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SUMMARY. Restoration of host immunity has been reported
in patients with chronic hepatitis B (CHB) afier treatment
with lamivudine; however, the underlying mechanisms of
this treaiment have not been determined. This study exam-
ined the role of antigen-presenting dendritic cells (DC) in
restoration of host immunity. Circulating DC were isolated
from peripheral blood of 23 patients with CHB before and 1.
3, and 12 months after starting lamivudine therapy. The
non-antigen-specific proliferation of DC was assessed in all-
ogenic mixed leucocyte reaction. Dendritic cells were cul-
tured with hepatitis B surface antigen (HBsAg) to prepare
HBsAg-pulsed DC. Proliferative capacity and production of
interleukin (IL)-12 and interferon (IFN)-y of HBsAg-pulsed DC
were evaluated. Circulating unpulsed DC and HBsAg-pulsed
DC showed significantly higher levels of T-cell proliferation
capacities 1 month afier lamivudine therapy compared to

proliferation levels before therapy (P < 0.05). HBsAg-pulsed
DC also produced significantly higher levels of IL-12 and IFN-
7 with lamivudine therapy compared {o levels before therapy
(P < 0.05). HBsAg-pulsed DC from lamivudine-treated
patients induced proliferation of T cells of patients with CHB
in an antigen-specific manner (P < 0.05). However, T-cell
stimulatory capacity of DC did not increase significantly 3
and 12 months after lamivudine therapy compared io
1 month afier lamivudine therapy. Immune restoration as a
result of lamivudine therapy is regulated at least in part by
activation of DC. However, progressive activation of DC was
not seen as treatment duration progressed. indicating the
limitations of this mechanism of viral clearance.

Keywords: chronic hepatitis B, dendrilic cells. immune res-
toration, lamivudine.

INTRODUCTION

Chronic hepatitis B virus (HBV) infection is a major cause of
morbidity and mortality worldwide. Of 350 million people
chronically infected with HBV globally, considerable num-
bers develop chronic hepatitis B (CHB) and its complications.
such as liver cirrhosis, liver failure, and hepatocellular car-
cinoma. Approximately, 0.5-1.2 million people die annually
because of HBV-related diseases [1]. A study by Perz et al.
has shown that chronic HBV infection likely accounts for the

Abbreviations: CHB. chronic hepatitis B: CPM. counts per minute;
DC. dendritic cells; HBsAg, hepatitis B surface antigen: HBV,
hepatitis B virus: MLR. mixed leucocyte reaction: PBMC. Peripheral
blood mononuclear cells.
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majority of both cirrhosis and hepatocellular carcinoma
globally and in all regions of the world [2]. Treatment is
recommended for patients with CHB so that complications
can be minimized or delayed. The main goal of antiviral
therapy is to suppress HBV replication and induce remission
of liver disease. The uliimate goal of therapy is to prevent
cirrhosis, hepatic failure, and hepatocellular carcinoma [3].

The number of medications that can treat CHB is
increasing. Based on their mechanism of action. two types of
aniiviral agents have been approved or are in clinical
development: (i) immune modulators (interferon alpha-2b.
pegylated interferon-2a and interferon alpha-2a) and (ii)
viral polymerase inhibitors that belong to the nucleoside and
nucleotide analogue family.

Nucleoside analogues are well tolerated, less expensive
than interferon, and can be administered orally. Accord-
ingly. nucleoside analogues are now used widely around the
world. especially in developing countries, where more than
9()% of patients infected with chronic HBV reside. Nucleoside
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analogues are potent inhibitors of HBV replication in CHB.
However, several studies have shown that these agents have
immune modulator capacities in patients with CHB. Boni
et al. showed that lamivudine treatment restores T-cell
responsiveness [4]. Lamivudine has also been reported to
overcome cytotoxic T-cell hyporesponsiveness in CHB [5].
Recently, Cooksley et al. showed that adefovir dipivoxil
treatment caused increased CD4™" —cells responses in patients
with CHB compared to placebo [6]. Restoration of T lym-
phocyte subpopulation has been detected in patients with
CHB treated with entecavir [7]. A study by Evans et al.
has shown immune modulator capacities of telbivudine in
patients with CHB [8].

These findings support the idea that in addition to having
potent antiviral capacity, nucleoside analogues can also
modulate host immunity in patients with CHB. However,
almost nothing is known about the mechanism of immune
restoration or immune induction capacities of nucleoside
analogues. Proper insights about different cellular and
molecular events regarding immune modulator capacities of
nucleoside analogues may contribute to development of
more potent therapeutic regimens for CHB.

The primary aim of this study was to dissect the mecha-
nisms underlying the immune modulator capacities of lam-
ivudine. the most commonly used nucleoside analogue, We
focused on the functions of antigen-presenting dendritic cells
(D), initiators. and regulators of immune responses [9-12].
This was carried out for two principal reasons. First, DC
regulate both innate and antigen-specific immunity in situ.
DC infiltrate to the site of viral localization, produce critical
mediators of innate immunity, and ultimately recognize,
process, and present viral antigens for induction of anti-
genic-specific immunity [9-12]. Second. DC [unction has
been reported to be decreased and impaired in patients with
CHB mainly because of increased HBV load, high levels of
HBV-related antigens, and localization of HBV DNA in DC
[13-15]. Thus, it is possible that immune restoration of
patients with CHB during lamivudine therapy may be med-
iated through DC. Accordingly, we examined DC function in
patients with CHB before and after lamivudine therapy.

MATERIALS AND METHODS

Twenty-three patients with lamivudine-naive CHB were
enrolled in this study. Clinical profiles of the patients are
shown in Table 1. All patients had chronic liver disease and
attended our university hospital for periodic monitoring and
therapy. The diagnosis of CHB was made based on clinical
symptoms and liver function tests. In 20 patients, the final
diagnosis of CHB was confirmed by histologic evaluation of
the liver biopsy specimen. All patients were positive for
HBsAg and HBV DNA in the sera. They also exhibited
exacerbation and remission of liver disease during the last
6 months. Concomitant infection and super-infection with
hepatitis A virus, hepatitis C virus, cytomegalovirus,

© 2010 Blackwell Publishing Ltd
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Table 1 Clinical profiles of patients

Parameters
Number of patients 23
Age (mean and range) 42 +12.2
(range: 23-70
years)
Sex (Male : Female) 16:7
Alanine aminotransferase (U/L) 157 £ 52
HBV DNA (log genomic equivalent) 6.8 1.3
HBeAg + patients 13
Anti-HBe + patient 10
Liver histology
Hepatitis

Mild 6

Moderate 10

Severe 4

Level of fibrosis

F1 6

F2 2

F3 7

F4 5

Data are mean and standard deviation. Liver biopsy speci-
mens were available in 20 patients with chronic hepatitis B.

Epstein—Barr virus, or herpes simplex virus were ruled out
serologically or molecularly. All patients with CHB were
provided with oral lamivudine at a dose of 100 mg once
daily. The nature and possible consequences of this study
were explained to all patients, and all of them gave written
informed consent to receive lamivudine therapy. The studies
have been performed according to the World Medical
Association Declaration of Helsinki, and the procedures have
been approved by the local Ethics Committee of Ehime
University, Japan.,

Study design

Whole blood was collected from patients with CHB just
before the start of lamivudine therapy. In addition, whole
blood was collected 1, 3, and 12 months afler therapy
began. The functions of T lymphocytes. monocyte-derived
DC, and circulating DC were assessed. In some patients,
immunocyte function was evaluated serially.

Estimation of HBV markers

The presence of HBsAg and antibody to HBsAg (anti-HBs) in
the sera was determined using chemiluminescent immuno-
assay kits (Architect™ HBsAg and Architect™ anti-HBs,
Dainabot. Tokyo, Japan). Levels of HBeAg and anti-HBe were
determined using enzyme immunoassay kils (AxSYM™
HBeAg Assay and AxSYM™ HBeAg Assay, Dainabot). HBV
DNA in sera was assayed with a commercial kit (DNA probe
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‘Chugai-HBV", Chugai Diagnostic Science Co.. Lid., Tokyo,
Japan), and levels were expressed as log genomic equivalent
(LGE/mL) (limit of HBV DNA detection >3.7 LGE/mL).

