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than that of LY294002, presumably because of incomplete inhibi-
tion of Akt. When miR-491 transfected cells were cultured in the
presence of LY294002, the HCV replication level was enhanced to
the same extent as that in the LY294002-treated cells with nega-
tive control miRNA. Since no additive effect of miR-491 was ob-
served under strong blockade of the PI3 kinase/Akt pathway,
inhibition of this pathway was likely to be responsible for the
miR-491-induced upregulation of HCV replication.

4. Discussion

In the present study, we tried to identify the miRNA(s) affected
by HCV infection and establish how they influence HCV replication.
Five miRNAs, miR-192, miR-194, miR-215, miR-320, and miR-491,
were identified as HCV-regulated miRNAs by miRNA array analy-
sis. Three upregulated miRNAs, miR-192, miR-194, and miR-215,
were previously identified as p53-inducible miRNAs [12,13]. Two
miRNA clusters which encode identical miR-194 sequences (i.e.,
the miR-194-2/miR-192 cluster on chromosome 11 and the miR-
194-1/miR-215 cluster on chromosome 1) contain two closely
related miRNAs, miR-192 and miR-215, suggesting that their
expressions are regulated similarly which led to their simulta-
neous identification. miR-192/miR-194/miR-215 are known to
act as tumor-suppressing miRNAs by inducing cell cycle arrest
[12]. In Huh7 cells, however, the p53 function is believed to be
abolished by a point mutation at codon 220. Therefore, the upreg-
ulation of miR-192/miR-194/miR-215 was likely to be exerted in a
p53-independent manner. Since miR-192 and miR-194 are consid-
ered to be substantially expressed in human liver tissue [17] and
there are several reports about the suppression of p53 function
by HCV (reviewed in Ref. [18}), the result may not necessarily be
the same if the investigation is conducted in human hepatocytes
or in cells with intact p53 activity.

The downregulated miRNAs, miR-320 and miR-491, are consid-
ered to be relevant to carcinogenesis. miR-320 induces G1 arrest
and suppresses cell proliferation by targeting CDK6 [19], CD71
[20], IGF1 {21] and induces apoptosis by suppressing Bcl-2 and
Mcl-1 [22]. miR-491 is also capable of inducing apoptosis by tar-
geting Bcl-xL [23], which is often upregulated in HCC tissues
[24]. In this study, we showed that miR-491 inhibited the PI3
kinase/Akt pathway, which is one of the important pathways lead-
ing to cancerous properties. Importantly, miR-320 was identified
as one of the significantly repressed miRNAs in CH-B, CH-C, and
HCC compared with normal liver tissue [25]. Although the details
of the relevance of miR320 and miR-491 to hepatocarcinogenesis
have not yet been clarified, as these two miRNAs have a tendency
to suppress genes related to carcinogenesis, their downregulation
in HCV-infected cells may play some role in hepatocarcinogenesis.

Thus far, several miRNAs have been reported to regulate HCV
replication. miR-122 was shown to be a direct activating factor
for HCV replication [5], but alteration of this miRNA was not ob-
served in response to HCV infection in this study. IFN-B-induced
miRNAs, miR-196, miR-296, miR-351, miR-431 and miR-448, have
been identified as anti-HCV miRNAs [6]. These miRNAs are able to
regulate HCV replication by direct interaction with HCV genome
RNA. In the case of miR-192/miR-215, there are several sites in
the HCV genome sequence which show weak homology to the
miRNAs (data not shown). Although the possibility of miR-192/
miR-215 binding to the HCV genome and regulating replication
cannot completely be excluded, this seems unlikely because the
homologous sequence to miR-192/miR-215 cannot be found in
the UTR region like miR-122 and direct binding to RNA usually
suppresses the RNA function for protein synthesis. There is, how-
ever, a very rare case of miR-122-mediated facilitation of HCV rep-
lication by binding to two sites within the HCV genome.

Although the mechanism of miR-491-mediated suppression of
the PI3 kinase pathway is not clear, it was speculated that some
gene involved in Akt activation was the target of miR-491. How-
ever, the candidate of the target gene was not clearly found in
the list of putative target genes of miR-491 revealed by in silico
analysis. We tried to evaluate the mRNA levels of upstream genes
of Akt, such as the genes which belong to the family of PI3 kinase,
PTEN, growth factor receptors, using the RT-PCR method, but none
of them was affected by miR-491 {data not shown). Nevertheless,
investigation of target genes of miR-491 should be of interest for
the field of oncology because here we have shown that miR-491
suppresses Akt, which is a factor closely related to various types
of cancer via cell survival. Also, it has been demonstrated that
miR-491 can induce apoptosis by ablating Bcl-xL [23]. Indeed,
our observation that cell viability was significantly suppressed by
forced expression of miR-491 presumably via decrease of Akt sig-
naling suggests the anti-oncogenic feature of miR-491. Further
study of the mechanism of miR-491, its target genes, and expres-
sion pattern in cancer tissue remain to be performed.

In conclusion, we showed altered expression profiles of miRNAs
by HCV infection, and some of them were capable of regulating
HCV replication, which may represent a complicated mechanism
of HCV replication. A number of studies have demonstrated regula-
tion of many cellular factors by miRNAs, which results in modula-
tion of cellular functions including cell growth, apoptosis, cellular
stresses, metabolism, and carcinogenesis. The miRNAs identified
in this study may aiso be involved in changes in the phenotype
of HCV-infected cells.
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Abstract

Background The antiviral effect of pegylated interferon
(Peg-IFN) plus ribavirin combination therapy in chronic
hepatitis C (CHC) patients with normal alanine amino-
transferase (ALT) levels (N-ALT) has been reported to be
equivalent to that for patients with elevated ALT levels
(B-ALT). However, the actual antiviral effect in N-ALT
patients remains obscure because efficacy can be overes-
timated in patients with an advantageous background.
Methods 1In this study, 386 patients were extracted, for a
matched case—control study, from 1320 CHC patients
treated with Peg-IFN alpha-2b plus ribavirin combination
therapy; 193 N-ALT patients [116 with hepatitis C virus
genotype 1 (HCV-1), 77 with HCV genotype 2 (HCV-2)]
were matched with 193 E-ALT patients by a propensity
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score method using the variables of age, sex, IFN treatment
history, body mass index, and platelet counts.

Results On multivariate analysis for sustained virological
response (SVR) in N-ALT patients, younger age, low HCV
RNA level at baseline, and HCV-2 were significant factors.
The matched case—control study showed that the SVR rates
of N-ALT patients were equivalent to those of E-ALT
patients; at 49 and 40% in the HCV-1 group (P = 0.146),
and 78 and 81% in the HCV-2 group (P = 0.691). How-
ever, in N-ALT patients with non-SVR, approximately
40% showed ALT elevation at 24 weeks post-treatment.
Conclusion Our findings indicate that the antiviral effect
of Peg-IFN plus ribavirin therapy in N-ALT patients is
comparable to that for E-ALT patients irrespective of their
advantageons background; however, the application of this
therapy for N-ALT patients, especially for those with
HCV-1, should be considered carefully.
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Introduction

In patients with hepatitis C virus (HCV) infection, alanine
aminotransferase (ALT) levels fluctnate and sometimes
biochemical remission is maintained. Approximately 20%
of patients with normal ALT levels (N-ALT) show ALT
elevation and fibrosis progression within 3-5 years [1-5],
and consequently, 70-80% of N-ALT patients have mild to
moderate fibrosis on liver biopsy. N-ALT patients have
been excluded from conventional interferon (IFN) therapy,
because their sustained virological response (SVR) rates on
conventional IFN monotherapy have been reported to be
only 6-15% [6-9], and ALT levels were noted to increase
during or after treatment in 47-62% of the patients. The
incidence of ALT flares has raised concerns regarding the
risk of conventional IFN therapy compared with a small
benefit. However, a large randomized controlled trial has
demonstrated that combination therapy with pegylated
interferon (Peg-IFN) and ribavirin produced SVR rates in
N-ALT patients with chronic hepatitis C (CHC) that were
comparable to those of patients with elevated ALT levels
(E-ALT) [10]. Thus, such treatment is now being consid-
ered for N-ALT patients with CHC [11].

Comparison of the characteristics of N-ALT and E-ALT
patients has shown that the mean age of N-ALT patients
was lower than that of E-ALT patients, and females and
HCV genotype 2 patients were predominant among N-ALT
patients [4, 7, 12-17]. In the American Association for the
Study of Liver Disease guideline, the pretreatment pre-
dictors of achieving SVR with Peg-IFN plus ribavirin
combination therapy for CHC patients are HCV genotype 2
or 3 infection, low viral load (<600 KIU/ml), female
gender, and age less than 40 years [11]. Considering these
characteristics, N-ALT patients with CHC can be said to
have an advantageous background, and their response to
antiviral therapy, including Peg-IFN plus ribavirin combi-
nation therapy, can be overestimated. Therefore, patient
background, especially factors affecting the treatment
efficacy of the combination therapy, needs to be matched
between study groups in order to compare the treatment
efficacies in N-ALT patients with CHC and E-ALT
patients with CHC accurately. In this study, we evaluated,
by a matched case—control study approach, whether the
antiviral efficacy in N-ALT patients with CHC, reported to
be equal to that in E-ALT patients with CHC, could be
obtained without their advantageous background, and
whether the factors contributing to SVR in N-ALT patients

@ Springer

were the same as those in E-ALT patients. In addition,
ALT flares after treatment in N-ALT patients without SVR
were examined.

Patients and methods
Patient selection and study design

The subjects were 1320 consecutive CHC patients, 1015
with HCV genotype 1 (HCV-1) and 305 with HCV geno-
type 2 (HCV-2) who had undergone combination therapy
with Peg-IFN alpha-2b (PEGINTRON; Schering-Plough,
Kenilworth, NJ, USA) and ribavirin (REBETOL; Schering-
Plough) at standard doses for 48 weeks (patients with
HCV-1) or for 24 weeks (patients with HCV-2) at 30
medical institutions participating in the Osaka Liver Forum
between December 2004 and December 2007. Peg-IFN
alpha-2b and ribavirin dosages were based on body weight
according to the manufacturer’s instructions and were
modified based on the manufacturer’s instructions accord-

" ing to the severity of adverse hematologic effects. In the

1 month preceding treatment, none of the patients had
received any IFN formulations or other types of drugs for
liver supporting therapy. Before starting treatment, all
patients had ‘positive anti-HCV and a detectable level of
HCV RNA according to a polymerase chain reaction
(PCR)-based assay (COBAS Amplicor HCV Monitor Test
v2.0; Roche Diagnostics, Branchburg, NJ, USA). None of
the patients showed evidence of dual infection with hepa-
titis B virus or human immunodeficiency virus, or other
forms of liver diseases such as alcoholic liver disorder,
antoimmune hepatitis, or drug-induced liver injury.

