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Fig. 2. Steatosis in the Pik3ca Tg liver. (A) Increased liver weight in Pik3ca Tg mice. (N = 5/group; 'p <0.05, ANOVA; post hoc test with WT). (B) Representative liver images
of WT and Pik3ca Tg mice. (C) High concentrations of intrahepatic triacylglycerol in the Tg mice (N >5/group; 'p <0.05, ANOVA; post hoc test with WT). (D) H&E staining of
livers from WT and Pik3ca Tg mice at 4 weeks (top) and 24 weeks (bottom) of age. (E) Higher serum ALT levels in the Tg mice (N = 5/group; p <0.05, ANOVA; post hoc test
with WT). (F) The expression of fat metabolism genes in the 4-week-old liver (N = 3-4/group; *p <0.05, **p <0.01, Student’s t-test). (G) Cellular triacylglycerol levels and (H)
the expression of lipogenesis-related genes in BNL-CL2 cells stably expressing Pik3ca (N1068fs+4) (N = 3/group; *p <0.05, **p <0.01, Student’s t-test).

oncogenic activity in itself [ 13] and that there might be unknown
factors promoting in vivo tumorigenesis in the Pik3ca Tg liver.

Downregulation of tumor suppressor genes in tumors derived from
Pik3ca Tg livers

To further assess the related cellular signaling for tumorigenesis
in the Pik3ca liver, we evaluated the activation of Akt, S6K, and
Erk among the WT liver, non-tumor Tg liver, and tumor tissues
from 52-week-old mice (Fig. 4A). Tumor tissues exhibited signif-
icantly enhanced activation of Akt compared to the Akt activation
in non-tumor background or WT livers. We observed stronger
phosphorylation of Akt in the non-tumor Tg liver than in WT liv-
ers, but the difference was not statistically significant as deter-
mined by ANOVA. Furthermore, the immunohistochemistry for
phospho-Akt did not demonstrate clear differences between
non-tumor livers and WT tissues. In contrast, the expression of
Myc-Pik3ca was sustained in the non-tumor liver at 52 weeks
(Supplementary Fig. 7). Those findings suggest the possibility that
continuous activation of Akt induced by overexpressed Pik3ca is
important for tumor formation in the Tg livers [31], whereas it
remains unknown why Akt phosphorylation was attenuated in
the non-tumor liver at 52 weeks despite the sustained expression
of Pik3ca (Fig. 4A and Supplementary Fig. 7). In addition, the phos-
phorylation of S6K and Erk tended to be higher in Tg livers than in
WT livers (Fig. 4A), but the difference became attenuated at
52 weeks compared to that at 4 weeks (Figs. 1B and 4A and
Supplementary Fig. 8). These data do not exclude the possible role
of these molecules in tumorigenesis in Tg livers but at least may
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emphasize the importance of Akt activation. Next, we examined
the expression levels of genes involved in murine hepatotumori-
genesis [32-34]. We observed decreased expression of four tumor
suppressor genes, Pten, AT-rich interactive domain 5B (Arid5b),
exportin 4 (Xpo4), and deleted in liver cancer 1 (DIc1), in the tumor
compared to the non-tumor background of Pik3ca Tg livers
(Fig. 4B and Supplementary Fig. 9). PTEN protein levels were
downregulated (Fig. 4C). To address whether the downregulation
of Pten contributes to the tumorigenic activity in liver cells, we
established Pten-depleted BNL-CL2 cells (Fig. 4D). Pten-depleted
BNL-CL2 cells generated significantly more colonies in soft agar
(Fig. 4E), indicative of enhanced tumorigenicity. These findings
emphasize the possibility that the decreased expression of tumor
suppressor genes has a certain role in tumorigenesis in the Pik3ca
Tg liver. Importantly, the in vitro overexpression of mutant Pik3ca
(N1068fs+4) only suppressed Arid5b expression but did not
decrease the expression of Pten, Xpo4, or Dlc1 in BNL-CL2 cells,
indicating that certain additional mechanisms repressed their
expression (Supplementary Fig. 10). Although several reports
suggested a relationship between oxidative stress and hepatocar-
cinogenesis [35], the levels of hydrogen peroxide and lipid
peroxidation were comparable between Tg and WT livers
(Supplementary Fig. 11).

Tumors contain higher concentrations of OAs and palmitic acids
(PAs) compared to the background tissues in the Pik3ca Tg liver

Recent intensive research has shed light into the significance of
fatty acid (FA) as a potent biological stimulator of intracellular
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signaling [36]. Interestingly, unsaturated FAs inhibit Pten expres-
sion via microRNA-21 in hepatoma [7,37,38], and the overexpres-
sion of a FA receptor (FFAR2) transformed the 3T3 fibroblasts
[39], suggesting the possible relationship between FA and tumor-
igenesis. In the Pik3ca Tg liver, the tumor tissues contained higher
concentrations of FAs than the non-tumor background tissues
(Fig. 5A). The difference in total FA levels was largely due to

the increase in levels of OA (C18:1n9) and PA (C16:0) in the
tumors (Fig. 5B and C, Supplementary Fig. 12 and Table 2).

OA has the potential to repress the expression of tumor suppressors
and enhance colony formation in vitro

To examine the possibility that either OA or PA downregulates
the expression of tumor suppressors including Pten, we treated
BNL-CL2 cells with OA or PA. OA, but not PA, repressed the
expression of Pten, Arid5b, Xpo4, and Dic1 (Fig. 6A). Moreover,
BNL-CL2 cells exposed to OA formed significantly more colonies
in soft agar (Fig. 6B). These findings indicate that OA potentially
enhances the in vivo tumorigenesis in the Pik3ca Tg liver. As an
example, it is likely that decreased PTEN expression could
enhance the Akt activation by the Pik3ca transgene in Tg-derived
tumors (Fig. 1B).

Discussion

Hepatocyte-specific overexpression of Pik3ca (N1068fsx4) leads
to steatosis and hepatic tumor formation. This mutation was
originally isolated in human HCC and gastric cancers [12], but
its functional analysis has never been reported. The in vitro over-
expression of this mutant clearly induced Akt activation, but the
level of activation was comparable with that of Pik3ca wild type
and lower than that of the oncogenic H1047R mutant, suggesting
that the Pik3ca Tg mice provide a model for studying effects of
PIK3CA overexpression rather than a gain-of-function of PIK3CA.
Furthermore, the N1068fsx4 mutation was not sufficient for cel-
lular transformation in vitro, different from Pik3ca H1047R [40].
Considering results from a previous report suggesting the pivotal
role of Akt activation in cell transformation by PIK3CA mutation
[13], the activation level of Akt induced by Pik3ca (N1068fs+4)
expression should not be sufficient for the celi-transforming pro-
cess. These data indicated that the development of hepatic
tumors in Tg mice might not be always a direct effect of Pik3ca
(N1068fs+4) but instead promoted by other in vivo protumori-
genic factors.

We focused on FA as an additional protumorigenic factor con-
tributing to in vivo hepato-tumorigenesis in Tg mice, based on
recent research on their oncogenic capacity [39]. Previous studies
reported that OA inhibits PTEN expression via the upregulation of
microRNA-21 through an mTOR/NF-xB-dependent mechanism
[37,38] and also that exposure to OA increases tumor growth in
xenografts {7]. Here, we demonstrated the correlation between
OA accumulation and downregulation of other tumor suppres-
sors, whereas the entire molecular mechanism remains to be elu-
cidated. At least, there is a possibility that, in the Tg-derived
tumors, OA accumulation enhanced the Akt activation by the
Pik3ca transgene, which phosphorylates Akt less strongly than
other oncogenic mutants in vitro (Fig. 1B, Supplementary Figs. 6
and 13).