Isolation of T lymphocytes and DC from peripheral blood

Peripheral blood mononuclear cells (PBMC) from patients
with CHB were isolated by density gradient separation using
Ficoll-Conray (Pharmacia, San Jose, CA, USA) and were
resuspended in RPMI 1640 (Iwaki, Chiba, Japan) plus 10%
heat-inactivated foetal call serum (Filiron Pty., Ltd., Brook-
lyn. Australia) containing L-glutamine and gentamycin. Cell
viability was checked by the trypan blue exclusion (0.1%
trypan blue) test.

Circulating DC were isolated from PBMC by two-step
immunomagnelic cell sorling using a commercial kit (DC
Isolation Kit, Miltenyi Biotech GmblI, Bergisch Gladbach,
Germany), according to the manufacturer's instructions and
as described previously [16,17]. Briefly, T cells, monocytes.
and natural killer cells were depleted from PBMC using
magnetic beads coated with monoclonal antibodies against
CD3 (clone BW264/56), CD11b (clone M1/70.15.11.5), and
CD16 (clone VEP-13) by Auto MACS (Miltenyi Biotech
Gmbh). Purified populations of circulating DC were isolated
from the depleted cell fractions by a positive selection step
using a monoclonal antibody against CD4 (clone M-T321,
Miltenyi Biotech Gmbh). Flow cytometric analysis revealed
<1.0% contaminating T lymphocytes. B lymphocytes. and
natural killer cells in circulating DC.

In some experiments, monocyte-derived DC were pre-
pared by culturing PBMC with granulocyte-macrophages
stimulating factor (800 U/mL) and interleukin (IL)-4
(400 U/mL) (Pepro Tech EC Lid., London, UK) for 7 days.
DC were retrieved from the culture and washed for three
times with phosphate-buffered saline (PBS) as described
elsewhere [18].

T lymphocytes were isolated {rom PBMC of one normal
volunteer or patient with CHB using an affinity column
(Collect™, Biotex Laboratories INC, Edmonton, Canada) in
which B cells were depleted from PBMC during their passage
through the affinity column containing polyclonal goat anti-
human IgG (H + L) [16]. Flow cytometric analysis revealed
that the purity of T-cell populations was >95%.

Expression of MHC/HLA antigen and costimulatory
antigens on circulating DC

The expressions of MHC class Il (HLA DR), MHC class I (HLA
A, B, C), CD86, and CD40 on circulating DC were assessed
by direct flow cytometry using fluorescein isothiocyanate-
conjugated monoclonal antibody to human HLA DR (MHC
class IL Clone L243), HLA A, B, C (MHC class I). and phy-
coerythrin-conjugated monoclonal antibody to human
CD86 (clone 2331 [FUN-1]) and CD40 (all from BD
Pharmingen. San Jose, CA, USA). Data acquisition and

analysis were performed on a fluorescein-activated cell sorter
(Becton Dickinson Biosciences, San Jose, CA. USA).

Production of HBsAg-pulsed DC

To produce HBsAg-pulsed DC, blood DC were cultured with a
recombinant HBsAg (Tokyo Institute of Immunology. Tokyo,
Japan) for 48 h. After the end of culture, DC were pelleted
and washed five times in PBS. After the last wash, the final
wash solutions were collected and preserved at —20 °C to
assess whether there was any free HBsAg in HBsAg-pulsed
DC [18).

Lymphoproliferative assays

We optimized the culture condition of allogenic mixed leu-
cocyte reaction (MLR) and antigen-specific lymphoprolifer-

‘ation by conducting a series of preliminary experiments as

described in previous studies [17]. T cells (2 x 10°) from
allogenic normal controls or patients with CHB were cul-
tured with y-irradiated (40 Gy, HILTEX Co., Lid., HW-150,
Osaka, Japan) DC or HBsAg-pulsed DC (1 x 10%) for 5 days
at 37 °C in a humidilied incubator containing 5% CO; in air.
The levels of incorporation of [ *H]-thymidine during the last
12 h of the 5-day culture were determined in a liquid
scintillation counter (Beckman LS 6500); Beckman Instru-
ments, Inc., Fullerton. CA. USA) as counis per minute
(CPM). All assays were performed in 96-well plates and the
mean CPM of at least 12 wells calculated. Stimulation index
was measured by dividing the levels of CPM in culture
containing stimulants with the levels of CPM in conirol
cultures.

Cytokine production assays

The allogenic MLR was performed for 5 days without adding
[*H]-thymidine to the cultures. HBsAg-pulsed DC were cul-
tured for 2 days. The supernatants were collected and cen-
trifuged. Levels of IL-12 and IFN-y in the supernatants were
measured by an enzyme-linked immunosorbent assay usihg
a commercial kit (BD Pharmingen) [17].

Statistical analysis

Values are as mean * standard deviation (SD). Data were
analysed by unpaired ¢ tests if data were normally distributed
and by Mann-Whitney rank-sum test if they were skewed.
Differences were considered significant if P < 0.05.

RESULTS

Circulating DC expressed DC-related markers such as HLA A,
B. C, HLA DR, and CD86. The proportion of contaminating
lymphocytes. natural killer cells, and monocytes were <5%
in circulating DC. The functionality of DC was assessed in

© 2010 Blackwell Publishing Ltd
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allogenic MLR. DC induced proliferation of aﬂogenic T cells
in a dose-dependent manner (data not shown).

Increased proliferation of T lymphocytes from patients
with CHB because of lamivudine therapy

Mean levels of Con A-induced T-cell proliferation were sig-
nificantly higher in samples collected 1 month after lami-
vudine therapy {stimulation index; 147.8 + 22.1) compared
to before treatment (stimulation index; 51.2 £ 11.5)
(P < 0.05). However, the proliferative capacity of T lym-
phocytes did not show any further increases at 3 months
after therapy started (stimulation index: 130.9 = 25.6)
(P > 0.05). We also checked Con A-induced T-cell prolifer-
ation 12 months after the start of lamivudine therapy. Levels
of proliferation of T cells (stimulation index; 127.3 + 37.3)
did not show any significant changes compared to levels
after 1 month of lamivudine therapy (stimulation index;
147.8 £ 22.1) (P > 0.05).

Increased T-cell proliferation capacities of circulating DC
from patients with CHB during lamivudine therapy

The proliferative capacities of DC were increased in patients
with CHB because of lamivudine therapy. T-cell stimulatory
capacities of circulating DC of all patients with CHB were
estimated 1 and 3 months afier therapy started. Levels of
blastogenesis (assessed from stimulation index values) were
significantly higher (P < 0.05) in cultures containing DC
from patients with CHB 1 month after therapy (stimulation
index; 90.3 + 15.6) started compared to before treatment
(stimulation index; 45.3 £ 10.0). Similarly, circulating DC
from patients with CHB 3 months after therapy started
showed significantly higher levels of T-cell proliferation
compared to DC before therapy (stimulation index:
90.4 *+ 14.3) (Fig. 1). However. the proliferative capacity of

DC did not show any significant difference between samples .

at 1 and 3 months after therapy started (Fig. 1).

150 +
> *
2 100+ ' *
: iR N
k=t
b=
E 50+ i
1]
9 Before After 1 After 3
month months

Fig. 1 Increased prolileration of allogenic T cells by DC from
lamivudine-treated patients with CHB. Data are mean and
standard deviation. P < 0.05 compared to before therapy.

© 2010 Blackwell Publishing Ltd
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Kinetics of proliferation capacities of DC because of
lamivudine therapy

We checked the proliferation capacities of DC serially before,
and 1, 3, and 12 months after therapy started in six
patients. The proliferative capacity of DC increased
significantly (before therapy versus 1 month after therapy:
stimulation index 44.2 + 123 versus stimulation index,
105.2 £18.2) (P<0.05) 1month afler lamivudine
therapy started, but did not show any significant increase
during the next 11 months, although patients were
receiving lamivudine on a daily basis (Fig. 2).