In this study, a normal serum ALT level was defined as
ALT <30 IU/ at the start of the combination therapy, as,
in the guidelines for treatment of hepatitis C in N-ALT
patients in Japan, ALT levels of <30 IU/I are regarded as
an indicator of no or little inflainmation in the liver, and
patients whose ALT levels are <30 IU/1 are recommended
to be followed without antiviral therapy, especially if the
platelet count is >15 x 10Y/mm®.

Among the 1320 consecutive CHC patients, the antiviral
effect in 193 N-ALT patients (116 with HCV-1, 77 with
HCV-2) was compared with that in 193 E-ALT patients
(116 with HCV-1, 77 with HCV-2) who were matched by a
propensity score method based on age, sex, IFN treatment
history, body mass index (BMI), and platelet counts. BMI
was calculated as weight (kg)/[height (m)]>.

HCV RNA was determined at week 4, week 12, end of
treatment (EOT), and 24 weeks after EOT. HCV RNA was
also determined at week 24 for HCV-1 patients. HCV RNA
was monitored by the PCR Amplicor method with a
detection limit of 50 IU/ml. (COBAS Amplicor HCV v2.0;
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Roche Diagnostics). Complete early virological response
(cEVR) and end-of-treatment response (ETR) were defined
as undetectable HCV RNA at week 12 and EOT,
respectively.

Written informed consent was obtained from each
patient, and the study protocol was reviewed and approved
according to the ethical guidelines of the 2004 Declaration
of Helsinki by institutional review boards at the respective
sites.

Propensity score

Propensity score methods are used to create balanced
covariates and reduce selection bias in a matched case—
control study. Propensity scores were calculated using a
multivariate logistic regression model that had ALT levels
as a dependent variable and other covariates as independent
variables, and the model was utilized for matching between
the N-ALT patients with CHC (the case group) and the
E-ALT patients with CHC (the control group). Data anal-
yses were conducted using SAS, version 9.2 (SAS Institute,
Cary, NC, USA).

Statistical analysis

Continuous variables are reported as the mean with stan-
dard deviation (SD) or median levels, while categorical

variables are shown as the count and proportion. Statistical

significance was assessed by Student’s £ test (mean), the

Mann~Whitney U test (median), and the x2 test for inde-
pendent samples, and the paired ¢ test for paired samples.
For all tests, two-sided P values were calculated, and the
results were considered statistically significant if P < 0.05.
Variables that achieved statistical significance on univari-
ate analysis were subjected to multivariate logistic
regression analysis. Stepwise and multivariate logistic
regression models were used to explore the independent
factors that could be used to predict SVR. Statistical
analysis was performed using the SPSS program for Win-
dows, version 15.0 J (SPSS, Chicago, IL, USA).

Results

Baseline characteristics of all CHC patients according
to HCV genotype and ALT levels before matching

The baseline characteristics of 1320 patients at the com-
mencement of combination therapy with Peg-IFN and riba-
virin are shown in Table 1, according to HCV genotype and
ALT levels before matching. Of the 116 N-ALT patients
with HCV-1 there were 36 males and 80 females (69%), with
a mean age of 54 &£ 11 years. Eighty-five (73%) were
JTFN-naive. In terms of liver histology, 66 (73%) patients had

Table 1 Demographic characteristics of patients with normal ALT and patients with elevated ALT

HCV genotype 1

HCV genotype 2

Normal ALT Elevated ALT P value Normal ALT Elevated ALT P value
(n = 116) (n = 899 (n="177) (n = 228)
Sex: male/female 36/80 512/387 <0.001 32/45 121/107 0.081
Age (years) 54 =11 56 £ 10 0.136 51+£13 524+13 0.423
Body mass index (kg/m?) 229 £ 3.1 233£32 0.131 230 £29 233 +£32 0.424
Past IFN therapy: naive/experienced 85/31 (18/5) 547/352 (131/154) 0.011 58/19 (9/4) 175/53 (21/10) 0.876
(relapser/non-responder)®
Histology (METAVIR)®
Activity: 0-1/2-3 66/25 296/338 <0.001 43/6 69/94 <0.001
Fibrosis: 0-1/2—4 67/24 330/304 <0.001 4277 101/62 0.002
HCV RNA (KIU/ml)® 1800 1700 i 0.793 2200 1100 <0.001
‘White blood cell ’E/mm3) 5220 &+ 1507 5137 £ 1582 0.595 5538 + 1687 5338 = 1725 0.377
Neutrophil (/mm>) 2770 + 1074 2595 £ 1078 0.108 3017 + 1180 2688 + 1230 0.047
Hemoglobin (g/dl) 136 £ 1.5 142+ 14 <0.001 138 = 1.6 142+ 14 0.071
Platelet (x10%/mm>) 199 £ 5.7 162+ 53 <0.001 205 £ 4.5 17.8 £ 5.8 <0.001
ALT (TU/L) 24+5 88 + 62 <0.001 225 97 = 67 <0.001

ALT alanine aminotransferase, HCV hepatitis C virus, IFN interferon
# Status was unknown in 8 patients in the normal ALT group and 67 in the elevated ALT group with HCV genotype 1; and in 6 in the normal
ALT group and 22 in the elevated ALT group with HCV genotype 2 '
® Data missing in 25 patients in the normal ALT group and in 265 in the elevated ALT group with HCV genotype 1; and in 28 in the normal ALT
group and in 65 in the elevated ALT group with HCV genotype 2

° Values are expressed as medians
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mild activity (activity, 0~1) and 67 (74%) had mild fibrosis
(fibrosis, 0~1) by the METAVIR system. Mean white blood
cell counts, hemoglobin levels, and platelet counts were
5220 + 1570 /mm>, 13.6 + 1.5 g/dl, and 19.9 % 5.7 x
10%mm?®. In 899 E-ALT patients compared to N-ALT
patients, the proportions of female and IFN-naive patients
were significantly lower, at 43% (P < 0.001) and 61%
(P = 0.011), respectively. Higher scores for activity
(P < 0.001) and fibrosis (¥ < 0.001) were observed in
E-ALT patients. E-ALT patients had higher hemoglobin
levels and lower platelet counts than N-ALT patients, at
142 + 1.5 g/dl (P <0.001) and 16.2 + 5.3 x 10%/mm?>
(P <0.001), respectively. Mean ALT Ilevels were
24 £ 5 TU/1in N-ALT patients and 88 &+ 62 IU/1in E-ALT
patients (P < 0.001).

Of the 77 N-ALT patients with HCV-2, 32 were males
and 45, females (58%). Their mean age was 51 &+ 13 years
and 58 (75%) were IFN-naive. In terms of liver histology,
43 (88%) patients had mild activity (activity, 0-1) and 42
(86%) had mild fibrosis (fibrosis, 0-1). Compared to the
228 E-ALT patients, the N-ALT patients had higher HCV
RNA levels (median 2200 vs. 1100 KIU/ml, P < 0.001).
Higher scores for activity (P <0.001) and fibrosis
(P = 0.002) were observed in E-ALT patients. Neutrophils
and platelet counts in N-ALT patients were higher than
those in E-ALT patients, at 3017 & 1180 versus

2688 + 1230 /mm® (P = 0.047) and 20.5 =+ 4.5 x 10*
versus 17.8 + 5.8 x 10%/mm> (P < 0.001), respectively.
Mean ALT levels were 22 == 5 TU/l in N-ALT patients and
97 &+ 67 IU/ in E-ALT patients (P < 0.001).

Prognostic factors for SVR in the N-ALT patients

For all N-ALT patients (HCV-1, 116; HCV-2, 77), uni-
variate analysis for factors associated with achieving SVR
was performed for the following variables: sex, age, BMI,
history of past IFN therapy, histology, baseline HCV RNA
level, HCV genotype, white blood cell count, neutrophil
count, hemoglobin level, platelet count, and ALT level
(Table 2). The results indicated that age, fibrosis, baseline
HCV RNA level, and HCV genotype contributed to SVR.
Next, multivariate logistic regression analysis was per-
formed for all N-ALT patients (n = 193), using these
factors except for fibrosis, as there were many missing
samples. The multivariate analysis showed that younger
age [by 10-year increase: odds ratio (OR) 0.552; 95%
confidence interval (CI) 0.404-0.756; P < 0.001] and
lower baseline HCV RNA level (by 100-KIU/ml increase:
OR 0.976; 95% CI 0.954-0.998; P = 0.037), as well as
HCV genotype (genotype 2 vs. genotype 1: OR 3.724; 95%
CI 1.859-7.463; P < 0.001) were independently associated
with SVR (Table 3).

Table 2 Factors associated

with SVR in patients with Factor SVR (n = 117) Non-SVR (n = 76) P value
norma? ALT—univariate Sex: male/female 43/74 25/51 0.645
analysis Age (years) 50 & 13 57+9 <0.001

Body mass index (kg/m?) 22.8 +33 23.1+ 26 0.511

Past IFN therapy: naive/experienced 88/29 55121 0.737

Histology (METAVIR)*

Activity: 0-1/2-3 67/14 42/17 0.148

SVR sustained virological Fibrosis: 0-1/2—4 69/12 40/19 0.022
tesponse, ALT alanine HCV genotype: 1/2 57/60 59/17 <0.001
aminotransferase, IFN b
interferon, HICV hepatifis C HCV RNA (KIU/ml) 1700 2100 0.040
virus ‘White blood cell (/mmz) 5461 + 1426 5170 £ 1798 0.213
# Data missing in 36 patients in Neutrophil (/mm®>) 2968 x 1167 2709 £ 1032 0.126
the SVR group and in 17 inthe  Hemoglobin (g/dl) 137 +£14 1374+ 16 0.970
3"351“{ grow i Platelet (x 10°/mm®) 204 + 48 198 + 58 0388
i P ALT (1U/) 23 +5 245 0.384
Table 3 Factors associated with SVR in patients with normal ALT—multivariate analysis
Factor Category Odds ratio 95% CI P value
Age By 10 years 0.552 0.404-0.756 <0.001
HCV genotype 172 3.724 1.859-7.463 <0.001
HCV RNA By 100 KIU/ml 0.976 0.954-0.998 0.037

The number of patients used for this multivariate analysis was 193 (SVR, n = 117; non-SVR, n = 76)
SVR sustained virological response, ALT alanine aminotransferase, CI confidence interval, HCV bepatitis C virus
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Comparison of patient characteristics between patients
with normal ALT and those with elevated ALT
matched by a propensity score method

The baseline characteristics of CHC patients matched by a
propensity score method at the commencement of combi-
nation therapy with Peg-IFN and ribavirin were compared
between N-ALT patients and E-ALT patients (see
Table 4). There were 116 CHC patients with HCV-1 in

each of the groups of N-ALT and E-ALT patients. The two
groups were well matched by propensity score methods and ‘

there was no significant difference, except in ALT values
(mean value, N-ALT, 24 &£ 5 IU/l vs. E-ALT, 78 & 53 U/
I, P < 0.001). Similarly, with CHC patients with HCV-2,
there were no significant differences, except for ALT levels
(mean value, N-ALT, 22 & 5 TU/lvs. E-ALT, 80 & 58 IU/I,
P < 0.001), activity scores [0—1, N-ALT, 88% (43/49) vs.
E-ALT, 49% (25/51), P <0.001], and HCV RNA lev-
els (median value, N-ALT, 2200 KIU/ml vs. E-ALT,
1000 KIU/ml, P < 0.001).

