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EVEE
The efficacy of virological response in treatment-
naive patienis with chronic hepatitis C treated by
NS3-4A protease inhibitor (telaprevir), pegylated
interferon and ribavirin for 12 weeks

Hitomi Sezaki”, Fumitaka Suzula,
Norio Akuta. Miharu Hirakawa,

Y usuke Kawamura. Hiromi Yatsuji.
Telsuya Hosaka. Masahiro Kobayashi,
Yoshiyuki Suzuki, Satoshi Saitoh,
Yasuji Arase. Kenji lkeda.
Hiromitsu Kurnada
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(2010)

We investigated the efficacy of the triple treatment
with telaprevir. pegylated interferon (PEG-IFN) and
ribavirift for 12 weeks in treatment-naive patients in-
fected with hepatitis C virus (HCV) genotype 1b and
high haseline viral loads. All of 10 cases became HCV-
RNA negative during treatment. SVR rate attained i
a high rate. 70% (7’10}, Especially. SVR rate of females
over 50 vears old attained 100% (3/3). HCV RNA was
lost from serum rapidly in patients infected with HCV-
1b in high viral loads. and SVR rate of the triple treat-
ment {or 12weeks was high. Our results suggested that
triple treatment with telaprevir, PEG-IFN and ribavi-
rin could improve the efficacy in treatment-naive pa-
tients.
ey words: chronic hepatitis C.

interferon plus ribavirin

combination therapy.

NS3-4 A protease inhibitor
o Kanzo 2010: 51: 394—396
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kyo, Japan
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(Fig. 1).
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Fig. 1 Clinical course and clonal analysis of samples from patient with viral

rebound during entecavir therapy
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Increase of rtA181T mutant strains during entecavir

therapy for a patient with chronic hepatitis B virus
infection
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A 51-year-old Japanese woman with chronic hepati-
tis B who had never treated with nucleotide analogues
was admitted to our hospital and treated with ente-
cavir. In this patient. entecavir successiully reduced
the HBV level. but viral and biochemical breakthrough
was observed at 10 months after the beginning of ther-
apy. The HBV viral load reached up to 8.2 log copies/ml
but direct sequence analysis showedno LAM and ETV

sistant-related mutation (rtT 184, 5202, M204. M250).
Comparison bv clonal analvsis of samples obtained be-
fore and after the viral breakthrough showed the in-
crease of the rtA181T mutant strains (35% versus
395%). It was considered that the rtA181T mutant
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Fig. 1 Relationship between [L28B SNPs and amino
acid substitution in hepatitis C virus core region in
patients with chronic hepatitis C. Black bars repre-
sent aa70 mutant (Gln) while white bars represent
aa70 wild (Arg)
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EZ R, IL28B HIHOD SNPs 23 C BfF 7 4 W 2
O BRPER" B L B4 PEG-IFN/Rivabirin 18
BEOEEDRLEENH L Z P RESI N Ky

AN ABOTFREFTH B Core aa70 BH#EIZ D
THZEZ MK L T SNP O@E-FRIBIIZZ OBIE % AT
L72& A 22D SNP TRHEEDT A F—T L L FEH
EHRBE AT OFEAEEE 2B\ T Core 2270 (Gln) Mu-
tant DEENTND 50% BETHo7. 2O ki,
EHD L PEG-IFN/Rivabirin B F % O iEEah 2
AHENEE ZRT Z E RALPOBENHERN SN, &
PEIZ BT Core aa70 1, FEBBIEHFICA Yy -7 00—
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Relatignship between SNPs in the [L28B region and
amine acid substitutions in HCV core region in
Japanese patients with chronic hepatitis C
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1L.28 locus polymorphisms have been reported to aif-
fect PEG-IFN plus ribavirin combination therapy for
patients with genotype 1b hepatitis C virus (HCV) in-
fection. We examined a relationship between IL28B
SNPs (rs8099917 and rs12979860) and amino acid sub-
stitutions in core region of HCV in patients with geno-
type 1b chronic hepatitis C. In each SNP, frequency of
core aa 70 mutation was higher rate in female patients
carrying minor allele than in male or female patients
carrying no minor allele. Measurement of [L28B and
Core aa70 before treatment is useful in PEG-IFN plus
ribavirin therapy.
Key words: [L28B, HCV, core region
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Abstract

