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Figure 2. Bayesian Network analysis of the associations be-

tween an elevated serum o-fetoprotein level and the clinical
factors. AFP: u-fetoprotein, WBISI: whole-body insulin sensi-
tivity index, BMI: body mass index, AST: aspartate amino-
transferase, ALT: dlanine aminotransferase, y-GTP: y-glu-
tamyl transpeptidase

Discussion

In the present series of studies, we first demonstrated that
systemic IR directly influences the elevation of the AFP
level in patients with chronic HCV infection based on the
results of multivariate and causal-relationship analyses.

The multiple logistic regression analysis showed that a
decreased platelet count, increased serum AST and y-GTP
levels, whole-body IR and advanced hepatic fibrosis were
independently associated with an elevated AFP level. Several
studies have shown that an elevated AFP level is associated
with a decreased platelet count, an increased AST level and
advanced fibrosis in CHC patients without HCC (5-7), con-
sistent with our findings. Furthermore, the Bayesian Net-
work analysis, which has the ability to assess causal rela-
tionships based on conditional probabilities, revealed that an
clevated AST level, whole-body IR and advanced fibrosis
were directly associated with an elevated AFP level.

In terms of markers of glucose metabolism, WBISI, an in-
dex of whole-body IR, was selected as a feasible marker for
AFP elevation, whereas HOMA-IR; an index of hepatic IR,
was not selected. These results suggest that IR associated
with an increased AFP level may be induced by an HCV-
infected liver as well as obesity or other metabolic condi-
tions, as systemic IR develops simultaneously in multiple
organs, including the liver, skeletal muscle and adipose tis-
sue (30). In fact, the Bayesian Network analysis did not re-
veal a relationship between an elevated AFP level and the
HOMA-IR (data not shown).

Several researchers have reported that IR in HCV-infected
patients is closely associated with hepatic fibro-
sis (12, 16-18). Our Bayesian Network analysis also identi-
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Table 3. Bayesian Network Analysis of the
Incidence of Elevated Serum ¢-fetoprotein
Parameters Probability

WBISI =S AST <30 FO-2 0.042

WBISI = 5 AST <50 Fi-4 0.333

WBISI> 5 ASTZ50  Fo-2 0219

WBISI =5 AST =50 F3-4 0.286

WBISI <5 AST < 50 Fo-2 0.169

WBISI< 3 AST <50 F3-4 0.400

WBISI <35 AST=250  F0-2 0356

WBISI < 3 AST2350  F3-4  0.846
WBISE: whole-body insulin sensitivity index, AST:
aspartate aminotransferase

fied a direct relationship between whole-body IR and he-
patic fibrosis. However, both systemic IR and advanced fi-
brosis were independently and directly associated with an
elevated AFP level. These results suggest that it may be pos-
sible to decrease the serum AFP level by improving IR,
even in patients with advanced hepatic fibrosis.

Although no reports have described an association be-
tween the serum AFP and y-GTP levels, it is well known
that y-GTP plays important roles in the generation of oxida-
tive stress (31) and is correlated with IR (32). The Bayesian
Network analysis also showed that the y-GTP level influ-
ences the serum AFP level via the effects of whole-body IR.

In the second part of this study, we showed that prospec-
tive lifestyle modification can improve metabolic factors, in-
cluding systemic IR and the serum AFP level. We found that
the leptinfadiponectin ratio, a useful marker of metabolic
syndrome in the general population that is correlated with
IR in individuals with or without diabetes {33-35), decreased
after the intervention. Therefore, we presumed that the re-
duction in visceral fat achieved with the lifestyle interven-
tion caused a decrease in the leptin/adiponectin ratio, which
then improved IR. However, we found no changes in the
STNFR2 levels, a marker for tumor necrosis factor, a key
cytokine involved in HCV-associated IR and obesity-
associated IR (20, 35-38), despite the reduction in body
weight observed in this study. We previously reported that
eradication of HCV by IEFN decreases the serum sTNFR2
level and improves whole-body IR (20). Therefore, these re-
sults suggest that IR and eclevated AFP levels in HCV-
infected patients may be inhibited by the eradication of

"HCV with antiviral therapy.

