dihydrofluorescein diacetate acetyl
ester (CMH,DCEF), respectively. After attachment to 24-well plates,
hepatocytes were washed once and replaced with KRH buffer con-
taining 30 pM PI Fluorescence was measured by using a multiwell
fluorescence reader (Fluoroskan Ascent, Thermo Fisher Scientific,
Waltham, MA), as previously described elsewhere (31). Cell death
assessed by PI fluorometry correlates closely with Trypan blue exclu-
sion and enzyme release as indicators of oncotic necrosis.

Oil red O staining. Triglycerides in hepatocytes were visualized
by Oil Red O staining. Overnight cultured hepatocytes were fixed
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Fig. 2. Effect of acetaminophen on serum alanine amino-
transferase (ALT) levels in KK-AY mice. Mice were treated
with 300 mg/kg (A) or 600 mg/kg (B) acetaminophen
(AAP), and serum samples were collected 6 h later. Serum
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average values (left) and the ratio vs. control values in each
strain (right) are plotted; n = 5, *P <0.05 vs. C57BV/
6-+acetaminophen, by ANOVA on ranks and Student-New-
man-Keuls post hoc test.
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with 4% formaldehyde for 10 min and then stained with Oil Red O
for 1 h followed by washing with 60% methanol and PBS. Cells
were photographed by using a phase-contrast microscope equipped
with a digital sight camera system (DS-5M-L1, Nikon, Japan).

Statistical analysis. Morphometrical and densitometric analyses
were performed with Scion Image (version Beta 4.0.2, Scion,
Fredrick, MD). Data were expressed as means = SE. Statistical
differences between means were determined by Student’s r-test,
one-way analysis of variance (ANOVA), or Kruskal-Wallis
ANOVA on ranks followed by an all-pairwise multiple-
comparison procedure (Student-Newman-Keuls method) as appro-
priate. P < 0.05 was selected before the study to reflect signifi-
cance.

Fig. 3. Effect of acetaminophen on apoptotic cells
death in the liver in KK-AY mice. Apoptotic cells in
the liver 6 h after a single injection of 600 mg/kg
acetaminophen were detected by terminal deoxynu-
cleotidyl transferase-mediated dUTP nick-end label-
ing (TUNEL) staining. Representative photomicro-
graphs of the liver from C57BI/6 mice saline con-
trols (4), KK-AY mice saline controls (B), C57Bl/6
mice treated with acetaminophen (C), and KK-AY
mice treated with acetaminophen (D) are shown
(original magnification X 100). Number of TUNEL-
positive hepatocytes was counted, and average per-
centages of TUNEL-positive cells from 5 different
animals are plotted. More than 500 cells per 1
animal were counted (E). *P <0.05 vs. C57BV
6+acetaminophen by ANOVA on ranks and Stu-
dent-Newman-Keuls post hoc test.

30
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RESULTS

Acetaminophen causes severe liver injury in KK-A> mice. At
first, we evaluated the sensitivity to acetaminophen-induced
hepatotoxicity in KK-AY mice by injecting two different doses
(300 or 600 mg/kg) of this drug intraperitoneally. Mild liver
steatosis was observed in 12-wk-old KK-AY mice without
administration of acetaminophen as expected (Fig. 1B). A
single injection of the lower dose of acetaminophen (300
mg/kg), which did not affect liver histology in C57B1/6 mice
(Fig. 1C), caused mild necrotic liver injury with infiltration of
inflammatory cells predominantly in pericentral area at 6 h
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(Fig. 1D). A higher dose of acetaminophen (600 mg/kg), which
induced mild liver injury even in C57Bl/6 mice (Fig. 1E),
caused extremely severe necrosis in the liver in KK-AY mice
(Fig. 1F).

~ Serum ALT levels were not changed in C57Bl/6 mice 6 h
after treatment with 300 mg/kg acetaminophen (24 £ 1 IU/)
and increased significantly to 47 * 4 IU/1 in KK-AY mice (Fig. 24,
left, P < 0.05). A higher dose of acetaminophen (600 mg/kg)
elevated serum ALT levels to 3,281 £ 513 IU/I in C57BV/
6 mice, whereas the levels were increased significantly to
8,707 = 1,400 TU/1 in KK-AY mice (Fig. 2B, left, P < 0.05) as
expected. Furthermore, the ratio of acetaminophen-induced
increases in ALT levels vs. control values in each strain was

ACETAMINOPHEN TOXICITY IN KK-AY MICE
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plotted (Fig. 2, A and B, right). Elevations in serum ALT levels
were potentiated significantly in KK-AY mice by both lower
and higher doses of acetaminophen, indicating that KK-AY
mice are more susceptible to acetaminophen-induced liver
injury.

To determine whether apoptotic cell death is involved in
hepatocyte injury caused by acetaminophen, TUNEL staining
was performed (Fig. 3). A few TUNEL-positive cells were
observed in the liver in C57B1/6 mice 6 h after treatment with
600 mg/kg acetaminophen (Fig. 3C), where the percentage of
TUNEL-positive hepatocytes were 5.7 *= 0.7% (Fig. 3E). In
KK-AY mice after acetaminophen, the percentage of TUNEL-
positive cells and necrotic cell death increased in the area
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Fig. 4. Effect of acetaminophen on lipid peroxidation and
glutathione content in the liver in KK-AY mice. Hepatic expres-
sion of 4-HNE was detected by immunohistochemistry. Repre-
sentative photomicrographs from C57Bl/6 mice (A) and KK-AY
mice (B) treated with 6 h after a single injection of 600 mg/kg
acetaminophen are shown. Malondialdehyde (MDA)/4-hy-
droxyalkenals (4-HAE) levels in liver homogenates were mea-
sured colorimetrically (C); n = 5, *P < 0.05 by ANOVA on
ranks and Student-Newman-Keuls post hoc test. Glutathione
(GSH) levels in liver homogenates were measured colorimetri-
cally (D); n = 5, *P < 0.05 by ANOVA on ranks and
Student-Newman-Keuls post hoc test. Values are normalized by
total protein concentrations in the homogenates.
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