Increased production of IL-12 and IFN-y in allogenic MLR
culture containing DC from patients with CHB 1 month
after therapy started

Levels of IL-12 and IFN-y were significantly higher in allo-
genic MLR culture supernatants containing DC from lami-
vudine-treated CHB 1 month after start of therapy compared
to cultures containing DC from preireated patients
(P < 0.05) (Table 2).

Increased cytokine production and antigen processing and
presentation capacity of DC because of lamivudine therapy

DC from patients with CHB were pulsed with HBsAg before
and 1 and 3 months after lamivudine therapy. These DC
were cultured for 48 h to assess their production of two
critical cytokines required for immune responses: IL-12 and
IFN-y. As shown in Fig. 3, levels of IFN-y were significantly
increased in culiure containing HBsAg-pulsed DC from
patients with CHB 1 month (76.4 £ 8.3 pg/mL) and
3 months after lamivudine therapy (73.9 £ 8.8 pg/mL)
compared to HBsAg-pulsed DC before therapy (36.5 *
13.7 pg/mL) (P < 0.05). Similarly, levels of IL-12 were sig-
nificantly increased in culture containing HBsAg-pulsed DC
from patients with CHB 1 month (181.8 £ 32.7 pg/mL) and
3 months after lamivudine therapy (187.7 £ 33.1 pg/mL)
compared to FBsAg-pulsed DC before therapy (111.4 +
25.4 pg/mL) (P < 0.05). The levels of these cytokines were

150 +
8
2 100+
<
S
B
=
£ 50
w
0
Before After 1 After 3 After 12
month months months

Fig. 2 Kinetics of DC function before and after lamivudine
therapy. Data are shown as stimulation index of six
individual cases. P < (.05 compared to before therapy.
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Table 2 Increased cytokine production by DC in patients
with chronic hepatitis B before and after treatment with
lamivudine

Interleukin-12 Interferon-y
(pg/mL) (pg/mL)
Before lamivudine 45+ 6 325
therapy
1 month after 354 £ 45* 167 £ 29*

lamivudine therapy

Data are mean and standard deviation.
*P < (.05, compared to culture containing DC before
therapy.

IL-12 150 +— IFN-y

300 +

*
*

200 - L 100 -+ * @
E T L T
g g

100 + 50+

Before After1 After3
month months

Before After1 After3
month  months

Fig. 3 Increased IL-12 and INF-y production by HBsAg-
pulsed DC from patients with CHB after lamivudine therapy.
Data are mean and standard deviation. P < 0.05 compared
to before therapy.

almost comparable in culture containing HBsAg-pulsed DC
from patients with CHB 1 and 3 months after lamivudine
therapy (Fig. 3).

Increased T-cell activation capacity of HBsAg-pulsed DC
from lamivudine-treated patients with CHB

DC were isolated before and 1 monih after the start ol
lamivudine therapy. These DC were cultured with HBsAg to
produce HBsAg-pulsed DC. As shown in Fig. 4. HBsAg-
pulsed DC from patients with CHB before lamivudine therapy
could not induce proliferation of autologous T cells in vitro.
However, HBsAg-pulsed DC from lamivudine-treated
patients with CHB induced proliferation of T cells from
patients with CHB (Fig. 4).

DISCUSSION

Restoring T-cell responsiveness and overcoming cytotoxic T-
cell (CTL) hyporesponsiveness have been reported in patients
with CHB treated with lamivudine therapy [4,5]. In addition,
restoration of immune responses by adefovir, entecavir, and
telbivudine has also been reported [6-8]. However, the

154+

10

Stimulation index

oL I

Before

After 1 month

Fig. 4 Increased T-cell proliferation capacity of HBsAg-
pulsed DC before and 1 month after start of lamivudine
therapy. P < 0.05 compared to before therapy.

mechanism underlying this immune restoration by nucleo-

side analogues in patients with CHB is not understood,

although these drugs mainly block or reduce replication of
the HBV. Reduction of HBV DNA and downregulation of
HBV-related proteins with lamivudine treatment may be one

of the factors that lead to restoration of immune responses in

patients with CHB. HBV DNA and HBV-related antigens may

have a dominant role in impaired HBV-specific immunity in

patients with CHB. However, other factors may be related to .
immune restoration because of nucleoside treatment, and

further characterization of these events is essential.

In this study, we showed increased proliferative capacities
of DC in a non-antigen-specific (allogenic MLR stimulation)
manner as well as in an antigen-specific manner (HBsAg-
pulsed DC activation). In addition, lamivudine treatment
induced increased cytokine production from DC. However,
the functional capacity of DC was not increased with time
because DC {from lamivudine-treaied patients 3 or
12 months after lamivudine intake did not show increased
activity compared o 1 month after treatment.

These lindings may have important clinical implications.
Boni et al. found transient restoration of immune responses
with lamivudine [4.5]. Their study showed a transient
increase in HBV-specific CD4 and CD8 responses. but these
effects were not sustained over time. We found similar
results regarding DC activation. It is probable that further
activation of DC may be required to attain sustained antiv-
iral activity with lamivudine. Also, DC function should be
monitored in HBsAg-positive, HBV DNA-negative, and
{reatment-natve patients in [uture to develop insights about
role of HBV replication on DC function.

Understanding the -biochemical and molecular targets of
lamivudine and other nucleoside analogues may lead to new
therapeutic strategies against chronic HBV infection. Lami-
vudine treatment caused transient increases in DC function,
but not progressive activation of DC. This effect can be
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achieved by adding an immune modulator. The combination
of lamivudine with an immune modulator has shown effi-
cient antiviral potential, but, their role in modulation of
ultimate clinical outcome is not so promising [19-22]. In
large randomized phase I studies comparing lamivudine
and peginterferon monotherapy and the combination of
peginterferon and lamivudine in HBeAg-positive and
HBeAg-negative patients, combination therapy was associ-
ated with a more profound decrease in viral load, compared
with either monotherapy. However, no significant difference
was observed in treatment end points such as viral
suppression, HBeAg seroconversion, and HBsAg clearance
between peginierferon monotherapy and combination
therapy. -

In addition to interferon, lamivudine has been used with
HBsAg-based prophylactic vaccine or IL-12 to improve the
clinical outcome in patients with CHB. However, the
capacities of these drugs to restore immune responses,
especially HBV-specific immune responses, have not been
properly elucidated. Although we found that lamivudine
caused transient increased HBsAg-specific immunity in
patients with CHB, the persistence of this effect needs to be
examined in future studies. Addition of appropriate immune
modulators with lamivudine may induce progressive stim-
ulation of DC and potent restoration of antigen-specific
immunity in patients with CHB. Also, the function of
capacity of DC should be assessed when these patients swilch
to another antiviral in future.
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Abstract

Background/aims The magnitude of antigen-specific
immunity was assessed in a murine model of nonalcoholic
fatty liver diseases (NAFLD). Because antigen-specific
immunity was diminished in NAFLD mice, the underlying
mechanisms were evaluated through analysis of the func-
tions of antigen-presenting dendritic cells (DC) and other
immunocytes.

Methods For 12 weeks, NAFLD mice received a high-fat
(60%) and high-calorie (520 kcal/100 g) diet. C57BL/6
mice (controls) received a standard diet. NAFLD mice and
control mice were immunized with hepatitis B vaccine
containing hepatitis B surface antigen (HBsAg) and hepa-
titis B core antigen (HBcAg). Antibody to HBsAg (anti-
HBs), HBsAg and HBcAg-specific cellular immune
response and functions of whole spleen cells, T lympho-
cytes, B lymphocytes and spleen DCs of NAFLD and
control mice were assessed in vitro.