Lipogenesis is mainly mediated by two major transcription
factors, PPARy and SREBP1C [24,25]. Hepatocyte-specific Pten
KO mice exhibited increased expression of both PPARy and
SREBP1c in the liver, whereas only PPARy was highly expressed
in the Pik3ca Tg liver [16]. Our in vitro data suggested that the
PI3K signaling is upstream of the activation of PPARy in hepato-
cytes. A recent study shows that levels of PPARy as well as
SREBP1c mRNA are higher in the livers of patients with steatosis
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or steatohepatitis, suggesting that the activity of PPARy is impli-
cated in the abnormal lipid accumulation in human livers [41]
(Supplementary Fig. 13).

Unlike the hepatocyte-specific Pten KO mice [16], cellular
infiltration and fibrosis were not observed in the Pik3ca Tg liver.
One explanation is the possibility that Pten deficiency induces
certain pathological mechanisms independently of PI3K-Akt
activation, as previously reported for mammary tumorigenesis
[18-20,42-45]. Indeed, although genetic changes in PTEN result
in potent Akt phosphorylation, in vivo studies have suggested
that they show distinct phenotypes [42]. The conditional knock-
out of PTEN enhanced tumorigenesis in the mammary gland [43];
however, transgenic mice expressing constitutively active Akt in
the mammary gland did not show tumor formation [44]. PTEN
directly associates with p53, thereby increasing its stability, pro-
tein level, and transcriptional activity [18,19]. PTEN induces
apoptosis and cell cycle arrest through PI3K/Akt-independent
pathways [20]. PTEN also has important roles in integrin signal-
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ing and has the ability to dephosphorylate focal adhesion kinase,
reducing cell adhesion and enhancing migration [46]. These
findings support an alternative mechanism of PTEN-mediated
tumorigenesis independent on PI3K/Akt pathway. As a second
reason for the difference from Pten KO mice, it is possible that
PI3K catalytic beta has a distinct role with PIK3CA in the pheno-
type of Pten deficiency [47].

The discrepancy between the scarce inflammatory levels in
the Pik3ca Tg liver and the strong increase in serum ALT levels
indicative of severe liver injury is to be solved in the near
future. We found that inflammatory cytokine IL-1o. and Fas
ligand were more highly expressed in the Pik3ca Tg liver than
in the WT liver (Supplementary Fig. 4). Taking into account
reports demnonstrating that these factors can lead to liver
damage [28,29}, it can be suggested that their abnormal upreg-
ulation in Tg livers is in part responsible for liver damage,
whereas the entire molecular process inducing them remains
unknown (Supplementary Fig. 13).
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Mechanisms involved in the pathogenesis of non-alcoholic
steatohepatitis (NASH) remain unclear, but the “two-hit theory”
is widely accepted [48]. That is, in the first hit, insulin-resistance
is followed by lipid accumulation in the liver, and the second hit,
possibly involving inflammatory cytokines or oxidative stress,
results in hepatic injury and fibrosis. It has been reported that
ROS has certain roles in in vivo carcinogenesis [35], and the con-
centration of ROS is upregulated in the liver suffering NASH or
NASH-derived HCC [49]. Regardless of the obvious fatty liver,
our model mice have not shown impaired glucose tolerance.
The concentration of ROS in the Pik3ca Tg mice was comparable
with that of WT mice (Supplementary Fig. 11), which can be
partly explained by the lower expression of fat-oxidative genes
(Fig. 2F) and lack of inflammatory cell infiltration. These findings
indicate that Pik3ca Tg mice do not always mimic the ‘entire
pathological - mechanisms causing NASH, while they might be
useful as a prototype to determine which pathological processes
are required for the progression from the fatty liver to NASH. In
addition, given the low rate of HCC-development in these mice,
they can be potentially useful for'discovering tumor-promoting
factors in hepatic steatosis. For example, although it was unlikely
that ROS is involved in the initiation of hepatic tmor in the
Pik3ca Tg liver, we can examine the pathological significance of
ROS in tumor progression as well as hepatitis induction by apply-
ing the Pik3ca Tg liver to the condition producing high levels of
ROS. X ) i

Recent clinical findings have advocated the relationship
between volume of visceral fat and tumor progression |[1-4].
While there is no direct molecular evidence to address the notion
that abnormal body fat accumulation accelerates tumor growth,
our data might provide new insights into the mechanisms of
the “lipotoxicity-related” tumorigenesis. Future researches are
needed to unravel how OA affects gene expression.
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Abstract

Background and Aims: Kupffer imaging in contrast-enhanced ultrasonography (CEUS)
with Sonazoid, which lasts for 60 min or longer, may be useful in ultrasound-guided
percutaneous tumor ablation. The utility of Sonazoid in radiofrequency ablation (RFA) of
hepatocellular carcinoma (HCC) was investigated in this study.

Methods: We analyzed a total of 716 HCC nodules that were detected on dynamic
computed tomography in 316 patients. Detectability of these nodules was compared
between CEUS and conventional ultrasonography. The effectiveness in the treatment was
assessed by comparing the mean numbers of treatment sessions of RFA in patients treated
with CEUS and that in historical controls matched for tumor and background conditions.
Results: Detectability of tumor nodule was 83.5% in conventional ultrasonography and
93.2% in CEUS (P =0.04). Sixty-nine nodules in 52 patients were additionally detected
with CEUS. The number of additionally detected tumor nodules was positively correlated
with serum albumin level (P = 0.016). The number of RFA sessions was 1.33 £ 0.45 with
CEUS as compared to 1.49 = (.76 in the historical controls (P = 0.0019).

Conclusions: CEUS with Sonazoid is useful for HCC detection in patients with a well-
conserved liver function reservoir. The decrease in RFA session numbers indicated the
utility of Sonazoid in RFA treatment of HCC.

ablation; US, ultrasonography.

Introduction

Hepatocellular carcinoma (HCC) is the sixth most common cancer
worldwide and the third most frequent cause of cancer death.'
Because potentially curative treatments can be indicated only at
less advanced stages, detection of HCC at an early stage is still a
prerequisite for improved prognosis.” Recently, radiofrequency
ablation (RFA) has been introduced and accepted as an effective
nonsurgical treatment for HCC,** showing 5-year survival rates
exceeding 50%.° RFA is potentially curative, minimally invasive,
and easily repeatable in case of recurrence.

Real-time visualization of the target lesion is sine qua non for
percutaneous ultrasound-guided ablation therapies, including RFA.
However, visualization is sometimes difficult because of shape
changes and coarse parenchymal echogenicity in cirrhotic liver.
Virtual sonographic images reconstructed from multidetector-row
computed tomography (CT) images are useful for HCC nodules that
are not depicted by conventional ultrasonography (US).® However,
virtual sonographic images do not always precisely correspond to
the real-time US images because of locational and morphological
changes in the liver caused by respiration, postural movement, or
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bowel peristalsis. Although CT-guided RFA is thought to be useful
for such nodules, real-time visualization is inferior to US guidance
and accompanied by radiation exposure to operators and patients.’
Several contrast materials have been developed to improve US
resolution and have indeed been shown to be useful in differential
diagnosis of hepatic tumorous lesions.'®!" However, their role in
percutaneous ablation is limited because of the short-lasting
enhancement effect.