Unexpectedly, the platelet count, which was negatively
correlated with an elevated AFP level in the retrospective
study, decreased after the lifestyle intervention. We assume
that the reduction of the platelet count reflects an improve-
ment in systemic inflammation, a key feature of obesity and
DM (39). The adiponectin levels, which are inversely related
to adiposity, decreased slightly after the lifestyle interven-
tion, although the changes were not statistically significant.
Because the serum adiponectin levels are affected by hepatic
fibrosis, regardless of the cause of liver discase (40), the ef-
fects of lifestyle intervention on the serum adiponectin lev-
els in HCV-infected patients may differ from those observed
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Table 4. Patient Characteristics and Effects of the Lifestyle Interven-

tion on Clinical Characteristics

Baseline After p value

Males/females 115 - -
Age (years) 60 (37-71) - -
BMI (kg/m?) 25.9 (18.9-30.3) 25.0(17.8-29.2) <(.001
Alcohol intake, - -
none/occasionally/regularly 1361
History of IEN, yes/no o111 - -
Platelet count {x 10%/pL) 15.1 (10.5-23.7) 143 (8.1-20.6) 0.026
AST (1U/L) 45 (20-155) 42 (18-202) 0.251
ALT (IU/L) 34 (18-227) 44 {15-266) 0173
v-GTP (1U/L) 43 (11-137) 35 (11-110) 0.040
Total cholesterol (mg/dL) 172 (121-221) 163 (117-209) 0.042
Triglyceride (mg/dL) 108 (48-230) 87 (33-238) 0.008
HDLAC (mg/dL) 42 (24-73) 40 (29-75) 0.419
Uric acid (mg/dL) 5.8(2.9-8.9) 5.8 (3.0-8.5) 0.337
Creatinine (mg/dL) 0.77 {0.46-0.98) 0.75 (0.40-0.93) 0.025
Total protein (g/dL) 7.5{6.8-8.6) 73(6.3-8.8) 0.006
Albumin (g/dL) 4.2(3.5-4.9) 4.1(3.2-4.5) 0.004
FPG (mg/dL) 101 (85-110) 89 (73-107) < {.001
2-h glucose (mg/dL) 140 (89-305) 120 (78-202) 0.130
FSI (uU/mL) 13 (9-18) 9(6-21) 0.001
2-h insulin (uU/mL) 88 (31-227) 66 (18-189) 0.057
HOMA-IR 2.8{23-4.7) 1.9 (1.2-4.8) <0.001
WBISI 3.0(13-42) 42(1.4-7.8) <0.001
HOMA-B 135 (75-236) 127 (58-299) 0.737
Glucose tolerance, -
NGTAGT/DM 10/8/2 15/4/1 0.153
AFP (ng/mL) 7.5 (3.0-47.0) 7.0 (2.0-30.3) 0.002
Adiponectin {(pg/mL) 9.6 (1.9-20.7)" 8.6 (23-25.1)° 0463
Leptin {ng/mL) 9.0 (2.1-16.2)* 52(1.3-14.6)" 0.039
Leptin/adiponectin ratio 1.1 (0.2-4.9)° 1.5 (0.4-12.0)° 0.028
STNFR2 (pg/mL) 3170 (2010-5000)" 3050 (1600-5000)° 0.938
VEA (em?) 96 (31-220) 68 (12-159) 0.001
Liver histology

Inflammation: AO/AT/A2/IA3  0/12/7/1 - -

Fibrosis: FO/F1/F2/F3/F4 0/8/9/3/0 - -

Steatosis (%); < 5/5-30/2 30 10/872 - -

Values are medians (range) or number of patients, BML: body mass index, IFN:
interferon, AST: aspartate aminotransferase, ALT: alanine aminotransferase, y-GTP:
y-glutamy! transpeptidase, HDL-C: high-density lipoprotein cholesterol, FPG: fasting

plasma glucose, FSI: fasting serum insulin,

HOMA-IR: homeostasis model assessment

for insulin resistance, WBISI: whole-body insulin sensitivity index, HOMA-f:
homeostasis mode] assessment for B cell function, NGT: normal glucose tolerance, IGT:
impaired glucose tolerance, DM: diabetes mellitus, AFP: w-fetoprotein, sTNFR2:
soluble tumor necrosis factor receptor 2, VFA: visceral {at arca. *n=19, Ppe=18,
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Figure 3. Effects of the lifestyle intervention on the (A)

whole-body insulin sensitivity index and (B) serum o-fetopro-
tein level. AFP: o-fetoprotein, WBISI: whole-body insulin
sensitivity index

in healthy subjects.

