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database (http://ifr48.timone.univ-mrs.fr/MST_BHenselae/
mst). A neighbor-joining tree was reconstructed from the
concatenated MLST allele sequences of 14 previously re-
ported STs (Iredell et al., 2003; Arvand et al., 2007) and the
novel ST-15 using Kimura 2-parameter distance measures as
implemented in meca4 (Tamura et al., 2007).

Nucleotide sequence accession numbers

Newly encountered sequences have been submitted to DDB]
under the following accession numbers: AB525232, rpoB
allele 5 (YC-073); AB525233, S1 genotype 11 (YC-053); and
AB534165, S1 genotype 12 (YC-012 and YC-013).

Results and discussion

MLST analysis detected three STs in 55 human and cat
B. henselae strains. Intriguingly, 94.5% (52/55) of B. henselae
strains including all 24 human clinical specimens were
assigned to ST-1, and only three cat isolates were assigned
to other STs (Table 1). In isolate YC-073, a new allele was
found in rpoB, which consisted of a single nucleotide
variation (G instead of A) at position 711784 of the
B. henselae Houston-1 chromosome (accession no. BX897699).
The ST containing this allele was designated as ST-15.
Phylogenetic tree analysis revealed that ST-15 belongs to
Group 1 and is closely related to ST-1 (Fig. 1). In the MLST
analysis, ST-1 was common among cat isolates, and human
clinical specimens were assigned to ST-1 at a much higher
frequency (100%) than that observed in previous studies
(Iredell et al., 2003; Lindroos et al., 2006; Arvand et al.,
2007). However, the clonal population of ST-1 in Japan is
quite different from that reported in other regions.

To generate a clearer population structure, we analyzed
the 55 strains using the highly variable intergenic spacer S1.
We identified eight different S1 genotypes, three of which
were novel (Table 2). S1 genotype 11 containing a sixfold
repetition of the 15-bp sequence was found in YC-053. S1
genotype 12 with a single nucleotide deletion at position
1412 654 of the B. henselae Houston-1 (accession no. BX89
7699) was found in YC-012 and YC-013. The third novel S1
genotype was found in three cat isolates YC-015, YC-024,

Table 1. Multilocus sequence typing of 31 Bartonella henselae isolates
from domestic cats

Allele number

No. of
ST rrs  batR gltA ftsZ groEL nipD ribC rpoB isolates (n)
1 1 1 1 1 1 1 1 1 28
6 2 3 2 2 2 1 1 2 2*

15 1 1 1 11 1 1 5 1¥

*Bartonella henselae isolates YC-012 and YC-013.
Bartonella henselae isolate YC-073.
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Fig. 1. Neighbor-joining tree of concatenated MLST allele sequences of
15 Bartonefla hensefae STs. Concatenated MLST allele sequences repre-
senting each ST were obtained for 14 previously reported STs and the
new ST-15, and a neighbar-joining tree was generated by performing
bootstrap analyses (1000 replicates) using meaad. Only node values
> 50% are indicated in the figure.

Table 2. Distribution of intergenic spacer S1 genotypes among 55
human and cat Bartonelia henselae strains

No. of strains {n)

S1 genotype Human Cat
3 S 0
4 12 14
5 9 10
7 1 1
8 1 0
11 0 1
12 0 2
7+4* 0 3

*$1 genotype 7+4 indicates that the strain had two different copies of
intergenic spacer 51 in its genome.

and YC-073, which contained atypical numbers of VNTRs
in the two spacer S1 regions (Fig. 2). The complete genome
sequence of B. henselae Houston-1 (accession no.
BX897699) was shown to contain two identical copies of
intergenic spacer S1. Locus-specific PCR, followed by direct
sequencing revealed that these isolates were assigned to S1
genotype 7+4 (Fig. 2 and Table 3).

Compared with MLST, the intergenic spacer S1 was able
to generate a clearer population structure of the strains
under investigation. The 52 ST-1 strains were classified into
seven distinct S1 genotypes. Our results indicate that ST-1
has a high genetic diversity on the basis of the sequence
diversity of intergenic spacer SI. MLST could not clearly
differentiate between strains because the eight selected
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Fig. 2. Representative results of direct
sequencing of the 165-235 tRNA-Ala/tRNA-
lle intergenic spacer {S1) in Bartonella henselae

{b)

3z0 320

'T‘ CTTETTTTTTS

strain YC-015. These sequences show the 15-bp
VNTR (CAATCTTTTTAGAAG) detected with the
$1 forward primer. {a) The sequence, obtained
from PCR using the S1 forward and reverse
primers, shows the abrupt onset of ambiguous
bases suggestive of overlapping sequences.

{b) The sequence corresponding to the

1412 349-1 412 683 position of BX897699,
obtained from PCR using the S1 forward and

SGOAG

(c}

BH12700-R primers, shows a double repetition of
the 15-bp VNTR and belongs to 51 genotype 7.
{c) The sequence corresponding to the

1582 358-1582 692 position of BX897699,
abtained from PCR using the S1 forward and
BH13810-R primers, shows a triple repetition of
the 15-bp VNTR and belongs to 51 genotype 4.
The same results were obtained from B. henselae
strains YC-024 and YC-073.

Table 3. Profiles of S1 genotype at two different positions in the
YC-015, YC-024, and YC-073 strains

Spacer pasition on the genome™

1412349-1412683 1582 358-1582692

S1 genotype 7 4
No. of 15-bp repeat 2 3

*Bartonella henselae Houston-1 (accession no. BX897699).

housekeeping genes were highly conserved and showed less
sequence variability.