Purpose Steatosis is a histological finding associated with
the progression of chronic hepatitis C. The aims of this
study were to elucidate risk factors associated with stea-
tosis and to evaluate the association between steatosis and
hepatic expression of genes regulating lipid metabolism.
Methods We analyzed 297 Japanese patients infected
with hepatitis C virus and a subgroup of 100 patients who
lack metabolic factors for steatosis. We determined intra-
hepatic mRNA levels of 18 genes regulating lipid metab-
olism in these 100 patients using real-time reverse
transcription-polymerase chain reaction. Levels of peroxi-
some proliferator-activated receptor o and sterol regulatory
element-binding protein 1 proteins were assessed by
immunohistochemistry.
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Results Steatosis was present in 171 (57%) of 297
patients. The presence of steatosis was independently
associated with a higher body mass index, higher levels of
y-glutamyl transpeptidase and triglyceride, and a higher
fibrosis stage. Steatosis was present in 43 (43%) of 100
patients lacking metabolic factors. Levels of mRNA and
protein of peroxisome proliferator-activated receptor o,
which regulates f-oxidation of fatty acid, were lower in
patients with steatosis than in patients without steatosis.
Conclusions: These findings indicate that impaired deg-
radation of lipid may contribute to the development of
hepatitis C virus-related steatosis.

Keywords Steatosis - Hepatitis C virus - Fibrosis -
Gene expression - Peroxisome proliferator-activated
receptor o

Introduction

The prevalence of hepatic steatosis ranges from 40 to 86%
(mean ~55%) in patients infected with hepatitis C virus
(HCV) [1]. This range is higher than in the general
population of adults in the Western world (20-30%) [2].
Steatosis appears to be associated with a more rapid
progression of liver fibrosis and a lower response to
interferon-o-based therapy [3-5].

Patients with HCV infection may have metabolic
cofactors, such as obesity, diabetes, and alcohol abuse that
contribute to the development of fatty liver. It is likely that
two types of steatosis, viral and metabolic, coexist in
patients with chronic hepatitis C [1, 3]. Known risk factors
associated with steatosis include HCV genotype 3, a higher
body mass index (BMI), diabetes, hyperlipidemia, ongoing
alcohol abuse, older age, the presence of fibrosis, and
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hepatic inflammation [1, 5]. However, different popula-
tions may have different risk factors for steatosis, and the
distribution of HCV genotype differs from region to region.
For example, HCV genotype 3, which is thought to be

~ directly responsible for steatosis [6-8], is far less frequent
in Japan than in Europe [7] or the United States [9].

Although the mechanisms of HCV-related steatosis are
not well known, several viral and host factors appear to be
involved [3]. In vitro studies [10] and a transgenic mouse
models [11] have shown that HCV core protein can induce
steatosis. HCV core protein, in turn, inhibits the activity of
microsomal triglyceride transfer protein, which is essential
for the assembly and secretion of very low density lipo-
proteins [12]. The intrahepatic levels of microsomal
triglyceride transfer protein mRNA show an inverse cor-
relation with the degree of steatosis in patients with chronic
hepatitis C [13]. HCV infection and HCV core protein up-
regulates the expression of sterol regulatory element-bind-
ing protein 1 (SREBPI), a key transcriptional factor that
activates the expression of genes involved in lipid synthesis
[14, 15]..In addition, HCV core protein binds to retinoid X
receptor o, a transcriptional regulator that controls many
cellular functions including lipid metabolism [16]. HCV
core protein also down-regulates the expression of peroxi-
some proliferator-activated receptor « (PPAR«x) and carni-
tine palmitoyl transferase 1 (CPT1) [17, 18], and the mRNA
levels of PPARa and CPT1 are found to be reduced in
patients with chronic HCV infection [19].

In the present study, we investigated the risk factors
associated with steatosis in Japanese patients with chronic
HCV infection. To elucidate the molecular mechanisms
underlying HCV-related (ie., viral) steatosis, we also
systematically measured the intrahepatic expression levels
of genes that regulate lipid degradation, secretion, synthe-
sis, and uptake in patients who lack metabolic factors for
steatosis.