Several reports have shown that reductions in the serum
AFP levels following IFN treatment in patients with CHC
can help to prevent the development of HCC, irrespective of
viral eradication (10, 11, 41). However, a large, randomized
controlled trial recently showed that long-term maintenance
peg-IFN therapy in patients with advanced CHC does not
prevent liver-related deaths and actually increases the overall
mortality, primarily due to non-liver-related causes (42).
Therefore, the long-term administration of IFN to prevent
HCC is not recommended in patients with advanced hepatic
fibrosis. In HCV-infected patients, we previously reported
that an increased BMI is associated with an increased risk of
HCC at a younger age (43) and that the occurrence of hy-
perglycemia after a glucose load is a significant risk factor
for the development of HCC (44). Taken together, it is
likely that improvements in systemic IR and/or glucose me-
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tabolism via appropriate lifestyle modification can help to
safely prevent hepatocarcinogenesis, even in patients with
advanced CHC.

One limitation of our study is that we did not measure the
fucosylated fraction of AFP (AFP-L3), an accepted specific
marker for HCC (45). Therefore, future studies should deter-
mine which fraction of AFP is decreased by lifestyle inter-
ventions. Another limitation is that we did not evaluate the
changes in alcohol intake after the lifestyle intervention.
Changes in alcohol intake may affect IR and the serum AFP
level.

In conclusion, this study showed that whole-body IR, an
elevated AST level and advanced fibrosis are independently
and directly correlated with an elevated AFP level in pa-
tients with CHC. We also found that lifestyle modification
can reduce the AFP level and whole-body IR. To our knowl-
edge, this is the first report to examine the relationship be-
tween the serum AFP level and systemic IR and to show
that lifestyle modification can reduce the serum AFP level.
Further prospective studies are needed to confirm whether
the reduction in the serum AFP level achieved via lifestyle
modification can prevent hepatocarcinogenesis in HCV-
infected patients.

The authors state that they have no Conilict of Interest (COI).
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Abstract

Background Although it has been reported that hepatitis
C virus (HCV) infection is associated with a significant
decline in health-related quality of life (HRQOL), the
underlying causes and mechanisms are still unknown.
Insulin resistance (IR) is recognized as a distinct aspect of
chronic HCV infection. Therefore, we attempted to identify
the factors including IR indices that are related to the
HRQOL of patients with chronic hepatitis C (CHC).
Methods One hundred and seventy-five CHC patients (91
female, 84 male, mean age, 56.4 years) not using antidia-
betic agents were included and underwent a 75-g oral
glucose tolerance test (OGTT) and completed a self-
administered HRQOL questionnaire, the Short Form 36
(SF-36), which is a well-validated questionnaire for
assessing general QOL. Scale scores were standardized and
summarized into physical and mental component summary
(PCS and MCS). We investigated which clinical parame-
ters, including homeostasis model assessment of insulin
resistance (HOMA-IR), were associated with decline in
PCS and MCS scores in CHC patients.

Results There were no significant differences in clinical
parameters between high and low MCS, but there were
significant differences in age, sex, hemoglobin, liver
fibrosis, OGTT pattern, and HOMA-IR between high and
low PCS. Multivariate analysis showed that HOMA-IR >2
was independently associated with lower PCS (OR 2.92,
p <0.01).
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Conclusions Our results suggest that impairment of
HRQOL, especially physical domains, in CHC patients is
associated with IR.

Keywords Chronic hepatitis C - Health-related quality of
life - Insulin resistance

Introduction

Chronic hepatitis C virus (HCV) infection is currently a
major health problem that is estimated to affect 170 million
people worldwide [1]. In a significant proportion of
patients, infection leads to liver cirrhosis with potential
complications, including impaired liver function, portal
hypertension, and/or hepatocellular carcinoma. In addition
to these serious complications, several studies have indi-
cated that chronic HCV infection might be associated with
considerable impairment of health-related quality of life
(HRQOL) regardless of the disease stage [2-6]. However,
the precise mechanism of decreased HRQOL in chronic
hepatitis C (CHC) patients has not been elucidated,
although there are some reports indicating an association
with the degree of fibrosis, sex or age [7, 8].

