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incidence of HCC was analyzed according to the ALT,
AFP, and hepatitis C virus (HCV) RNA levels 24 weeks after
the start of PegIFNa-2a administration by using the Kaplan—
Meier method. The risk of HCC was analyzed, using the
Kaplan—-Meier method, only in the non-responders with
detectable HCV RNA during PeglFNo-2a administration by
dividing them according to the ALT and AFP levels 24 weeks
after the start of therapy. The incidence of HCC was com-
pared between the patients with ALT levels of <41 TU/L and
those with levels of >41 TU/L, and between patients with
serum AFP levels of <10 ng/L. and those with levels of
>10 ng/mL at 24 weeks after starting treatment, because at
most of the centers participating in the this study, the upper
normal range of serum ALT is set at 40 IU/L, and the most
significant difference in the incidence of HCC was observed
between the PegIFNa-2a and control group with the cut-off
serum ALT set at41 IU/L and cutoff serum AFP setat 10 ng/
ml, 24 weeks after starting treatment. The HCV RNA level
was measured using the Amplicor Monitor method with a
lower detection limit of 50 TU/L (Roche Diagnostics, Tokyo,
Japan). A history of excess alcohol consumption was deter-
mined as >60 g alcohol per day in order to exclude alcoholic
liver disease.

An asymptomatic carrier was defined as a patient with a
serum ALT level within the normal range and minimal
inflammation or fibrosis in the biopsied tissues of the liver.
Chronic hepatitis was defined as mild-to-severe fibrosis of
the liver according to liver biopsy [18]. The diagnosis of
liver cirrhosis was based on the results of histological
examination of the biopsied liver tissues.

Study 2: incidence of HCC in the PeglFNa-2a therapy
and non-administration (control) groups in comparison
with propensity-matched controls

Ninety-nine of the 133 chronic hepatitis C patients who had
not received IFN were examined as controls; patients in
this group received liver-protective agents such as glycyr-
rhizin or were untreated, and the group was observed for
more than 1 year. None of the individuals in the control
groups had received IFN alone or PegIlFNa and ribavirin
combination treatment. They were treated for a median of
1,395 days (range 75-6,556 days). Fifty-nine of these
patients underwent liver biopsy before the treatment and
were considered the control group for the propensity-mat-
ched study. For the propensity-matched study, 59 patients
were selected from the PeglFNa-2a group according to
their age, sex, platelet count, and total bilirubin levels,
which had been identified as independent pretreatment risk
factors for the development of HCC in Study 1. The rates
of HCC were analyzed using the Kaplan—Meier method,
and the risk of HCC was analyzed particularly in patients
with advanced fibrosis of the liver (F3 and F4).

Table 2 Comparison of HCC and non-HCC patients with long-term
PeglFNo-2a administration (n = 594)

Patients with or without p value
development of HCC
With HCC Without HCC
(n = 49) (n = 545)
Pretreatment parameters
Age (years) 63.8 & 1.7 613 + 05 <0.05
Sex (male/female)  32/17 226/319 <0.01
BMI 24.0 £ 0.5 23.1 +0.2 n.s.
Genotype (1/2) 47/6 397/148 n.s.
History of excess ~ 11/38 107/338 n.s.
alcohol
consumption
(=60 g/day;
yes/no)
Fibrosis (FO, 1, 25/24 418/127 <0.001
2/F3, 4)
Inflammatory 7/42 462/83 <0.001
activity
(A0, 1/A2, 3)
Diabetes mellitus 38/11 461/84 n.s.
(nofyes)
LDL cholesterol 88.2 +£9.0 94.7 + 2.6 n.s.
(mg/dL)
‘White blood cell 4,355 + 210 4,360 + 64 n.s.
count (/mm?)
Red blood cell 420.8 + 8.1 424.1 £ 2.6 n.s.
count (X 106/1,1L)
Hemoglobin (g/dL) 13.6 £ 0.3 133+ 0.1 n.s.
Platelet count 106 + 8 140 £ 2 <0.001
(x10°/uL)
Albumin (g/dL) 3.8+0.1 4.0+ 0.1 <0.001
Total bilirubin 12 +£0.1 0.8 £0.1 <0.001
(mg/dL)
AST (IU/L) 78.1 £ 6.8 64.6 + 2.1 n.s.
ALT (IU/L) 72.8 £9.7 72029 n.s.
Gamma-GTP 68.7 £ 175 539+23 n.s.
dIu/L)
Alpha fetoprotein ~ 17.1 (4.4-36.8) 16.7 (4.1-23.1) n.s.
(ng/L)
Esophageal varices 29.0 % (9/31) 6.4 % (22/344) <0.01
On-treatment parameters
ALT (IU/L) 594 £ 5.7 446 + 1.8 <0.05
Alpha fetoprotein 9.8 (4.6-17.4) 5.5 (3.7-11.1) <0.01
(ng/L)
HCV RNA level 236 (<0.5-2,210) 21 (<0.5-1,780) <0.05
(KIU/mL)

n.s. not significant

Statistical analysis

Categorical data were compared using the x* test or Fish-
er’s exact test. The distributions of continuous variables
were analyzed using Student’s #-test and the Mann—Whit-
ney U-test for two groups. Multivariate analysis was
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conducted using logistic regression. The cumulative inci-
dence curve was determined using the Kaplan—Meier
method and differences between groups were assessed by
the log-rank test. For all methods, the level of significance
was set at p < 0.05. Multivariate analysis of the risk of
HCC was carried out using the Cox proportional hazard
model. Statistical analyses were performed using the Sta-
tistical Package for the Social Sciences software version
11.0 (SPSS, Chicago, IL, USA). In Study 1, age, sex,
platelet count, and total bilirubin levels were identified as
independent factors for the development of HCC; there-
fore, these factors were selected for the propensity-matched
control study (Study 2) in which 59 patients from the
PeglFNa-2a group were included.