According to the intergenic spacer S1 sequence, two
major S1 genotypes, 4 and 5, were identified in both human
and cat strains (Table 2). In a previous MST study of
B. henselae specimens isolated from patients in France, only
S1 genotypes 3 (53.3%) and 5 (45.3%) were observed
{(Li et al, 2007). S1 genotype 3 was not a predominant
genotype in our study, and S1 genotype 4 was not detected
in France. This discrepancy may be explained by similar
regional differences observed in the distribution of Sl
genotypes 3 and 4 among cats in France (Li et al., 2006)
and Japan, respectively. These data suggest that prevalent S1
genotypes among cats are often involved in human infec-
tions. Further studies are necessary to elucidate the associa-
tion of the S1 genotype with pathogenicity.

In conclusion, we have demonstrated that the predomi-
nant B. henselae MLST in Japan, ST-1, is a significantly
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genetically diverse population on the basis of the sequence
diversity of intergenic spacer S1, and that highly prevalent
S1 genotypes among cats are often involved in human
infections. These results may aid our understanding of the
population structure and the relationship between human
and cat strains of B. henselae.
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Abstract

Background/Aim: A European randomized trial showed biochemical effects of
6-month treatment with Stronger Neo-Minophagen C™ (SNMC), a glycyr-
rhizin-containing preparation, in patients with chronic hepatitis C, but its
underlying mechanisms remain elusive. We reported previously that SNMC
exhibits an anti-oxidative effect in hepatitis C virus (HCV) transgenic mice
that develop marked hepatic steatosis with mitochondrial injury under iron
overloading. Hepatic steatosis and iron overload are oxidative stress-asso-
ciated pathophysiological features in chronic hepatitis C. The aim of this study
was to investigate whether long-term treatment with SNMC could prevent the
development of hepatic steatosis in iron-overloaded HCV transgenic mice.
Methods: C57BL/6 transgenic mice expressing the HCV polyprotein were fed
an excess iron diet concomitantly with intraperitoneal injection of saline,
SNMC, or seven-fold-concentrated SNMC thrice weekly for 6 months.
Results: Stronger Neo-Minophagen C™ inhibited the development of hepatic
steatosis in a dose-dependent manner without affecting hepatic iron content,
attenuated ultrastructural alterations of mitochondria of the liver, activated
mitochondrial B-oxidation with increased expression of carnitine palmitoyl
transferase I and decreased the production of reactive oxygen species in the
liver in iron-overloaded transgenic mice. However, SNMC hardly affected the
unfolded protein response, which post-transcriptionally activates sterol reg-
ulatory element-binding protein 1, a transcription factor involved in lipid
synthesis, even though we reported previously the activation of the unfolded
protein response in the same iron-overloaded transgenic mice. Conclu-
sions: These results suggest that SNMC prevents hepatic steatosis possibly by
protecting mitochondria against oxidative stress induced by HCV proteins
and iron overload.

Hepatitis C virus (HCV) causes acute and chronic
hepatitis, cirrhosis and hepatocellular carcinoma (HCC)
{1). Because current antiviral treatment can only elim-
inate the virus in approximately 50% of patients (2),
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therapies to reduce disease progression in chronically
infected individuals would be of great benefit. In Japan,
Stronger Neo-Minophagen C™ (SNMC), a glycyrrhizin-
containing preparation, has been used as a treatment for
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chronic hepatitis for more than 30 years. SNMC con-
tained glycyrrhizin as the main active ingredient at first,
and later a change was made in its composition on the
basis of pharmacological studies including animal ex-
periments and clinical studies. Currently, it is available in
an injectable form for intravenous administration, con-
taining 0.2% glycyrrhizin, 0.1% L-cystein and 2.0%
glycine in physiological solution. A recent European
randomized trial showed biochemical effects of 26-week
treatment with SNMC in patients with chronic hepatitis
C (3). In addition, Arase et al. (4) demonstrated that
long-term usage of SNMC was effective in preventing
HCC development in Japanese patients with chronic
hepatitis C. However, the mechanisms by which SNMC
prevents disease progression of chronic hepatitis C
remain elusive.

Oxidative stress has been proposed to be one of the
mechanisms of liver injury in HCV-associated chronic
liver diseases (5), and hepatic steatosis and/or mito-
chondrial injury are well-known features in chronic
hepatitis C (6, 7). We reported that HCV transgenic
mice fed an excess iron diet show marked steatosis and
mitochondrial injury at 6 months, and an increase in
the hepatic lipid peroxidation products and the subse-
quent development of HCC at 12 months after the
initiation of feeding (8). We also showed that a single
injection of SNMC protected hepatocytes against car-
bon tetrachloride (CCly)-induced oxidative stress and
mitochondrial injury in these transgenic mice without
iron overload (9). These results prompted us to investi-
gate whether SNMC inhibited the development of
hepatic steatosis in terms of prevention of disease
progression in chronic hepatitis C. The aim of this study
was to examine whether long-term treatment with
SNMC could prevent the development of hepatic stea-
tosis in HCV transgenic mice fed an excess iron diet. In
the present study, we show that SNMC reduces hepatic
steatosis induced by HCV protein and iron overload in
mice by means of a protective effect against mitochon-
drial injury.

Materials and methods
Animals and experimental design

The transgene pAIbSVPA-HCV, containing the full-
length polyprotein-coding region under the control of
the murine albumin promoter/enhancer, was described
in detail (10, 11). Of the four transgenic lineages with
evidence of RNA transcription of the full-length HCV-N
open reading frame (FL-N), the FL-N/35 lineage proved
capable of breeding in large numbers. There is no
inflammation in the transgenic liver (11). Male FL-N/35
transgenic mice were fed an excess iron diet (carbonyl
iron 225 mg/kg diet) at the age of 8 weeks, injected
intraperitoneally with 50 ul of saline (control), SNMC
or seven-fold-concentrated SNMC (supplied by Mino-
phagen Pharmaceutical Co. Ltd, Tokyo, Japan) three
times weekly and killed by intraperitoneal injection of
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10% pentbarbital sodium preceded by 12-h fasting at
6 months after initiation of feeding according to the
criteria outlined in the Guide for the Care and Use of
Laboratory Animals.