Insulin resistance (IR) in CHC patients is often estab-
lished early in the course of infection, and related to
hepatic steatosis and fibrosis [9-11]. Regarding the mech-
anism of IR associated with HCV infection, Kawaguchi
et al. [12] have reported that HCV core region can directly
evoke downregulation of hepatic insulin receptor substrate
(IRS)-1 and IRS-2. Moreover, Shintani et al. [13] have
demonstrated using HCV core gene transgenic mice that
tumor necrosis factor (TNF)-a induced by HCV infection
can suppress insulin-induced tyrosine phosphorylation of
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IRS-1. Recent estimates have indicated that 30-70 % of
patients with CHC display some evidence of IR [14, 15].

Therefore, the aim of this study was to investigate the
relationship between HRQOL in CHC patients and clinical
parameters focused on IR using the 36-item Short Form
Health Survey (SF-36) [16].

SF-36 is a widely used self-administered questionnaire
designed for use in clinical practice and research, health
policy evaluations, and general population surveys. It has
demonstrated consistently high reliability and validity in a
variety of patient populations including CHC [2-4, 6-8,
16-20]. Although there are several questionnaires, such as
Chronic Liver Disease Questionnaire (CLDQ) [21], Liver
Disease Symptom Index (LDSI) [22], and Liver Disease
Quality of Life (LDQOL) [23] for evaluation of QOL in
chronic liver disease patients, we used SF-36 as a non-
specific questionnaire to compare HRQOL in CHC patients
with that in the general population.

Patients and methods
Study population

We included 190 consecutive patients with CHC diagnosed
by HCV antibody test and polymerase chain reaction, who
attended Saga Medical School Hospital between January
2005 and December 2008. They were not taking, or had not
recently (within 6 months) taken, any antiviral medication.
Patients were excluded if they fulfilled the following cri-
teria: (1) hepatitis B virus surface antigen positivity; (2)
autoimmune liver disease, alcoholic liver disease (20 g/day
alcohol), and/or medication-associated liver damage; (3)
taking insulin-sensitizing or antidiabetic medication; and
(4) extremity disorders, and/or other significant problems
including chronic renal and heart failure. These criteria led
to exclusion of 15 patients, which left 175 who were eli-
gible for inclusion. Liver biopsy was performed in 162 of
the 175 patients (within 12 months of the study). All 175
patients gave informed consent, and the study was
approved by the ethics committee of Saga Medical School
in accordance with the Declaration of Helsinki (approved
ID number: 2004-04-04 and 2007-04-02).

Assessment of HRQOL

HRQOL of CHC patients was assessed using the SF-36, a
36-item self-administered questionnaire encompassing eight
physical and mental health domains and two physical and
mental summary scales [24]. We used a Japanese-validated
version of SF-36, and the data of the present study were
compared to the Japanese normative sample score of SF-36
in 2966 individuals [25]. The eight subscales: physical

@ Springer

functioning (PF), role-physical (RP), bodily pain (BP), gen-
eral health (GH), vitality (VT), social functioning (SF), role-
emotional (RE) and mental health (MH), were calculated
from the questionnaires as described previously [26-28].
Patients completed SF-36, and the resulting scores were
transformed into a scale of 0 (worst possible score) to 100
(best possible score), as recommended by the questionnaire’s
originators. Physical and mental summary measures were
obtained from the sum scores of the corresponding subscales,
that is, PF, RP, BP and GH for the physical component
summary (PCS) and VT, SF, RE and MH for the mental
component summary (MCS). According to the recommen-
dations given in the manual, subscale scores were calculated
if at least half of the items on the respective scale were
answered. Transformation of the raw scores was performed
using Microsoft Excel (Redmond, WA, USA).