Results
Study 1

We analyzed the factors involved in the development of
HCC in patients who received 90 pg PeglFNa-2a weekly
or biweekly for more than a year. The incidence of HCC
did not differ significantly between the groups treated with
PeglFNa-2a weekly and biweekly (34 of 512 vs. 15 of 82,
respectively). As shown in Table 2, univariate analysis
revealed statistically significant differences in the pre-
treatment parameters including age, sex, fibrosis of the
liver, platelet count, albumin level, and total bilirubin,
between patients who developed HCC and those who did
not. Endoscopy was carried out in 375 patients, and
esophageal varices were noted in 31 of them. The inci-
dence of HCC was higher in patients with esophageal
varices than in those without varices [29.0 % (9 of 31) vs.
6.4 % (22 of 344)]. Assessment of on-treatment factors by
univariate analysis revealed statistically significant differ-
ences in serum ALT, AFP, and HCV RNA. levels 24 weeks
after the start of PeglFNo-2a maintenance treatment (Table
2).

Multivariate analysis including pretreatment parameters
revealed that age, sex, fibrosis of the liver, platelet count,
and total bilirubin were independent risk factors for HCC
development (Table 3). Multivariate analysis including on-
treatment parameters identified ALT levels of >41 IU/L
and AFP levels of >10 ng/L 24 weeks after the start of the
PeglFNa-2a therapy as independent risk factors for HCC
development (Table 3).

The incidence of HCC was significantly lower in patients
with ALT levels of <40 IU/L than in those with ALT levels
of >41 TU/L 24 weeks after the start of observation (Fig. 2).
The incidence of HCC was also significantly lower in patients
with AFP concentrations of <10 ng/mL at 24 weeks after the
start of observation than in those with AFP concentrations of
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>10 ng/mL (Fig. 3). The dose of PeglFNa-2a was reduced to
45 pg in 16 patients because of neutropenia and thrombo-
cytopenia. In addition, PegIlFNa-2a was discontinued in 18
patients because of adverse events, including depression (7
patients), interstitial pneumonitis (3 patients), thrombocyto-
penia (3 patients), neutropenia (1 patient), itching (1 patient),
and ascites (3 patients). No statistically significant differ-
ences were found between the patients with reduced dosage
or treatment interruption and those without treatment modi-
fications with respect to overall survival, HCC incidence,
ascites formation, variceal bleeding, hepatic encephalopathy,
and 2-point increases in the Child-Pugh score. No patients
underwent liver transplantation.

Table 3 Independent risk factors for HCC development in patients
treated with 90 pg PegIlFNa-2a weekly or bi-weekly, evaluated by
multivariate analysis (logistic regression analysis)

Multivariate analysis

Odds 95 % p
ratio Confidence
interval (CI)
Age (years) (every 5 years) 224 1.76-9.33 <0.005
Sex (male/female) 3.16 1.56-10.7 <0.005
Fibrosis (F3, 4/F0, 1, 2) 1.69 1.18-5.2 <0.01
Platelet count (<120 x 10%/uL  3.24 1.44-27.6 <0.01
vs. >120 x 10°%/uL)
Total bilirubin (mg/dL) 1.59 1.09-2.58 <0.05
ALT (at 24 weeks) (=41 vs. 2.49 1.51-8.28 <0.05
<40 IU/L)
AFP (at 24 weeks) (=10 vs. 3.78 1.92-11.8 <0.01
<10 ng/L)
100
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Fig. 2 Comparison of HCC rates in patients administered with
PeglFNo-2a (n = 594) with respect to alanine aminotransferase
(ALT) levels 24 weeks after the start of therapy. Black line patients
with ALT >41 IU/L in the first 24 weeks, gray line patients with
ALT <40 IU/L in the first 24 weeks
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Fig. 3 Comparison of HCC rates in patients administered PegIFNo-
2a (n = 594) with respect to alpha-fetoprotein (AFP) levels in the
first 24 weeks after the start of therapy. Black line patients with AFP
>10 ng/mL at 24 weeks, gray line patients with AFP <10 ng/mL at
24 weeks

Study 2

We compared the incidence of HCC between 59 patients in
the control group and the same number of patients in the
PeglFNoa-2a group using the matched-pair test. The back-
grounds of the patients are shown in Table 4. The Peg-
IFNo-2a group had higher rates of advanced fibrosis (F3
and F4) and active inflammation (A2 and A3). No other
differences were found between the two groups, except for
the white blood cell count (Table 4).

Development of HCC was observed in 2 patients in the
PeglFNa-2a group and 8 in the control group. The inci-
dence of HCC was compared between the two groups,
using the Kaplan—Meier method. The incidence of HCC in
the PegIFNa-2a group was significantly lower than that in
the control group (log-rank test, p = 0.0187; Fig. 4).
Among the patients with advanced fibrosis of the liver (F3
and F4), those in the PegIFNw«-2a group had a lower inci-
dence of HCC than those in the control group. The inde-
pendent risk factors for the development of HCC were
analyzed using the stepwise Cox proportional hazard
model. Only PeglFNa-2a administration and age were
identified as independent risk factors for the development
of HCC (Table 5).