Results Levels of anti-HBs and the magnitude of prolif-
eration of HBsAg and HBcAg-specific lymphocytes were
significantly lower in NAFLD mice than control mice
(P < 0.05). The spleen cells of NAFLD mice produced
significantly higher levels of inflammatory cytokines
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(P < 0.05) and exhibited significantly increased T cell
proliferation compared with control mice (P < 0.05).
However, the antigen processing and presenting capacities
of spleen DCs were significantly decreased in NAFLD
mice compared with control mice (P < 0.05). Palmitic
acid, a saturated fatty acid, caused diminished antigen
processing and presenting capacity of both murine and
human DCs. -

Conclusions Nonalcoholic fatty liver disease mice exhibit
decreased magnitudes of antigen-specific humoral and
cellular immune responses. This effect is mainly, if not
solely, due to impaired antigen processing and presentation
capacities of DC.

Keywords NAFLD - Adaptive immunity -
Dendritic cell - HB vaccine

Introduction

Obesity and its associated conditions, including nonalco-
holic fatty liver disease (NAFLD), have reached worldwide
epidemic proportions. The pathological spectrum of
NAFLD extends from simple hepatic steatosis to nonal-
coholic steatohepatitis to liver cirrhosis. In addition to
liver-related complications, patients with NAFLD are more
prone to develop insulin resistance, type 2 diabetes mellitus
and coronary heart disease [1, 2].

Different metabolic factors, such as over-nutrition,
oxidative stress, mitochondrial injury and fatty acid lipo-
toxicity, are related to the pathogenesis of NAFLD [3].
Recent studies have shown the role of the immune system
in NAFLD because some comorbidities associated with
NAFLD, such as insulin resistance and type 2 diabetes
mellitus, may be triggered by increased activation of the
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cells of the immune system [4, 5]. Excessive production of
tumor necrosis factor alpha (TNF-o) and interferon-gamma
(IFN-y), and activation of cells of innate immune responses
have been reported in NAFLD [4-11].

However, little has been published about antigen-
specific adaptive immunity in NAFLD, although epidemi-
ologic data indicate that adaptive immunity may be
compromised in these subjects. NAFLD patients are
susceptible to infection and exhibit reduced responses to
vaccinations [12, 13]. In addition, many NAFLD patients
are also chronically infected with hepatitis B virus and
hepatitis C virus [14, 15]. Because impaired virus-specific
adaptive immunity is responsible for chronic infection with
these viruses [16], NAFLD may also be characterized by
distorted antigen-specific adaptive immunity.

Exacerbated innate immunity and possible impaired
adaptive immunity in NAFLD led us to assess antigen-
specific immune responses in a murine model of NAFLD.
Our study showed that in comparison to control mice,
antigen-specific humoral and cellular immune responses
were significantly reduced in NAFLD mice. Interestingly,
impaired antigen-specific immune responses in NAFLD
mice were detected in the presence of increased inflam-
matory cytokines and exacerbated T and B lymphocyte
function. Because antigen-presenting dendritic cells (DC)
are initiators and regulators of the antigen-specific immune
responses [17-19], we examined the functional capacities
of DCs in NAFLD mice. Finally, we also checked the
impacts of fatty acids on the functional capacities of
human peripheral blood mononuclear cells (PBMCs) and
DCs to evaluate clinical implications of our study in
NAFLD mice.

Materials and methods
Mice

Seven-week-old male C57BL/6] mice were purchased
from Nihon Clea (Tokyo, Japan). Mice were housed indi-
vidually in polycarbonate cages in our laboratory facilities
and maintained in a temperature- and humidity-controlled
room (23 &£ 1°C) with a 12-h light/dark cycle. After
1 week, one group of mice was given a high-fat diet (HFD)
that consisted of 20% protein, 20% carbohydrate and 60%
fat with an energy density of 520 kcal/100 g (D12492,
RESEARCH DIETS, Inc., New Brunswick, NJ). Control
mice were fed a standard laboratory chow that contained
26% protein, 60% carbohydrate and 13% fat with an
energy density of 360 kcal/100 g. All mice received
humane care, and the study protocol was approved by the
Ethical Committee of the Graduate School of Medicine,
Ehime University, Japan. :

€) Springer

Human volunteers

Ten normal human volunteers (age range, 26-55 years)
were enrolled in this study. They were healthy and free
from any evidence of liver disease, autoimmune disease
and infectious disease. Informed consent was obtained
from each volunteer included in the study, and the study
protocol conforms to the ethical guidelines of the 1975
Declaration of Helsinki as reflected in a prior approval by
the institution’s human research committee (no. 16-1, dated
2004-02-26).

Assessment of biochemical and histological parameters

Blood glucose levels (Glucose PILOT; Aventir Biotech,
LLC, Carlsbad, CA), serum insulin concentrations (Insulin
kit, Morinaga, Yokohama, Japan), and serum triglyceride
and cholesterol levels (Wako Pure Chemical Industries,
Ltd., Osaka, Japan) were measured by commercially
available kits. We measured fatty acid concentrations in
mice sera by liquid chromatography (Shikoku Chuken,
Matsuyama, Japan).

Mice were anesthetized with diethyl ether and killed by
cervical dislocation. The weight of the liver, spleen and
fatty tissue were measured. Histological assessment of fatty
liver was done by histochemistry.

Based on body weight, extent of fatty liver, levels of
blood glucose, serum cholesterol and insulin levels, a mice
model of NAFLD occurred 12 weeks after study start.

Immunization schedule

Nonalcoholic fatty liver disease mice and control mice
were immunized once with intraperitoneal hepatitis B (HB)
vaccine containing hepatitis B surface antigen (HBsAg, I,
2 and 4 pg) (Heptavax-II, subtype adw, Banyu Pharma-
ceutical). Mice were also injected with hepatitis B core
antigcen (HBcAg; I, 2 and 4 pg) (Tokyo Institute of
Immunology, Tokyo, Japan).

Assessment of humoral immune response to HBsAg

The levels of antibodies to HBsAg (anti-HBs) in sera were
measured 4 weeks after immunization by chemilumines-
cence enzyme immunoassay method (Shikoku Chuken,
Matsuyama, Japan) as described previously [20]. Values
were expressed as mIU/ml

Isolation of T lymphocytes, B lymphocytes and DC
Different immunocytes from mice spleen were isolated as

described previously [21-23]. In short, single cell suspen-
sions of spleen were prepared and suspended in RPMI 1640
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(Iwaki, Osaka, Japan) containing 10% fetal calf serum
(Filtron PTY LTD, Brooklyn, Australia). T lymphocytes
and B lymphocytes were purified from single cell suspen-
sions of spleen using T lymphocyte and B lymphocyte
isolation kits (Miltenyi Biotec, GmbH, Bergisch Gladbach,
Germany) as described previously [20]. DCs were isolated
from single cell suspensions of spleen by density column
(specific gravity 1.082), plastic adherence, re-culture on
plastic surface, and depletion of macrophages and lym-
phocytes [21].

Peripheral blood mononuclear cells were isolated from
human blood by density centrifugation on Ficoll-hypaque
(specific gravity 1.077). DCs were also isolated from
PBMC by plastic adherence and culturing with granulo-
cyte-macrophages colony-stimulating factor and interleu-
kin (IL)-4, as described in our previous report [24].

Cytokine production by different immunocytes

Immunocytes from mice were cultured with concanavalin
A (Con A, Sigma Chemical, St. Louis, MO), lipopolysac-
charides (LPS, Sigma Chemical), cytosine-phosphate-
guanosine oligodeoxynucleotide (CPG-ODN) (InvivoGen,
San Diego, CA) and polyinosinic polycytidylic acid (poly
I:C) (Sigma Chemical) for 48 h to assess production of
cytokines.