A second-generation sonographic contrast agent, Sonazoid
(Daiichi-Sankyo, Tokyo, Japan), a lipid stabilized suspension of
perfluorobutane gas microbubbles, has been used clinically in
Japan since January 2007 in patients with liver tumors, with phase
inversion harmonic gray scale sonography.'>'* The perfluorobu-
tane microbubbles are taken up by Kupffer cells in the liver sinu-
soid, allowing parenchyma-specific imaging of the liver. This
imaging, called Kupffer imaging, is typically presented 10 min
after injection of Sonazoid, when lesions that contain few Kupffer
cells are clearly delineated as contrast defect surrounded by
enhanced normal hepatic parenchyma. Kupffer imaging is particu-
larly useful in detecting HCC nodules, which typically lack
Kupffer cells. Moreover, contrast-enhanced ultrasonography
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(CEUS) with Sonazoid can be expected to be useful also in
ultrasound-guided percutaneous ablation, including RFA, because
Kupffer imaging lasts usually for more than 60 min. However,
there are few reports about the utility of Sonazoid as a contrast
agent during RFA of HCC.'"*

The aim of the present study was to evaluate the utility of the
contrast agent Sonazoid in ultrasound-guided percutaneous RFA
of HCC in terms of HCC nodule detection. Overall facilitation of
the ablation procedure was also evaluated by comparing the
numbers of RFA sessions per treatment between RFA using CEUS
with Sonazoid and matched historical controls that had used con-
ventional US.

Methods

Patients

We analyzed a total of 716 HCC nodules in 316 consecutive
patients who were admitted for RFA between July 2007 and
December 2007. All patients were treated on an inpatient basis. In
every case, CEUS was carried out the day before RFA. Detection
of HCC nodules was compared between CEUS and conventional
US, using dynamic CT as the reference standard. In 291 patients,
CEUS was carried out also during RFA. We assessed whether
CEUS facilitated RFA by comparing the numbers of RFA sessions
per treatment in CEUS-assisted RFA and in historical controls
matched for tumor and background conditions, performed with
conventional US between January 2004 and July 2007. The study
protocol conformed to the ethical guidelines of the Helsinki Dec-
laration 2004 and was approved by the research ethics committee
of the authors’ institution.

Diagnosis of HCC

HCC was diagnosed by dynamic CT, considering hyperattenuation
in the arterial phase with washout in the late phase as a definite
finding.'® Multidetector-row CT (MDCT) was performed within a
month before RFA, where plain and dynamic contrast-enhanced
CT images were obtained with rapid intravenous injection of a
contrast material. MDCT systems used for our study were Aquil-
lion 64 (Toshiba, Tokyo, Japan) or LightSpeed VCT (GE Health-
care, Milwaukee, WI, USA). A bolus of iodinated contrast material
was injected using a mechanical power injector in 30 s, at a con-
centration of 300-370 mg I/mL for the amount of bodyweight
(kg) x 2 mL (maximum, 100 mL). The three contrast-enhanced
phases (early arterial phase, late arterial phase, and equilibrium
phase) were obtained at 25, 40, and 120 s after the start of injec-
tion. Reconstruction images were obtained with a section thick-
ness of 2.5 mm with a reconstruction interval of 1.5 mm. Most
HCC nodules were also confirmed histopathologically with
ultrasound-guided biopsy afterwards. The pathological grade was
evaluated based on Edmondson-Steiner criteria."”

Ultrasound examinations

All US examinations were carried out using the SSA-770A appa-
ratus (APLIO; Toshiba, Tokyo, Japan), on patients after at least 5 h
of fasting. First, we examined the liver for HCC lesions with
conventional tissue harmonic imaging. We performed both inter-
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costal and subcostal scans of the right lobe, and both sagittal and
transverse scans of the left lobe. Efforts were exerted to maximize
visualization of lesions, including positional changes and breath
holding. Then, CEUS was performed by the same operator with
phase inversion mode imaging. A 0.5-mL dose of Sonazoid was
injected into an antebrachial vein at 0.2 mL/s via a 21-gauge
cannula, followed by 20-mL of normal saline. The whole liver was
scanned with CEUS, using similar techniques as used in the con-
ventional US, 10 min after Sonazoid injection. When visualization
was not sufficient at that time, a CEUS scan was repeated after a
5-10-min interval. Findings in conventional US and CEUS were
separately recorded by the operator. Detection ability of US and
CEUS was calculated using dynamic CT as a reference standard.
We analyzed the correlation between the number of additionally
detected nodules by CEUS and liver function reservoir, as repre-
sented by serum albumin concentration.

RFA sessions

Inclusion criteria for percutaneous ablation were as follows: total
bilirubin concentration lower than 3 mg/dL; platelet count not less
than 50 x 10°/mm?; and prothrombin activity not lower than 50%.
Patients with portal vein tumor thrombosis, refractory ascites, or
extrahepatic metastasis were excluded. The procedure has been
meticulously described elsewhere.'”® In brief, grounding was
achieved by attaching two pads to the patient’s thighs. A 17-gauge,
cooled-tip electrode with a 2- or 3-cm exposed tip was attached to
a radiofrequency generator (Covidien, Mansfield, MA, USA).
After local anesthesia, the electrode was inserted under ultrasound
guidance. During ablation, the temperature was measured with a
thermocouple in the electrode and tissue impedance was also
monitored by a circuitry incorporated into the generator. A peri-
staltic pump infused 0°C saline into the electrode lumen to main-
tain the tip temperature below 20°C. Radiofrequency energy was
delivered for 6—12 min on: each application. A 12-min ablation
using a 3-cm electrode would produce a quasi-spherical necrotic
volume 3 cm in diameter. For larger lesions, the electrode was
repeatedly inserted into different sites, so that the entire lesion
could be enveloped by assumed necrotic volumes.

CEUS-assisted RFA was done basically with Kupffer imaging at
least 10 min after Sonazoid injection. Electrodes were inserted
after perfluorobutane microbubbles disappeared from vessels so
that the vessels were well visualized. Before the introduction of
CEUS, when a nodule was not well visualized by conventional US,
the needle was inserted by real-time ultrasound reference to the
portal vein or hepatic vein near the target nodule.

The efficacy of RFA was assessed with contrast-enhanced CT
performed on the next day. Complete ablation was defined as
hypoattenuation of each lesion with a sufficient safety margin in
the surrounding liver parenchyma. When ablation was found to be
insufficient, an additional session of RFA was carried out, until
complete ablation was confirmed on contrast-enhanced CT. The
number of RFA sessions was defined as the total number of inter-
vention episodes required to achieve complete ablation.

Follow up

Each patient was followed up with contrast-enhanced CT every
4 months. Tumor recurrence was diagnosed according to the
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same criteria applied to initial HCC diagnosis. Intrahepatic recur-
rence was classified as either recurrence at a site distant from the
primary site or that adjacent to the treated lesion (local tumor
progression).

Historical controls

One historical control was selected for each patient who under-
went CEUS-assisted RFA from patients who received RFA
between January 2004 and July 2007, that is, prior to the intro-
duction of CEUS (n =2261). The maximum diameter of tumors
(% 0.3 cm), the number of lesions (exact), viral markers (exact),
and serum albumin concentration (*+ 0.3 g/dL) were used as the
matching factors, with the maximum permissible differences
shown in parentheses. The selection was carried out using the
find-matches function of S-Plus 2000 (TIBCO Software, Palo
Alto, CA, USA).