Methods
Patients

The study included a total of 297 Japanese patients with
chronic HCV infection who underwent liver biopsy
between April 2004 and June 2006 at the Hospital of Kyoto
Prefectural University of Medicine, Kyoto, Japan. To
eliminate selection biases, the patients were recruited
consecutively. Inclusion criteria were as follows: patients
older than 18 years, positive for anti-HCV (third-genera-
tion enzyme immunoassay; Chiron, Emeryville, CA), and
positive for serum HCV-RNA (Amplicor HCV assay;
Roche Diagnostic Systems, Tokyo, Japan). Exclusion cri-
teria were as follows: positive for hepatitis B virus surface

@ Springer

antigen (radicimmunoassay; Dainabot, Tokyo, Japan);
other types of liver diseases, including primary biliary
cirrhosis, autoimmune hepatitis, alcoholic liver disease,
Wilson’s disease, or hemochromatosis; coinfection with
human immunodeficiency virus; treated with antiviral or
immunosuppressive agents within 6 months of enrollment;
treated with drugs known to produce hepatic steatosis,
including corticosteroids, high dose estrogen, methotrex-
ate, or amiodarone within 6 months of enrollment; a his-
tory of gastrointestinal bypass surgery. ’ ]

BMI was calculated using the following formula: weight
in kilograms/(height in metcrs)z. Obesity was defined as a
BMI >25, according to the criteria of the Japan Society for
the Study of Obesity [20]. Diabetes was defined as a fasting
glucose level >126 mg/dl or by the use of insulin or oral
hypoglycemic agents to control blood glucose. The ongo-
ing alcohol intake per week recorded and converted to
average grams per day. Significant alcohol intake was
defined as consumption of >20 g/day. :

The Ethics Committee of the Kyoto Prefectural Uni-
versity of Medicine approved this study. Informed consent
was obtained from -each patient in accordance with the
Helsinki declaration.

Laboratory tests

Venous blood samples were taken in the morning after a
12-h overnight fast. The laboratory evaluation included a
blood cell count and the measurement of serum aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
y-glutamyl transpeptidase (y-GTP), total cholesterol, tri-
glyceride, and fasting plasma glucose. These parameters
were measured using the standard clinical chemistry tech-
niques. The HCV genotype was determined according to
the classification of Simmonds et al. [21]. The serum HCV-
RNA level was quantified by Amplicor HCV monitor assay
(version 2.0; Roche). These clinical and laboratory data
were collected at the time of liver biopsy.

Histopathological examination

Liver biopsy specimens were obtained percutaneously from
all patients for diagnostic purposes and divided into two .
parts. One part was fixed in formalin, embedded in paraffin,
and stained with hematoxylin and eosin, Masson’s tri-
chrome, and silver impregnation. The sections were ana-
lyzed by an experienced hepatologist (T.O.) who was
blinded to the laboratory parameters and clinical data. The
degrees of inflammation and fibrosis were evaluated
according to the criteria proposed by Desmet et al. [22].
Steatosis was graded based on percent of hepatocytes in the
biopsy involved: none (0%), mild (<33%), moderate (33—
66%), or severe (>66%) [23, 24]. The other part of the liver
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biopsy was frozen immediately in liquid nitrogen and
stored at —80°C for mRNA analysis.

Real-time quantitative reverse transcription-polymerase
chain reaction (RT-PCR) '

We quantified mRNA by real-time fluorescence detection.
Total RNA was obtained using an RNeasy Kit (Qiagen,
Tokyo, Japan). Residual genomic DNA was removed and
single-stranded complementary DNA was generated using a
Quantitect Reverse Transcription Kit (Qiagen) according to
the manufacturer’s protocol. Real-time quantitative RT-
PCR experiments were performed with the LightCycler
system using Faststart DNA Master Plus SYBR Green 1
(Roche Diagnostics, Penzberg, Germany) according to the
manufacturer’s protocol. The 18 genes chosen for the cur-
rent study, their protein products, and the primer sequences
for amplifying them are listed in Table 1. The primers were
designed using Primer3 version 0.4 (http://frodo.wi.mit.
edu/cgi-bin/primer3/primer3_www.cgi) on the basis of
sequence data obtained from the NCBI database (http:/
www.ncbi.nlm.nih.gov/). ACTB (B-actin gene) was used as
an endogenous control.