Measurements of palmitic acid
and oleic acid for culture experiments

In some experiments, palmitic acid and oleic acid were
added to cultures to assess their impact on cytokine pro-
duction from human PBMC and also to assess if these fatty
acids have any role on antigen processing and presentation
capacities of DC. In short, fatty acids were solubilized in
ethanol with albumin as stock solution of 20 mM and
stored at —20°C, as described previously [25, 26]. Fatty
acid-albumin complex solutions were freshly prepared
before each experiment. The pH was adjusted to 7.4.
Subsequently, we performed preliminary experiments
using 10-1000 pM of fatty acids to assess the concentra-
tions of fatty acids that would not compromise cell
viability. As cell viability was not compromised when
50—100 pM of fatty acid was used in any of the 10 pre-
liminary experiments, we used 50 pM of fatty acid for
assessing the effect of palmitic acid and oleic acid for
co-culture experiments.

Preparation of HBsAg-specific and HBcAg-specific
memory lymphocytes

Eight-week-old male C57BL/6 mice were immunized
twice with HB vaccine containing 10 pg of HBsAg at an

interval of 4 weeks or 10 pg of HBcAg. Serial evaluation
revealed that at 7-8 months after immunization, antigen-
specific lymphocytes in these mice were in a memory
state, because these lymphocytes proliferated after stim-
ulation with DCs and antigen, but not with antigen alone
[27].

Preparation of HBsAg-pulsed DC

Spleen DCs or human blood DCs (1-2 million) suspended
in 1.0 ml of RPMI 1640 plus 10% fetal calf serum were
cultured with 50 pg of HBsAg or 50 pg of HBcAg (Insti-
tute of Immunology) for 48 h [24, 27]. DCs were recovered
from the cultures and washed five times with phosphate-
buffered saline. In some studies, palmitic acid and oleic
acid (suspended in albumin) were added to cultures during
preparation of antigen-pulsed murine spleen DCs and
human blood DCs.

Lymphoproliferative assays

We conducted a series of experiments to optimize the
protocols for the lymphocyte proliferation assays as
described previously [20-24, 27]. T lymphocytes and B
lymphocytes were cultured with or without polyclonal
activators for 72 h to assess the proliferative capacities of
these immunocytes.

Dendritic cells from NAFLD mice and control mice
were cultured with T cells from these mice to assess the
proliferative capacities of autologous and syngenic lym-
phocytes in vitro.

Lymphocytes from HBsAg-based vaccine-injected mice
and HBcAg-immunized mice were cultured in the presence
or absence of recombinant HBsAg or HBcAg for 120 h to
evaluate antigen-specific cellular immune responses.
Unpulsed DCs or antigen-pulsed DCs were cultured with
antigen-specific memory lymphocytes for 120 h to assess
the functional capacity of DC.

All cultures were performed in 96-well U-bottom plates
(Corning, Tokyo, Japan). [3H]—Thymidine (1.0 mCV/L,
Amersham Biosciences UK LTD, Buckinghamshire,
UK) was diluted in sterile phosphate-buffered saline and
added to the cultures. Cells were harvested automatically
by a multiple cell harvester (LABO MASH, Futaba
Medical, Tokyo, Japan) after 16 h onto a filter paper
(LM 101-10, Futaba Medical). The level of incorporation
of *[H]-thymidine was determined in a liquid scintillation
counter (Beckman-LS 5000, Beckman Instruments
INC, Fullerton, CA). Data were expressed as count per
minute (CPM) or stimulation index. Stimulation index
was counted by dividing the levels of CPM in culture
containing antigen with the levels of CPM in control
cultures.
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Estimation of cytokines

Levels of different cytokines in culture supernatants were
estimated using a commercial kit for the cytometric bead array
method as described previously [20, 27]. Levels of cytokines
in culture supernatants were calibrated from the mean fluo-
rescerice intensities of the standard negative control, standard
positive control and samples by Cytometric Bead Array
software (BD Biosciences Pharmingen, San Jose, CA) using a
Macintosh computer (SAS Institute, Cary, NC). ‘

Statistical analysis

Values are presented as mean = standard error of mean
(SEM). Data were analyzed by unpaired ¢ tests if data were
normally distributed and by Mann-Whitney rank-sum test
if they were skewed. Differences were considered signifi-
cant at P < 0.05.

Results
Characteristics of NAFLD mice

On the basis of data from preliminary experiments, we
assessed different parameters of HFD-consuming mice and
control mice 12 weeks after study commencement. As
shown in Fig. 1a, the body weight of both groups of mice
was similar at the start of experiments. However, 12 weeks
after study commencement, the body weight of HFD mice
was significantly higher than that of control mice
(P < 0.05). Concentrations of fasting blood sugar, blood

insulin and serum cholesterol levels, as well as the weights
of total fatty tissues, were also significantly (P < 0.05)
increased in HFD mice compared with control mice
(Fig. 1b—e). In addition, the weights of the liver, spleen, and
subcutaneous and visceral fat were significantly increased
in HFD mice compared with control mice (P < 0.05) (data
not shown). Levels of different fatty acids were significantly
(P < 0.05) increased in the sera of HFD-consuming mice
12 weeks after study commencement. Levels of palmitic
acid and oleic acid are shown in Fig. 2a. Histological
assessment revealed severe fatty liver at 12 weeks after
study commencement in HFD mice (Fig. 2b).

Decreased antigen-specific humoral immune
responses to HBsAg in NAFLD mice

Levels of anti-HBs in the sera were significantly lower in
NAFLD mice compared with control mice due to immuni-
zation with 1 pg (levels of anti-HBs in the sera, NAFLD
mice versus control mice; 14 & 6 mIU/ml versus 205 +
66 mlU/ml, n = 10, p < 0.03), 2 pg (levels of anti-HBs in
the sera, NAFLD mice versus control mice; 17 £ 8 mIU/ml
versus 440 & 72 mIU/ml, n = 10, P <0.05) and 4 ug
(levels of anti-HBs in the sera, NAFLD mice versus control
mice; 107 & 21 mIU/ml versus 524 + 99 mIU/ml, n = 10,
P < 0.05).

Decreased antigen-specific cellular immune responses
to HBsAg and HBcAg in NAFLD mice

Lymphocytes from all HBsAg and HBcAg-immunized
control mice showed significant proliferation when cultured
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Fig. 2 a Increased levels of
palmitic acid and olcic: acid in a 900 *
the sera of nonalcoholic fatty -

Palmiticacid

liver disease (NAFLD) mice.
Data are mean and SEM of

different parameters of 10 mice = 600
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same duration. b Severe fatty = 300
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specimens from control mice by 0
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Figures in [3] and [4] represent
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respectively

mice

with different doses of HBsAg (1, 10, and 100 pg/ml)
(Fig. 3a) and HBcAg (1, 10, and 100 pg/ml) (Fig. 3b). In
contrast, lymphocytes from HBsAg and HBcAg-immunized
NAFLD mice exhibited significantly (P < 0.05) lower lev-
els of proliferation in cultures stimulated with 1, 10 and
100 pg/ml of HBsAg or 1, 10 and 100 pg/ml of HBcAg
compared with control mice (Fig. 3a, b). In fact, lympho-
cytes from some HBsAg-immunized and HBcAg-immu-
nized lymphocytes did not show significant proliferation due
to stimulation by HBsAg or HBcAg.

Increased proliferative capacities of lymphocytes
from NAFLD mice

Initially, we assumed that the impaired antigen-specific
humoral and cellular immune responses of NAFLD mice
might be responsible for the decreased proliferative
capacity or cytokine production of lymphocytes of these
mice. However, levels of proliferation of T lymphocytes to
Con A (Fig. 4a) and B lymphocytes to LPS (Fig. 4b) from
NAFLD mice were significantly higher than those from
control mice (P < 0.05).

In addition, spleen T and B cells from NAFLD mice
produced significantly higher levels of inflammatory
cytokines (IL-6, TNF-c and IFN-y) due to stimulation with
different polyclonal immune stimulators (Con A, LPS,
CPG -ODN and poly I:C) (Fig. 5) compared with those
from control mice (P < 0.05).