Clinical and laboratory assessments

All venous blood samples were taken after a 12-h overnight
fast. For the oral glucose tolerance test (OGTT), patients
ingested a solution containing 75 g glucose, and venous
blood samples were collected at 0, 30, 60, 90 and 120 min
for the measurement of plasma glucose and serum insulin
concentrations. Glucose was determined by a glucokinase
method and insulin was measured using a chemilumines-
cent enzyme immunoassay kit (Abbott Japan, Tokyo,
Japan). Glucose tolerance was categorized into 3 groups
according to the criteria of the World Health Organization
[29] as follows: (1) normal glucose tolerance (NGT; fasting
plasma glucose level <110 and 2-h plasma glucose level
<140 mg/dL); (2) impaired glucose tolerance (IGT; fasting
glucose level <126 mg/dL and 2-h glucose level >140 and
<200 mg/dL); and (3) diabetes mellitus (DM; fasting glu-
cose level =126 mg/dL or 2-h glucose level >200 mg/dL).

IR was evaluated by the homeostasis model assessment
of insulin resistance (HOMA-IR) method, which was cal-
culated as follows: HOMA-IR = fasting plasma glu-
cose x fasting serum insulin/405. Body mass index (BMI)
was calculated as kg/m®. Serum HCV-RNA levels were
identified by 2 different quantitative polymerase chain
reaction (PCR) assays: one was Amplicore HCV Monitor
version 2.0 and the other was COBAS Taq-Man HCV
Monitor Test (both Roche Diagnostics, Tokyo, Japan).
High viral load was defined as >100 kIU/mL by Ampli-
core method and >5.0 logIU/mL by Tag-Man method. The
HCV genotype was determined on the basis of the
sequence of the core region [30].

Liver histology

Percutaneous liver biopsy was performed under ultrasound
imaging within 12 months before SF-36. Histological
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hepatic fibrosis and inflammation were scored using the
METAVIR scoring system [31]. Grade of fibrosis was
classified from FO to F4, with varying degrees of fibrosis as
follows: FO, no fibrosis; F1, portal fibrosis without septa;
F2, portal fibrosis with rare septa; F3, numerous septa
without cirrhosis; and F4, cirrhosis. Based on the degree of
lymphocyte infiltration and hepatocyte necrosis, activity
was classified from AOQ to A3, with higher scores indicating
more severe inflammation.

Statistical analysis

Comparisons between groups were made using the Mann—
Whitney U test for continuous variables and the y* or
Fisher’s exact probability test for categorical data. Multi-
variate analysis was performed using logistic regression
analysis. Relationships between continuous variables were
analyzed by Pearson’s correlation coefficient test. Data are
expressed as mean & SD. P < 0.05 was considered sta-
tistically significant. All statistical analyses were per-
formed using SAS software (Cary, NC, USA).

Results
Patient characteristics

Clinical, biochemical, virological and histological charac-
teristics of all 175 CHC patients are summarized in
Table 1. Forty-four (25 %) patients were considered obese,
with BMI >25 kg/m?, and 64 (37 %) patients were eval-
uated for IR, with HOMA-IR >2. About one-third of the
patients showed abnormal glucose tolerance; with respect
to degrees of glucose tolerance, 67, 21 and 12 % of patients
showed NGT, IGT and DM, respectively. A large majority
of HCV was genotype 1b (76 %). Liver biopsy samples
were obtained from 162 patients, and 152 (94:4 %) indi-
cated minimal to moderate necroinflammatory activity,
although 10 patients had severe activity. Regarding fibrosis
in the biopsy samples, F1, F2, F3 and cirrhosis (F4) were
seen in 83 (51 %), 51 (31 %), 22 (14 %) and 6 (4 %)
patients, respectively. Liver biopsy was not performed in
the remaining 13 of the 175 patients because of refusal.
One woman had a low serum albumin level of 2.7 g/dL,
but her other hepatic function tests were well preserved,
such as 80 % of prothrombin activity and 1.5 mg/dL of
total bilirubin level. Therefore, we included her in this
study as compensated liver cirrhosis. One woman showed a
high serum level of total bilirubin of 2.7 mg/dL. However,
her liver histology showed a METAVIR fibrosis stage of
F2. Her indirect bilirubin level was 2.2 mg/dL; therefore,
we assumed that her bilirubinemia was constitutional

Table 1 Patient characteristics (n = 175)

n or mean + SD (range)

Age (years) 56.4 + 9.9 (24-74)

84/91

59.1 £ 9.5 (39.4-91.5)

23.0 + 2.9 (15.6-30.3)
44/131

5,031 £ 1,622 (2,400-15,900)
13.8 & 1.5 (9.4-17.8)

15.9 £ 5.1 (6.0-30.5)

4.1 + 0.3 (2.7-5.2)

1.0 & 0.3 (0.4-2.8)

Male/female
Body weight (kg)
BMI (kg/m?)