Histological procedures

A portion of liver tissue was immediately snap frozen in
liquid nitrogen for RNA extraction, protein extraction
and determination of hepatic triglyceride and iron con-
centrations. The remaining liver tissue was fixed in 4%
paraformaldehyde in phosphate-buffered saline and em-
bedded in paraffin for histological analysis. Liver sections
were stained with haematoxylin and eosin and Masson’s
trichrome method for fibrosis.

Hepatic triglyceride content

Lipids were extracted from the homogenized liver tissue
by the method of Bligh and Dyer (12). The triglyceride
levels were measured with a TGE test Wako kit (Wako
Pure Chemicals, Tokyo, Japan), according to the manu-
facturer’s instructions. Protein concentrations in liver
were determined by the method of Lowry et al. (13),
using a DC protein assay kit (Bio-Rad Laboratories,
Hercules, CA, USA).

Hepatic iron concentration and hepcidin mRNA

The iron concentration in the liver was measured by
atomic absorption spectrometry (Hitachi Z-6100, Tokyo,
Japan), as described previously (8), and expressed as
micrograms Fe/g of tissue (wet weight). One-step real-
time reverse-transcription polymerase chain reaction was
also performed as described previously (8). The primers
amplifying the genes coding hepcidin and B-actin were as
follows: hepcidin, sense; TCCTGCTTCTCCTCCTTGCC,
antisense; GTCTGCCCTGCTTTCTTCCC (GenBank
accession number, NM_032541) and f-actin, sense;
TGACAGGATGCAGAAGGAGA, antisense; GCTGGAA
GGTGGACAGTGAG (GenBank accession number, NM_
007393).

Immunoblotting

Lysates of liver were separated by sodium dodecyl
sulphate—polyacrylamide gel electrophoresis. The pro-
teins were transferred to polyvinylidene difluoride mem-
branes (Millipore, Bedford, MA, USA), blocked
overnight at 4°C with 5% skim milk and 0.1% Tween
20 in Tris-buffered saline, and subsequently incubated
for 1 h at room temperature with an anti-rabbit carnitine
palmitoyl transferase I (CPTI) antibody, anti-rabbit
CPTII antibody (Alpha Diagnostic International, San
Antonio, TX, USA), anti-rabbit sterol regulatory ele-
ment-binding protein 1 {SREBP1) antibody {Santa Cruz
Biotechnology Inc., Santa Cruz, CA, USA), anti-rabbit
fatty acid synthetase (FAS) antibody (Cell Signaling
Technology Inc., Boston, MA, USA), anti-mouse X-box
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DNA-binding protein 1 (XBP-1) antibody (Santa Cruz
Biotechnology Inc.) or anti-bacterially expressed, mouse
CCAAT/enhancer-binding protein homology protein
(CHOP) fusion protein antibody (Abcam, Cambridge,
UK). Exceptionally, the proteins were blocked for 1 h at
room temperature and subsequently incubated overnight
at 4°C with an anti-rabbit phosphorylated eukaryotic
initiation factor-2o (p-elF2a) antibody (Cell Signaling
Technology Inc.).

Electron microscopy

Liver specimens were fixed in 2.1% glutaraldehyde, post-
fixed in 1% osmium tetroxide, dehydrated in graded
ethanol and propylene dioxide and embedded in Epok.
Thick sections (1 pm in width) were stained with tolui-
dine blue to identify steatosis by light microscopy. Thin
sections were stained with uranyl acetate and lead citrate,
and examined using a Hitachi-7000 transmission elec-
tron microscope (Hitachi Ltd., Tokyo, Japan). The length
of mitochondria was measured using IMAGE-PRO PLUS 4.0
software (Media Cybernetics Inc., Bethesda, MD, USA)
for two randomly selected areas of electron microscopic
images in each mice to quantify ultrastructural altera-
tions of mitochondria.

In vivo formation of ["*C]CO, from [u-*Cj palmitic
acid

A tracer dose of [U-'*C] palmitic acid (150 pCi/kg;
0.16 pmol/kg, American Biosciences, St Louis, MO,
USA) was administered by gastric intubation in 0.2 ml
of corn oil, preceded by fasting for 42h, as described
previously (8). The animal was then placed for 6h in a
small plastic cage swept by an airflow of 50 ml/min. The
outflow was bubbled into 30 ml of monoethanolamine.
After 6 h, 1 ml was removed and counted for [**C] CO,
activity with an Aloka Liquid Scintillation Counter 5100
(Aloka Co. Ltd., Tokyo, Japan).

In situ detection of reactive oxygen species

In situ reactive oxygen species (ROS) production in the
liver was assessed by staining with dihydroethidium as
described previously (14). In the presence of ROS,
dihydroethidium (Invitrogen Corp., Carlsbad, CA,
USA) is oxidized to ethidium bromide and stains nuclei
bright red by intercalating with the DNA (15). Fluores-
cence intensity was quantified using NIH image analysis
software for three randomly selected areas of digital
images for each mouse.

Statistical analysis

Quantitative values are expressed as mean =+ SD. Two
groups among multiple groups were compared by the
rank-based, Kruskal-Wallis anova test followed by the
Scheffé test. Data between two groups were compared by
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Student’s ¢-test. A P value of < 0.05 was considered to be
significant.