Treatment efficacy of combination therapy
with Peg-IFN and ribavirin in CHC patients

Antiviral effects of the combination therapy with Peg-IFN
and ribavirin were evaluated by rapid virological response

(RVR), cEVR, ETR, SVR, and relapse rates, as shown in
Table 5. Among patients with HCV-1 in the N-ALT and
E-ALT patients, respectively, RVR rates were 6% (6/98)
and 6% (6/102), cEVR rates were 53% (62/116) and 43%
(50/116), and ETR rates were 72% (84/116) and 58%
(67/116) (P = 0.019). SVR and relapse rates in N-ALT
patients were 49% (57/116) and 32% (27/84). These rates
in E-ALT patients were 40% (46/116) and 31% (21/67). In
the patients with HCV-2, RVR, cEVR, ETR, SVR, and
relapse rates were 68% (41/60), 90% (69/77), 96% (74/77),
78% (60/77), and 19% (14/74) for N-ALT patients, and
62% (36/58), 91% (70/77), 91% (70/77), 81% (62/77), and
11% (8/70) for E-ALT patients, respectively. Comparisons
between N-ALT and E-ALT patients with HCV-1 or HCV-
2 showed no significant differences in RVR, cEVR, ETR,
SVR, and relapse rates, except in ETR rates in patients with
HCV-1.

Changes in ALT levels during combination therapy
and follow-up periods in N-ALT patients with SVR
and those with non-SVR

Changes in ALT levels in N-ALT patients during the
combination therapy and follow-up periods were evaluated
according to the treatment response (Fig. 1). In patients
with HCV-1, the mean baseline ALT level in the SVR

Table 4 Comparison of characteristics between patients with normal ALT and patients with elevated ALT matched by a propensity score

method

HCV genotype 1

HCV genotype 2

Normal ALT Elevated ALT P value Normal ALT Elevated ALT P value
(n = 116) (n = 116) (n=77) n="177)
Sex: male/female 36/80 32/84 0.564 32/45 30/47 0.742
Age (years) 54+ 11 55£11 0.746 51+£13 50+ 13 0.742
Body mass index (kg/m?) 229 x3.1 226+£29 0.536 23.0 £29 228 +29 0.780
Past IFN therapy: naive/experienced 85/31 (18/5) 80/36 (13/18) 0469 58/19 (9/4) 57120 (7/4) 0.853
(relapser/non-responder)®
Histology (METAVIR)®
Activity: 0-1/2-3 66/25 49/35 0.056 43/6 25126 <0.001
Fibrosis: 0~1/2—4 67124 59/25 0.736 421 36/15 0.068
HCV RNA (KIU/ml)° 1800 1700 0.896 2200 1000 <0.001
White blood cell (/mm?) 5220 £ 1507 5329 + 1626 0.569 5538 + 1687 5530 + 1780 0.977
Neutrophil (/mm?) 2770 + 1074 2702 + 1094 0.641 3017 £+ 1180 2755 + 1189 0.189
Hemoglobin (g/dl) 136+ 1.5 k 137+ 14 0.542 138 £ 1.6 140+ 14 0.592
Platelet (x 10%/mm?®) 19.9 £ 5.7 194 +£71 0.562 20.5 £ 4.5 20.6 £ 5.5 0.911
ALT (TUN) 24+ 5 78 £ 53 <0.001 225 80 = 58 <0.001

ALT alanine aminotransferase, IFN interferon, HCV hepatitis C virus

# Data unknown in 8 patients in the normal ALT group and in 5 in the elevated ALT group with HCV genotype 1; and in 6 in the normal ALT

group and 9 in the elevated ALT group with HCV genotype 2

® Data missing in 25 patients in the normal ALT group and in 32 in the elevated ALT group with HCV genotype 1; and in 28 in the normal ALT

group and 26 in the elevated ALT group with HCV genotype 2

© Values are expressed as medians
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Table 5 Antiviral effect for patients with normal ALT and those with elevated ALT according to HCV genotype

Normal ALT Elevated ALT P value
HCV genotype 1 n =116 n =116
Undetectable HCV RNA rate
At week 4 (RVR)* 6% (6/98) 6% (6/102) 1.000
At week 12 (cEVR) 53% (62/116) 43% (50/116) 0.287
At week 48 (ETR) 72% (84/116) 58% (67/116) 0.019
Post-24 weeks (SVR) 49% (57/116) 40% (46/116) 0.146
Relapse rate 32% (27/84) 31% (21/67) 0.916
HCV genotype 2 n="177 n="T1
Undetectable HCV RNA rate
At week 4 (RVR)® 68% (41/60) 62% (36/58) 0.563
At week 12 (cEVR) 90% (69/77) 91% (70/77) 0.723
At week 24 (ETR) 96% (74/77) 91% (70/77) 0.191
Post-24 weeks (SVR) 78% (60/77) 81% (62/77) 0.691
Relapse rate 19% (14/74) 11% (8/70) 0.212

ALT alanine aminotransferase, HCV hepatitis C virus, RVR rapid virological response, cEVR complete early virological response, ETR end-of-

treatment response, SVR sustained virological response

* Data missing in 18 patients in the normal ALT group and in 14 in the elevated ALT group with HCV genotype 1
® Data missing in 17 patients in the normal ALT group and in 19 in the elevated ALT group with HCV genotype 2

group (n = 57) was similar to that in the non-SVR group
(n = 59) (mean = standard error of the mean (SEM): SVR
group, 24.5 &£ 0.6 IU/L; non-SVR group, 24.2 £+ 0.7 IU/L;
P = 0.694). Transitions of ALT levels were not significantly
different between SVR and non-SVR groups during the
therapy. However, in the SVR group, the ALT level fell to
15.1 4+ 0.7 IU/M at 24 weeks after treatment completion
(P < 0.001, compared to the baseline level), while in the non-
SVR group, higher ALT levels were observed after treatment
compared to the baseline level; the ALT level rose to the peak
value of 36.2 = 3.6 TU/ at post-12 weeks (P = 0.001), and
slightly fell to 31.3 & 2.6 TU/ at post-24 weeks (P = 0.007)
(Fig. 1a). In comparison with the SVR group, the non-SVR
group showed significant differences in mean ALT levels at
post-4, -12, and -24 weeks (P = 0.002, <0.001, and <0.001,
respectively). At post-48 weeks in the non-SVR group, the
ALT level was 30.4 & 2.9 IU/I, which was still higher than
the baseline level (P = 0.025).

Similarly, in patients with HCV-2, baseline ALT levels in
the SVR group (n = 60) and the non-SVR group (n = 17)
were equivalent (mean & SEM; SVR, 21.8 + 0.7 IU/; non-
SVR, 22.5 -+ 1.1 IU/; P = 0.622), and there was no signifi-
cant difference in transitions of the ALT levels during therapy.
However, after treatment, in the non-SVR group, ALT levels
tended to rise in comparison with those at baseline; they rose to
749 & 26.9 TUA at post-12 weeks (P = 0.068) and fell to
35.7 4 10.2 TUA at post-24 weeks (P = 0.196). On the other
hand, in the SVR group, ALT levels fell significantly, to
164 £ 13101 at post-12 weeks (P <0.001) and
152 4 1.2 JUN at post-24 weeks (P < 0.001) (Fig. 1b).

@ Springer

- 441

Comparison of ALT levels between the SVR and non-SVR
groups after treatment showed that mean ALT levels in the non-
SVR group tended to be high at post-4, -12 and, -24 weeks
(P = 0.045,0.051, and 0.066, respectively). At post-48 weeks
in the non-SVR group, the ALT level was 32.4 &+ 8.9 IU/,
which tended to be high compared with the baseline ALT level,
although no significant difference was found (P = 0.248).

Next, the ALT levels in N-ALT patients were examined
according to the treatment response at 24 weeks after com-
pletion of the combination therapy. In HCV-1 patients with
SVR, ALT levels remained below the upper limit of normal
(ULN) for this study (<30 IU/I}in 55 (98%) patients, and ALT
elevation <2 x ULN occurred in only one (2%) patient (ALT
32 TU/I). On the other hand, in patients with non-SVR, ALT
levels remained stable in 34 (60%) patients but increased to
<2 x ULNin20(35%)patients,andto >2 x ULNin3(5%)
patients (ALT 62, 79, and 135 IU/I). Similarly, in HCV-2
patients with SVR, ALT levels remained stable in 56 (95%)
patients, and ALT elevation rarely occurred [<2 x ULN, 2
(3%) patients; >2 x ULN, one (2%) patient (ALT 68 TU/)].
In contrast, in patients with non-SVR, ALT levels remained
normal in 10 (67%) patients but increased to <2 x ULN in4
(27%) patients and to >2 x ULN in one (6%) patient (ALT
174 TUN).