>25/<25
WBC (/uL)
Hemoglobin (g/dL)
Platelets (x 10%/pL)
Albumin (g/dL)
Total bilirubin (mg/dL)

AST (IU/L) 52 & 34 (15-233)
ALT (IU/L) 63 &+ 52 (9-395)
v-GT (IU/L) 52 4+ 52 (11-341)

Total cholesterol (mg/dL)
Fasting glucose (mg/dL)

173 £ 31 (94-263)
88.8 £+ 14.0 (68-220)

Fasting insulin (uU/mL) 8.7 + 5.3 (1.6-33.3)

HOMA-IR 1.9 + 1.2 (0.3-6.8)
>2/<2 64/111
OGTT pattern: NGT/IGT/DM 118/37/20
Viral load: high/low 165/8
HCV genotype: 1/2/unknown 133/38/4
Histology (n = 162)
Necroinflammatory: A1/A2/A3 93/59/10
Fibrosis: F1/F2/F3/F4 83/51/22/6

Data are expressed as mean =+ SD (range). Histological necroin-
flammation grade and fibrosis stage were scored according to the
METAVIR scoring system

AST aspartate aminotransferase, ALT alanine aminotransferase, BM/
body mass index, DM diabetes mellitus, y-GT gamma-glutamyl
transpeptidase, HOMA-IR homeostasis model assessment of insulin
resistance, /GT impaired glucose tolerance, NGT normal glucose
tolerance, OGTT oral glucose tolerance test, WBC white blood cell

jaundice, such as Gilbert disease. Therefore, we included
her in the F2 group.

Assessment of HRQOL

We compared the HRQOL scores in CHC patients in our
study with those in the Japanese normative sample, and
there was no difference except for evaluation of GH
(Fig. 1).

We evaluated factors associated with HRQOL scores in
CHC patients. Dividing PCS and MCS score into 2 groups
by each median score (PCS 57, MCS 46), univariate and
multivariate analysis were performed. Univariate analysis
showed that older age, female sex, low hemoglobin, high
fasting insulin level, high HOMA-IR value, and impaired
glucose tolerance were significant factors associated with
lower PCS. In contrast, there was no significant factor
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Fig. 1 SF-36 mean subscale scores in CHC patients. Dots are
Japanese normative sample mean scores. In physical and mental
component summary (PCS and MCS), mean score was 50, calculated
from Japanese normative sample scores. BP bodily pain, GH general
health, MH mental health, PF physical functioning, RE role-
emotional, RP role-physical, SF social functioning, VT vitality

associated with MCS (Table 2). Multivariate analysis after
adding fibrosis factor to the significant factors by univariate
analysis indicated that high HOMA-IR value was the only
significant factor associated with lower PCS (OR 2.92,
p < 0.01, 95 % CI 1.37-6.18) (Table 3).

Correlations between SF-36 subscale, PCS
and MCS scores and HOMA-IR

The correlation coefficients between eight subscales of SF-
36 and HOMA-IR are shown in Table 4. RP and GH scores
associated with PCS were strongly and negatively corre-
lated with HOMA-IR. Relationships between PCS, MCS
and HOMA-IR are shown by scatter plots (Fig. 2). PCS
had a negative correlation with HOMA-IR value (r =
—0.234, p = 0.018) (Fig. 2a); meanwhile, MCS was not
associated with HOMA-IR (r = 0.09, p = 0.48) (Fig. 2b).
Similar results were obtained for analysis of patients
(n = 152) excluding F4 stage fibrosis or DM pattern in
75 g OGTT, which might have influenced their HRQOL or
insulin resistance (Fig. 2¢ for PCS: r = —0.224, p = 0.02
and Fig. 2d for MCS: r = 0.084, p = 0.58).