Discussion

The number of HCC cases resulting from HCV infection
continues to increase worldwide [19]. To date, IFN therapy
is the most effective preventive measure against HCC in
patients with chronic hepatitis C; furthermore, the

Table 4 Backgrounds of the patients in the propensity-matched
control study (PegIFNa-2a group, n = 59; control group, n = 59)

PeglFNa-2a Control group p value
group (n=159)
(n=159)
Age (years) 60.5 = 13.0 63.3 £ 10.5 n.s.
Gender (male/female) 24/35 25/34 n.s.
BMI 229 + 3.6 229 + 34 n.s.
Genotype (1/2) 49/10 46/13 n.s.
History of excess alcohol 10/49 4/55 n.s.
consumption (60 g/day;
yes/no)
Fibrosis (FO, 1, 2/F3, 4) 37/22 43/16 <0.05
Development of HCC 11 17 n.s.
(FO-2/F3, 4)
Inflammatory activity 19/40 30/29 <0.05
(A0,1/A2, 3)
Diabetes mellitus (no/yes) 5712 56/3 n.s.
LDL cholesterol (mg/dL) 953 4+ 238 1170 £ 4.2 n.s.
White blood cell 4,260 + 1,239 5,193 + 2,078 <0.05
count (/mm3)
Red blood cell count 430 £ 57.8 441 + 449 n.s.
(x10™*/uL)
Hemoglobin (g/dL) 13.6 £ 1.5 136 £ 1.9 n.s.
Platelet count (x107>/uL) 145 +£ 5.7 158 + 5.7 n.s.
Albumin (g/dL) 41=£05 41£04 n.s.
Total bilirubin (mg/dL) 0.7 £ 0.5 09 £ 0.7 n.s.
AST (IU/L) 583 £ 47.7 49.7 + 26.6 n.s.
ALT (IU/L) 63.6 & 68.7 58.0 &+ 39.2 n.s.
Gamma-GTP (IU/L) 78.3 + 81.3 553 + 75.1 n.s.
Baseline alpha-fetoprotein 7.2(4.3-142) 7.7 (39-13.8) ns.
(AFP) (ng/L)
Baseline HCV RNA level 1,230 1,024 n.s.
(KIU/mL) (24-3,870) (38-3,110)

incidence of HCC is reduced in patients who achieve an
SVR to IFN [6-9] Therefore, achieving an SVR is the most
effective approach for reducing the risk of developing
HCC. In Japan, the incidence of HCC is elevated in older
patients with hepatitis C. Corroborating this finding, the
results of a Japanese study show a higher risk of HCC in
patients aged 65 years and more [10]. Therefore, preven-
tion of HCC in aged patients is an important challenge.
In the present multicenter, cooperative, retrospective
study conducted in Japan, the incidence of HCC was
reduced in patients who received 90 pg PeglFNa-2a
weekly or biweekly and had AFP values of <10 ng/mL and
ALT values of <40 IU/L 24 weeks after the start of the
treatment. The results of the matched case—control study of
the PegIFNa-2a group and the non-IFN control group show
that the incidence of HCC was significantly lower in the
PeglFNa-2a group than in the control group, especially in
patients with advanced fibrosis of the liver (F3 and F4).
However, there could have been a selection bias between
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Fig. 4 Comparison of HCC rates between the long-term PegIFNa-2a
administration group (n =159) and non-administration group
(n = 59) in the propensity-matched control study (Kaplan—Meier
log-rank test, p = 0.019)

Table 5 Risk factors for HCC in the propensity-matched control
study (Cox proportional hazard model)

Variables Risk 95 % CI p value
ratio

PeglIFN versus control 0.17 0.03-0.75  <0.05
Age (every 1 year) 1.12 1.02-1.25 <0.05
Fibrosis (F3, 4 vs. FO, 1, 2) 1.70 0.75-4.16  n.s.
Platelet count (every 10 x 10*/uL) 0.89 0.73-1.09  ns.
Albumin (every 1.0 g/dL) 0.80 0.10-6.68 n.s.
On-treatment AFP (<10 vs. 4.07 0.59—40.12 ns.

>10 ng/L)

the PegIFNoa-2a group and the control group (patients who
did not agree to receive IFN treatment), because this was a
retrospective and non-randomized study. However, con-
cordant with the findings of the HALT-C study [14], the
present results show that PegIFNo-2a inhibits the devel-
opment of HCC in patients with advanced fibrosis of the
liver.

Recent studies show that polymorphisms in the host
IL28B gene are important factors in the response to Peg-
IFN« and ribavirin combination therapy [20, 21]. However,
the mechanism of IL28B involvement in the response to
PegIFNo and ribavirin has not been elucidated completely.
A recent report has shown that IL28B is a significant factor
in the development of HCC as well as in the response to
IFN therapy [22]. Further studies are warranted to analyze
the relationship between IL28B and inhibition of the
development of HCC by PegIFNa in chronic hepatitis C.

Risk factors for the development of HCC have been
discussed previously. Increased intrahepatic fat is involved
in the development of HCC in chronic hepatitis C patients
[23, 24]. In addition, diabetes-associated fat disorder [25,
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26], hepatic iron overload [27], advanced fibrosis, older
age, and fatty deposits in the liver are risk factors for HCC
development [4]. Therefore, it is important to establish
strategies to mitigate these risk factors to prevent the
development of HCC and thus improve the outcomes of
hepatitis C patients.

IFN therapy after HCC treatment is reported to inhibit
the recurrence of tumors [28, 29], and a meta-analysis has
revealed a trend toward inhibition of the recurrence of
HCC [30, 31]. The prevention of HCC is an important issue
that needs to be addressed to improve the survival of
chronic hepatitis C patients. The findings of the present
study and the HALT-C trial [14] indicate the effectiveness
of long-term administration of maintenance IFN for pre-
venting the development of HCC in chronic hepatitis C
patients without an SVR. Improvement in ALT levels is
also known to be an important predictor for the prevention
of HCC [32]. A low AFP value during IFN administration
is also recognized as a significant indicator of a lower risk
of HCC [33, 34]. Recently, Osaki et al. [35] reported that a
decrease of serum AFP during treatment with IFN was
associated with a reduced incidence of HCC. Taking these
findings and our own together, we conclude that mainte-
nance administration of low-dose PeglFNo-2a weekly or
biweekly to non-SVR patients with chronic hepatitis C
decreases the incidence of HCC, especially in patients
whose serum ALT and AFP levels are within the normal
range 24 weeks after the start of treatment. The preventive
effects of IFN against the development of HCC without
elimination of the virus may be associated with its anti-
carcinogenic effects [16, 35]; however, the precise mech-
anism should be investigated.