Discussion

N-ALT patients with CHC are known to show demo-
graphic and virological features associated with higher
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Fig. 1 Changes in serum alanine aminotransferase (ALT) levels
(zstandard error of the mean) according to response in patients with
normal ALT levels with chronic hepatitis C treated with pegylated
interferon and ribavirin. Solid lines show ALT levels in patients with
a sustained virological response (SVR), and dashed lines show these
levels in patients with a non-SVR. Single-asterisks denote a
statistically significant difference (P < 0.05) in mean ALT levels
between baseline and each time point of the follow-up period.
Daggers denote a statistically significant difference between SVR and
non-SVR groups. a Patients infected with hepatitis C virus genotype 1
(HCV-1). The number of patients was 57 in the SVR group and 59 in
the non-SVR group. b HCV-2 patients. The number of patients was
60 in the SVR group and 17 in the non-SVR group

response rates to Peg-IFN and ribavirin combination ther-
apy [4, 7, 12-17]. In the present study, N-ALT patients
were younger and had higher platelet counts than E-ALT
patients, thus giving N-ALT patients an advantage in
antiviral efficacy in comparison with E-ALT patients in our
cohort. However, the preponderance of females was greater
in N-ALT patients with HCV-1 in this study, giving
N-ALT patients a disadvantage. Accordingly, a direct
comparison was made between these two patient groups

after matching E-ALT patients with N-ALT patients using
propensity score methods to reduce the bias due to differ-
ences in patient backgrounds. As a result, the efficacy of
the combination therapy in N-ALT patients was revealed to
be still equivalent to that in E-ALT patients, irrespective of
their advantageous background. Moreover, in N-ALT
patients with HCV-1, not only the ETR rate, but also the
SVR rate tended to be higher than these rates in E-ALT
patients (49% in N-ALT patients vs. 40% in E-ALT
patients). Accordingly, N-ALT patients with HCV-1 can
achieve a better treatment response in comparison with
E-ALT patients, but further study is needed to clarify this.

In the present study, multivariate logistic regression
analysis showed that achieving SVR was strongly influ-
enced by HCV genotype and baseline HCV RNA level in
N-ALT patients, which was consistent with findings of
multicenter studies with E-ALT patients [18-21]. There-
fore, decisions for treatment and the treatment regimen for
N-ALT patients can mirror those recommended for E-ALT
patients. The results of our multivariate analysis also
revealed that patient age influenced the achievement of
SVR in N-ALT patients. This offers support for the deci-
sion to offer antiviral treatment to younger N-ALT patients.

Among patients in our study who achieved SVR with
the combination therapy, ALT levels after treatment
decreased significantly, as shown in Fig. 1. However,
approximately 40% of the non-SVR patients had increased
ALT levels of up to <2 x ULN, and about 5% of patients
had increased ALT levels of >2 x ULN at 24 weeks after
completion of the combination therapy, regardless of HCV
genotype. When N-ALT patients are commencing the
combination therapy, these patients should be told about
the possibility of ALT exacerbation [6-9], although it is
difficult to know whether this is drug-indnced or due to the
natural course. It is also difficult to state which patient
characteristics make ALT elevation more likely to occur
after the treatment.

Taking the findings obtained in the present study toge-
ther, in N-ALT patients with HCV genotype 2, earlier
treatment with Peg-TFN plus ribavirin combination therapy
is desirable, as better efficacy was found for younger
patients, with an SVR rate of approximately 80% being
attained with this combination therapy, and few direct-
acting antiviral agents (DAAs) have been developed for
genotype 2. On the other hand, N-ALT patients with HCV
genotype 1 should consider awaiting the DAAs, because
SVR cannot be attained in about half of these patients, and

" the ALT level rises after treatment in about 40% of patients

with non-SVR.

From the aspect of long-term prognosis, we need to
verify, by prospective study, that viral eradication is really
required for N-ALT patients because the incidence of
hepatocellular carcinoma and liver-related mortality in
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N-ALT patients has not been clarified. Deuffic-Burban
et al. [22] calculated the impact of Peg-IFN plus ribavirin
on morbidity and mortality in N-ALT patients using the
Markov model and concluded that antiviral therapy in
N-ALT patients would decrease morbidity and mortality
rates. However, the treatment of N-ALT patients with CHC
still remains an area of investigation, particularly with
respect to the benefit-to-risk ratio of treatment. To help
determine the indications for antiviral therapy in N-ALT
patients, the liver histology should be evaluated before
treatment. The presence of significant hepatic fibrosis (=F2
by the METAVIR classification [23]) reflects continuous
hepatic inflammation over a period of time and suggests a
future risk of liver-related disease progression. Antiviral
therapy may be appropriate for these patients. On the other
hand, periodic follow up without antiviral therapy is rec-
ommended for patients in stages FO-1, because most of
such patients show a low risk for progression to cirrhosis
and the development of hepatocellular carcinoma [24].

This study had some limitations. First, the factors of
viral mutation and host genetic mutation, which have been
reported recently to affect the efficacy of Peg-IFN plus
ribavirin combination therapy, could not be measured, and
evaluation of the serum HCV RNA levels by a real-time
PCR method, which is more sensitive to the measurement
of serum HCV RNA levels, could not be done in the
patients enrolled in this study, because we had few stored
patient serum samples. Detailed examinations using the
real-time PCR method in patients who are matched based
on the factors of viral mutation and host genetic mutation
as well as background factors will be needed for further
study. Second, we excluded the factor of fibrosis from the
multivariate analysis for factors associated with SVR in
N-ALT patients, because data for fibrosis were lacking in
53 of the 193 patients in this study. Accordingly, the
present study could not demonstrate whether fibrosis was
associated with SVR in N-ALT patients. Finally, in this
study, we investigated the antiviral efficacy of Peg-IFN
plus ribavirin combination therapy for patients with
N-ALT at the start of the therapy, not for patients with
‘persistently’ normal ALT. Accordingly, this study does
not show the efficacy of this treatment in patients with
persistently normal ALT. However, we believe that the
results obtained in this study can be useful for pre-treat-
ent prediction in outpatients who may not be followed by
the reason of having normal ALT levels.

We have shown, in this matched case—control study
using a propensity score method, that the therapeutic effect
of combination therapy with Peg-IFN alpha-2b and riba-
virin in N-ALT patients with CHC is comparable to that for
E-ALT patients, irrespective of their advantageous back-
ground. Further work is needed to verify that HCV eradi-
cation can improve the prognosis of N-ALT patients.

@ Springer

Acknowledgments Other institutions and participants in the Osaka
Liver Forum are: Higashi Osaka General Hospital, S. lio; Sumitomo
Hospital, A. Yamada; Osaka General Medical Center, A. Inoue;
Toyonaka Municipal Hospital, M. Inada; National Hospital Organi-
zation Osaka Minami Medical Center, T. Hijioka; Yao Municipal
Hospital, H. Fukui; Kinki Central Hospital of Mutual Aid Association
of Public School Teachers, E. Hayashi: Osaka Koseinenkin Hospital,
T. Ito; Itami City Hospital, T. Kashihara; Suita Municipal Hospital,
T. Nagase; Ashiya Municipal Hospital, K. Kiriyama; Saiseikai Senri
Hospital, K. Suzuki; NTT West Osaka Hospital, A. Kaneko; National
Hospital Organization Minami Wakayama Medical Center, M. Kato;
Otemae Hospital, Y. Doi; Xano General Hospital, S. Kubota; Nish-
inomiya Municipal Central Hospital, H. Ogawa; and Osaka Kaisei
Hospital, N. Imaizumi. This work was supported by a Grant-in-Aid
for Research on Hepatitis and BSE from the Ministry of Health,
Labour and Welfare of Japan, and Scientific Research from the
Ministry of Education, Science, and Culture of Japan. All authors
have no financial relationship relevant to this study to disclose.

Conflict of interest The authors declare that they have no conflict
of interest.

References

1. Martinot-Peignoux M, Boyer N, Cazals-Hatem D, Pham BN,
Gervais A, Le Breton V, et al. Prospective study on anti-hepatitis
C virus-positive patients with persistently normal serum alanine
transaminase with or without detectable serum hepatitis C virus
RNA. Hepatology. 2001;34:1000-5.

2. Okanoue T, Makiyama A, Nakayama M, Sumida Y, Mitsuyoshi
H, Nakajima T, et al. A follow-up study to determine the value of
liver biopsy and need for antiviral therapy for hepatitis C virus
carriers with persistently normal serum aminotransferase. J Hep-
atol. 2005;43:599-605.

3. Persico M, Persico E, Suozzo R, Conte S, De Seta M, Coppola L,
et al. Natural history of hepatitis C virus carriers with persistently
normal aminotransferase levels. Gastroenterology. 2000;118:760-4.

4. Puoti C, Castellacci R, Montagnese F, Zaltron S, Stornaiuolo G,
Bergami N, et al. Histological and virological features and fol-
low-up of hepatitis C virus carriers with normal aminotransferase
levels: the Italian prospective study of the asymptomatic C car-
riers (ISACC). J Hepatol. 2002;37:117-23.

5. Tsuji K, Yamasaki K, Yamanishi M, Kawakami M, Shirahama S.
Risk of alanine aminotransferase fiare-up among asymptomatic
hepatitis C virus RNA carriers: a 10-year follow-up study.
J Gastroenterol Hepatol. 2001;16:536-40.

6. Sangiovanni A, Morales R, Spinzi G, Rumi M, Casiraghi A,
Ceriani R, et al. Interferon alfa treatment of HCV RNA carriers
with persistently normal transaminase levels: a pilot randomized
controlied study. Hepatology. 1998;27:853-6.

7. Serfaty L, Chazouilleres O, Pawlotsky JM, Andreani T, Pellet C,
Poupon R. Interferon alfa therapy in patients with chronic hep-
atitis C and persistently normal aminotransferase activity. Gas-
troenterology. 1996;110:291-5.

8. Shiffman ML, Stewart CA, Hofmann CM, Contos MIJ, Luketic
VA, Sterling RK, et al. Chronic infection with hepatitis C virus in
patients with elevated or persistently normal serum alanine
aminotransferase levels: comparison of hepatic histology and
response to interferon therapy. J Infect Dis. 2000;182:1595-601.

9. Tassopoulos NC. Treatment of patients with chronic hepatitis C
and normal ALT levels. J Hepatol. 1999;31(Suppl 1):193-6.

10. Zeuzem S, Diago M, Gane E, Reddy KR, Pockros P, Prati D,
et al. Peginterferon alfa-2a (40 kilodaltons) and ribavirin in

- 443 -



J Gastroenterol (2011) 46:1335-1343

1343

11.

12.

13.

14.

15.

16.

17.

18.

patients with chronic hepatitis C and normal aminotransferase
levels. Gastroenterology. 2004;127:1724-32.

Ghany MG, Strader DB, Thomas DL, Seeff LB. Diagnosis,
management, and treatment of hepatitis C: an update. Hepatol-
ogy. 2009;49:1335-74. o
Gholson CF, Morgan K, Catinis G, Favrot D, Taylor B, Gonzalez
E, et al. Chronic hepatitis C with normal aminotransferase levels:
a clinical histologic study. Am J Gastroenterol. 1997;92:1788-92.
Herve S, Savoye G, Riachi G, Hellot MF, Goria O, Lerebours E,
et al. Chronic hepatitis C with pormal or abnormal aminotrans-
ferase levels: is it the same entity? Eur J Gastroenterol Hepatol.
2001;13:495-500.