Discussion

This cross-sectional study regarding HRQOL of Japanese
CHC patients indicated that the impairment of the physical
aspect of HRQOL was significantly related to IR evaluated
by HOMA-IR, but was not associated with the demo-
graphic factors, inflammatory activity, fibrosis stage or
viral factors.

IR or abnormal glucose metabolism are known to be
clinical characteristics of HCV-infected patients [9-13].
Previous reports have indicated that eradication of HCV by

@ Springer

interferon (IFN) therapy improves IR [32] and HRQOL
scores [33, 34]. We have previously shown that sustained
viral disappearance induced by IFN treatment improves
systemic as well as hepatic insulin sensitivity, and
decreases serum levels of soluble TNF receptor [35].
Lecube et al. [36] have demonstrated that serum levels of
proinflammatory cytokines in CHC patients are higher than
those in patients with chronic liver disorder due to other
causes. Moreover, it has also been reported that the levels
of circulating inflammatory cytokines such as interleukin
(IL)-1, IL-6, IL-8 and TNF-o are related to fatigue in
patients with acute myelogenous leukemia and myelodys-
plastic syndrome [37]. Judging from these reports, we
assume that HCV infection increases systemic IR and
production of inflammatory cytokines, which lead to
impairment of HRQOL.

However, the limitation of this study was that there was
no comparison of the relationship of QOL with IR between
CHC and other chronic liver disease patients, including
hepatitis B or fatty liver disease, and no data regarding
inflammatory cytokines in the present study. A previous
study has indicated that there was a significant association
between declined physical functioning and elevated
HOMA-IR in the general elderly population, not related to
HCYV or liver disease [38]. Therefore, we cannot conclude
whether the association of HRQOL and IR is characteristic
of HCV-infected patients, and whether it is mediated via
cytokines. It should be clarified whether this association is
dependent on disease etiology.

Our study indicated that IR was only associated with the
physical component of HRQOL and not with the mental
component. Meanwhile, Tillman et al. [39] have reported
that MCS of SF-36, but not PCS, in CHC patients was
significantly lower than that in patients with non-HCV liver
disease such as chronic hepatitis B, primary biliary cir-
rhosis, primary sclerosing cholangitis, and autoimmune
hepatitis. Although that study had some differences in age,
race and the setting of the control group from our study,
these are not enough to explain the discrepancies in the
results. Bonkovsky et al. [7] have reported that there is a
significant difference in BMI between high and low scores
of PCS but not MCS in CHC patients. Moreover, a sys-
tematic review has indicated that PCS in CHC patients with
sustained virological response by IFN treatment was
improved [40]. These reports support our results. At pres-
ent, however, it is controversial which component, mental
and/or physical, in QOL is impaired by HCV infection.

The causal relationship between HRQOL and IR
remains largely speculative because our study was cross-
sectional. Although it has been reported that glucose
intolerance or high plasma glucose level might cause weak
muscle strength and impair physical function [41], it is
possible that impairment of physical aspects influences IR.
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Table 2 Univariate analysis of factors associated with PCS and MCS
PCS MCS
<57 (n = 89) >57 (n = 86) p value <46 (n = 89) >46 (n = 86) p value