Statistical analysis

Variables were expressed as mean = standard deviation unless
otherwise specified. Continuous variables were compared using
the unpaired Student’s t-test, and categorical variables were com-
pared using Fisher’s exact probability test. The number of RFA
sessions per patient was compared using the Mann-Whitney
U-test. All tests were two-sided with a significance level of 5%.
Statistical analyses were carried out with S-plus 2000.

Results

The baseline characteristics of patients who underwent CEUS are
shown in Table I. The patients consisted of 216 men and 100
women with a mean age of 70.1 £ 7.7 years. The mean
maximum diameter of tumors was 1.6 = 0.8 cm. All 316 patients
underwent both conventional US and CEUS, in this order, the day

Table 1 Baseline characteristics (n= 316)

Variables

Age lyears)’ 701 77
Male, n (%) 216 (68.3)
HBsAg positive, n (%) 45 (14.2)
HCVAD positive, n (%) 238 (75.3)
Diameter (cm)' 1.6 £0.8
Number of tumors

1, n (%) 124 (39.3)
2-3, n (%) 143 (45.2)
=4, n(%) 9 (15.5)
Total bilirubin (mg/dL)* 9 (0.6-1.2)
Albumin (g/dL)* 6 (3.2-3.9)
Platelet count (104mm?)? 10 5 (7.3-13.8)
AFP (ng/mL)* 6 9 (6.0-62.8)
L3 (%) 5 (0-3.1)
DCP (mAU/mL)* 0 (13-50)

"Mean = standard deviation.

*Median (25th-75th percentiles).

AFP, alpha-fetoprotein; DCP, des-gamma-carboxy-prothrombin; HBsAg,
hepatitis B surface antigen; HCVADb, hepatitis C virus antibodly.
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before scheduled RFA. Of 716 HCC nodules diagnosed on’
dynamic CT, conventional US identified 598 (83.5%) nodules as
definite lesions. Subsequent CEUS detected an additional 69
nodules, increasing the detectability to 93.2%, and the difference
was statistically significant (P = 0.04). The number of addition-
ally detected nodules per patient was one in 36 patients, two in
eight, three in five, and more than three in three; thus at least one
nodule was additionally detected with CEUS in a total of 52
patients (16.5%). Among these patients, artificial pleural effusion
was used in 19 cases and artificial ascites was used in four
patients, resulting in additional detection of 28 and four nodules,
respectively. The number of additionally detected nodules by
CEUS was positively correlated with serum albumin concentra-
tion (P =0.016) (Fig. 1).

CEUS was also used during the RFA session in 291 patients.
Artificial pleural effusion was performed in 71 (24.4%) cases and
artificial ascites was used in 27 (9.1%) cases. Two demonstrative
cases successfully treated with CEUS-assisted RFA are shown in
Figures 2 and 3. We did not conduct randomization on the use of
CEUS because its usefulness in tumor visualization was obvious at
least in a proportion of the patients. Instead, we chose historical
controls matched for tumor-related factors and liver function, and
compared the number of RFA sessions per patient and total abla-
tion time per session. In all patients including controls, RFA ses-
sions were repeated until complete ablation of each nodule was
confirmed on contrast-enhanced CT. The mean number of
RFA sessions per patient was 1.33 =% 0.45 in patients with CEUS,
as compared to 1.49 = 0.76 in the historical controls (P =0.0019
by Mann-Whitney U-test) (Table 2). Total ablation time per
session was 17.2 = 10.7 min- with CEUS-assisted RFA and
15.7 = 9.6 min in the historical controls (P =0.156 by Mann—
Whitney U-test). Treatment-related complications occurred in six
patients (1.9%) who received CEUS-assisted RFA: peritoneal
bleeding in three patients and hemothorax, bile duct bleeding, and
dermal burn each in one patient. There was no treatment-related
death. The incidence of complications did not differ in the histori-
cal controls (1.7%, P =0.867 by Fisher’s exact probability test).
During the follow up, local tumor progression was detected in six
patients (2.1%) who received CEUS-assisted RFA and in eight

0451
0.40

041
0.35 |
031
0.25
0.2 F 0.18

0.25

nodules detected

0.15

0.1r
0.036

Mean increases in the number of

0.05

3.6-4.0
n =109

>40 (g/ar)

<3.0 3.1-3.56
5 n=57

6 n =94

Albumin levels

Figure 1 The mean increases in detected tumor number with
contrast-enhanced ultrasonography were well correlated with serum
albumin level (P= 0.016).
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Figure 2 (a) An 80-year-old woman with hepatocellular carcinoma. Computed tomography (CT) revealed a nodule with hyperattenuation in the early
arterial phase near a previously ablated lesion. (b} After injection of Sonazoid with artificial right pleural effusion, the nodule was clearly detected as
a hyperechoic lesion {arrows). {c-f) Radiofrequency ablation of the nodule. (Arrows indicate the tip of radiofrequency needle). (g) Evaluation CT
confirmed that the nodule was sufficiently ablated.

historical controls (2.7%, P =0.788 by Fisher’s exact probability
test).

Discussion

In the present study, we have shown that the number of RFA
sessions required per patient was significantly decreased when
using the new US contrast agent, Sonazoid, as compared to his-
torical controls. These were accomplished without increasing the
incidence of local tumor progression or treatment-related com-
plications. At the authors’ institution, RFA is repeated until
complete ablation of each HCC nodule is confirmed by dynamic
CT. Without CEUS, when the tumor was not well delineated on
conventional US, ablation used to be performed based on the
information on CT and indecisive US images, which may have
led to insufficient ablation revealed by evaluation CT, requiring
an additional ablation session. Thus it can be assumed that the
decreased number of RFA sessions with Sonazoid is mainly
due to improvement in tumor detection and delineation. Unnec-
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essary ablation of non-cancerous liver parenchyma may have
deleterious effects on liver function and may reduce survival
time. Thus the decrease in the number of RFA sessions is ben-
eficial not only in cost reduction but possibly also for patients’
survival.

The detectability of HCC nodules was increased from 83.5% to
93.2% with the use of CEUS, as determined with contrast CT as
the reference standard. The benefit of using Sonazoid to detect
“invisible” nodules by conventional US was more apparent in
those with higher serum albumin concentration, suggesting that
the resolution of Sonazoid CEUS may be compromised when liver
function is substantially impaired. Uptake of perfluorobutane in
non-cancerous liver depends on Kupffer cell function, which may
be severely impaired in advanced liver diseases. A similar phenom-
enon was also reported in super paramagnetic iron oxide (SPIO)-
enhanced magnetic resonance imaging.'” Thus the contrast
between HCC and non-cancerous parenchyma in Kupffer imaging
can be diminished when liver function reservoir is poor. In the
present study we obtained Kupffer imaging up to 30 min after
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Figure 3 (a) A 52-year-old man with hepato-
cellular carcinoma. Computed tomography
revealed a nodule at the left lateral lobe. (b)
This lesion was clearly detected as an
enhanced defect in the Kupffer imaging
phase. Artificial left pleural effusion was used.
(c} The nodule was sufficiently ablated.