Puoti C, Bellis L, Galossi A, Guarisco R, Nicodemo S, Spilabotti
L, et al. Antiviral treatment of HCV carriers with persistently
normal ALT levels. Mini Rev Med Chem. 2008;8:150-2.

Puoti C, Bellis L, Martellino F, Guarisco R, Dell’ Unto O, Durola
L, et al. Chronic hepatitis C and ‘normal’ ALT levels: treat the
disease not the test. J Hepatol. 2005;43:534-5.

Puoti C, Castellacci R, Montagnese F. Hepatitis C virus carriers
with persistently normal aminotransferase levels: healthy people
or true patients? Dig Liver Dis. 2000;32:634-43.

Puoti C, Magrini A, Stati T, Rigato P, Montagnese F, Rossi P,
et al. Clinical, histological, and virological features of hepatitis C
virus carriers with persistently normal or abnormal alanine
transaminase levels. Hepatology. 1997;26:1393-8.

Fried MW, Shiffman ML, Reddy KR, Smith C, Marinos G, Goncales
FL Jr, et al. Peginterferon alfa-2a plus ribavirin for chronic hepatitis
C virus infection. N Engl J Med. 2002;347:975-82.

. Hadziyannis SJ, Sette H Jr, Morgan TR, Balan V, Diago M,

- Marcellin P, et al. Peginterferon-alpha2a and ribavirin combina-

20.

21,

22.

23.

24.

- 444 -

tion therapy in chronic hepatitis C: a randomized study of treat-
ment duration and ribavirin dose. Ann Intern Med. 2004;140:
346-55.

Manns MP, McHutchison JG, Gordon SC, Rustgi VK, Shiffman
M, Reindollar R, et al. Peginterferon alfa-2b plus ribavirin
compared with interferon alfa-2b plus ribavirin for initial treat-
ment of chronic hepatitis C: a randomised trial. Lancet. 2001;358:
958-65.

Puoti C, Pellicelli AM, Romano M, Mecenate F, Guarisco R,
Barbarini G, et al. Treatment of hepatitis C virus carriers with
persistently normal alanine aminotransferase levels with pegin-
terferon alpha-2a and ribavirin: a multicentric study. Liver Int.
2009;29:1479-84.

Deuffic-Burban S, Babany G, Lonjon-Domanec I, Deltenre P,
Canva-Delcambre V, Dharancy S, et al. Impact of pegylated
interferon and ribavirin on morbidity and mortality in patients
with chronic hepatitis C and normal aminotransferases in France.
Hepatology. 2009;50:1351-9.

Bedossa P, Poynard T. An algorithm for the grading of activity in
chronic hepatitis C The METAVIR Cooperative Study Group.
Hepatology. 1996;24:289-93.

QOkanoue T, Itoh Y, Minami M, Hashimoto H, Yasui K,
Yotsuyanagi H, et al’ Guidelines for the antiviral therapy of
hepatitis C virus carriers with normal serum aminotransferase
based on platelet counts. Hepatol Res. 2008;38:27-36.

@ Springer



Estrogen deficiency worsens steatohepatitis in mice fed

hl%h-fat and high-cholesterol diet

Yoshihiro Kamada, Shinichi Kiso, Yuichi Yoshida, Norihiro Chatani, Takashi Kizu,
Mina Hamano, Mayumi Tsubakio, Takayo Takemura, Hisao Ezaki, Norio Hayashi and
Tetsuo Takehara

Am J Physiol Gastrointest Liver Physiol 301:G1031-G1043, 201 1. First published 1 September 2011;
doi: 10.1152/ajpgi.00211.2011

You might find this additional info useful...

This article cites 53 articles, 15 of which you can access for free at:
http://ajpgi.physiology.org/content/301/6/G103 1 full#ref-list-1

This article has been cited by 1 other HighWire-hosted articles:
http://ajpgi.physiology.org/content/301/6/G103 1#cited-by

Updated information and services including high resolution figures, can be found at:
http://ajpgi.physiology.org/content/301/6/G103 1.full

Additional material and information about AJP - Gastrointestinal and Liver Physiology can be found at:

http://www.the-aps.org/publications/ajpgi

This information is current as of February 14, 2013.

AJP - Gastrointestinal and Liver Physiology publishes original articles pertaining to all aspects of research
involving normal or abnormal function of the gastrointestinal tract, hepatobiliary system, and pancreas. It is
published 12 times a year (monthly) by the American Physiclogical Society, 9650 Rockville Pike, Bethesda MD
20814-3991. Copyright © 2011 the American Physiological Society. ISSN: 0193-1857, ESSN: 1522-1547. Visit our
website at hitp://www.the-aps.org/.

- 445 -

£10Z ‘v1 Aenige uo Aeiqi Ausieniun exesQ 1e /Bio ABojoisAyd-iBdle/.dyy woly pspeojumod]




Am ] Physiol Gastrointest Liver Physiol 301: G1031-G1043, 2011.
First published September 1, 2011; doi:10.1152/2jpgi.00211.2011.

Estrogeh deficiency worsens steatohepatitis in mice fed high-fat and

high-cholesterol diet

Yoshihire Kamada, Shinichi Kiso,' Yuichi Yoshida,! Norihiro Chatani,' Takashi Kizu,! Mina Hamano,’
Mayumi Tsubakio, Takayo Takemura,' Hisao Ezaki,! Norio Hayashi,"* and Tetsuo Takehara’
Department of Gastroenterology and Hepatology, Osaka University, Graduate School of Medicine, Suita, Osaka, Japan;

i Rosai Hospital, Amagasaki, Hyogo, Japan
2Kansai Rosai Hospital, Amagasaki, Hyogo, J.

Submitted 31 May 2011; accepted in final form 23 August 2011

Kamada Y, Kiso S, Yoshida Y, Chatani N, Kizu T, Hamano
M, Tsubakio M, Takemura T, Ezaki H, Hayashi N, Takehara
T. Fstrogen deficiency worsens steatohepatitis in mice fed high-fat
and high-cholesterol diet. Ain J Pltysiol Gastrointes! Liver Physiol
301: G1031-G1043, 2011. First published September 1, 2011;
doi:10.1152/ajpgi.00211.2011.—Recent studies indicate an acceler-
ated progression of nonalcoholic steatohepatitis (NASH) in postmeno-
pausal women. Hypercholesterolemia, an important risk factor for
NASH progression, is often observed after menopause. This study
examined the effects of estrogen on NASH in ovariectomized (OVX)
mice fed a high-fat and high-cholesterol (HFHC) diet. To investigate
the effects of estrogen deficiency, OVX mice and sham-operated (SO)
mice were fed normal chow or HFHC diet for 6 wk. Next, to
invesligate the effects of exogenous estrogen replenishment. OVX
mice fed with HFHC diet were treated with implanted hormone
release pellets (containing 17f-estradiol or placebo vehicle) for 6 wk.
OVX mice on the HFHC diet showed enhanced liver injury with
increased liver macrophage infiltration and elevated serum cholesterol
levels compared with SO-HFHC mice. Hepatocyte monocyte che-
moattractant protein-1 (MCP1) protein expression in OVX-HFHC
mice was also enhanced compared with SO-HFHC mice. In addition,
hepatic inflammatory gene expressions, including monocytes chemo-
kine (C-C motif) receptor 2 (CCR2), were significantly elevated in
OVX-HFHC mice. Estrogen treatment improved serum cholesterol
levels, liver injury, macrophage infiltration, and inflammatory gene
expressions in OVX-HFHC mice. Moreover, the elevated expression
of liver CCR2 and MCP1 were decreased by estrogen treatment in
OVX-HFHC mice. whereas low-densily lipoprotein dose dependently
enhanced CCR2 expression in THP1 monocytes. Our study demon-
strated that estrogen deficiency accelerated NASH progression in
OVX mice fed HFHC diet and that this effect was improved by
estrogen therapy. Hypercholesterolemia in postimenopausal women
would be a potential risk factor for NASH progression.

nonalcoholic steatohepatitis/nonalcoholic fatty lver disease, post-
menopause

NONALCOHOLIC FATTY LIVER DISEASE (NAFI.D) describes a broad
spectrum of liver disorders ranging from benign simple steato-
sis to nonalcoholic steatohepatitis (NASH). NAFLD/NASH is
considered the hepatic manifestation of the metabolic syn-
drome (Mets) and represents a growing medical problem in
Western countries that is closely associated with obesity,
insulin resistance, hypertension, and dyslipidemia (5, 40). The
prevalence and severity of NASH reportedly differ with sex,
with females showing an acceleration of disease progression
after menopause (44, 52). Postmenopausal women also show a
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markedly accelerated accumulation of visceral fat and a rapid
increase in the prevalence of Mets (27, 31). Moreover, the
progression of atherosclerosis and dyslipidemia increases after
menopause but can be improved by estrogen administration
(17, 35). These findings implicate an important role for estro-
gen in the pathophysiology of NAFLD/NASH.

Estrogen controls energy homeostasis by regulating mito-
chondrial function (12). In aromatase knockout mice, which
cannot synthesize endogenous estrogens, hepatic steatosis
arises spontaneously in these mice due to the impaired hepatic
fatty acid R-oxidation (38). The impairment in mitochondrial
and peroxisomal fatty acid B-oxidation can be restored by
estrogen supplementation in these mice (38). Compound
heterozygous mutation of the aromatase gene in an adult
humans presented as Mets characterized by abdominal obesity
and NAFLD (32). Similarly, estrogen receptor (ER)-o knock-
out mice had hepatic steatosis (15, 30). Moreover, progressive
hepatic steatosis among nonobese and nondiabetic patients
with breast cancer treated with tamoxifen, a potent estrogen
antagonist, induced NASH (39, 41). Thus estrogen deficiency
could induce and exacerbate NAFLLID/NASH progression in
both human and mice.

Recent studies indicate that dietary cholesterol is an impor-
tant risk factor for the progression of NASH in both human and
rodents (34, 36, 50, 51) and that hypercholesterolemia and
serum low-density lipoprotein (LDL) levels are independent
predictors of human NASH severity (45). Lipidomic analysis
indicated that hepatic free cholesterol content increased pro-
gressively from normal controls to patients with simple steato-
sis to NASH (42). Moreover, cholesterol-lowering drugs, such
as statins and ezetimibe, demonstrably slowed NASH progres-
sion (1, 9, 19, 24). In the absence of estrogen action, mice
developed progressive obesity and hypercholesterolemia (15,
16). Hypercholesterolemia and elevated serum LDL levels are
also observed in postmenopausal women, and estrogen admin-
istration results in lowered serum levels of cholesterol and
LDL (6, 17, 37).