The limitations of the present study are that it is retro-
spective and multicentric; therefore, potentially there may
have been a selection bias. However, the reduction of the
rate of development of HCC by maintenance administra-
tion of PeglFNu-2a in the patients in whom serum ALT
and AFP levels were within the normal ranges 24 weeks
after the start of treatment may be attributable to the
anticarcinogenic effects of IFN without elimination of the
virus.

Conclusion

The incidence of HCC was lower in non-SVR patients with
chronic hepatitis C who were administered with mainte-
nance low-dose PeglFNa-2a; especially in those whose
serum ALT and AFP levels were within the normal ranges
24 weeks after the start of treatment.
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Aim: There is considerable evidence that intestinal
microbiots are involved in the development of metabolic syn-
dromes and, consequently, with the development of non-
alcoholic fatty liver disease (NAFLD). Toll-like receptors {TLRs)
are essential for the recognition of microbiota. However,
the induction mechanism of TLR signals through the gut
liver axis for triggering the development of non-alcoholic
steatohepatitis {NASH) or NAFLD remains unclear. in this
study, we investigated the role of paimitic acid {PA)} in trigger-
ing the development of a pro-inflammatory state of NAFLD.
Methods: Non-alcoholic fatty liver disgase was induced in
mice fed a high fat diet (HFD). The mice were killed and the
expression of TLRs, tumor necrosis factor (TNF), interleukin
(L‘H B, and phospho-interleukin-1 receptor-associated kinase
in the liver and small intestine were assessed. In addition,
pnma ry hepatocytes and Kupffer cells were treated with PA,

and the direct effects of PA on TLRs induction by these cells
were evaluated.

Results: The expression of inflammatory cytekines such as
TNF, IL-1B, and TLR-2, -4, -5, and -9 was increased in the liver,
but decreased in the small intestine of HFD-fed mice in vivo. In
addition, the expression of TLRs in primary hepatocytes and
Kupfler cells was increased by treatment with PA.
Conclusion: in the development of the pro-inflammatory
state of NAFLD, PA iriggers the expression of TLRs, which
coniribute to the induction of inflammatory cytokines
through TLR signais by intestinal microbiota.

Key words: fatty acids, gutiiver axis, non-alcoholic fatty
liver disease, pro-inflammatory state, Toli-like recepior

INTRODUCTION

ON-ALCOHMOLIC FATTY LIVER disease (NAFLD)
is a form of steatosis with or without inflammation

of the liver, and it is not related 1o excessive alcohol
intake. NAFLD includes both simple steatosis and non-
alcoholic steatohepatitis (NASH), the latter developing
further into cirrhosis and hepatocellular carcinoma.’
NAFLD is one of the most common liver diseases world-

2-1 Midorigaoka -
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wide and is considered 1o be related to obesity, insulin
resistance, and metabolic syndrome ”

A two-hit theory has been proposed w explain the
pathogenesis of NASIH.® First, simple steatosis is induced
by obesity and insulin resistance. Second, NASH devel-
ops by several hits, including adipocytokines, iron, and
bacterial endotoxins/lipopolysaccharide (LPS) derived
from gram-negative bacteria.*

Toll-Jike receptors {TLRs) recognize pathogen- and
endogenous damage-associated molecular  patterns
and activate nuclear factor-xB (NF-xB), which induces
pro-inflammatory cyvtokines/chemokines and type 1
interferon through phosphorylation of interleukin-1
recepror-associated kinase 1 (IRAK1) and [RAK4.” There-
fore, TLRs may play imponant roles in the activation of
innate immunity. Among TLRs, TLR2, TLR4, TLRS, and
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TLRY were identified as bacterial recognition receptors
capable of recognizing lzpcx beptide, LPS, flagellin, and
CpG-DNA, respectively.® Recently it was reported that
TLR signal pathways, the ligands of which are bacterial
components, play an important role in the pathogenests
of alcoholic liver disease and NASH.? In particular,
the association between TLR4 signal pathways and
the development of NASIH was investigated.*™" More
recently, Miura efal. reporied decreased levels of
steatohepatitis and liver fibrosis in TLRY knockout mice
compared with those in wild-type mice in a choline-
deficient amino acid-defined (CDAA) diet-induced
NASH model.” In contrast, in TLR2-deficient mice fed
a methionine- and choline-deficient (MCD) diet, an
increased level of liver injury was noted, sy gges ting a
potential protective role of TLR2 in faty Hver®
An increasing proportion of the general population
suffers from obesity, which is an emerging global
problem along with its related disorders such as
metabolic syndrome. Much recent evidence shows that
micrebiota are associated with these conditions.” 7 In
the intestine, TLRs are typically expressed in the epithe-
lial cells and are involved in the production of immu-
noglobulin A (IgAd), maintenance of tght junctions,
proliferation of epi‘fhe?ial cells, and expression of
antimicrobial peptides.™ TURS, which specifically recog-
nizes flagellin, is involved in promoting the pathophysi-
ology of inflammatory bowel disease.”’ While the above
reports suggest that intestinal TLRs play an important
role in innate immunity of the gut, the association
beiween their role in the small intestine and that in
the development of NASH remains unciear
The present study was based on hypemutrition and

obesity and evaluated the significanc TiRs and their
sigrraling i the liver and small is “Liﬂ.(ﬁ us%ng& a high-fat
diet {HFD)-induced NAFLD mouse model. In addition,
a gut-sterilized mouse model reated with antibiotics
was used to confirm whether there is an association
between intestinal microbiota and TLR expression.