Results

Serum alanine aminotransferase levels and hepatic
triglyceride accumulation

Six-month treatment with SNMC or seven-fold-concen-
trated SNMC significantly reduced serum alanine ami-
notransferase (ALT) (P < 0.05) in FL-N/35 transgenic
mice fed the excess iron diet (Fig. 1A). Transgenic mice
fed the excess iron diet developed severe steatosis includ-
ing the centrilobular microvesicular type, as described
previously (8, 16). SNMC reduced hepatic triglyceride
content in a dose-dependent manner (P < 0.05,
P < 0.01, Fig. 1B). SNMC obviously reduced the centri-
lobular microvesicular steatosis and moderately de-
creased hepatic steatosis in the remaining areas of
hepatic lobules, whereas seven-fold-concentrated SNMC
almost completely suppressed hepatic steatosis (Fig. 1C).
Mice in the three groups (control, SNMC and seven-fold-
concentrated SNMC) showed no evidence of intrahepa-
tic inflammation or fibrosis.

Hepatic iron content

We reported that iron overload reinforced hepatic stea-
tosis in FL-N/35 transgenic mice (8). We first measured
hepatic iron levels and the expression of hepcidin, a
negative regulator in iron homeostasis, to assess whether
SNMC attenuated hepatic iron overload. As shown in
Figure 2, 6-month treatment with SNMC or seven-fold-
concentrated SNMC changed neither the hepatic iron
level nor the hepcidin expression in transgenic mice fed
the excess iron diet, suggesting that SNMC inhibited
hepatic steatosis without affecting iron overload.

Mitochondrial ultrastructure

As we observed previously the attenuation of CCls-
induced ultrastructural alterations of mitochondria by
SNMC in FL-N/35 transgenic mice (9), and found
obvious reduction of centrilobular microvesicular stea-
tosis by SNMC in the present study, we next examined
the ultrastructure of the hepatic mitochondria in FL-N/
35 transgenic mice fed the excess iron diet. Ultrastructur-
al alterations such as irregularly sized mitochondria,
swollen mitochondria or disorganized cristae that were
observed in FL-N/35 transgenic mice fed the excess iron
were much less frequently found after the 6-month
treatment with SNMC in a dose-dependent manner
(Fig. 3A-C). The mean_length of mitochondria was
significantly greater in mice without SNMC than in those
with SNMC (Fig. 3D). Thus, SNMC attenuated ultra-
structural alterations of mitochondria of the liver in FL-
N/35 transgenic mice fed the excess iron diet.
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Fig. 1. Serum alanine aminotransferase (ALT) levels, hepatic triglyceride levels and hepatic steatosis in iron-overloaded FL-N/35 transgenic
mice in three groups. (A) Serum ALT levels in six mice in each group. (B) Hepatic triglyceride levels in three mice in each group. ALT and
triglyceride levels are shown as box plot profiles. The bottom and top edges of the boxes are the 25th and 75th percentiles respectively. The
median value is shown by the line within the box. (C) Hepatic steatosis in mice in each group (haematoxylin and eosin, original magnification
x 100 for upper panel and x 400 for lower panel). Control, transgenic mice injected intra peritoneally with 50 pl of saline three times weekly
for 6 months; Stronger Neo-Minophagen C™ (SNMC), transgenic mice injected intraperitoneally with 50 ul of SNMC three times weekly for
6 months; Conc. SNMC, transgenic mice injected intraperitoneally with 50 ul of seven-fold-concentrated SNMC three times weekly for

6 months. *P < 0.05, P < 0.01 vs control.

Degradation activity of fatty acid

We next examined in vivo formation of [**C]CO, from
[U-'*C] palmitic acid (C16:0) to assess whether SNMC
improved mitochondrial function. Palmitic acid is a
long-chain fatty acid. Mitochondria catalyse the -oxida-
tion of the bulk of short-, medium- and long-chain fatty
acids (17). As shown in Figure 4A, SNMC significantly
increased the in vivo formation of [**C]CO, from
[U-'*C] palmitic acid in FL-N/35 transgenic mice fed
the excess iron diet (P < 0.05). These results suggested
that SNMC improved mitochondrial p-oxidation
activity.

Carnitine palmitoyl transferase I expression

Carnitine palmitoyl transferase I and CPTII regulate
oxidation of long-chain fatty acids in the mitochondria.
CPTI, a transmembrane enzyme of the mitochondrial
outer membrane, has been shown to be the rate-limiting
step in the B-oxidation of long-chain fatty acids (18). The
expression of CPTI, but not CPTII, significantly in-
creased after the 6-month treatment with SNMC or
seven-fold-concentrated SNMC (P < 0.005, Fig. 4B).
We reported previously the decreased expression of CPTI
in FL-N/35 transgenic mice fed the excess iron diet as
compared with nontransgenic mice fed the control diet
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Fig. 2. Iron content and hepcidin mRNA expression in the liver in iron-overloaded FL-N/35 transgenic mice in each group. (A) Hepatic iron

concentrations were measured by atomic absorption spectrometry in three mice in each group. The results are shown as box plot profiles. The
bottom and top edges of the boxes are the 25th and 75th percentiles respectively. The median value is shown by the line within the box. (B) The
expression levels of hepcidin mRNA was measured by reverse-transcription polymerase chain reaction in three mice in each group. The relative