Control NAFLD
mice

Oleic acid
600
n=10 k n=10
T
400
200
0
Contrel NAFLD
mice mice
2] [3] [4]

8]
(=]

—
W

I Controlmice
[ ] NAFLDmice

Stimulation index
w o

HBsAg 1pg/ml

10 pg/ml A100 pg/ml

60 n=5
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fLJﬁ i

HBcAg 1pg/ml 10pg/ml 100 pg/ml

Stimulation index

Fig. 3 Decreased antigen-specific immune responses in mice with
nonalcoholic fatty liver disease (NAFLD). NAFLD mice (n = 5) and
control mice (7 =35) were immunized with a hepatitis vaccine
containing 4 pg of hepatitis B surface antigen (HBsAg) and 4 pg of
hepatitis B core antigen (HBcAg). Four weeks after immunization,
spleen lymphocytes (2 x 10°) were cultured with different recombinant
HBsAg and HBcAg for 5 days. Levels of blastogenesis were assessed
from incorporation of *H-thymidine as count per minute (CPM). Data are
presented as stimulation index, which was calculated by dividing the
levels of CPM in cultures containing HBsAg (a) and HBcAg (b) with
cultures containing no HBsAg or HBcAg. Mean £ SEM of five separate
experiments are shown. *P < 0.05 compared with control mice
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Impaired functional capacities of spleen
DCs from NAFLD mice

As the functional capacities of lymphocytes were mostly
higher in NAFLD mice, we evaluated the antigen pro-
cessing and presentation capacities of DCs because they

a - Controlmice n=5 %‘_
4 300 [ | NAFLDmice
< *
k x
§ *
2 150 =
|
.5 o -
wl
0
Con-A 0.5 pg/ml 1.0 pg/ml 5.0pg/ml
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Fig. 4 Increased non-antigen-specific proliferation of T and B
lymphocytes from nonalcoholic fatty liver disecase (NAFLD) mice
to polyclonal antigens. T and B lymphocytes from NAFLD mice and
control mice were stimulated with concanavalin A (Con A) (a) and
lipopolysaccharides (LPS) (b), respectively. Levels of proliferation of
lymphocytes were assessed from the levels of count per minute in
cultures and expressed as the stimulation index, as described in the
legend of Fig. 3. Mean and SEM of five separate experiments arc
shown. *P < 0.05 compared with control mice

Fig. 5 Increased production of
inflammatory cytokines from
spleen cells of nonalcoholic

regulate both the induction and effecter phases of antigen-
specific immune responses. Spleen DCs from NAFLD mice
had significantly reduced capacities to stimulate HBsAg-
specific memory lymphocytes (levels of blastogenesis;
3480 £ 67 CPM) compared with DCs from control mice
(15823 &£ 134 CPM, n =5) (P < 0.05). This indicated
that DCs of NAFLD mice were less able to process and
present HBsAg in culture.

Defective loading of DCs from NAFLD
mice with soluble antigen

To further assess the function of DCs, we produced HBsAg-
pulsed DCs and HBcAg-pulsed DCs. These DCs are sup-
posed to activate antigen-specific immunocytes directly. In
our study, HBsAg-pulsed DCs and HBcAg-pulsed DCs from
NAFLD mice had a significantly lower capacity to stimulate
HBsAg-specific (Fig. 6a) and HBcAg-specific lymphocytes
(Fig. 6b) compared with those from control mice
(P < 0.05).

Assessment of impaired DC function of NAFLD mice

The impaired DC function of NAFLD mice could have
resulted from negative feedback of increased lymphocyte
activity. In order to assess this phenomenon, we cultured
DCs from NAFLD mice and control mice with T cells from
these mice. The levels of blastogenesis of cultures containing
DCs from NAFLD mice with T cells from NAFLD mice and
control mice were 35.5 £ 3.2 and 37.4 + 4.3, respectively

- Control mice

|:| NAFLD mice %

fatty liver discase (NAFLD)
mice due to stimulation with
polyclonal mitogens. Spleen
cells from NAFLD mice and
control mice were stimulated
with concanavalin A (Con A),
lipopolysaccharides (LPS),
cytosine-phosphate-guanosine
oligodeoxynucleotide (CPG-
ODN) and polyinosinic
polycytidylic acid (poly I:C).
Levels of 1L-6 (a), TNF-z (b)
and IFN-y (¢) were measured in
the culture supernatants by the
cytometric bead array method.
Mean and SEM of five separate
experiments are shown.

*P < 0.05 compared with
control mice
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Fig. 6 Decreased capacity of hepatitis B surface antigen (HBsAg)-
pulsed (a) and HBcAg-pulsed dendritic cells (DCs) (b) from
nonalcoholic fatty liver disease (NAFLD) mice to activate HBsAg
and HBcAg-specific memory lymphocytes in vitro. HBsAg-pulsed
DCs and HBcAg-pulsed DCs were challenged to induce proliferation
of antigen-specific lymphocytes in vitro, Levels of proliferation of
HBsAg-specific and HBcAg-specific lymphocytes without DCs were
regarded as a stimulation index of 1.0. Mean and SEM of five separate
experiments are shown. *P < 0.05 compared with HBsAg-pulsed DC
from control mice

(stimulation index of mean and SEM of 5 separate experi-
ments) (p > 0.05). On the other hand, the levels of blasto-
genesis of cultures containing DCs from control mice with T
cells from NAFLD mice and control mice were 41.4 £ 2.9
and 46.2 + 2.2, respectively (stimulation index of mean and
SEM of 5 separate experiments) (p > 0.05).

Effect of fatty acid on antigen-specific immunity

In spite of an inflammatory microenvironment, DCs from
NAFLD mice could not induce proliferation of antigen-
specific T cells in vitro. We assumed that some fatty acid
may be related to impaired DC function. Levels of different
fatty acids in the sera were significantly increased in the
sera of NAFLD mice (P < 0.05). We decided to assess the
effects of palmitic acid and oleic acid on DC function
because studies have documented diverse effects of these
fatty acids on immune responses [28]. HBsAg-pulsed DCs
prepared in the presence of palmitic acid showed signifi-
cantly lower levels (stimulation index; 1.4 £ 0.3, n = 3)
of stimulatory capacity compared to HBsAg-pulsed DCs
prepared in the presence of oleic acid (stimulation index;
158 £ 22, n=3) (p <0.05).

Increased cytokine production by human
PBMC in presence of palmitic acid

Human PBMCs were cultured with palmitic acid and oleic
acid, and levels of cytokines were assessed. Palmitic acid,

but not oleic acid, induced significantly higher levels of
IL-18 (palmitic acid vs. oleic acid, 1615 + 300 pg/ml vs.
365 + 141 pg/ml, n = 5) and TNF-a (palmitic acid vs.
oleic acid, 828 & 253 pg/ml vs. 260 £ 97 pg/ml, n = 5)
from human PBMCs in vitro (P < 0.05).

Disruption of antigen processing and presenting
capacities of human HBsAg-pulsed DCs cultured
in presence of palmitic acid

Human HBsAg-pulsed DCs prepared in the presence of
palmitic acid induced significantly lower levels of antigen-
specific T cell proliferation in vitro compared with those
prepared in the presence of oleic acid (stimulation index,
123 + 1.2 vs, 1.9 & 0.4, DCs cultured in presence of oleic
acid vs. DCs cultured with palmitic acid, P < 0.05, n = 5).

Restoration of antigen-specific immunity of NAFL.D
mice after consuming control diet for 8 weeks

To assess if it was possible to reverse the impaired antigen-
specific immunity of NAFLD mice by providing them with
a control diet, we fed the conirol diet to NAFLD mice for
8§ weeks and immunized them with HBsAg to assess anti-
gen-specific immunity. -Providing a normal diet for
8 weeks caused decreased body weight and normalization
of different biochemical parameters of NAFLD mice.
Interestingly, these mice also produced similar levels of
anti-HBs compared with age- and sex-matched control
mice (406 £ 93.4 mIU/ml vs. 441 £+ 109 mfU/ml, n = 5,
P > 0.05) due to immunization with a HB vaccine con-
taining 2 pg of HBsAg.