METHODS

Animal studies
'EY\‘: THE HFD group, 8—wec>k‘f>’z< male C3781/6] mice
{Charles River Japan., Tokvo, japan) were fed a HFD
containing 60% triglycerides wi oiewc acid {QA), pal-
mitic acid (PA), and stearic axzd (Table 1) *HEDZ
Oriental Yeast Company, Tokvo, Japan). Control mice
were fed a diet containing 5% triglycerides (MF; Orien-
tal Yeast Company). All mice were maintained under
conwolled conditions {22°C; humidity, 50-60%, 12-h

(F
\
-
181
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Table 1 Composition ¢
diet

fatty acids in control diet and high fat

Controf diet (%) High fat diel (%)

Oleic acid No detect 30

Palmitic acid No detect 25
Stearic acid 0.22 16
Palmitoleic acid 0.05 2.0
Muyristic acid (.03 i5

light/dark cycle) with food and water ad Tibitum. Mice
from both groups were killed at 4, 8, and 16 weeks for
blood and dssue collection These animals were fasted
for 10-h befc.r“ hif}ﬁ}d and tssue collection. After each
mouse was anesthetized with diethyl ether and wei g‘ ed
blood was collec Ld by a cardiac puncture and subse
quently assayed for biochemical parameters. The liver
and small intestine were dissected, weighed, and
in liguid 'mirogcn These
for histological and polymerase chain reaction (PCR)
analysis. All experiments were performed in accordance
with the rules and guidelines of the Animal Fxperimen
Committee of Asahikawa Medical University.

?

frozen

[

3

samples were used later

Isolation and primary culture of
hepatocytes and Kupffer cells
mouse hepatocytes and Kupffer cells were §
a modified collagenase perfusion met wd
liver was perfused via the portal vein with €
free Hank's balanced salt solution [HBSS(
for 5 min at 10 ml/min, followed by HBSS(+) !for 5 min
at 10 mL/min supplemented with 0.05% collagenase
{Wako, Tokyo, Japan). The liver was then removed, frag-
mented and voriexed for a few seconds, After filtration
with mesh, the cell suspension was centrifuged at
500 rpnt for 1 min. The cells in the pellet were minced
twice and used as primary hepatocytes for culture in
William’s £ medium with epidermal growth factor
{5 ug). insulin (5 mg), L-glutamine, penicillin, strepio-
mycin, and 10% fetal bovine serum (FBS). The superna-
tant was centrifuged at 500 rpm for 1 min at three to
four times to remove any remaining hepatocytes. The
supernatant was then minced twice and cultured in
Dulbecco’s modified Eagle’s medium with penicillin,
streptomycin, and 10% FBS. After 60 min, adhesion
cells were used as Kupffer cells.

-)) a1 39°C

PA treatment

Isolated hepatocytes and Kupfler cells
PA. PA complexed with

were treated with
1% bovine serum albumin
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(BSA) was added 1o the medium to attain final concen-
trations of 10 uM and 100 uM over 24 h.

Fat droplet evaluation
4,4-difluoro-1,3.5,7,8-pentamethyl-4-bora-3a,4a-diazas-
indacene (BODIPY 493/503, Invitrogen, Carlsbad, CA,
USA) was added as a lipid probe overnight to the culture
medium and fluorescent images were observed.

Biochemical analyses

Serum alanine aminotransferase (ALT) and free fatty
acids were measured using the Automatic Analyzer
7180 (Hitachi High-Technologies Corporation, Tokye,
Japan].

Histopathological evaluation

Samples of remaining liver tissue were fixed in 10%
formalin buffer, embedded in paraffin, sectioned, and
stained with hematoxylin and eosin (H&E).

RNA isclation and first strand
complementary DNA synthesis
Total RNA was isolated from the liver, smail intestine,
primary hepatocytes, and | \’upffer cells using QIAGEN

RNeasv Mini Kit (QIACEN, Hilden, Germany). RNA
was reverse-transcribed by RETROscript using Ran-
dom decamers (Ambion, Austin, TX, LISA) Detailed
methods were performed according 1o the
facturers’ instructions.

Aana-

Primer pairs of TLR-related molecules

Mouse 18srRNA was used as an endogenous amplifica-
ton control. The use of this universally expressed houge-
keeping gene allows for comrection of variations in the
efficiency of RNA extraction and reverse transcription,
TagMan assays were used for specific primer and probe
sets on TLRZ, TLR4, TLR5, TLRY, tumor necrosis factor

(TNF), interleukin (ILj-1B, and 18stRNA {Appled
Biosystems, Foster City, CA, USA).

Quantitative realtime PCR

The expression of TLR2, TLR4, TLR5, TLRY, [L-15, and

TNF in mouse liver, small intestine, pﬂma},y hepato-
cytes, and Kupffer cells was evaluated by quantitative
real-time PCR {(gPCR) (7300 Real-time PCR systemy
Applied Biosystems). In this method, all reactions were
run in $6-well plates with a total volume of 20 uL. The
reaction mixture consisted of 10 ul TaqMan Universal
PCR Master mix, 1ul I8srRNA, 1 ul primer, 5yl
RNAazse free water, and 3 ul. complementary DNA. The

T
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PCR reaction involved the following steps: (i) 56°C for
2 min to prevent carrvover of DNA, (i) 95°C for 10 min
1o activate polymerase, and (iit) 40 cycles each of 95°C
for 155, 60°C for 15, and 72°C for 45 5. gPCR data
were analyzed by the fompaz’aﬁve CT method.