Table 2 Comparison of the number of sessions

Utility of CEUS in RFA

Tosimaa

TOSHIBA - 8onazeld

Variables Contrast-enhanced ultrasonography Historical control group P value
group (n=291) (n=291)

Maximum diameter (cm)’ 19+08 1.9x08 0.94
Number of tumors' 21 %13 21%13 1.00
Albumin® 3.5 (3.2-3.9 3.5 (3.2-3.9) 0.94
Platelet count® 10.3 (7.8-11.5) 105 (7.3-11.3) 0.67
Ablation time per session (min)* 17.2 = 10.7 167 £ 9.6 0.156
Mean number of sessions’ 1.33 £ 0.45 1.49 +0.76 0.0019

"Mean % standard deviation.
*Median (25th-75th percentiles).

Scnazoid injection in cases of insufficient visualization of lesions.
Uptake of perfluorobutane in liver parenchyma might have been
increased with longer intervals. However, the appropriate interval
for observing Kupffer imaging relative to the level of liver function
level is not known. Thus, the possibility of detection failure with
Sonazoid CEUS should be noted, especially in cases of advanced
liver dysfunction.

During the present study, we noticed other limitations of CEUS
with Sonazoid. As with conventional US, nodules in certain loca-
tions of the liver, such as those immediately below the diaphragm,
are difficult to visvalize clearly enough for safe and effective RFA
even with Sonazoid. For such nodules, the artificial pleural effu-
sion may be useful.¥ Artificial ascites may be useful for the demar-
cation of nodules near the gastrointestinal tract.”’ Indeed, in the
present study, artificial pleural effusion was used in 24.4% of cases
and artificial ascites was used in 9.1%, resulting in additional
detection of 28 and four nodules, respectively. These techniques
are useful in visualizing nodules at certain locations and may
enhance the usability of CEUS.

" Journal of Gastroenterology and Hepatology 26 (2011) 759-764

The present study was not a randomized controlled trial directly
comparing CEUS with Sonazoid and conventional US, but an
analysis of utility of CEUS in RFA, which was analyzed by using
historical matched controls. This study design was a compromise
with the fact that the final diagnosis was based on dynamic CT, and
it was unethical not to use CEUS in case of discrepancy between
conventional US and dynamic CT. The historical controls were
selected from HCC patients who were treated with RFA after 2004.
Since that period, we have performed RFA with the same CT and
US apparatuses. Precise comparison of the detection ability and
resolution of HCC nodules between conventional US and CEUS
will require studies with a design different from the present one.

In conclusion, CEUS with Sonazoid is useful in visualizing
HCC nodules that are difficult to detect with conventional US. The
number of RFA sessions required for complete ablation of every
nodule was decreased in CEUS-assisted RFA, indicating that Son-
azoid is a useful supportive agent in RFA. However, the effective-
ness of Sonazoid may be compromised in case of severe liver
dysfunction.
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Background & Aims: Disturbance in lipid metabolism is one of
the features of chronic hepatitis C, being a crucial determinant
of the progression of liver fibrosis. Experimental studies have
revealed that the core protein of hepatitis C virus (HCV) induces
steatosis.

Methods: The activities of fatty acid metabolizing enzymes were
determined by analyzing the fatty acid compositions in HepG2
cells with or without core protein expression.

Results: There was a marked accumulation of triglycerides in
core-expressing HepG2 cells. While the oleic/stearic acid (18:1/
18:0) and palmitoleic/palmitic acid ratio (16:1/16:0) were com-
parable in both the core-expressing and the control cells, there
was a marked accumulation of downstream product, 5,8,11-
eicosatrienoic acid (20:3(n-9)) in the core-expressing HepG2
cells. The addition of eicosatetraynoic acid, which inhibits
delta-6 desaturase activity which is inherently high in HepG2
cells, led to a marked accumulation of oleic and palmitoleic acids
in the core-expressing cells, showing that delta-9 desaturase was
activated by the core protein. Eicosapentaenoic acid (20:5(n-3))
or arachidonic acid (20:4(n-6)) administration significantly
decreased delta-9 desaturase activity, the concentration of
20:3(n-9), and triglyceride accumulation. This lipid metabolism
disorder was associated with NADH accumulation due to mito-
chondrial dysfunction, and was reversed by the addition of pyru-
vate through NADH utilization.

Conclusions: The fatty acid enzyme, delta-9 desaturase, was acti-
vated by HCV core protein and polyunsaturated fatty acids coun-
teracted this impact of the core protein on lipid metabolism.
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Hepatocellular carcinoma; NADH.
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These results may open up new insights into the mechanism of -
lipid metabolism disorder associated with HCV infection and pro-
vide clues for the development of new therapeutic devices.

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

Introduction

Persistent hepatitis C virus (HCV) infection leads to the develop-
ment of chronic hepatitis, cirrhosis, and eventually, hepatocellular
carcinoma (HCC), thereby being a serious problem worldwide
both in medical and in socio-economical settings [1]. Histologi-
cally, several distinct features, such as bile duct damage, lymphoid
follicle formation, and steatosis, (fatty change) characterize
chronic hepatitis C [2-4]. Among these, steatosis is reproducible
in experimental systems, both in vitro and in vivo, in which HCV
proteins, particularly the core protein of HCV, are expressed. The
introduced core gene induces the formation of lipid droplets in
the cytoplasm of cultured cells [5,6], and in transgenic mice, it
induces hepatic steatosis resembling that in chronic hepatitis C
patients [7-10].

In addition, evidence has accumulated showing that steato-
sis is a crucial determining factor for the progression of liver
fibrosis [11-13]. Steatosis and serum lipid profiles are also
associated with sustained virological response to ribavirin/
interferon combination therapy [14,15]. Moreover, HCV trans-
genic mice resemble chronic hepatitis C patients in terms of
the development of HCC, implying that the HCV core protein
is one of the most important viral molecules in the pathogen-
esis of hepatitis C [16,17]. It would thus be meaningful to
explore the precise role of the core protein in modulating lipid
metabolism, which may also be involved in hepatocarcinogen-
esis. More recently, involvement of the metabolism of lipids
such as sphingolipids or cholesterol has been implicated in
the replication of HCV, with a formation of lipid rafts, which
are considered to be the place for HCV replication [18,19],
hereby highlighting again the importance of lipid metabolism
in HCV infection.
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Fig. 1. Effect of the core protein on fatty acid composition in HepG2 cells. The
fatty acid compositions of the total cell lipids were analyzed and the ratios of
18:1/18:0 and 16:1/16:0 in the core-expressing and control HepG2 cells were
calculated. (A) Concentrations of triglycerides. (B) Percentages of stearic acid
(18:0) and oleic acid (18:1(n-9)), and the 18:1/18:0 ratio. (C) Percentages of
palmitic acid (16:0) and palmitoleic acid (16:1(n-9)), and the 16:1/16:0 ratio. (D)
Percentage of eicosatrienoic acid (20:3(n-9). (E) Schematic display of synthetic
pathway of n-9 fatty acids. Light blue bars indicate control cells and dark blue
bars indicate core-expressing cells. Values represent the mean + SE, n =5 in each
group. *p <0.05, **p <0.01.

Previously, we reported that the concentration of oleic acid
(18:1(n-9)) was increased compared with that of stearic acid
(18:0) in liver tissues of chronic hepatitis C patients as well
as in those of mice transgenic for the HCV core gene [8]. Such
a change may lead to increased membrane fluidity, owing to
the lower melting temperature of monounsaturated fatty acids,
resulting in incremental metabolism and proliferation of hepa-
tocytes [20-22]. On the other hand, polyunsaturated fatty acids
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(PUFAs), such as eicosapentaenoic acid (20:5(n-3)) and arachi-
donic acid (20:4(n-6)), are known to activate the nuclear tran-
scription of peroxisome proliferator-activated receptors (PPAR)
and suppress the sterol regulatory element binding protein
(SREBP)-1. While PPARY induces delta-9 desaturase (stearoyl-
CoA desaturase) gene expression, PUFAs suppresses delta-9
desaturase activity [23]. In the current study, we determined
fatty acid desaturase activities by analyzing the fatty acid com-
positions in HepG2 cells expressing HCV core protein by chro-
matography. In addition, we determined whether exogenous
PUFAs restore HCV-associated changes in fatty acid
metabolism.