Discussion

To develop insights about the nature and magnitudes of
adaptive immune responses in NAFLD, we prepared a
murine model of NAFLD because many immune-related
cellular and molecular events cannot be properly examined
in humans due to ethical and technical concerns. Providing
a HFD that contained high levels of fat (60%) and a high
calorie density (520 kecal/100 g), we realized a murine
model of NAFLD after 12 weeks. Spleen cells of NAFLD
mice in this study also produced significantly higher levels
of proinflammatory cytokines (IL-6, IFN-y, and TNF-o)
compared with control mice that consumed normal labo-
ratory chow. In addition, T and B lymphocytes from
NAFLD mice exhibited increased proliferative capacities
in response to polyclonal immune modulators compared
with control mice.

In spite of an increased activated state of cells with
innate immunity, NAFLD mice were almost incapable of
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responding to the antigenic challenge for induction of
antigen-specific humoral and cellular immune responses. In
this study, we used HBsAg and HBcAg for induction of
adaptive immunity. Subjects with NAFLD may also induce
impaired levels of adaptive immunity in response to chal-
lenge with microbes and cancer cells. Presumptive data
supporting this have been cited in the literature [29, 30].

In spite of harboring an activated population of lym-
phocytes and an inflammatory mucosal milieu, impaired
antigen processing and presentation of DCs in NAFLD
subjects hindered their antigen-specific immunity. This
condition is comparable to chronic infections and cancers
in which impaired functions of DCs compromise an
effective antigen-specific immunity. The functional
anomaly of DCs in NAFLD may be induced by various
factors. One is related to diet. Palmitic acid, but not oleic
acid, caused down-regulation of HBsAg processing and
presentation of DCs. Some other fatty acids, especially a
saturated fatty acid, may be responsible for impaired DC
function in NAFLD. A second possibility of impaired DC
function in NAFLD mice may be due to the non-antigen-
specific maturation of DCs in these mice. In order to pro-
cess and present antigen to T cells, DCs need to recognize,
internalize, process and present antigens to clonally
selected immunocytes. In an inflammatory microenviron-
ment, DCs may undergo activation and maturation prior to
recognition, internalization and processing of antigens.
Although these DCs produce abundant amounts of cyto-
kines, they are unable to induce activation of antigen-
specific immunocytes because of their nature of maturation
in a non-antigen-specific manner [17-19]. In fact, dimin-
ished antigen-specific immunity due to non-antigen-spe-
cific maturation of DCs has been reported by us in a model
of Con-A-induced hepatitis [31]. Although we have shown
that the saturated fatty acid, palmitic acid, can induce
impaired function of DCs, NAFLD mice also had impaired
glucose tolerance. This may also contribute to impaired
immune responses [32]. In fact, the role of impaired glu-
cose intolerance on adaptive immunity or on the functional
capacity of DCs should be well addressed in the future.

Similar results to those in this study in NAFLD mice
were also found in humans, as palmitic acid caused
increased inflammatory cytokine production and impaired
DC function in human DCs in this study. However, further
study is needed to confirm these findings in patients with
NAFLD.

Interestingly, the immune anomaly of the NAFLD
condition was reversed in our model by providing a control
diet for 8 weeks. This emphasizes the importance of diet
therapy in NAFLD.

In this study, we used two well-characterized antigens
of hepatitis B virus (HBV) to induce adaptive immunity
in NAFLD mice. Obesity and NAFLD have reached
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worldwide epidemic proportions. In addition, HBV infec-
tion represents a major global public health problem, with
2 billion HBV infections and 350 million chronic HBV
carriers. A protective vaccine against the HBV is now
available and used extensively around the world. However,
little has been explored about the protective capacity of this
vaccine in subjects with obesity and NAFLD. Our study
indicates the need to re-visit the ongoing protocol of a
prophylactic vaccine against HBV. In addition, NAFLD
mice also exhibited impaired DC function and adaptive
immunity to HBcAg. Taken together, it appears that
NAFLD may be related to impaired adaptive immunity to
various antigens, mainly if not solely because of defective
antigen processing and presentation capacities of DCs. ’
This is one of the first approaches to dissect the mech-
anisms underlying immune anomaly in NAFLD. Addi-
tional insights into the cellular and molecular mechanisms
underlying antigen-specific immunity in NAFLD will help
with the development of strategies to induce proper anti-
gen-specific immunity in NAFLD subjects to tackle their
susceptibility to infection and low responses to vaccination.
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ABSTRACT: Background. Contrast-enhanced CT is
regarded as the gold standard for monitoring radio-
frequency ablation (RFA) of hepatocellular carcinoma
(HCC). Recently, 3-dimensional volume data from CT
have been used to create cross-sectional multiplanar
reconstruction images. Using this technique, we can
reconstruct 2-dimensional CT images identical in
orientation to ultrasound (US) images, which we call
virtual sonographic (VUS) images. The present pro-
spective randomized control trial compared the num-
ber of CT scans needed to assess the efficacy of RFA
of HCC using VUS-contrast-enhanced ultrasonogra-
phy (CEUS) versus CT.

Method. Subjects comprised 50 patients (50 HCCs)
treated with US-guided RFA between May 2005 and
August 20086, randomized to undergo assessment by
CT (Group 1; 256 HCC nodules} or VUS-CEUS (Group
2; 25 HCC nodules). All patients were followed for
1 year. Primary endpoint was whether the number of
CT scans could be reduced using VUS-CEUS.

Result. Mean number of CT scans required was
1.64 £ 0.7 in Group 1 and 1.1 £ 0.2 in Group 2 {p <
0.001).

Conclusion. VUS-CEUS can be used to assess the
efficacy of HCC of RFA, with the potential to reduce
the number of CT scans required for that
purpose. © 2009 Wiley Periodicals, Inc. J Clin Ultra-
sound 38:138-144, 2010; Published online in Wiley
InterScience  (www.interscience.wiley.com). DOl
10.1002/jcu.20654

Keywords: radiofrequency  ablation;  therapeutic
response; virtual ultrasonography; contrast-enhanced
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ultrasonography; liver; hepatocellular carcinoma
{HCC)

he incidence of hepatocellular carcinoma

(HCC) is increasing worldwide.!™® Unlike
other solid tumors, surgical resection plays a lim-
ited role in the treatment of HCC, as underlying
cirrhosis or tumor multicentricity often contrain-
dicates surgery.*® Furthermore, HCC recurs fre-
quently, even after curative resection.” Therapies
such as percutaneous ethanol injection,®1¢
microwave coagulation therapy,''*? and radiofre-
quency ablation (RFA) are thus widely used in
the treatment of unresectable HCC.3-16

RFA is frequently performed in Japan and has
a higher rate of complete necrosis than other ab-
lative procedures. For the treatment to be com-
plete, the entire tumor must be ablated with a
sufficient rim (>5.0 mm) of noncancerous hepatic
parenchyma.

Contrast-enhanced CT is the most commonly
used modality for assessing the efficacy of RFA,
as the ablated margin can be determined by CT
both before and after RFA.'™!® In addition, the
exact ablated margin can be evaluated by inject-
ing iodized oil (Lipiodol; Bayer, Osaka, Japan)
in the tumor before RFA to delineate it
subsequently (Figure 1A). CT is 1 of the most
commonly used modalities for assessing the mar-
gins of the ablated volume, but it is expensive
and involves potentially problematic radiation
exposure.'® Contrast-enhanced ultrasonography
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ASSESSING RESPONSES TO RFA

FIGURE 1. A: Post-RFA CT shows that the low-density area is larger
than the ablated tumor into which iodized oil had been injected prior
to RFA. The ablated margin was easily assessed, due to identification
of the ablated tumor. B: In the postvascular phase on post-RFA
CEUS, the ablated area appears as a homogenous unenhanced area.
Ablated margins are difficult to evaluate because of the difficulty in dis-
tinguishing between ablated tumor and ablated nontumnoral tissue.