quantities of hepcidin mRNA were normalized to B-actin mRNA. Control, Stronger Neo-Minophagen C™ (SNMC) and Conc. SNMC; see
legend for Figure 1.
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Fig. 3. Electron microscopy of the liver of an iron-overloaded FL-N/35 transgenic mouse from each group. Ultrastructural alterations such as
irregularly sized mitochondria, swollen mitochondria and disorganized cristae that were observed in the iron-overloaded FL-N/35 transgenic
mouse were much less frequently found after a 6-month treatment with Stronger Neo-Minophagen C™ (SNMC) in a dose-dependent manner.
The magnification scale is indicated in the left-lower corner of each picture. The length of mitochondria was assessed for three mice in each
group and measured using mMAGe-pro pLUs 4.0 software for two randomly selected areas of electron microscopic images in each mice. The
numbers in parentheses represent the total number of mitochondria examined in each group. Control, SNMC and Conc. SNMC; see legend for
Figure 1. (A) Control; (B) SNMC; (C) Conc. SNMC; and (D) the length of mitochondria. **P < 0.0001 vs control.
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Fig. 4. In vivo formation of [*C)CO; from [U-'4C] palmitic acid and
hepatic expression of carnitine palmitoyl transferase | (CPTI) and
CPTIl in iron-overloaded FL-N/35 transgenic mice in each group.

(A) A tracer dose of [U-'%C] palmitic acid (150 pCikg; 0.16 pmol/kg)
was administered by gastric intubation in 0.2 ml of corn ail,
preceded by fasting for 42 h. The animal was then placed for6hina
small plastic cage swept by an airflow of 50 mi/min. The outflow was
bubbled into 30 ml of monoethanolamine. After 6h, 1 mlwas
removed and counted for [*C] CO, activity. This experiment was
carried out for five mice in each group. The results are shown as box
plot profiles. The bottom and top edges of the boxes are the 25th
and 75th percentiles respectively. The median value is shown by the
line within the box. (B) Immunoblots for CPTI and CPTIl were
performed using liver lysates from four mice in each group. The
degree of protein expression was normalized with B-actin. Control,
Stronger Neo-Minophagen C™ (SNMC) and Conc. SNMC; see
legend for Figure 1. *P < 0.05 vs control.

(16), which may be related to the association of HCV
core protein with the mitochondrial outer membrane
(19). Together with improvement of the mitochondrial
structure, B-oxidation activity and CPTI expression,
SNMC had a protective effect against mitochondrial
injury induced by HCV proteins and iron overload.

Reactive oxygen species production

We have reported previously that HCV core protein
increases ROS production through inhibition of mito-
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chondrial electron transport (19), and found increased
ROS production in FL-N/35 transgenic mice fed the
excess iron diet as compared with nontransgenic mice
fed the control diet (16). Therefore, we evaluated in situ
ROS production to assess whether SNMC reduces ROS
production in the liver in terms of a protective effect
against mitochondrial injury. ROS production was sig-
nificantly reduced by SNMC in a dose-dependent man-
ner (P < 0.005, P < 0.001, Fig. 5). Thus, SNMC reduced
hepatic steatosis by protecting mitochondria against
oxidative stress induced by HCV proteins and iron over-
load.

Unfolded protein response and sterol regulatory element-
binding protein 1 expression

We next evaluated the effect of SNMC on the unfolded
protein response and the expression of SREBPI, a
transcription factor that activates genes required for
lipogenesis (20), because we found in our previous study
that not only the decreased CPTI expression but also the
increased SREBP1 expression owing to the activated
unfolded protein response contributed to the develop-
ment of hepatic steatosis in FL-N/35 transgenic mice fed
the excess iron diet (16). The unfolded protein response
signalling cascades are initiated by three endoplasmic
reticulum (ER)-resident sensors: inositol-requiring en-
zyme 1 (IREL), RNA-activated protein kinase-like ER
kinase (PERK) and activating transcription factor 6
(ATF6) (21). IREI activation splices unspliced XBP-1
(uXBP-1) to form spliced XBP-1 (sXBP-1) mRNA (22),
and was assessed by the sXBP-1 protein level (23). PERK
activation was evaluated by measurement of p-eIF2a and
CHOP (24). ATF6 activation was assessed by uXBP-1
expression (25). Six-month treatment with SNMC or
seven-fold-concentrated SNMC did not change the ex-
pression of sXBP-1, CHOP, SREBP1 or FAS, a target gene
of SREBP1, but decreased the expression of uXBP-1 and
p-elF2a (Fig. 6). These results suggested that SNMC
inhibited hepatic steatosis through a protective effect
against mitochondrial injury rather than restoration of
activated lipogenesis in FL-N/35 transgenic mice fed the
excess iron diet, even though it may attenuate the
unfolded protein response to some degree.

Discussion

Hepatic steatosis and iron overload are not only patho-
physiological features of HCV-associated chronic liver
disease (5, 26) but also risk factors for the development
of HCC (27, 28). The present animal model, FL-N/35
transgenic mice fed an excess iron diet, had several
similarities with patients having HCV-associated chronic
liver disease in terms of development of hepatic steatosis,
followed by hepatocarcinogenesis (8), even though hepa-
tic steatosis in this model was different from one ob-
served in patients with HCV genotype 3 infection as to
whether it was virally induced. In addition, the hepatic
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iron concentration of FL-N/35 transgenic mice fed the
excess iron diet was comparable with that of a large
number of patients with chronic hepatitis C in extensive
studies (29, 30). Thus, FL-N/35 transgenic mice fed the
excess iron diet appeared to be a suitable animal model to
assess the effect of the long-term treatment with SNMC
on the development of hepatic steatosis in HCV infec-
tion. The dose of SNMC administered to the FL-N/35
transgenic mice was comparable with the dosage given to
patients with chronic hepatitis (approximately 100 ml of
SNMC). This implies that a clinical dosage of SNMC has
the potential to reduce hepatic steatosis occurring in
patients with HCV-associated chronic liver diseases.
There was no histological improvement such as inflam-
mation or fibrosis regardless of serum ALT reduction in
the human study, where the change of hepatic steatosis
was not assessed (3). We could not evaluate whether
SNMC has a potential to reduce inflammation or fibrosis
in this study, because the present animal model did not
show inflammation or fibrosis. Therefore, the decreased
serum ALT levels in this model were thought to reflect
the reduction of hepatic steatosis by SNMC.