Materials and methods
Reagents

Eicosapentaenoic acid (EPA), arachidonic acid (AA), and eicosatetraynoic acid
(ETYA) were purchased from Sigma Chemical (St. Louis, MO). Other chemi-
cals were of analytical grade and purchased from Wako Chemicals (Tokyo,
Japan).

Cell culture

This study was performed using HepG2 cell lines expressing the HCV core protein
under the control of the CAG promoter (Hep39], Hep396 and Hep397), or a con-
trol HepG2 line (Hepswx) carrying an empty vector, which were described previ-
ously [24], and control bulk HepG2 cells. They were maintained in Dulbecco’s
modified Eagle's medium (DMEM), supplemented with 10% fetal bovine serum
(Invitrogen), 1 mg/ml G418, 100 U/ml penicillin, and 100 pg/ml streptomycin in
a humidified atmosphere at 37 °C in 5% CO,. Fatty acids were dissolved in DMEM
containing defatted bovine serum albumin. The ratio of fatty acids to albumin
(mole/mole) was 0.7. The cells were exposed to fatty acid-albumin complexes
at various concentrations for 48 h. All the experiments were repeated at least five
times.

Lipid extraction, measurement of triglyceride content, and analysis of fatty acid
composition

Total cell lipids were extracted by Foch's method. The cells were washed twice
with phosphate-buffered saline and collected by centrifugation. The cell pellets
were homogenized with 10 vole of chloroform: methanol solution (2:1), and
the mixture was shaken for 5 min. The lower phase was then washed with 4 vole
of saline, dried on anhydrous sodium sulfate, and evaporated to complete dry-
ness. For the analysis of fatty acid composition, the residue was methanolysed
by the modified Morrison and Smith method with boron trifluoride as a catalyst
[25]. Fatty acid methyl esters were analyzed using a Shimadzu GC-7A gas chro-
matograph (Shimadzu Corp., Kyoto, Japan).

Measurement of the ketone body ratio and lactate/pyruvate

The cells were cultured to confluence on 3.5 cm dishes, and the medium was
replaced with 700 pl of fresh one. After 24 h of incubation, the levels of ace-
toacetate and B-hydroxybutyrate in the medium were measured by monitor-
ing the production or consumption of nicotinamide adenine dinucleotide
(NADH) with Ketorex kit (Sanwa Chemical, Nagoya, Japan) [26]. The ketone
body ratio (KBR) was calculated as the acetoacetate/B-hydroxybutyrate ratio.
The lactate and pyruvate levels in the medium were measured at random
times by the lactate oxidase method and pyruvate oxidase method,
respectively.

Effect of pyruvate on lipid metabolism

In some experiments, pyruvate (Wako Chemicals) was added to culture medium
at a final concentration of 0, 1, 5, or 10 mM. After 48 h of incubation at 37 °C, the
cells were harvested and subjected to fatty acid composition analysis or real-time
PCR analysis.
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Real-time PCR

RNA was prepared from cultured cells using TRIzol LS (Invitrogen, Carlsbad, CA).
The fluorescent signal was measured using ABI prism 7000 (Applied Biosystems,
Tokyo, Japan). The genes encoding mouse sterol regulatory element-binding
proteins (SREBP)-1a, SREBP-1c, delta-9 desaturase, and hypoxanthine phosphori-
bosyltransferase were amplified with the primer pairs CACAGCGGTTTTGAACGAC
and CTGGCTCCTCTTTGATCCCA, ACGGAGCCATGGATTGCACATTTG and TACATCTT
TAAAGCAGCGGGTGCCGATGGT, TTCCCTCCTGCAAGCTCTAC and CGCAAGAAGG
TGCTAACGAAC, and CCAGCAAGCTTGCAACCTTAACCA and GTAATGATCAGTCAAC
GGGGGAC, respectively.

Statistical analysis

Data are presented as the mean + SE. The data were analyzed by Mann-Whitney
U test. Differences were considered statistically significant when p <0.05.

Results
Triglyceride content in HepG2 cells expressing HCV core protein

To validate the relationship between the lipid accumulation and
the core protein, we first determined the triglyceride contents in
core-protein-expressing HepG2 clones (core-expressing cells),
Hep39], Hep396, Hep397, and control HepG2 cells. Core-express-
ing Hep396 cells contained significantly larger amounts of tri-
glyceride than the control cells (Fig. 1A, p <0.01), which are
consistent with the results of previous studies on culture cells
and transgenic mice [6,7,27]. Similar results were obtained with
the other core-expressing cell lines.

Fatty acid compositions of total cell lipids

Analysis on the fatty acid compositions of total lipids revealed
that the concentration of oleic acid (18:1(n-9)) and the ratio of
oleic acid/stearic acid (18:1/18:0) in the core-expressing cells
are similar to those in the control cells (Fig. 1B). The ratio of pal-
mitoleic acid (16:1(n-9))/palmitic acid (16:1/16:0) was higher in
the core-expressing cells than that in the control cells, but the
difference was not significant (Fig. 1C). This rather dissociates
from the results obtained in HCV core gene transgenic mice, in
which the 18:1/18:0 ratio was significantly higher than that in
control mice, thereby suggesting an increased delta-9 desaturase
activity as a consequence of the HCV core protein expression [8].
However, it should be noted that the concentration of 5,8,11-
eicosatrienoic acid (20:3(n-9)), a downstream product of n-9
fatty acid desaturation, was approximately13 times higher in
the core-expressing cells than that in the control cells (Fig. 1D
and E, p <0.01). This is due to the fact that the activity of the
delta-6 desaturase, an enzyme downstream of delta-9 desaturase,
is also high in HepG2 cells, resulting in the relatively lower con-
centration of 18:1 in the core-expressing cells despite the high
delta-9 desaturase activity. Actually, the delta-6 desaturase activ-
ity has been shown to be inherently high in HepG2 cells [28,29].

To verify this possibility, we administered ETYA, which inhib-
its delta-6 desaturase activity, to the cell cultures. Because simi-
lar results were obtained with the other core-expressing HepG2
cell lines, subsequent experiments were carried out using the
Hep396 cell line. The addition caused significant increases in both
18:1/18:0 and 16:1/16:0 ratios in the core-expressing cells but
not in the control cells (Fig. 2A 0 vs. 10 pg/ml and 0 vs. 50 pg/
ml; p <0.05, respectively). When compared between the

16:1 116:0 20:3(n-9) (%)

£3

o L A
ETYA 0 10 50 0 50
{pg/mi)

Fig. 2. Effect of ETYA on delta-9 desaturase index. HepG2 cells with or without
the core protein were incubated with ETYA for 48 h. The fatty acid compositions
of the total cell lipids were analyzed, and the ratios of 18:1/18:0 (A) and 16:1/
16:0 (B), and the percentage of eicosatrienoic acid (20:3(n-9) (C) were computed.
Light blue bars indicate control cells and dark blue bars indicate core-expressing
cells. N=5 in each group. *p <0.05. ETYA, eicosatetraynoic acid.

core-expressing cells and control cells after the treatment with
50 ug/ml ETYA, the 18:1/18:0 ratio was higher and the 16:1/
16:0 ratio was significantly higher (Fig. 2B, p <0.05) in the core-
expressing cells. ETYA (50 pg/ml) significantly decreased the con-
centration of 20:3(n-9) in the core-expressing cells (Fig. 2C, p
<0.01). These results suggest that the HCV core protein enhances
the activities of delta-9, and possibly, delta-5 desaturases, modu-
lating fatty acid metabolism in HepG2 cells, in which the delta-6
desaturase activity is intrinsically high (Fig. 1E) [28,29].