(CEUS) has been reported as a useful procedure
to assess the efficacy of HCC of RFA but still can-
not accurately assess the ablated margins.?°

Recently, 3-dimensional (3D) volume data from
CT have been used to make cross-sectional multi-
planar reconstruction images. Applying this tech-
nique, we have developed software that can
reconstruct 2-dimensional CT scans identical in
orientation to ultrasound scans (Virtual Place
Advance software; AZE, Tokyo, Japan). We have
called this technique virtual sonography
(VUS).2522 Following RFA, the ablated margin
can be assessed by comparing the VUS image of
the tumor before RFA with the CEUS image
showing the ablated area after RFA (VUS-CEUS)
(Figure 2).

Sometimes more than 2 RFA sessions are
required to ablate a HCC with a sufficient

VOL. 38, NO. 3, MARCH/APRIL 2010

margin. In such cases, the number of CT scans
required is equal to the number of sessions of
RFA (Figure 3).

We therefore designed a new assessment of
RFA using VUS-CEUS in replacement of CT
(Figure 4). We have previously reported a retro-
spective study in which use of VUS-CEUS
reduced the number of CT scans needed.?® The
present randomized control trial prospectively
investigates the potential decrease in number of
CT scans needed to assess the efficacy of RFA
when VUS-CEUS is used.

PATIENTS AND METHODS

Eligibility Criteria

This study was approved by the ethics committee
of the Ehime University Hospital. Between May
2005 and August 2006, a total of 50 HCCs in 50
patients were treated with US-guided percutane-
ous RFA. These patients were enrolled in the
study after providing informed consent. All
patients had to meet the following criteria for
treatment with RFA: single nodular HCC <5 cm
in maximum diameter; <3 lesions, each <3 cm in
diameter; absence of portal venous thrombosis or
extrahepatic metastases; Child-Pugh class A or B
liver cirrhosis; prothrombin time >50%; and pla-
telet count >50,000/ul. The diagnosis of HCC was
confirmed by typical imaging findings, including
high attenuation on CT during hepatic arteriog-
raphy, and perfusion defect on CT during arterial
portography. For patients with typical findings
on CT during hepatic arteriography and CT dur-
ing arterial portography, needle biopsy was not
done.

RFA Technique

Before ablation, local anesthesia was obtained by
injecting 5 ml of 1% lidocaine through the skin
into the peritoneum along a . predetermined
puncture line. We then inserted a 20-cm-long,
17-gauge radiofrequency electrode equipped with
a 2.0- or 3.0-cm-long exposed metallic tip (Cool
tip; Radionics, Burlington, MA) into the tumor. If
the nodule was obscured by the lungs, 500 ml
saline was injected into the right pleural cavity.2*

CT (GE Medical System, Milwaukee, WI) was
performed using a Light Speed Ultra 16 scanner
before RFA and at 3-5 days after treatment.
Scanning parameters were as follows: 120 kVp;
175-189 mAs; 5-mm slice thickness; and table
speed of 18 mm/s (pitch 0.98°) during a single
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FIGURE 2. A: Assessing efficacy of RFA with VUS-CEUS. VUS shows the tumor before RFA. B: After RFA. Five minutes after injecting contrast
agent {Levovist), CEUS shows the ablated area as a homogeneous unenhanced area. The difference between distances measured on VUS and on
CEUS (for example, a-c, b-d in A and B) was defined as the safety margin of ablation.
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FIGURE 3. Timeline for assessing efficacy of RFA of HCC using CT
(for example, in this case after 3 RFA sessions). CT was performed
3-5 days after each RFA session. The number of CT scans is equal to
the number of RFA sessions.

breath-hold helical acquisition of 7.7-10.5 sec-
onds.

CEUS was performed 3 days after RFA using
an Aplio XV system (Toshiba, Tokyo, Japan)
equipped with a 4-MHz convex array transducer.
The focal zone was set at the deeper margin of the
tumor. Acoustic power was set at the default set-
ting (mechanical index, 1.3-1.4). Advanced
dynamic flow with a wideband Doppler technique
was used, and the dynamic range for advanced
dynamic flow was 40 dB. Gain was adjusted to
optimize image quality in each patient. The US
contrast agent used in this study was SH U 508A
(Levovist; Bayer) at a dose of 300 mg/dl. The con-
trast was injected manually through a 20-gauge

140

FIGURE 4. Timeline for assessing efficacy of RFA of HCC using VUS-
CEUS instead of CT. VUS-CEUS was performed 3 days after each
RFA session.

cannula into an antecubital vein at 1 ml/s. We
assessed vascularity within the ablated area by
means of continuous scanning at a frame rate of
5 frames/s for 10-30 seconds after injection. The
ablated area was again evaluated 5 minutes after
injection of US contrast medium. In this postvas-
cular phase, the ablated area was visualized as a
homogeneous nonenhanced area. Distinguishing
between the ablated tumor and ablated parenchy-
mal tissue was thus difficult. To identify the region
of ablated tumor, VUS was used. For synthesis of
VUS images, VUS images were generated with
the software from the 3D CT volume data. It is to
be noted that reconstructed VUS images are not
sonograms but CT generated images that match
the actual sonograms in orientation.
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We used anatomical landmarks to objectively
measure the margins of the ablated volume. On
VUS, position of the tumor was identified by
measuring distance from the edge of the tumor to
the anatomic landmarks (ie, surrounding organs,
vessels, or edge of the liver). The same distances
were also measured on CEUS scans. If the
distances between the margins of the lesion
and the anatomical landmarks measured on
CEUS were smaller than those measured on
VUS, the ablated volume was considered suffi-
cient (Figure 2). For treatment to be complete,
the entire tumor had to be ablated along with a
sufficient rim of at least 5.0 mm of hepatic paren-
chyma. When tumors were located close (<5 mm)
to the liver surface or major vessels, treatment to
the adjacent parenchyma was regarded as com-
plete ablation.

Study Design

Subjects were randomized into 2 groups of 25
cases each by computer-generated allocation with
instructions in sealed envelopes to obtain 1 group
of HCC treated with RFA and evaluated only by
CT (Group 1) and another 1 (Group 2) evaluated
with VUS-CEUS. In Group 1, efficacy of RFA
was evaluated by CT as the gold standard
(Figure 5A). In Group 2, VUS-CEUS was per-
formed 3 days after each session of RFA. We per-
formed evaluations 8 days afier RFA because we
wanted to evaluate not only the ablated area, but
also remaining vascularity of the tumor. Vascu-
larity could not be evaluated at 1 or 2 days after
RFA, as high echogenicity persists for several

VOL. 38, NO. 3, MARCH/APRIL 2010

hours after RFA treatment, and hypervascularity
due to inflammation around the ablated area per-
sists for 1 or 2 days. When the therapeutic effect
was judged sufficient on VUS-CEUS, RFA was
performed again. Three days after a second RFA,
efficacy was again evaluated by VUS-CEUS.
When the volume of the necrotic area was suffi-
cient, as determined by VUS-CEUS, the lesion
was evaluated by CT. ¥f therapy was incomplete,
a repeat RFA was performed. If the ablated mar-
gin was sufficient, treatment was considered
complete (Figure 5B). The primary endpoint of
the study was the number of CT scans needed to
confirm successful RFA, and secondary endpoints
were the rate of local recurrence, incidence of
adverse events, and the number of treatment ses-
sions. After treatment with RFA, serum o-feto-
protein, lectin-reactive a-fetoprotein, and plasma
des-y-carboxy-prothrombin levels were measured
monthly; dynamic CT was performed after 3, 6,
and 12 months, and US was performed every 3
months. Local recurrence was defined as the
appearance of viable cancer adjacent to the origi-
nal lesion. All patients were followed for 1 year.
Major  complications were  defined as
hemorrhage, pleural effusion requiring drainage,
hepatic infarction, pneumothorax, hemothorax,
bile peritonitis, liver abscess, and gastrointesti-
nal perforation. Other complications were
defined as minor complications.

Statistical Analysis

Data are expressed as mean = SD. We calculated
that a sample size of >22 HCCs in each group
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