Our previous study indicated that iron overload
reinforced hepatic steatosis through ROS-induced acti-
vation of the unfolded protein response in FL-N/35
transgenic mice, and that an anti-oxidant, N-acetyl
cysteine (NAC), almost completely blocked ROS produc-
tion and cancelled hepatic steatosis induced by HCV
proteins and iron (16). In the present study, SNMC
reduced ROS production to a lesser degree than NAC.
SNMC did not affect the hepatic iron content or hepcidin
expression level, even though we reported previously the
ROS-associated inhibition of hepcidin transcription in
FL-N/35 transgenic mice (14). Nor did SNMC fully
inhibit the ROS-associated unfolded protein response;
nevertheless, SNMC effectively inhibited the develop-
ment of hepatic steatosis in a dose-dependent manner
through improvement of the mitochondrial structure,
B-oxidation activity and CPTI expression. It should be
noted that SNMC had a protective effect against mito-
chondrial injury rather than a simple anti-oxidative
effect in FL-N/35 transgenic mice fed the excess iron.

Carnitine palmitoyl transferase I is negatively regu-
lated by malonyl-CoA, an intermediate product in fatty
acid synthesis, at the transcriptional level (18). Therefore,
we need to consider at least two explanations for the
increased CPTI expression induced by the 6-month
treatment with SNMC. HCV core protein has been
shown to be located on the mitochondrial outer mem-
brane (19, 31), which may damage the membrane. One
explanation is that SNMC increases CPTI expression
through the restoration of the damaged mitochondrial
outer membrane, as shown by the attenuated ultrastruc-
tural alterations of mitochondria with SNMC in FL-N/35
transgenic mice fed the excess iron. Another explanation
is that SNMC may increase CPTI expression through the
inhibition of fatty acid synthesis. However, the latter
explanation seems unlikely, because the 6-month treat-
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ment with SNMC did not change the expression of
SREBP1 or FAS (Fig. 6). Thus, the mechanisms by which
SNMC reduces hepatic steatosis induced by HCV protein
and iron overload may be mainly because of increased p-
oxidation activity associated with increased CPTI stabi-
lity through the protective effect against mitochondrial
injury.

Of particular concern is how SNMC exerts its protec-
tive effect against mitochondrial injury. We reported
previously that SNMC restored depletion of reduced
glutathione (GSH) induced by CCl, and increased the
synthesis of y-glutamylcysteine synthetase (y-GCS), a
rate-limiting enzyme regulating GSH synthesis, at the
transcriptional level in FL-N/35 transgenic mice (9).
Judging from the protective effect of SNMC against
mitochondrial injury, SNMC may play a role in the
reduction of mitochondrial oxidative stress. Hepatic
GSH synthesis is mainly regulated by the availability of
cysteine, the sulphur amino acid precursor and the
activity of y-GCS. SNMC consists of 0.2 glycyrrhizin,
0.1 cycteine and 2.0% glycine in physiological solution.
The cysteine included in SNMC may also contribute to
GSH synthesis through its increased availability. The
present study was largely observational and therefore
further analysis is needed to clarify the mechanisms by
which SNMC exerts a protective effect against mitochon-
drial injury.

In conclusion, this study shows that SNMC reduces
hepatic steatosis induced by HCV protein and iron
overload in mice by inducing increased P-oxidation
activity associated with an increased CPTI expression.
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ABSTRACT

We report a patient with alcoholic liver cirrhosis who had a 15 mm focal nodutar
hyperplasia (FNH)-like nodule in the liver. This FNH-like nodule was diagnosed as
hepatocellular carcinoma (HCC) mainly based on hypervascularity during the hepatic
arterial phase, washout pattern during the equilibrium phase and low signal intensity
during the hepatobiliary phase in gadolinium-ethoxybenzyl-diethylenetriamine
pentaacetic acid (Gd-EOB-DTPA)-enhanced MRI; it was surgically resected. Its
histology exhibited hepatocyte hyperplasia, fibrous septa containing unpaired small
arteries accompanied by reactive bile ductules, remarkable iron deposits and sinusoidal
capillarization, and was compatible with the diagnosis of an FNH-like nodule. When we
analyzed the images of the present nodule retrospectively, low signal intensity on
in-phase and isosignal intensity on opposed-phase T1-weighted MRI may have reflected
iron deposits in the FNH-like nodule. In addition, a low signal intensity on T2-weighted
MRI and no detection in diffusion-weighted MRI may help in distinguishing FNH-like
nodules from HCC, since these image findings are inconsistent with typical HCC.
Immunohistochemical analysis revealed a markedly reduced expression of organic
anion transporter (OATP) 1B3 in this nodule, which implied decreased Gd-EOB-DTPA
uptake by hepatocytes and accounted for the low signal intensity during the
hepatobiliary phase on Gd-EOB-DTPA-enhanced MRI. To the best of our knowledge
this is the first report in which an FNH-like nodule was assessed for OATP1B3

expression.