Considering these findings, the estrogen deficiency itself and
estrogen deficiency-induced hypercholesterolemia should ac-
celerate the severity of NASH in postmenopausal women.
However, the precise mechanisms underlying this progression
are still unclear. To address this issue. we investigated the
effects of estrogen on NASH progression in ovariectomized
(OVX) mice fed high-fat and high-cholesterol (HFHC) diet.

MATERIALS AND METHODS

Experimental protocol. All experimental protocols and animal
maintenance procedures used in this study were approved by the
Ethics Review Committee for Animal Experimentation of Osaka

G1031

- 446 -

oLN7 ‘b1 Aenigsd uo Ateiar Ausisalun exesn e Bio ABoicishtd Bdierdni iinn nanpotisman



G1032

University Graduate School of Medicine. Female C57BL/6] mice
were purchased from Clea Japan (Tokyo, Japan) and maintained for 1
wk under the same conditions before starting the experiments. The
animals were provided with unrestricted amounts of chow and water,
housed in temperature- and humidity-controlled rooms, and main-
tained on a 12-h:12-h light/dark cycle. The HFHC diet (containing
1.25% cholesterol, 15% cocoa butter, and 0.5% cholic acid) was
purchased from Oriental Yeast (Suita, Osaka, Japan).

To investigate the effects of estrogen deficiency, 28 female
C57BL/6] mice (10-wk-old) were used. All mice were anesthetized
for surgery, and either a bilateral ovariectomy (# = 14) or sham
operation (SO) (n = 14) was performed. One week after the surgery,
mice were divided into four groups (n = 7 for each groups) and fed
with normal chow (NC) or the HFHC diet for 6 wk (SO-NC group,
SO-HFHC group, OVX-NC group, OVX-HFHC group). SO mice fed
with NC diet (z = 7) served as controls.

We next investigated the effects of exogenous estrogen replenish-
ment, with the use of 12 OVX mice divided into two groups. All mice
were implanted subcutaneously with 60-day release hormone pellets
(Innovative Research of America, Toledo, OH) that contained 0.5 mg
17B-estradiol (E2) (n = 6) or placebo vehicle alone (n = 6). This
estradiol dosage was shown to yield serum estrogen concentrations
within the physiological range (46). One week afler surgery, mice
were fed for 6 wk on the HFHC diet [OVX-HFHC group (n = 6),
OVX-HFHC+E2 group (n = 6)].

Al the end of the each experimental period. mice were [asted
overnight (10:00 PM-8:00 AM) but had free access to water and then
euthanized afler being weighed. Blood was collected aseptically from
the inferior vena cava, centrifuged (13,000 g, 5 min, 4°C), and serum
was collected. Mice spleens were harvested for isolating monocytes.
The livers were also harvested and either fixed with 10% buffered
formaldehyde for histological examination or immediately frozen in
liquid nitrogen for mRNA extraction and lipid analysis. Hematoxylin-
eosin staining of mice liver specimens was performed according to
standard techniques. Samples were investigated and quantified ac-
cording to NAFLD activity scoring (NAS) (25). Steatosis (0-3),
lobular inflammation (0~2). and hepatocellular ballooning (0-2) were
quantified. respectively.

Measurements of serum biochemical markers and liver lipid
content. Serum alanine aminotransferase (ALT), glucose, and insulin
concentrations were measured using the transaminase ClII-test kit
glucose CllI-test kit (Wako Pure Chermical Industries. Tokyo, Japan),

ACCELERATED NASH PROGRESSION IN OVARIECTOMIZED MICE

and insulin ELISA kit (Morinaga, Yokohama, Japan), respectively,
according to the manufacturers’ instructions. Insulin resistance was
calculated according to the homeostasis model of assessment of
insulin resistance (HOMA-IR) using the formula, insulin (wU/m1) X
blood glucose (mmol/1)/22.5.

Total lipids were extracted from the liver as described previously
(22). Serum and liver triglyceride (TG), total cholesterol, and free
fatty acid (FFA) were measured using the TG E-test kit, cholesterol
E-test kit (Wako Pure Chemical Industries), and NESCAUTO NEFA
Kit-U (Alfresa-Pharma, Osaka, Japan), respeclively. according to the
manufacturers’ instructions. Serum lipoproteins were analyzed using
an online dual-enzymatic method for the simultaneous quantification
of cholesterol and TG using high-performance liquid chromatography
(HPLC) at Skylight Biotech (Akita, Japan), according to a procedure
described previously (49).

Mice hepatic gene expression analysis and quantitative RT-PCR.
Forty-seven genes with links to NAFLD pathophysiology (cholesterol
metabolism, endoplasmic reticulum stress, fatty acid metabolism,
glucose metabolism, inflammation, macrophage, nuclear receptor)
were chosen for analysis on a custom-made TagMan Array Plate
(Applied Biosystems, Foster City. CA). Total RNA was extracted
from whole liver with the QIAshredder and the RNeasy Mini kit
according {o the instructions provided by the manufacturer (Qiagen,
Hilden, Germany). Complementary DNAs (cDNAs) were’ reverse
transcribed from total liver RNA samples using a High-Capacity
c¢DNA Reverse Transcription Kit (Applied Biosystems) from SO-NC,
SO-HFHC, OVX-NC, and OVX-HFHC mice liver. The ¢cDNA of
each mice group was mixed, and per individual assay 10 ng ¢cDNA of
each group mice liver was loaded together with TagMan Gene
Expression Master Mix (Applied Biosystems) and applied to single
wells in a 96-well TagMan Array Plate. This assay was performed on
the Applied Biosystems 7900HT RT-PCR system (Applied Biosys-
tems). Data were normalized to 18S expression.

Total RNA was extracted from whole liver or cells with the QIAshredder
and RNeasy Mini kit according (o the instructions provided by the
manufacturer. The RNA was then transcribed into cDNA using a Quan-
titect Reverse Transcription kit (Qiagen, Hilden, Germany). Quantitative
real-time PCR was performed with the QuantiFast SYBR Green PCR kit
using specific primers (Qiagen) on a LightCycler according to the instruc-
tions provided by the manufacturer (Roche Diagnostics, Indianapolis, IN).
The primers used in this study were all purchased from Qiagen [monocyte
chemoattractant protein-1 (MCP1) (QT00167832). monocytes chemokine

Table 1. Body, liver, epididvmal fat, and uterus weight and biochemical analysis of serum and liver extracts in mice

SO OVX
NC HFHC NC HFHC
n 7 7 7 7
Body weight, g 20.1 = 0.55 19.6 = 1.13 21.9 = 1.41% 204 =132
Liver weight, g 0.92 = 0.045 1.36 = 0.074* 0.98 = 0.045 1.53 = 0.087%
Epididymal fat weight, g 0.137 = 0.025 0.137 = 0.021 0.217 = 0.04* 0.173 = 0.026%
Ulerus weight, g 0.093 = 0.012 0.087 = 0.012 0.017 = 0.006* 0.043 = 0.029%
Serum
ALT, IUA 16.1 %23 54.0 = 10.0* 181 =51 89.6 = 27.5%
Total cholesterol, mg/dl 63.7= 76 98.2 = 11.4* 73.8 = 8.8 115.9 = 17.4%
Triglyceride, mg/dl 84.0 = 28.6 37.8 = 9.5% 81.1 = 16.4 35179
FFA, pEg/l 744.5 & 221.7 651.0 = 177.4 1000.3 = 301.1 816.2 % 209.7
Glucose, mg/dl 165.8 = 43.5 2032 % 654 135.6 = 32.7 137.9 = 29.0§
Insulin, 1UA 11.0 = 12.1 420 £ 236 124 = 144 5.75 %285
IIOMA-IR 321 =249 1.78 = 0.99 3.5223.98 1.63 £ 0.77
Liver
Triglyceride, mg/g 717+ 19.2 86.6 = 21.7 79.4 £ 9.56 67.0 = 22.3§
Total cholesterol, mg/g 11.2 = 3.50 353 £ 4.23% 10.8 = 3.37 37.0 = 1.89
FFA, pEq/g 14.6 = 5.41 242 = 7.23 20.3 = 10.0 2132976

Data are means = SD. *P < 0.01; $P < 0.05 compared with sham-operated (SO)-normal chow (NC) group: P < 0.01; §2 < 0.05 compared with SO-high-fat
high-cholesterol diet (HFHC) group. OVX, ovariectomized: ALT, alanine aminotransferase; FFA, free fatty acid; HOMA-IR, homeostasis model of assessment

of insulin resistance.
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(C-C molif) receptor 2 (CCR2) (QT02276813), TNF-o (QT00104006),
IFN-y (QT01038821), IL.12 (QT01048334), nitric oxide synthase-2 (NOS2)
(QT00100275), IL10 (QT00106169), IL4 (QT00160678). transforming
growth factor-B1 (TGE-B1) (QT00145250), collagen Il (QT00162204),
cholesterol 7a-hydroxylase (CYP7AT) (QT00121569), 1.DL receptor

ACCELERATED NASH PROGRESSION IN OVARIECTOMIZED MICE G1033

(LDLR) (QT00109823), 3-hydroxy-3-methylglutaryl coenzyme A reduc-
tase (HMGCR) (QT01037848), CD36 (QT01058253), and GAPDH
(QT00199388)]. The mRNA expression levels were normalized rel-
ative to GAPDH mRNA expression levels and expressed in arbi-
trary units.

A

Fig. 1. Ovariectomy (OVX) exacerbated liver injury in mice
fed high-fat and high-cholesterol (HFHC) diet. A: hematox-
ylin-eosin (H&E) staining of mice liver sections. Mice
received a sham operation (SO) or bilateral. 1 wk after
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Picrosirius red siaining and immunohistochemistry. Picrosirius red
(Sigma, St. Louis, MO) staining was used to detect collagen fibrils in
mice specimens. The fibrosis area stained by picrosirius red in this
study was quantified by using Adobe Photoshop (Adobe Systems, San
Jose, CA) as described previously (23).

Mice liver tissue sections were subjected to immunohistochemical
staining using a monoclonal antibody against rat anti-mouse F4/80
(1:100) (Serotec, Oxford. UK) or MCP1 (1:250) (Cell Signaling,
Beverly, MA).