Immunchistochemistry

Immunohistochemical staining for PPAR«¢ and SREBP1
was performed on formalin-fixed, paraffin-embedded sec-
tions from 100 liver biopsy specimens using rabbit poly-
clonal antibodies against human PPAR« (clone H-98; Santa
Cruz Biotechnology, Santa Cruz, CA) and SREBPI (clone
K-10; Santa Cruz Biotechnology), respectively. Deparaff-
inized sections were microwaved in a citrate buffer (pH
6.0) for 20 min. After blocking the endogenous peroxidase,
the sections were incubated for 90 min at room tempera-
ture with 1:100 anti-PPAR« or anti-SREBP1 antibodies.
The sections were then incubated for 30 min at room
temperature with peroxidase-labeled polymer-conjugated
goat anti-rabbit immunoglobulin (Histofine Simple Stain
Max-Po (Multi); Nichirei, Tokyo, Japan), followed by
3,3'-diaminobenzidine tetrahydrochloride as the chromo-
gen. The sections were then lightly counterstained with
hematoxylin. Negative controls were evaluated by substi-
tuting the primary antibody with nonimmunized rabbit
serum. Immunoreactivity was scored according to the
intensity of staining as follows: 1+, weak or absent; 2+,
moderate; 3+, strong.

Table 1 Genes and primer sequences used for reverse transcription-polymerase chain reaction assays

Function/gene  Alternate  Protein product Forward primer Reverse primer
symbol symbol ¢ -3 (5" =3
Nuclear receptor
PPARA PPARa Peroxisome proliferator-activative receptor a ggaaageeeactetgoeccet  aglcaccgaggaggggctega
PPARG PPARy Peroxisome proliferator-activative receptor y cattetggeecaccaactttgg  tggagatgeaggetceactttg
NRIH3 LXRa Liver X receptor « cgggcttccactacaatgtt tcaggeggatctgttettct
RXRA RXRa Retinoid X receptor o tectteteccaccgetceate cagctcegtcttgteeatctg
Fatty acid oxidation .
CPTIA CPT1 Carnitine palmitoyltransferase 1 catcatcactggegtgtace ttsgegtacatcgttgtcat
ACADS SCAD Short chain acyl-CoA dehydrogenase ctcacgttggggaagaaaga  tgcgacagtectcaaagatg
ACADM MCAD Medium chain acyl-CoA dehydrogenase ttgagttcaccgaacagcag agggggactggatattcacc
ACADL LCAD Long-chain acyl-CoA dehydrogenase ttggcaaaacagtigetcac ctcecacatgtatceceaac
ACADVL VLCAD Very long-chain acyl-CoA dehydrog.enase agccgigaaggagaagatca  tgtgtttgaagectigaige
EHHADH LBP Enoyl-CoA hydratase/3-hydroxyacyl-CoA dehydrogenase  cticagecctggatgttgat aaaagaagtgggtgccaatg
HADHA LCHAD  Hydroxyacyl-CoA dehydrogenase/3-ketoacyl-CoA cacctctetgectgticcte ggcaaagatgctgacacaga
thiolase/enoyl-CoA hydratase, alpha subunit ‘
ACOX1 AOX Acly-CoA oxidase tgatgcgaatgagtitctge agtgccacagctgagaggtt
CYP2EI CYP2E Cytochrome P450 CYP2E cccaaaggatatcgaccica agggtgtcctecacacacte
Intake of fatty acid
SLC27A5 FATPS Fatty acid transporor protein 5 acacactcggtgtcectitc ctacagggeccactgicatt
Transfer of trigyceride
MTP MTP Microsomal triglyceride transfer protein catctggcgaccctateagt ggccagetticacaaaagag
Biosynthesis of fatty acid
SREBF1 SREBP1 Sterol regulatory element-binding protein 1 tgcattitctgacacgetic ccaagcetgtacaggcetcice
ACACA ACC Acetyl CoA carboxylase _gagaactgecctttctgeac ccaagctecaggettcatag
FASN FAS Fatty acid synthase ttccgagattceatcctacg tgtcatcaaaggtgetetcg
@ Springer
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Table 2 Patient characteristics
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Table 3 Univariate analysis of factors associated with steatosis

Characteristic

n 297

Age? 58 (20-78)
Male gender (%) 131 (44.9%)
BMI* 22.7 (15.6-35.1)
Obesity (%) 76 (25.6%)
Alcohol intake (%) 67 (22.6%)
Diabetes (%) 9 (3.0%)

HCV genotype (%)

1

2

3 .