KEYWORDS: alcoholic liver cirrhosis, FNH-like nodule, hepatocellular carcinoma,
organic anion transporter, Gd-EOB-DTPA-enhanced MRI



INTRODUCTION

Due to improvements in imaging techniques and pathological evaluation, a new
type of small focal lesion occurring in the cirrhotic liver has been described (1-3). Focal
nodular hyperplasia (FNH)-like nodules (FNH-like nodules) are focal lesions occurring
in liver cirrhosis and are morphologically very similar to classical FNH in the otherwise
normal liver. In general, FNH-like nodules are assumed not to have an increased risk of
malignant transformation (1-3), but this issue remains elusive (4). FNH-like nodules are
occasionally misdiagnosed on imaging as hepatocellular carcinoma (HCC) due to
hypervascularity during the arterial phase of magnetic resonance imaging (MRI)/
computed tomography (CT).

On the other hand, gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic
acid (Gd-EOB-DTPA)-enhanced MRI has enabled us to detect focal liver lesions
because of its hepatocyte-specific properties (5-7), and it might be the most useful
imaging modality for the diagnosis of HCC at present (8, 9). However, the image
findings of FNH-like nodules in Gd-EOB-DTPA-enhanced MRI are not well known,
and it remains unclear if FNH-like nodules can be distinguished from HCC in
Gd-EOB-DTPA-enhanced MRI. Here, we report a histologically I;foven FNH-like
nodule in a patient with alcoholic liver cirrhosis, and discuss the diagnostic potential of

Gd-EOB-DTPA-enhanced MRI for FNH-like nodules.



CASE REPORT

A 68-year-old Japanese man with a history of alcoholic liver cirrhosis for
approximately 10 years was found to have a 9 mm hypervascular nodule in the liver
through contrast-enhanced CT and admitted to Kawasaki Medical University Hospital
in June 2008 for further examination of the hepatic nodule.
His alcoholic consumption over the previous 40 years was 100 g or more per day. A
physical examination on admission showed no remarkable abnormalities except for
moderate splenomegaly. Laboratory data on admission disclosed the following
abnormal values: platelet count 9.4x10*uL (normal range 15-35), aspartate
aminotransferase 58 IU/L (10-35), y-glutamyl transpeptidase 346 IU/L (5-60) and
indocyanine green retention rate at 15 minutes 16.4% (<10). The levels of hepatic tumor
markers were as follows: a-fetoprotein 9.0 ng/mL (<10) and des-y-carboxy prothrombin
25 mAU/mL (<40). The serum was negative for anti-hepatitis C virus antibody and
hepatitis B surface (HBs) antigen but positive for anti-HBs and anti-hepatitis B core
antibodies.

Neither B-mode sonographic scans nor Sonazoid contrast-enhanced
ultrasonography detected the hepatic nodule. Arteriography did not disclose any
hypervascular mass lesion. Contrast-enhanced CT revealed a nodule of 9 mm in the
liver segment 3 as hypervascularity during the hepatic arterial phase.
Gd-EOB-DTPA-enhanced MRI disclosed that this nodule had a low signal intensity
before contrast injection (Fig. 1A), hypervascularity during the hepatic arterial phase
(Fig. 1B), a washout pattern during the equilibrium phase (Fig. 1C), and a low signal
intensity during the hepatobiliary phase (Fig. 1D). Diffusion-weighted MRI did not
reveal this nodule (Fig. 2A). In- and opposed-phase T1-weighted MR, and T2-weighted
MRI disclosed this nodule as low signal intensity (Fig. 2B), isosignal intensity (Fig. 2C)
and slightly low signal intensity (Fig. 2D), respectively. Although this nodule was
detected as slightly low signal intensity (Fig. 2E) in superparamagnetic iron oxide
(SPIO)-enhanced MR], it was uncertain if Kupffer cells took up SPIO because of the
slightly low signal intensity on T2-weighted MRI before SPIO injection.

The imaging findings mentioned above were suggestive of HCC, even though

several findings, such as low signal intensity on in-phase and isosignal intensity on



opposed-phase T1-weighted MR, low signal intensity in T2-weighted MRI and no
detection in diffusion-weighted MRI, were not consistent with typical HCC. We could
not histologically assess this hepatic nodule by liver biopsy because of its
undetectability by ultrasonography, and we could not ignore the possibility of HCC as
the diagnosis of this nodule. Therefore, this nodule was surgically resected after
obtaining informed consent from the patient. The nodule of interest was not
encapsulated and its margin was difficult to distinguish from the surrounding cirrhotic
tissue (Fig. 3A and 3B). Intranodular fibrous septa were present but central fibrous
scarring and portal tracts were absent (Fig. 3C). The fibrous septa contained unpaired
small arteries accompanied by reactive bile ductules radiating into the parenchyma (Fig.
3D). This nodule showed varying degrees of increased cellularity (Fig. 4A) and marked
iron deposits in the hepatocyte and/or Kupffer cells (Fig. 4B) compared to the
surrounding cirrhotic tissue. Immunohistochemical analysis using an anti-CD34
antibody (anti-CD34) revealed marked sinusoidal capillarization (Fig. 4C). Thus, the
histological diagnosis of this nodule was an FNH-like nodule. Finally, we
immunohistochemically assessed the expression of organic anion transporter (OATP)
1B3 in hepatocytes, using an anti-OATP1B3 antibody (anti- OATP1B3) to examine why
this nodule exhibited low signal intensity during the hepatobiliary phase of
Gd-EOB-DTPA-enhanced MRI. Immunohistochemically, OATP1B3 was diffusely and
strongly positive for the cell membrane of the hepatocytes in the surrounding cirrhotic
tissue, but was nearly absent in the FNH-like nodule (Fig. SA-C). Thus far neither
recurrence of the FNH-like nodule nor the development of HCC has been found in this ‘

patient who has stopped drinking alcohol since he was admitted to our hospital.