Immunochistochemistry/
immunocytechemistry
Immunchistochemistry using F4/80 as a macrophage
marker was performed on cryostatically sectioned liver
and staining was performed by immunofluorescence.
The sections were fxed in 2% paraformaldehyde for
10 min and washed three times with PBS for 5 min.
Furthermore, sections for F4/80 were blocked with 3%
BSA/PRS for 1h at room temperature, followed by
incubation with monoclonal antibody against F4/80
{Abcam, Cambridge, MA, USA) 1:700 diluted in 3%
BSA/PBS for 1h at room temperature. After washing,
F4/80 slides were incubated with 1:200 diluted Alexa
Fluor 488 goat anti-rat IgG (Invitrogen) for 1 h at room
temperature and washed.

Immunocytechemical staining was also performed
using the immunoflucrescence method. v the
chamber slides in which primary Kupffer cells haa been
cultured were washed twice with PBS for 5 min, primary
Rupffer cells were fixed in 2% paraformaldehyde for
20 min and washed twice with PBS for 5 min. Primary
Kupffer cells were then incubated with 0.1% Triton
X-100 in PBS for 2 min 1o permeabilize the membranes
and washed twice with PBS. The slides for phospho-
interleukin-1  receptor-associated kinasel (plRAKL;
Abcam) were blocked with 3% BSA/PBS for 1 b at room
temperature, followed by incubation with irsm'a«oc?(mai
antibody against pIRAKT diluted 1:500 in 3% BSA/PBS
for 1 h at room temperature. After washing, J}e slides
were incubated with 1:500 diluted Alexa Fluor 594 goat
anti-rat 1gG {(Invitrogen) for 1 h at room temperature
and washed.

Western blotting analysis

Protein expression of pIRAK1, the key mediator in the
TLR signaling pathway,” in the liver (30 pg), small
intestine {30 ug) was studied by Western blot analysis.
Protein concentrations were measured by the Bradford
method using the Pierce BCA Protein Assay kit (Thermo
Scientific, Rockford, 1., USA} according to the manufac-
turer’s instructions. Separation of 30 ug of protein was
then j"f@l{utu ed b} 12% Mini PROTEAN TGX Precast
Cels (Bio-Rad, Hercules, CA, UISA). After electrophore-
sis, proteins were transferred 1o nitrocellulose mem-
branes {Amersham Life Science Piscataway, NJ, USA),

© 2013 The Japan Society of Hepatclogy
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blocked in 5% skim milk, and 0.2% Tween20 in PBS
{PBS-T) for 1 h at room temperature, reacted overnight
at 4°C with either rabbit polydonal ant-plRAKI
{Abcam) or Pactin (BD Biosciences) as a control,
washed with 0.2% PBS-T, reacted with secondary anti-
body horseradish peroxidase-conjugated anti-rabbit
lgG and anti-mouse IgG (RD, Minneapolis, MN, USA)
for 1h, and washed with PBS-T After reaction with
horseradish  peroxidase-conjugated  anti-rabbit  and
anti-mouse [gG, immune complexes were visualized by
Super Signal West Pico Chemoluminescent Substrate
(Thermo Scientific) according to the manufacturer’s sug-
gested procedure. pIRAK] was analyzed by Image | soft-
ware under the area, which compensated for B-actin

Statisﬁcai ana%ysis

tandard 1, with
dzc—: two groups being Arr—ilv: xd by Student’s -test and
sets involving more than twe groups being analyzed
by analysis of variance (anova). P-values of <0.05 were

considered statistically significant.

Gut sterilization

Mice were treated with ampicillin (1 g/’ Sigma-Aldrich,
St Louis, MO, USA), ne(}myc:n {1 g/l, Sigma), mewo-
nidazole (1 g/L; Sigma), and 'dsl(,uh“ﬁ'y(].lx {500 mg/l,
Sigma) in drinking water for § weeks.” This treatment
was followed by feeding with HFD for further § weeks.

RESULTS

Fatty liver in HFD-fed mice
A\T 16 WEEKS, body weight and s ALT levels
were significantly higher in the HFD-fed mice
{group F) than in those fed the control diet {group C)
(body weight: C, 41.6g F 31.0g serum ALT C,
34 1U/1, F 180 TU/L, Fig. 1a,b). Histopathological liver
findings from group F iunomuated the absence of fat
droplets at 4 weeks (Fig. 1c¢}. However, the deposition of
micronodular fai droplets in the centrilobular zone
(Fig. 1d) was observed at 8 weeks and macronodular
fat droplets and ballooning degeneration {Fig. f“) were
observed at 16 weeks, without any obvious infiltration
of inflammatory cells. F4/80 staining for macrophage
markers did not demonstrate an increased num iber of
Kupffer cells (Fig. 1fg).

®

Fig

Upregulation of cytokines in the

of HFD-fed mice
Histopathological examination of livers from group F
demonstrated no obvious infiltration of inflammatory

fatty fiver
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cells, while mRNA }r>vc~??,s of the inflammatory cytolines
JL-1B and ’W\E were significanty higher at 16-weeks
(Fig. 2ab).

Upregulation of TLRs in the fatty liver of
HFD-fed mic

To confirm whether TLRs expression contributes to the
induction of the abovementioned cyiokines, we ana-
lyzed the mRNA of TLR2, TLR4, TLR5, and TLRY that
recognize bacterial components in the liver. The expres-
sion of these TLRs in the liver was not different between
the two groups at 4 and 8 weeks, but at 16 weeks, this
was ségzliﬁfamiv higher in the F group than in the C
group (Fig. 2c-f}. Western blot analysis alse demon-
strated that Jm expression of pIRAKT in the liver was
significantly Lip‘-’@o'ﬂiaté‘d in the F group compared with
that in the € group at 16 weeks (Fig. 22}, These findings
suggest that TLR upregulation contributes to the indue-
tion of cytokines and that the TLR signal pathway is
geneticaily enhanced in simple steatosis in the absence
of inflammation.