Unknown
HCV-RNA level (KIU/ml)?
Platelet count (x 10%uL)*
AST (TU/LY*
ALT (TUL)
y-GTP (IU/L)*
Fasting glucose (mg/dL)*
Total cholesterol (mg/dL)"
Triglyceride (mg/dL)*
Histological activity (%)

o '

1

2

3
Fibrosis (%)

Steatosis (%)
None
Mild (<33%)
Moderate (33-66%)
Severe (>66%)

212 (71.4%)
76 (25.6%)

2 (0.7%)

7 (2.3%)

1100 (5-9400)
17.6 (5.3-37.4)
47 (14-413)
59 (9-537)

39 (10-490)
96 (68-223)
173 (19-318)
91 (26-930)

3 (1.0%)
127 (42.8%)
120 (40.4%)
47 (15.8%)

4 (1.3%)
100 (33.7%)
120 (40.4%)
62 (20.9%)
11 3.7%)

126 (42.4%)
163 (54.9%)
7 (2.4%)
1(0.3%)

% Median (range)

" Factors

No steatosis Steatosis P
(n = 126) (n=171)

Age® 56 (20-78) 59 (27-75) 0.019
Male gender (%) 44 (34.9%) 87 (50.9%) 0:007
BMTI* 21.8 (16.5-30,7) 23.9 (15.6-35.1) <0.0001
Alcohol intake (%) 29 (23.0%) 38 (22.2%) 0.89
Diabetes (%) 4 (3.2%) 5 (2.9%) 1.00
HCV genotype (%)

1 91 (72.2%) 121 (70.8%)

2 31 (24.6%) 45 (26.3%)

3 1 (0.8%) 1 (0.9%)

Unknown 3 (24%) 4 (2.4%) 0.78
HCV-RNA level 1257 (5-7030) 1063 (5-9400) 0.14

(KIU/ml)*
Platelet count 18.4 (5.9-32.7) 174 (5.3-374) 0.19

(x10%uL)*
AST (TU/LY* 36 (15-413) 58 (14-339) <0.0001
ALT (IU/L) 40 (9-537) 73 (12-509) <(.0001
y-GTP (TU/L)? 25 (10-298) 56 (12-490) <0.0001
Fasting glucose 95 (68-207) 97 (77-223) - 0.002

{(mg/dL)*
Total cholesterol 179 (109-285) 171 (104-318) 0.13

(mgfdL)*
Triglyceride 83 (26-214) 96 (32-930) <0.0001

(mg/dL)*
Histological activity (%)

0 2 (1.6%) 1 (0.6%)

1 72 (57.1%) 55 (32.2%)

2 42 (33.3%) 78 (45.6%)

3 10 (7.9%) 37 (21.6%) <0.0001
Fibrosis (%)

0 3 (2.4%) 1 (0.6%)

1 62 (49.2%) 38 (22.2%)

2 47 (37.3%) 73 (42.7%)

3 11 (8.7%) 51 (29.8%)

4 3 (2.4%) 8 (4.7%) 0.001

? Median (range)

Statistical analysis

Results are presented as numbers with percentages in
parenthesis for qualitative data or as the medians and
ranges for quantitative data. Univariate comparisons were
made using a chi-square test for qualitative factors or a
Mann-Whitney U test on ranks for quantitative factors
with non-equal variance. Logistic regression analysis was
used for multivariate analysis. P values below 0.05 by two-
sided test were considered to be significant. Variables that
achieved statistical significance on univariate analysis were

@ Springer

entered into multiple logistic regression analysis to identify
significant independent factors for steatosis. All statistical
analyses were performed using SPSS 15.0 software (SPSS
Inc., Chicago, IL, USA).