DISCUSSION

FNH-like nodules occurring in cirrhotic livers are reported to have the
pathological features such as encapsulation, hepatocyte hyperplasia, fibrous septa
containing unpaired small arteries accompanied by reactive bile ductules, iron deposits
and/or sinusoidal capillarization (1, 2). It has been suggested that the artery-dominant
condition derived from disturbed portal circulation in the cirrhotic liver (10) or the
congenital vascular anomaly (11, 12) causes localized hyperplastic changes of the
hepatocytes, and generates nodular lesions such as FNH. The increased unpaired
arteries, diffuse capillarization, and iron deposits in the nodule would be attributable to
a similar mechanism in nodular formation. The FNH-like nodule in this study had these
pathological features except for encapsulation. One possible explanation for the lack of
encapsulation is that hepatocytic hyperplasia had not expanded sufficiently to be
encapsulated because it was the early stage in the development of the hyperplastic
nodule. In this respect the state of the present FNH-like nodule may suggest its early
stage. The present case clearly indicated the existence of an FNH-like nodule with
reduced OATP1B3 expression. Hepatocytic disorder derived from disturbed portal
circulation in cirrhotic liver may have suppressed the expression of OATP1B3. We
cannot necessarily exclude a possibility of malignant potential of this nodule in terms of
nearly absent expression of OATP1B3. Otherwise, unknown mechanisms may have
been related to the reduced expression of OATP1B3.

FNH-like nodules also are clinically important lesions in terms of difficulty in
distinguishing them from well-differentiated HCC in image diagnosis. There were at
least two reasons why we had diagnosed this patient as having probable HCC in
imaging. First, the present FNH-like nodule exhibited hypervascularity during the
hepatic arterial phase and a washout pattern during the equilibrium phase in
contrast-enhanced MRI. Second, the Gd-EOB-DTPA-enhanced MRI revealed this
nodule to have low signal intensity during the hepatobiliary phase, which implied
reduced uptake of Gd-EOB-DTPA by hepatocytes. Reduced Gd-EOB-DTPA uptake by
hepatocytes was reported to suggest an early event of hepatocarcinogenesis in a recent
study (13). In contrast, FNH is demonstrated to be enhanced during the hepatobiliary
phase of Gd-EOB-DTPA-enhanced MRI (5, 14). With respect to this point, it should be



noted that the present FNH-like nodule may have had an exceptionally low signal
intensity during the hepatobiliary phase. The present results were consistent with the
recent report that uptake of Gd-EOB-DTPA is determined by OATP1B3 expression
rather than by tumor differentiation or bile production in HCC (15), and suggested the
difficulty in discriminating between FNH-like nodules and HCC by assessing the
Gd-EOB-DTPA uptake by hepatocytes.

Which MRI imaging findings were useful for distinguishing between FNH-like
nodules and HCC in this patient? When we analyzed the images of this nodule
retrospectively, there seemed to be three important findings for diagnosis. First, the low
signal intensity on in-phase and isosignal intensity on opposed-phase T1-weighted MRI
may have reflected iron deposits in the FNH-like nodule, since similar phase-shift
imaging has been reported to reflect hemosiderin deposits in regenerative nodules in
liver cirrhosis (16). In contrast, the isointensity to slightly high intensity on in-phase and
the low signal intensity on opposed-phase T1-weighted MRI are known to reflect
hepatocellular nodules with fatty degeneration (8). Thus, the combined findings from
the in-phase and opposed-phase may facilitate discrimination between FNH-like
nodules and well-differentiated HCC, since the former frequently have iron deposits and
the latter has fatty degeneration. Second, FNH-like nodules and HCC have been shown
to be likely to exhibit iso- to low signal intensity and high signal intensity in
T2-weighted MRI, respectively (17), which was consistent with the low signal intensity
in the present nodule. Third, the lack of detection in diffusion-weighted MRI may help
in distinguishing FNH-like nodules from HCC, since diffusion-weighted MRI imaging
has been reported to be useful in differentiating benign hepatocellular nodules including
FNH from HCC (18). However, it still may be difficult to distinguish such small
FNH-like nodules showing low signal intensity during the hepatobiliary phase in
Gd-EOB-DTPA-enhanced MRI from HCC in clinical practice.

In addition, it remains controversial whether FNH-like nodules can be
distinguished from HCC based on the presence of Kupffer cells in the nodules. A defect
in the Kupffer phase on contrast-enhanced ultrasonography, which implies the absence
of Kupffer cells, has been reported in the FNH-like nodule in alcoholic liver cirrhosis

(19), whereas the presence of Kupffer cells on SPIO-enhanced MRI has also been



shown in FNH-like nodules in alcoholic liver cirrhosis (17). The present FNH-like
nodule may have contained Kupffer cells, since Sonazoid contrast-enhanced
ultrasonography did not detect this nodule. However, we could not precisely assess the
uptake of SPIO by Kupffer cells because of the slightly low signal intensity on
T2-weighted MRI before SPIO injection. Thus, the present case suggests the importance
of pathological diagnosis for hepatic small nodular lesions as well as the difficulty in
image diagnosis for such lesions. We also propose that observational follow-up is also
an important modality to be chosen when nodules are less than 1.5 cm in diameter, since
small nodular lesions associated with chronic liver diseases smaller than 1.5 cm have
been reported to have less potential to be early HCC (20).

In conclusion, we found an FNH-like nodule with reduced expression of
OATP1BS3 in a patient with alcoholic liver cirrhosis, and retrospectively analyzed

imaging findings useful for distinguishing FNH-like nodules from HCC.