PUFAs modify fatty acid compositions and decrease triglyceride
contents in HepG2 Cells

PUFAs are known to suppress the activities of both delta-9 and
delta-6 desaturases. We, therefore, added PUFA, EPA, or AA, to
the culture cell medium to examine the effect of PUFAs on the
fatty acid compositions in HepG2 cells expressing the core pro-
tein. EPA and AA individually decreased the 18:1/18:0 and
16:1/16:0 ratios in a similar extent in both the core-expressing
cells and the control cells (Fig. 3, p <0.05). EPA and AA also signif-
icantly decreased the concentration of 20:3(n-9) in the core-
expressing cells in a dose-dependent manner (Fig. 4, p <0.05).
In addition, EPA and AA individually decreased the triglyceride
concentration in cells, in particular, in the core-expressing cells
(Fig. 5, in core-expressing cells, p <0.01; in control cells, p
<0.05, respectively).

Ketone body ratio and lactate/pyruvate ratio

Although the mechanism by which the HCV core protein
enhances fatty acid desaturation is yet unclear, one possibility
is the creation of an overreduced state in the core-expressing
cells. The overreduced state or the accumulation of NADH in cells
is known to accelerate the activities of fatty acid desaturases
[30,31]. Such a condition may originate from the dysfunction of
the mitochondrial electron transfer system (ETS), which has been
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Fig. 4. Effect of EPA and AA on the concentration of 20:3(n-9). HepG2 cells with
or without the core protein were incubated with EPA (A) or AA (B) for 48 h. The
fatty acid compositions of the total cell lipids were analyzed and the percentages
of the C20:3(n-9) fraction were measured. Light blue bars indicate control cells
and dark blue bars indicate core-expressing cells. N =5 in each group. *p <0.05.

suggested to be associated with HCV infection by the action of
the HCV core protein [32-35]. Then, we explored the possibility
that an increase in the NADH level, which is caused by the mito-
chondrial ETS dysfunction, induces the activation of fatty acid
desaturases. Because fatty acid synthesis or fatty acid desatura-
tion is accompanied by the oxidation of NAD(P)H, we measured
the ketone body ratio (KBR) in the culture medium to estimate
the redox state in the HepG2 cells expressing the core protein.
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Fig. 5. Effect of EPA and AA on triglyceride content. HepG2 cells with or without
the core protein were incubated with EPA (A) or AA (B) for 48 h. The triglyceride
volume of the total cell lipids was measured and the triglyceride contents in the
cells were calculated. Light blue bars indicate control cells and dark blue bars
indicate core-expressing cells. N=5 in each group. *p <0.05, **p <0.01.

The KBR, which is in equilibrium with the intramitochondrial
NAD*/NADH [26,36], in the culture medium of the core-express-
ing cells, was significantly lower than that of control cells (Fig. 6A,
p <0.01). The ratio of lactate to pyruvate (lactate/pyruvate), which
is proportional to the cytosolic NADH/NAD" [26], in the culture
medium of the core-expressing cells was significantly higher than
that of control cells (Fig. 6B, p <0.05). These results, the higher
NADH/NAD" ratio in both determinations, indicate that NADH
accumulates in the core-expressing HepG2 cells, resulting in
the overreduced state, as a consequence of the core protein
expression. The amounts of total ketone bodies were significantly
higher in the core-expressing cells than that in the control cells
(Fig. 6C).

Effects of pyruvate on lipid metabolism in core-expressing cells

The addition of pyruvate into this constitutive core protein
expression system, in which the pyruvate metabolism is in equi-
librium, is expected to cause a reduction in the NADH level along
with increases in the levels of lactate and NAD", because pyruvate
tends to be converted to lactate by the action of lactate dehydro-
genase (LDH) under the condition of high NADH/NAD* ratio
[26,36]. Actually, the addition of pyruvate into the culture med-
ium at various concentrations increased the KBR and reduced
the amount of 5,8,11-eicosatrienoic acid (20:3 (n-9)) (Fig. 6D, p
<0.05 at 10 mM pyruvate), while it had no effect on the control
cells. It also caused a reduction in the amount of triglyceride in
the core-expressing cells but not in the control cells (Fig. 6E). This
finding strongly supports the notion that NADH accumulation is,
at least, one of the causes of the activation of fatty acid desaturas-
es in this HCV model. The mRNA levels of anti-oxidant genes sig-
nificantly decreased after the incubation with pyruvate at 10 mM
(catalase, 1.27+0.06 vs. 0.91+£0.05; glutathione synthetase
1.39+0.04 vs. 1.01 £0.06; glutathione peroxidase 1.48 +0.03
vs. 1.23 £0.07, pyruvate (-) vs. pyruvate (+), p <0.05, respec-
tively), suggesting that pyruvate reduced the levels of oxidative
stress in the core-expressing HepG2 cells.
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Fig. 6. NADH accumulation and effect of pyruvate in core-expressing cells.
HepG2 cells with or without the core protein were subjected to the determination
of ketone body ratio (A) and lactate/pyruvate ratio (B) for the precise estimation
of NAD*/NADH and NADH/NAD". (C) Total ketone bodies. (D) The percentages of
the C20:3(n-9) fraction were measured after incubation with pyruvate at various
concentrations. (E) The total amount of triglyceride was measured after incuba-
tion with pyruvate at various concentrations. Light blue bars indicate control cells
and dark blue bars indicate core-expressing cells. N=35 in each group. *p <0.05,
**p <0.01.

Expression of SREBP-1 and desaturase genes in core-expressing cells

We previously showed that the core protein activates the expres-
sion of the SREBP-1c gene, which regulates the production of tri-
glyceride [37] in the liver. We, therefore, examined the mRNA
levels of genes associated with lipid metabolism in the current
system. As shown in Fig. 7, the mRNA levels of SREBP-1¢ and
delta-9 (stearoyl CoA) desaturase genes, but not that of the
SREBP-1a gene, were significantly higher in the core-expressing

cells than that in the control cells. Of note, the mRNA levels of
the former two genes significantly decreased after the incubation
with AA. The treatment with pyruvate also reduced the mRNA
levels of the two genes, but the difference was not statistically
significant compared with the control.