Results

The characteristics of the 297 patients are sumnrmarized in
Table 2. Steatosis was present in 171 (57.6%) patients. The
grade of steatosis was mild in 163 (54.9%) patients,
moderate in 7 (2.4%), and severe in 1 (0.3%).
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Table 4 Multivariate analysis of factors independently associated
with steatosis

Table § Univariate analysis of factors associated with steatosis in
patients without obesity, diabetes, or alcohol intake

Factors Odds ratio " 95% confidence P Factors No steatosis Steatosis P
interval (n=35D7 (n =43)

Age 1.02 '1.00-1.05 0.05 Age® 56 (30-77) 60 (27-73) 0.12

Male gender 0.99 0.51-1.93 0.99 Male gender (%) 15 (26.3%) 12 (27.9%) 0.86

BMI 1.19 1.06-1.33 0.002 BMI® - 21.4 (17.0-24.8) 22.0(17.8-24.9) 0.34

AST 1.00 0.98-1.02 0.54 HCV genotype (%)

ALT 0.99 0.98-1.00 0.37 1 39 (68.4%) 30 (69.8%)

p-GTP 1.01 1.00-1.01 0.005 2 18 (31.6%) 13 (30.2%)

Fasting glucose 0.99 0.97-1.01 0.37 3 0 (0%) 0 (0%)

Triglyceride 1.01 1.00-1.01 0.007 Unknown 0 (0%) 0 (0%) 0.89

Activity grade A2 or A3 1.81 0.94-3.51 0.07 HCV-RNA level 1510 (5-7030) 1110 (5-5100) 0.60

Fibrosis stage F3 or F4  2.59 1.11-6.02 0.02 (KTU/mL)*

Data are from a total of 297 patients

Univariate correlations between variables and steatosis
are shown in Table 3. Patients with steatosis, as compared
to patients without steatosis, were older, more often male,
had a higher BMI, higher AST, ALT, y-GTP, fasting glu-
cose, and triglyceride levels, a higher histological activity
grade, and a higher fibrosis stage. Multivariate analysis
revealed that the BMI, levels of y-GTP and triglyceride,
and fibrosis stage correlated independently with the pres-
ence of steatosis (Table 4).

To determine whether HCV has a direct effect on ste-
atosis, we next analyzed a subgroup of patients lacking
known metabolic causes of steatosis. Patients with obesity,
diabetes, or ongoing alcohol intake were excluded. From
the remaining 173 patients, we selected 100 patients whose
liver RNA was available for gene expression analyses.
There was no difference in clinicopathological character-
istics between these 100 patients and the remaining 73
patients whose liver RNA was not available (data not
shown). Steatosis was present in 43 (43%) of these 100
patients (Table 5). The presence of steatosis was associated
with higher levels of AST, ALT, and y-GTP, higher fasting
glucose levels, and a higher fibrosis stage (Table 5).

To investigate the molecular mechanisms underlying
HCV-related steatosis, we examined the expression of 18
genes regulating lipid metabolism in the liver (Table 1)
using liver tissues derived from the 100 patients without
obesity, diabetes, or ongoing alcohol intake. Real-time
quantitative RT-PCR revealed that the expression of 10
genes (PPARA, NRIH3, ACADS, ACADL, EHHADH,
HADHA, ACOX1, CYP2EI, SLC27AS5, and ACACA) were
significantly lower in patients with steatosis than in patients
without steatosis (Fig. 1). There was no difference in the
expression of the pther 8 genes, including SREBFI,
between the two groups.

To determine whether the protein levels corresponded
with the mRNA levels, we perfermed immunohistochemistry

“with

Platelet count
(x 10*uL)®

19.8 (9.8-31.1) 17.3(59-32.7) 0.06

AST (U/Ly* 31 (15-138) 61 (15-131) <0.0001
ALT (TUL 32 (12-175) 73 (14-290) <0.0001
y-GTP (IU/L)? 22 (10-137) 47 (12-151) <0.0001
Fasting glucose 95 (75-112) 99 (79-121) 0.029
(mg/dL)*
Total cholesterol 180 (120-281) 171 (119-300) 0.76
(mg/dL)*
Triglyceride 86 (26-209) 88 (44-178) 0.23
(mg/dL)*
Histblogica[ activity (%)
0 1 (1.7%) 1(2.3%)
1 33 (58.0%) 14 (32.6%)
2 19 (33.3%) 20 (46.5%)
3 4 (7.0%) 8 (18.6%) 0.06
Fibrosis (%)
0 1 (1.8%) 1 (2.3%)
1 30 (52.6%) 10 (23.3%)
2 20 (35.1%) 18 (41.9%)
3 6 (10.5%) 13 (30.2%)
4 0 (0%) 1(2.3%) 0.018