Downregulation of TLRs and cyiokines in
the small intestine of HFD-fed mice

The expressio
nents was sig

y of TLRs that recognize bacterial compo-
nhcam.l} upregulated in the NAFLD liver
Because liver injury has a connection with exposure to
hacterial components of intestinal origin, we then exam-
ined the small intestine of the NAFLD model mice. The
mRNA expression of small intestinal TLR2, TLR4, TLRS,
and TLRY was not significantly different beiween the
two groups at 4 and 8 weeks. Histopathological exami-
nation of the small intestine revealed no difference
between the groups at 16 weeks, but, rnRNA expression
of all four TLRs was significantly Jower in the F group
than in the C group at 16 weeks (Fig. 3a-d). Expression
of 11-153 and TNF was also downregulated at 16 weeks
(Fig. 3e.f). Moreover, pIRAKT expression was also sig-
nificandy decreased in the F group compared with that
in the C group at 16 weeks (Fig. 3g). These findings
indicate that the TLR signal p<.ztl'f\«f<z§,7 is genetically
attenuated in the NAFLD small intestine.

Antibictic treatment improved steatosis and
TLRs expression in the liver of HFD-fed mice
Small intestinal bacterial overgrowth (SIBO) was
reported to coexist with NASH,”* and the following
factors can predispose to SIBO: morbid obesity,*
aging,” concurrent use of proton pump inhibitors,?
and abnormal small intestinal motility.”” Therefore,
we hypothesized that attenuation of TLR signal
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Figure 1 Body weight, serum alanine aminotransferase (ALT), and histopathological findings in high fat diet (HFD}-fed and
control mice. Body weight (a) and serum ALT levels (b) were significantly higher in HFD-fed mice (F) than in conuols at 16 .
Histopathological liver findings in I mice at 4, 8, and 16 weeks with H&E staining (x400, 4 weeks [c]; § weeks [d]; 16 weeks [e]).
Micronodular fat droplets deposited in hepatocytes in the centiilobular zone al 8 weeks (d). Macronodular fat droplets and
ballooning degeneration were marked at 16 weeks, but no obvious infiliration of inflammatory cells was observed (e}. F4/80
staining for macrophage marker did not demonstrate any increase in Kupifer cells {conuol (£}; 16 weeks (g); while arrows
Kupfler cells, % 400). (*P < 0.05)}.
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Figure 2 mRINA expression of inflammatory cyiokines and Toll-like receptors in the liver of high fat diet (M¥D)-fed and control
mice. mRNA expression of interleukin {1L)-1p (a), and wmor necosis factor (TNF) (b) was significantly higher in the liver of

fed mice (F) than in that of contrels {(C) at 16 weeks. The expression of TLR2 (¢), TLR4 (d), TLR5 (¢}, and TLRY (I} mRNA
ificantly higherin the liver in group F than in group C at 15 weeks. Western biot analysis demonstrated s higher expression

of pIRAKT in the liver in group Fihen in group C af 16 weeks {g). ("P<0.05, “*P<0.01).
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Figure 3 mBRNA expression of inflam-
maiory cytokines and Toll-like recep-
tovs in the small intestine of high {a

diet (HFD)-fed and conuol mice
m R'\EA expression of TL 22 { 1), TLR4
{(b), TLRS (¢}, and TLRY (d) in the small

intestine  was swmrcanxiv Izmm in
HFD-fed mice (F) than in control mice

(C) at 16 weeks. mRNA expression of

IL-18 (e) and TNF () ip the small intes-
tine was also lower in group F than in
group C st 16 weeks. Western biot
analysis demonstrated a lower cxpres-
sion of phospho-intereukin-1 receptor-
associated kinasel (pIRAK) in the small
intestine in group F than in group C at
16 weeks (g). (*P < 0.05, **P<0.01}.

(a)
g 3.5
)
F 3
c 25
kel
2 2
o
o 1.5 7
3 T
o 1
= !
T 05 ﬂ !
5]
2 !
¢k
4
weeks

(c)

4

3.5

3

Relative expression of TLR5

FAs make the pro-inflammatory state of NAFLD

*

[

[ —

g F e ¥
8 16
weeks weeks

()
1.8
1.6
1.4
1.2

0.8
0.6
0.4
0.2

Relative expression of TLR4

Relative expression of TLR9

weeks

Froemd

. —

¢_F

8
weeks

o

|
|

16
weeks

F C
| I | SO}
8 16
weeks weeks weeks
(e) . 0
=12 o
S T | = i
= 1 ! i =y = |
'5 0.8 % 5 08
2 @
3 0.6 2 0.6
o, (=3
X | >
3 0.4 3 0.4
[ [
= 2
£ 0.2 = 02
> D
@x 9 | T 0
C F C
(9) g 1.6 ——
o] F £ 1.4 B
o i
| [ I 5 12 |
pIRAK1 s 1 rij
5 |
s 08 ‘t
£ o6 |-
acti , © :
ﬁ N g W e o g 0.4 i
[o]
T 02
G f ] En
c F

- 116 -

AN ANTA T a T e O a2l L

-

4



8 K. Sawada ¢t al.

pathways may induce immunotolerance, altered levels
of microbiota, and bacterial overgrowth in the NAFLD
small  intestine. To investigate whether intesti
microbiota contribute to TLR expression, we eliminated
themm Dby treatment with non-absorbable broad-
spe trum antibiotics.™