CCR2 expression in monocyles. Monocyles were isolated from
mice spleens of each group by magnetic cell sorting using magnetic
beads (MACS; Miltenyi Biotec. Gladbach, Germany) with CD11b
antibody according to the manufacturer’s prolocol. RNA was ex-
tracted from the spleen monocytes of mice from each group for
quantitative real-time RT-PCR analysis. THP1 cells, a human mono-
cytic cell line, were obtained from American Type Culture Collection
(ATCC) (Manassas, VA). Growth medinm consisted of RPMI-1640/
10% FCS. To examine the effect of LDL (Sigma) on monocyte CCR2
expression. THP1 monocytes were cultured in RPMI medium with or
without individual concentrations of LDL (0, 5, 50 pg/ml) for 18 h,
and RNA was extracted for quantitative real-time RT-PCR analysis.

Statistical analysis. Slatistical analysis was conducted using JMP
8.0 software (SAS Institute, Cary. NC). The results are presented as
means * SDD. Differences between groups were examined for statis-
tical significance using ANOVA with Fisher’s paired least-significant
difference lest. Slatistical significance was defined as £ < 0.05.

RESULTS

Ovariectomy enhances liver injury in HFHC diet-fed mice.
Body weight was significantly elevated in OVX-NC mice
compared with SO-NC mice (Table 1). Liver weight was
significantly higher in OVX-HFHC mice than in SO-HFHC
mice, whereas epididymal fat weight was significanily higher
in OVX mice than in SO mice with both NC and HFHC diet
feeding. Serum ALT and cholesterol levels were significantly
increased in OVX-HFHC mice compared with SO-HFHC
mice, whereas liver TG levels were decreased in OVX-HFHC
mice compared with SO-HFHC controls, and liver cholesterol
contents were elevated in HFHC diet-fed mice compared with
NC diet-fed mice with or without ovariectomy. There were no
differences in liver cholesterol contents between the HFHC
groups.

There were no changes in liver histology between SO and
OVX mice on NC diets (Fig. 14). In HFHC diet-fed mice,
ovariectomy significantly increased the numbers of infiltrating
inflammatory cells in liver. We next assessed the NAS in the
mice livers (Fig. 1B). The liver steatosis score was increased in
HFHC diet-fed mice compared with those fed an NC diet, but
there was no change in hepatic steatosis between the HFHC
diet-fed groups. However, both lobular inflammation and he-
patocyte ballooning scores were significantly elevated in OVX-
HFHC mice compared with SO-HFHC mice. Consequently,
the total NAS was significantly higher in OVX-HFHC mice
than in SQO-HFHC mice, as were serum ALT levels (Fig. 10).

Impact of ovariectomy and diet on serum lipoprotein and
cholesterol levels. To investigate whether dyslipidemia was
induced by ovariectomy, we checked serum lipoprotein and
cholesterol levels in the mice (Fig. 2, A-C). Cholesterol lipo-
protein distribution by HPLC showed that HFHC diet feeding
elevated serum very-low-density lipoprotein (VI.DL) and L.DI.
cholesterol levels in SO-HFHC mice compared with SO-NC
mice, and this increase was exacerbated in the OVX-HFHC
mice. In contrast, high-density lipoprotein (HDL) cholesterol

ACCELERATED NASH PROGRESSION IN OVARIECTOMIZED MICE
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Fig. 2. Cholesterol lipoprotein distribution and serum cholesterol levels in
mice. A: serum cholesterol lipoprotein distribution analyzed by high-perfor-
mance liquid chromatography (HPLC) in mice. CM, chylomicron: VLDL,
very-low-density lipoprotein; LDL, low-density lipoprotein; HDL, high-den-
sity lipoprotein. B: serum cholesterol levels in mice. Data are means = SD.
*#*P < 0.05. C: correlations between serum ALT and cholesterol levels in
mice. [: hepatic cholesterol-metabolism related gene expression changes in
mice. Liver GAPDH-normalized cholesterol 7a-hydroxylase (CYP7A1), LDL
receptor (LDLR). 3-hydroxy-3-methylglutaryl coenzyme A reductase
(HMGCR). and CD36 gene expressions. Data are means = SD. *£ < 0.0],
#*P < (0.05. N.S.; not significant. :

levels were decreased in HFHC diet-fed mice. Serum total
cholesterol levels were also increased in SO-HFHC mice
compared with SO-NC mice and further increased in OVX-
HFHC mice. A consistent finding was increased serum choles-
terol levels in the mice that developed hepatic inflammation,
suggesting that serum total cholesterol level is an important
determinant of hepatic inflammation. As expected, serum total
cholesterol levels and serum ALT levels were significantly
correlated in this study.
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Changes in macrophage infiltration and hepatic inflamma-
tory gene expression are enhanced in OVX-HFHC mice liver.
To investigate the mechanism of accelerated steatohepatitis in
the OVX-HFHC mice, we analyzed the expressions of 47
genes associated with NAFLD pathophysiology using a Tag-
Man Array Plate (Tables 2 and 3). The gene expression of
CYP7AI, a rate-limiting enzyme in bile acid production from
cholesterol, was significantly decreased in OVX mice liver
compared with SO-NC and SO-HFHC mice (Fig. 2D). The
gene expression of HMGCR was decreased in OVX-HFHC
mice compared with SO-HFHC mice, but there were no sig-
nificant differences in the gene expression of LDLR among
mice groups. CD36, a major scavenger receptor, was down-
regulated in the liver of OVX-HFHC mice compared with
SO-HFHC mice. There were no obvious expression changes in
other genes related to cholestercl metabolism, fatty acid me-
tabolism. glucose metabolism, or nuclear receptors between the
HFHC diet-fed groups (Table 2). However, genes related to
inflammation and macrophage infiltration were highly upregu-

Table 2. Expression of liver metabolism-related genes, gene
links to NAFLD pathophysioclogy

Classification Gene SO-NC SO-HFHC OVX-NC OVX-HFHC
Cholesterol
metabolism
Abcal 1 1.981 1.146 2012
AbcgS 1 3726 0.893 3.424
Apoal 1 0.979 0.877 1.012
Cyp7al 1 0.691 0.738 0.424
Hmger 1 0.998 0.925 0.77
Ldir 1 0.661 1.008 0.68
Scarbl 1 1.272 0.845 1.398
Scat2 1 1.141 0.956 1.004
Srebfl 1 5.266 0.977 4.587
Srebf2 1 0.662 0.921 0.641
Fatty acid
metabolism
Acaca 1 1.054 1.11 1.039
Acoxl 1 0.948 1.295 0.909
Apob 1 0.847 1.256 0.817
Cptla 1 0.768 1.088 0.655
Fasn 1 1.045 1.075 1.116
Lipc 1 0.818 1.275 0.837
Mitp 1 0.791 1.181 0.677
Ppara 1 1.129 1.184 0.893
Scdl 1 6.575 1.451 7.095
Glucose
metabolism
Adiporl 1 1.016 0.974 1.041
Adipor2 1 0.318 1.201 0.769
Gys2 1 0.789 1.058 0.621
Irs2 1 0.822 1.132 0.526
Milxipl 1 1.315 1.277 1132
Pckl 1 0.666 1.161 0.612
Pparg 1 1.69 1.417 1.663
Ppargcla 1 1.164 1.23 0.881
Prkaa2 1 1.162 1.13 0.955
Slc2a2 1 9.863 1.179 10.404
Nuclear
receptor
Nr0b2 1 13 1.099 1.259
Nrlh3 1 0.945 0.909 0.843
Nrl h4 1 0.808 0.956 0.662

Gene abbreviations and classification are based on function. Expression is
shown as fold change compared with levels of SO-NC mice. NAFLD,
nonalcoholic fatty liver disease.
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Table 3. Expression of liver inflammatory-related genes,
gene links fo pathophysiology of NAFLD

Classification Gene SO-NC  SO-HFHC OVX-NC OVX-IIFHC

Inflammation
Cat 1 0.78 1.14 0.774
16 1 0.419 1.726 0.8
Socs3 1 0.881 1.01 1.268
Stat3 1 0.867 1.265 1.066
Tnf 1 5.464 1.127 9.49

Macrophage
Argl 1 0.86 0.716 0.99
Cel2 1 10.847 2.462 17.58
Cer2 1 2.944 0.842 4.891
Emrl 1 2.068 0.756 3.066
110 1 1.996 1.12 2.067
Nefl 1 2.185 0.875 2.68
Nos2 1 4.954 0.71 52.744

Endoplasmic

reticulum stress

Ddit3 1 1.827 1.23 1.63
Hspas 1 0.87 1.218 0.787
Xbpl 1 1.051 1.04 0.98

Gene abbreviations and classification are based on function. Expression is
shown as fold change compared with levels of SO-NC mice.

C]

lated in OVX-HFHC mice compared with SO-HFHC mice,
including TNF-a, MCP1, CCR2, F4/80, and NOS2 (Table 3).

Gene expression profiling indicated enhanced inflammatory
macrophage infiltration in OVX-HFHC mice livers. We there-
fore assessed liver macrophage infiltration using F4/80 immu-
nohistochemistry (Fig. 34). In NC diet-fed mice, the degree of
liver macrophage infiltration was not different with or without
ovariectomy. In contrast, massive macrophage infiltration was
seen in OVX-HFHC mice liver.

To examine the expressions of inflammatory cytokines and
chemokines, we performed quantitative real-time RT-PCR
(Fig. 3B). The gene expressions of hepatic MCP1 and its
receptor CCR2 were significantly elevated in OVX-HFHC
mice compared with SO-HFHC mice. Inflammatory cytokine
genes for TNF-a, IEN-y, and NOS2 were also significantly
upregulated in OVX-HFHC mice livers. In contrast, there were
no obvious changes in anti-inflammatory Th2 cytokine expres-
sions, including IL.10 and ILA4.

We next assessed the relationships between mice serum
cholesterol levels and hepatic inflammatory gene expressions
levels (Fig. 3C). Interestingly, the expression of all the relevant
factors (MCP1, CCR2, TNF-a, IFN-y, IL12, and NOS2) cor-
related significantly with serum cholesterol levels.

Higher hepatic MCPI protein expression in OVX-HFHC
mice than SO-HFHC mice. It was previously reporied that
dietary cholesterol enhances hepatic MCP1 expression (48),
and hepatic MCP1 gene expression was elevated in the OVX-
HFHC mice in this study. Accordingly, we also examined the
levels of hepatic MCP1 protein expression in mice using
immunohistochemistry (Fig. 3D). There were no differences in
liver MCP1 staining in NC-fed mice with or without ovariec-
tomy. HFHC diet feeding increased the number of MCPI-
positive hepatocytes, and this number was further increased in
OVX-HFHC mice.