® Median (range)

for PPARa (encoded by PPARA) and SREBP! (SREBFI)
proteins in liver biopsy tissues from the same 100 patients.
We chose these two proteins because they are key regula-
tors of lipid degradation and lipid synthesis, respectively.
The results are summarized in Table 6, and representative
images are shown in Fig. 2a. PPARx was expressed in
hepatocytes. Tts expression was mainly observed in the
nuclei. SREBP1 was expressed in the cytoplasm of hepa-
tocytes. Levels of PPARy and SREBP1 proteins tended to
correlate with levels of PPARA and SREBFI mRNA,
respectively (Fig. 2b). As shown in Table 6, the expression
of the PPARa protein was significantly lower in patients
steatosis than in patients without steatosis

&) Springer

— 412 —



100

J Gastroenterol {2010) 45:95-104

Fig. 1 Relative expression PPARA PPARG
levels of 18 genes (see Table 1) P=0.037* P=0.458

NR1H3 RXRA CPTIA ACADS
P=0.001* P=0.552 P=0.204 P <D.001*

in liver tissues from 57 patients 100 3

without steatosis (—) and 43
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(P =0.017). On the other hand, the presence of the  Discussion

SREPB1 protein was not associated with the steatosis.
These findings agree with those from our analyses of
PPARA and SREBFI mRNA levels. We also examined the
relationship between the levels of PPAR« and SREBPI
proteins and the degree of fibrosis (Table 6). The level of
the PPARx protein was not associated with the degree of
fibrosis. The expression of the SREBP1 protein tended to be
higher in patients who had a higher fibrosis stage, although
the association was not statistically significant.

@ Springer

Our results demonstrated a high prevalence (57.6%) of
steatosis among patients with chronic HCV infection in
Japan, which confirms previous reports in Europe and the
United States [1, 25-28]. The prevalence of steatosis was
high (43.0%) even when known factors of steatosis, such as
obesity, diabetes, or ongoing alcohol intake, were exclu-

"ded. Consistent with previous reports [1, 29, the grade of

steatosis was mild in most cases.
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Table 6 Relationship between the presence of steatosis or the degree of fibrosis and levels of PPAR« and SREBP! proteins in liver tissues from

patients without obesity, diabetes, or alcohol intake

Steatosis Fibrosis
Absent (n = 57) Present (n = 43) P F1/F2 (n = 80) F3/F4 (n = 20) P
PPARe protein expression
14; mild or absent™ 9 17 20 6
2+; moderate 38 . 23 49 12
34; strong 10 3 0.017 11 2 0.85
SREBPI1 protein expression '
1+; mild or absent 16 6 17
2+; moderate 31 29 52
3+; strong 10 8 0.23 11 0.055

Multivariate analysis on the 297 patients with steatosis,
including those with metabolic cofactors, revealed that a
higher BMI, higher levels of y-GTP and triglyceride, and a
higher fibrosis stage correlate independently with steatosis.
Previous studies have also observed an association between
these clinicopathological factors and steatosis {1]. A recent
meta-analysis of patients with chronic HCV infection in
Europe, Australi, and the United States showed that ste-
atosis is associated independently with HCV genotype 3,
the presence of fibrosis, diabetes, hepatic inflammation,
ongoing alcohol intake, a higher BMI, and an older age [S].
Although several studies have shown a significant and
independent association between HCV genotype 3 and the
presence of steatosis [1], we did not observe this associa-
tion. This is due to the much lower prevalence of genotype
3 in Japan (<1%) than in Europe (24%}) [7] and the United
States (14%) [9]. There is some controversy with regard to
the influence of steatosis on the progression of fibrosis
(1, 3]. Some investigators suggest that steatosis accelerates
fibrosis only in genotype 3-infected patients [7, 29, 30],
whereas others suggest that there is an association in
patients infected with genotype 1 [5, 31]. An analysis using
paired liver biopsies revealed that steatosis was the only
independent factor predictive of progression of fibrosis
[32]. In agreement with a previous study [33], we also
found that patients with steatosis had a higher y-GTP. An
increase in serum y-GTP is associated with hepatic stea-
tosis, central obesity and insulin resistance, and is a marker
of metabolic and cardiovascular risk [34-36]. Elevated
values of y-GTP are caused by damage to cellular mem-
branes, cellular regeneration or by enhanced synthesis as a
result of induction of the biotransformation enzyme sys-
tem. However, the mechanisms that explain the contribu-
tion of y-GTP to steatosis have not been fully elucidated.