Discussion

The core protein of HCV modulated the activities of delta desat-
urases and changed the saturation states of fatty acids. The
observed change in the HepG2 cells, namely, an increase in the
amounts of unsaturated fatty acids, may support cell prolifera-
tion, by increasing the fluidity of the cell membrane as reported
previously [20]. In the HepG2 cells expressing the core protein,
the delta-6 desaturase activity was as high as that of the delta-
9 desaturase, leading to the accumulation of a downstream prod-
uct, 20:3(n-9) fatty acid. This was, unexpectedly, in contrast to
our previous result on the liver tissues of HCV core gene trans-
genic mice, in which the 18:1/18:0 and 16:1/16:0 ratios were sig-
nificantly higher than that in the liver tissues of normal
littermate mice, indicating the activation of delta-9 desaturase
[8]. The 16:1/16:0 and 18:1/18:0 ratios observed in the control
HepG2 cells were consistent with the results of a previous study:
the delta-6 desaturase activity is inherently higher in HepG2 cells
than in normal mouse hepatocytes [28,29]. This may explain the
difference in the effect of the core protein on lipid metabolism in
these two systems, namely, HepG2 cells and mouse liver tissues.
The significant increase in the delta-9 desaturase index and high
concentration of 20:3(n-9) by the administration of ETYA, a
delta-6 desaturase inhibitor, indicate the activation of delta-9
desaturase in the core-expressing cells. The results of real-time
PCR analysis for determining the mRNA levels of these enzymes
corroborated the current estimation of desaturase activities as
determined by fatty acid analysis.

The mechanism underlying the activation of fatty acid desatu-
ration by the HCV core protein is still unclear, but one possibility
is the presence of an overreduced state in the core-expressing cells.
The HCV core protein is closely associated with mitochondrial dys-
function, in particular, that of the respiratory chain complexes,
resulting in an impairment of NADH oxidation {32-35]. NADH
accumulation leads to an increase in desaturase activities through
the augmentation of microsomal electron transfer [38]. In fact, the
KBR in the core-expressing cells was significantly lower than that
in the control celis, indicating the accumulation of NADH within
the cells. The addition of pyruvate resulted in an increase in the
KBR and a reduction in the amounts of triglyceride and 5,8,11-
eicosatrienoic acid (20:3 (n-9)) while it had no effect on the control
cells, strongly supporting the notion that NADH accumulation
induced by the core protein is, at least, one of the causes of the acti-
vation of fatty acid desaturases in this HCV model.

Another possible mechanism underlying the accelerated
desaturation is the activation of SREBP-1c, which controls the
expression of delta-9 desaturase. In fact, the level of SREBP-1c
mRNA was higher in the core-expressing cells than that in the
control cells as reported previously [37]. The relief of NADH accu-
mulation by pyruvate administration resulted in the reduced
accumulation of triglyceride and unsaturated fatty acids, which
was accompanied by the reduction in SREBP-1c and delta-9
desaturase gene expression levels. The intracellular accumulation
of NADH might be involved in the activation of the SREBP-1c gene
expression by the core protein. Thus, NADH accumulation, which
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Fig. 7. Effect of pyruvate and AA on mRNA levels of lipid-associated genes. The mRNA levels of SREBP-1c (A), delta-9 desaturase (B) and SREBP-1a (C) genes were
determined by real-time PCR analysis. The transcription of the genes was normalized with that of hypoxanthine phosphoribosyltransferase, and the values are expressed as
relative activities. Light blue bars indicate control cells and dark blue bars indicate core-expressing cells. N=5 in each group. *p <0.05. SREBP, sterol regulatory element

binding protein.

is induced by the core protein through the impairment of the
mitochondrial complex function [35], may be a key event that
leads to the SREBP-1c activation, the desaturase activation, and
the development of steatosis associated with HCV infection.

EPA and AA (PUFAs), which are known to suppress desaturase
activities, lowered the 18:1/18:0 and 16:1/16:0 ratios and
decreased the concentration of 20:3(n-9) concomitantly with that
of triglyceride, regardless of the presence of the core protein, prob-
ably through SREBP-1c suppression (Fig. 7) [39]. On the other hand,
the administration of EPA or AA did not affect the KBR in the core-
expressing or control cells (data not shown), limiting the PUFAs
ability to counteract the effect of the core protein. This is in contrast
to the fact that the addition of pyruvate caused an increase in the
KBR and a reduction in the amounts of triglyceride and 5,8,11-
eicosatrienoicacid (20:3 (n-9)), while it had no effect on the control
cells.

Fatty acid desaturation is closely associated with increased
membrane fluidity [20], leading to augmented cell metabolism
and higher cell division rates {21,22]. Although the relationship
between carcinogenesis and lipid metabolism altered by the HCV
core protein remains to be further clarified, alterations in lipid
metabolism, in particular, in the desaturation of fatty acids, are clo-
sely associated with HCV infection, and PUFAs could prevent the
pathogenesis of HCV-associated disorders involving lipid
metabolism.
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Living Donor Liver Transplantations in HIV- and
Hepatitis C Virus-Coinfected Hemophiliacs:
Experience in a Single Center
Kunihisa Tsukada,”? Yasuhiko Sugawara,”’® Junichi Kaneko,” Sumihito Tamura,” Natsuo Tachikawa,”*

Yuji Morisawa,” Shu Okugawa,” Yoshimi Kikuchi,” Shinichi Oka,” Satoshi Kimura,"*°® Yutaka Yatomi,”
Masatoshi Makuuchi,® Norihiro Kokudo,” and Kazuhiko Koike"®

Background. Although almost all human immunodeficiency virus (HIV)-infected Japanese hemophiliacs are coin-
fected with hepatitis C virus (HCV), the outcome of living donor liver transplantation (LDLT) in such patients in terms
of survival rate, perioperative complications, and recovery of coagulation activity is poorly understood.

Patients and Methods. Six HIV-positive hemophiliacs underwent LDLT for HCV-associated advanced cirrhosis. The
mean CD4 T-cell count at transplantation was 376£227/uL.

Results. The 1-, 3-, and 5-year survival rates were 66%, 66%, and 50%, respectively. Fatal perioperative bleeding related
to hemophilia was not observed. Two patients died within 6 months after transplantation due to graft failure. HIV
infection was well controlled in all patients who survived longer than 6 months. Two patients (genotype 2a and 2+3a)
achieved a sustained viral response and both of them were alive at the end of follow-up period, whereas one patient
(genotype la+1b) died of decompensated cirrhosis 4 years after transplantation due to recurrent HCV infection.
Conclusions. HIV/HCV-coinfected hemophiliacs can safely undergo LDLT. Hemophilia was clinically cured after
successful transplantation. A good outcome can be expected as long as postoperative hepatitis C is controlled with

interferon/ribavirin combination therapy.

Keywords: Hepatitis C virus, Living donor liver transplantation, HIV, HAART.

(Transplantation 2011;91: 1261-1264)

B ecause of the availability of highly active antiretroviral
therapy (HAART), the life expectancy of patients infected
with human immunodeficiency virus (HIV) has dramatically
improved (I). Death from opportunistic infections has de-
creased and, as the result, non-acquired immune deficiency
syndrome (AIDS)-defining complications such as hepatic
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diseases, cardiovascular diseases, or non-AIDS malignancies
have emerged as the most important problems (2, 3).
Hepatitis C virus (HCV) and HIV often coinfect due to
their shared route of transmission. A recent report indicated
that approximately 20% of HIV-infected people in Japan are
coinfected with HCV (4), a large proportion of whom are
hemophiliacs. Approximately 1500 hemophiliacs were in-
fected with HIV through non heat-treated concentrated co-
agulation factor administration between 1981 and 1985, and
98% of them were also infected with HCV. The coexistence of
HIV infection with HCV accelerates the progression of liver
fibrosis (5) and attenuates the efficacy of interferon (IFN)
treatment for HCV (6, 7). A considerable number of such
coinfected patients suffer from decompensated cirrhosis or
hepatocellular carcinoma (HCC) (8). In the HAART era,
AIDS-related death is gradually decreasing (9) and HCV-
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