Enhanced liver fibrosis in QOVX-HFHC mice compared with
SO-HFHC mice. Picrosirius red staining revealed increased
hepatic fibrosis in OVX-HFHC mice (Fig. 4). The expressions
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Fig. 3. OVX exacerbated liver macrophage infiltration in mice fed HFHC diet with enhanced inflammatory gene expression. A: F4/80 immunohistochemistry
of mice livers. Original magnification, X200. B: hepatic gene expression changes in mice livers. Liver GAPDH-normalized monocyte chemoattractant protein-1
(MCP1), monocytes chemokine (C-C motif) receptor 2 (CCR2), TNF-w, IFN-y, IL12, nitric oxide synthase 2 (NOS2), [L.10. and TL4 gene expression determined
by real-time RT-PCR. Data are means = SD. *P < 0.01, #*P < 0.05. C: correlations belween serum cholesterol levels and liver inflammation-related gene

expressions. D: MCP1 immunohistochemistry of mice livers. Jnsets: magnified
magnification, X100.

of fibrogenic genes, TGF-B1 and collagen Ial, were also
mcreased in SO-HFHC mice compared with SO-NC mice and
further increased in OVX-HFHC mice. In addition, the gene
expressions levels of TGF-B1 and collagen lal were signifi-
cantly correlated with serum cholesterol levels.
Administration of estrogen ameliorates liver injury in OVX-
HFHC mice. To investigate the therapeutic effects of estrogen
following ovariectomy, we next investigated another set of
OVX-HFHC mice implanted with estrogen pellets (OVX-
HFHC+E2). Body weight was significantly decreased in
OVX-HFHC+E2 mice compared with OVX-HFHC controls

views of mice livers (dashed squares indicate the magnified areas). Original

(Table 4 and Fig. 5), whereas liver weight was not different. In
addition, epididymal fat weight, serum ALT level, and serum
cholesterol level (total as well as VLDL and LDL cholesterol)
were significantly decreased in OVX-HFHC+E2 mice com-
pared with OVX-HFHC mice. Serum cholesterol levels in
these groups of mice correlated significantly with serum ALT
levels (Fig. 6). There were no significant changes in liver lipid
contents. Assessment of liver histology using NAS revealed
that estrogen ameliorated the liver inflammation and hepato-
cyte ballooning in treated mice compared with QOVX-HFHC
mice.
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Fig. 4. Hepatic fibrosis was exacerbated in OVX-HFHC mice. A: picrosirius red staining of mice livers. Original magnification. X100. Histographic
representation of quantified data. The fibrosis areas were measured as described in MATERIALS AND METHODS. The degree of fibrosis was expressed as the
percentage of the total area measured. B: gene expression changes related to fibrosis. Liver GAPDH-normalized TGF-B1, and collagen 1 gene expression was
determined by real-time RT-PCR. Data are means = SD. *P < 0.01, **P < 0.05. C: correlations between serum cholesterol levels and fibrosis-related gene

expressions (TGF-f31, collagen Ia1).

F4/80 immunoehistochemistry revealed that both estrogen treat-
ment decreased the hepatic macrophage infilration observed in
OVX-HFHC mice (Fig. 7A), with a concomitant downregulation
of hepatic inflammatory gene expressions compared with un-
treated OVX HFHC mice (Fig. 7B). Hepatic gene expressions of
CYP7A1 and LDLR were elevated in mice after estrogen treat-
ment compared with OVX-HFHC mice (Fig. 6D). Hepatic

HMGCR gene expression was higher in OVX-HFHC+E2 mice
than OVX-HFHC mice. The levels of hepatic inflammatory
genes, MCP1, CCR2, TNF-a, IEN-y, and NOS2, were signifi-
cantly decreased with the reduction in serum cholesterol levels in
mice treated with estrogen (Fig. 7C). MCP1 immunohistochem-
istry revealed that estrogen treatment decreased hepatocyte MCP1
expression in OVX HFHC mice liver (Fig. 7D).
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Table 4. Biochemical analysis of serum and liver extracts
of mice

OVX-HFHC ) OVX-HFHC+E2
n 6 6
Body weight, g 20.71 = 0.854 18.69 = 0.99*
Liver weight, g 1.70 = 0.122 1.59 = 0.083
Epididymal fat weight, g 0.151 = 0,034 0.1 = 0.02*
Uterus weight, g 0.029 = 0.027 0.15 + 0.01*
Serum
ALT, IUA T 90.8 £25.2 47.7 = 23.5%
Total cholesterol, mg/dl 117.6 = 30.7 82.6 = 24.97
Triglyceride, mg/dl 355 =826 356 = 14.8
FFA, pEgh 815.2 = 318.7 858.8 = 281.0
Glucose, mg/dl 143.9 = 40.7 114.6 = 183
Insulin, IU/1 4.65 = 233 5.26 + 3.0
HOMA-IR 1.62 = 1.05 1.54 £ 0.96
Liver
Triglyceride. mg/g 67.1 = 28.0 80.5 = 19.0
Total cholesterol, mg/g 37.0 =943 435 %341
FFA. uEqg/g 213 £ 8.02 19.7 = 2.20

Data are means = SD. *P < 0.01; TP < 0.05 compared with OVX HFHC
group. E2, 17B-estradiol.

Picrosirius red staining revealed that estrogen treatment
improved liver fibrosis in OVX-HFHC mice (Fig. 8). The gene
expression of liver collagen I«1 was also improved by estrogen
treatment, but hepatic TGF-B1 expression showed no changes.
Hepatic collagen Il gene expression decreased in accordance
with the reduction in serum cholesterol although there was no
statistical correlation between mice liver TGF-B1 and serum
cholesterol levels.

Cholesterol loading induces monocyte CCR2 gene expression.
We examined CCR2 gene expression in mice spleen mono-
cytes from all five groups in this study (Fig. 8D). HFHC diet
feeding elevated CCR2 expression in SO-HFHC mice com-
pared with SO-NC mice, and ovariectomy further increased the
CCR2 expression in OVX-HFHC mice. This CCR2 upregula-
tion was in turn ameliorated by estrogen treatment. These
changes in monocyte CCR2 expression were similar to the
changes in serum cholesterol concentrations, which is consis-
tent with previous studies that showed marked increase in
monocyte CCR2 expression in hypercholesterolemic patients,
and LDL loading resulted in increased monocyte CCR2 ex-
pression (13, 14). We also found that LDL dose dependently
increased the CCR2 expression in THP1 monocytes, one of the
human manocyte cell lines (Fig. 8E). These data could indicate
that elevated serum cholesterol in OVX-HFHC mice induced
monocyte CCR2 expression, leading to enhanced hepatic mac-
rophage infiltration. ,

DISCUSSION

Recent studies have demonstrated accelerated progression of
both NASH and hypercholesterolemia after menopause. Here,
we showed that ovariectomy enhanced NASH progression with
increased hepatic macrophage infiltrations in mice fed HFHC
diet. Serum cholesterol levels were higher in OVX-HFHC
mice than in SO-HFHC mice, and serum cholesterol levels
significantly correlated with serum ALT levels, liver injury,
and changes in the expression levels of various hepatic inflam-
matory genes. Estrogen replenishment decreased serum cho-
lesterol levels and attenuated liver injury in HFHC diet-fed
mice. Moreover, hepatic MCP1 protein expression was signif-

ACCELERATED NASH PROGRESSION IN OVARIECTOMIZED MICE

icantly increased in OVX-HFHC mice compared with SO-
HFHC mice, and this effect was rescued by estrogen treatment.
In an in vitro study, LDL dose dependently upregulated the
gene expression of CCR2, known as the MCPI1 receptor, in
THP1 monocytes. These results indicated that estrogen defi-
ciency enhanced NASH progression through increased hepatic
macrophage infilration in mice fed with HFHC diet. Hyper-
cholesterolemia in postmenopausal women should accelerate
NASH progression, suggesting that treatment of hypercholes-
terolemnia would improve NASH pathophysiology in women
after menopause.

Dyslipidemia is commonly observed in NASH patients, and
it has been postulated that abnormalities in lipid metabolism,
such as increased serum LDL cholesterol levels and decreased
HDL cholesterol levels, may be contributing factors to NASH
development (26). Accordingly, hyperlipidemic mice develop
diet-induced NASH, including not only LDLR knockout mice,
but also apolipoprotein E-deficient mice (50, 53). Unlike hu-
mans, mice fed an NC diet carry most of their lipids as HDL.
However, mice fed an HFHC diet adopt a human-like lipopro-
tein profile and thus could serve as a useful physiological
animal model to study the progression of NASH.

Cholesterol homeostasis is mainly achieved by regulating
the enzymes involved in cholesterol synthesis, uptake, and
clearance (3), and estrogen plays important roles in regulating
cholesterol homeostasis. For example, estrogen stimulates ex-
pression of the LDLR gene through the ER-o, which can
activate transcription of the LDLR promoter through Spl
interaction (4). The HMGCR promoter also has an estrogen-
responsive element-like sequence, and estradiol stimulates
HMGCR activity (10). In this stady, LDLR gene expression
did not change, HMGCR gene expression was reduced in
OVX-HFHC mice compared with SO-HFHC mice, and estro-
gen supplementation elevated both gene expressions in mice
liver. Hepatic cholesterol levels were similar despite the higher
serum cholesterol levels between the HFHC mice groups,
which might reflect a reduced liver cholesterol uptake by
LDLR and areduced hepatic de novo cholesterol production by
HMGCR. In addition, the cholesterol clearance rate would be
interrupted in the estrogen-deficient state (16). CYP7AI cata-
lyzes the rate-limiting step of cholesterol conversion into bile
acid and is encoded by the CYP7Al gene. Estrogen adminis-
tration increased CYP7A1 activity in baboon in vivo, and
estradiol upregulated CYP7AIL gene expression in rat hepato-
cytes in vitro (8, 28). Aromatase knockout mice, which cannot
synthesize endogenous estrogen and preseni age-progressive
obesity and hepatic steatosis, develop hypercholesterolemia
(16). These mice show significantly reduced hepatic CYP7A1
expression compared with wild-type mice, and the reduced
cholesterol clearance attributable to the decreased CYP7AL
activity increased serum cholesterol levels. Tn our study, he-
patic CYP7A1 gene expression was also decreased in OVX
mice as expected, and estrogen treatment restored this hepatic
expression. The interrupted cholesterol clearance in OVX mice
should therefore induce enhanced hypercholesterolemia in the
HFHC mice in our study.

Recent studies point to the importance of dietary cholesterol
as a toxic lipid in liver inflammation and NASH both in rodents
and humans (33, 34, 36, 48, 50, 51). Mari et al. (33) reported
that high-cholesterol feeding causes lipotoxicity that sensitizes
rat livers to develop hepatic inflammation after exposure to
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