Body weight, serum ALT levels, and serum free 'atty
acids levels were significantly decreased in mice fed H
and administered antibiotics {(FA) compared with that
in the mice fed HFD and water only (’FC} {body weight:
control diet and water only (CC), 28.9 g control diet
and antibiotics (CA), 28.6g FA, 347 PC, 5319 g
serum ALT: CC, 19.5 TU/L; CA, 23.4 JUJL, FA, 34.7 IU/’
FC, 147.6 /L, serum free fatty acids: (;C, 677 1 uk L,
DA, 818.7 UBg/L, FA, 635.6 uEg/l, 962.7 Uk
Fig. 4a~c). Histopathological fn izn&,
FC mice demonstrated the deposition of macronodular
fat droplets in the ceptrilobular area and ballooning
degeneration of hepatocytes. In contrast, FA mice
showed a marked decrease in steatosis compared with
the FC mice (Fig.4d-g). The expression of TLRs
{Fig. 5a~-d) and inflammatory cytokines (Fig. 5¢,f) was
also significantly lower in the liver of FA mice than in
that of FC mice. These data indicate associations among
intestinal microbiota, TIR expression, and fatty acid
metabolism.

Antibiotic treatment did not alter TLRs
expression in the small intestine of

HFD-fed mice

In the small intestine of mice fed the control diet,
the expression of TLR2, TLR4, TLR5, and TLRY
was downregulated by antibiotic treatment (Fig. 6).
However, contrary to expectations, the expression in
HFD-fed mice did not alter (Fig. 6). These data suggest
that microbiota contutbute to TLRs expression in the
small intestine of mice fed the control diet but not in
that of mice fed |

PA upregulated TLR2, TLR4, TLRS, and TLR?
expression in primary Kupffer cells

Because both serum free fatty ucms and TLR expression
were coincidentally suppressed in the intestinal bacte-
rial eradication model, we examined whether fatty acids
would alter TLR expression. Fuqz we investigated TLR
expression in primary Kupffer cells.

To determine the effects of fatty acids on TLR expres-
sion in Kupffer cells, PA was added to primary Kupffer
cells for 24 h, where 1t induced the deposition of fat
droplets (Fig 7a b) The mRNA expression of TLRZ,

TI‘: TLR5, and TLRY was significantly higher in

© 2013 The Japan Society of Hepatology

from the livers of
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primary Kupffer cells treated with 10 uM PA for 24 Iy

than in control cells (Fig, 7¢).

Immunocytochemisuy demonstrated that the expres-

sion of pIRAKT was strongly positive in primary Kupf
cells with far deposits (Fig. 7d). mRNA expression in
IL-18 was not significantly different, but the expression
of TNF was significantly higher in primary Kupffer
cells exposed 10 10 4M PA for 24 b than in conirols
(Fig. 7e.f). These findings indicate that PA may enhance
the TLR signal pathway in Kupffer cells.

PA upregulated TLR4 and TLRS expression
in primary hepatocytes
Second, we examined TLR expression in primary hepa-
tocyies (reated with 100 pM PA for 24 h, which induced
the deposition of fat droplets in these cells {Fig. 8a,b).
mR"\"%\ expression of TLR4 and TLRS, but not that of
[1R2 and TLR5 was significantly upregulated in primary
l epatocyies treated w;m 100 uM PA for 24 b (Fig. &o).
The expression of 1L-18 and TNF was significantly
upregulated in primary h patocyies treated with 100 M
PA for 24 1y (Fig. 8d,e). These findings suggest that PA
can, at least in part, enhance TLR signal pathways in
hepatocytes

DISCUSSION

h 1('T FED THE MCD diet dernonstrated steatosis,
E,m crophages accumulation, and clustering of

neutroph y the liver. Consequently, the expression of

TLR4 and TNF-o was increased; however, the destruc

tion of ¥ er cells prevented an increase in TLR4
indicating that increased expression levels

expression,
had contributed o infiltration of inflammatory cells.
It wag reported that fatty Hver in NASH resulted

increased liver injury and inflammation following intra-
peritoneal IPS injection in an MCD diet-induced NASH
mouse model, suggesting that the MCD diet-induced
NASH liver is sensitive 1o the TLR4 ligand LPS.” In our
present model, mice fed HFD for 16 weeks cweloped
steatosis with no histological evidence of inflammation
and fibrosis, which is known as simple steatosis.
However, the expression of inflammatorv cytokines was
upregulated, and our findings established that this was
the wlecha vismm by which TLR signal pathways were

upregulated in the NAFLD liver prior to the develop-
ment z:»{ steatohepatitis, Moreover, F4/80 staining

KIS P P

revealed that this upregulation was not affected by an
altered nurnber of Kupffer cells but by changes in their
activity in regard to inflammatory cvtokine production.
Our findings show that simple steatosis prior to NASH
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Figure 4 Body weight, serum alanine aminotransferase (ALT) levels, serum free fatty acids, and histopathological findings in high
fat diet (MFD)-fed and control mice with or without entibiotic administration. CC, control diet and water only; CA, control diet
and antibiotics; FC, HFD and water only; FA, HFD and antibiotics. Body weight was significantly higher in FC mice than in FA mice

{a). Serum ALT levels (b} and serum free fatty acids levels {¢) were also suppressed in FA mice compared with those in FC mice.
Histopathological liver findings for CC (d), CA (e}, FC (1}, and FA [g) mice with H&E staining {¥100) demunstrated macronodular
fat droplets and ballooning degeneration in the liver in FC mice, whereas steatosis was obviously suppressed in FA mice. (*P < 0.05,
P <001}
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Figure 5 mRNA expression of Toll-like receptors and inflammatory cytokines in the liver in high fat diet (HFD}-fed and control
mice with or without antibiotic administration. Expression of TLR2 {a), TLR4 (b}, TLR5 (¢), and TL9 {(d) was suppressed more in
the liver of FA mice than in the fiver of FC mice. Expression of 11-1f {e} and tumor necrosis factor {TNF) (f) was also suppressed.
(*P<0.05, **P<0.01).
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