We analyzed the intrahepatic expression of genes that
regulate (i) lipid degradation, (ii) lipid secretion, (iii) lipid
synthesis, and (iv) lipid uptake. We then investigated the
relationship between these levels and the presence of

steatosis. Qur experiments included more candidate genes
than previous studies [13, 18, 19, 37]. The expression of
PPARA, ACADS, ACADL, EHHADH, HADHA, ACOX1,
and CYP2EI were lower in patients with steatosis. Immu-
nohistochemistry confirmed that the expression of the
PPAR« protein was significantly lower in patients with
steatosis than in patients without steatosis. PPARe, one of
the proteins involved in lipid degradation, is a nuclear
receptor that controls fatty acid metabolism by regulating
the expression of genes encoding enzymes involved in
mitochondrial and peroxisomal f-oxidation of fatty acids
[38]. Short chain acyl-CoA dehydrogenase (encoded by
ACADS), long-chain acyl-CoA dehydrogenase (ACADL),
enoyl-CoA hydratase/3-hydroxyacyl-CoA dehydrogenase
bifunctional enzyme (EHHADH), hydroxyacyl-CoA dehy-
drogenase/3-ketoacyl-CoA thiolase/enoyl-CoA hydratase,
alpha subunit (HADHA), and acyl-CoA oxidase (ACOX1)
are involved in fatty acid f-oxidation. CYP2E! encodes a
member of the cytochrome P450 superfamily of enzymes
that is involved in microsomal w-oxidation. Acyl-CoA
oxidase is the rate-limiting enzymes of peroxisomal
B-oxidation. Also, EHHADH, HADHA and ACOXI are
known to be a direct transcriptional target of PPAR« [38].
The reduced expression of PPARA, ACADS, ACADL,
EHHADH, HADHA, and ACOXI may lead to steatosis
through down-regulation of fatty acid f-oxidation. How-
ever, not all of the genes regulating f-oxidation were
down-regulated in patients with steatosis. For example,
carnitine palmitoy! transferase 1 (encoded by CPTIA) is
the rate-limiting enzymes of mitochondrial fS-oxidation,
and although CPTIA is a transcriptional target of PPAR«
[38], their expression was not significantly reduced in
patients with steatosis.

In agreement with a previous study [13], we also found
that the expression of MTP, a gene involved in lipid
secretion, tended to be lower in patients with steatosis,
although the association was not statistically significant.
MTP is a transcriptional target of PPARa [38]. Because
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Fig. 2 Immunohistochemistry
for PPAR« and SREBP1 (a)
proteins. a Representative
images from immunostaining
for PPARo and SREBP1
proteins in liver tissues from
patients with chronic hepatitis
C. Shown are weak or absent ©(14)
staining (1+), moderate staining
(2+), and strong staining (3-+).
Original magnification, x400.
b Relationship between relative
levels of PPARA and SREBFI
mRNA and proteins. PPARA
and SREBF] mRNA levels were
determined as described in

Fig. 1. Levels of PPARe and
SREBPI proteins were
evaluated as described in a.
Differences between groups
were analyzed using the Mann—
Whitney U test. Asterisks
indicate that the differences
were statistically significant
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microsomal triglyceride transfer protein plays a pivotal role
in assembly and secretion of very low density lipoproteins,
its reduced expression is expected to result in the increased
accumulation of triglycerides (i.e., steatosis).

The nuclear receptor liver X receptor o (encoded by
NRI1H3) is known to promote hepatic lipogenesis by
activating SREBP1. SREBPI increases the transcription of
genes involved in hepatic fatty acid synthesis, such as
FASN (encoding fatty acid synthase) and ACACA (acetyl
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SREBP1 protein

CoA carboxylase), and induces steatosis through increased
accumulation of triglyceride. Unexpectedly, the levels of
both SREBFI mRNA and protein and of FASN mRNA
were not up-regulated in patients with steatosis. In addi-
tion, the expression of NRIH3 and ACACA were lower in
patients with steatosis. These findings contradict the idea
that the increased expression of genes involved in syn-
thesis of fatty acids leads to steatosis. One possible
explanation is that the decreased expression of NRIH3 and
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