Age (years) 581 +93 54.6 + 10.3 0.02 556 +£9.5 572 4+ 10.1 0.26
Male/female 35/54 49/37 0.02 41/48 43/43 0.60
Body weight (kg) 593 £95 589 + 9.6 0.83 588 +£9.2 59.7 £ 9.8 0.47
BMI (kg/mz) 233+ 3.0 227 £ 2.8 0.16 22.8 £29 231 +29 0.45
WBC (/uL) 5,124 & 1,990 4,932 4 1,100 0.74 4,998 + 1,881 5,065 + 1,322 0.20
Hemoglobin (g/dL) 13.6 £2.2 14.0 £ 2.1 0.04 13.8 £2.0 138+ 1.4 0.67
Platelets (x10%/pL) 156 £52 16.2 £ 5.0 0.45 164 £52 154 +£ 5.0 0.17
Albumin (g/dL) 4.1+ 0.36 41+04 0.43 4.1 £ 037 4.1+ 039 0.07
Total bilirubin (mg/dL) 0.9 £ 0.30 0.9 £+ 0.35 0.47 0.9 + 0.35 1.0 + 0.29 0.05
AST (IU/L) 53 4+ 33 52 &£ 35 0.84 51 £ 31 54 £ 37 0.53
ALT (IU/L) 61 443 65 % 61 0.62 62 £ 56 64 £ 49 0.86
¥-GT (TU/L) 50 + 52 54 + 54 0.61 48 + 50 56 + 55 0.32
Total cholesterol (mg/dL) 175 4+ 31 172 £ 31 0.54 177 £ 31 170 + 30 0.19
Fasting glucose (mg/dL) 89.8 + 16.8 87.7 + 10.3 0.36 874 +£94 90.1 & 17.5 0.50
Fasting insulin (pU/mL) 9.7 £ 6.1 7.7 £ 4.0 0.009 9.3 +6.2 8.1+ 4.1 0.50
HOMA-IR 21+13 1.6+ 1.0 0.001 19+£13 1.8 £ 1.0 0.37
OGTT pattern: NGT/IGT + DM 53/36 65/21 0.02 59/30 59/27 0.74
Viral load: high/low 83/5 82/3 0.50 83/6 82/2 0.16
HCV genotype: 1/2 66/21 67/17 0.79 64/23 69/15 0.26
Histology

Al/A2,3 41/36 52/30 0.19 47/32 46/34 0.80

F1,2/F3,4 62/18 72/10 0.08 68/13 66/15 0.67

Data are presented as mean =+ SD. PCS was divided into 2 groups by median value: PCS <57 and PCS >57. MCS was divided into 2 groups by

median value: MCS <46 and MCS >46

AST aspartate aminotransferase, ALT alanine aminotransferase, BMI body mass index, DM diabetes mellitus, y-GT gamma-glutamyl trans-
peptidase, HOMA-IR homeostasis model assessment of insulin resistance, /GT impaired glucose tolerance, NGT normal glucose tolerance, OGTT

oral glucose tolerance test, WBC white blood cell

Table 3 Multivariate analysis of factors associated with decline in
physical component summary in CHC patients

Table 4 Correlation coefficient between eight subscale scores of
SF-36 (PF, RP, GH, VT, SF, RE, MH) and HOMA-IR

PCS <57 Correlation coefficient p value
OR p value 95 % CI PF —0.143 0.06
Age >60 years 1.87 0.07 093378 RP —0.252 0.0007
Sex: female 1.53 033 0.64-368 BP —0.093 02
Liver fibrosis: F3-4 122 0.68 046-325 CH —0.258 0.0005
IGT + DM 1.78 0.13 082-382 VT —0.110 0.1
Hemoglobin <14 171 023 0.70-4.14  SF ‘ —0.158 0.04
HOMA-IR >2 2.92 <0.01 137-6.18 RE —0.181 0.02
MH ~0.076 03

DM diabetes mellitus, HOMA-IR homeostasis model assessment of
insulin resistance, /GT impaired glucose tolerance

Longitudinal studies are needed to verify the detailed
mechanism of this relationship.

The present study failed to demonstrate the difference in
HRQOL defined by SF-36 scores between healthy indi-
viduals and CHC patients, except for general health score.
This result was different from previous studies that have

BP bodily pain, GH general health, MH mental health, PF physical
functioning, RE role-emotional, RP role-physical, SF social func-
tioning, VT vitality

indicated that CHC patients have a diminished HRQOL
compared with healthy controls across all SF-36 scores [2—
6]. The reason for this discrepancy is outlined below. First,
almost all the patients were willing to visit our tertiary
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Fig. 2 Correlations between
physical component summary
(PCS) score and homeostasis
model assessment of insulin
resistance (HOMA-IR) (a, ¢).
Correlations between mental
component summary (MCS)
score and HOMA-IR (b, d).
PCS was associated with
HOMA-IR in all patients
(ar=-0.234, p = 0.018 by

PCS

Pearson’s correlation coefficient
test) and in those excluding F4
stage fibrosis or diabetes
mellitus (DM) pattern in 75 g
OGTT (¢, r = —0.224,

p = 0.02). MCS was not
associated with HOMA-IR in all
patients (b r = 0.09, p = 0.48)
and in those excluding F4 stage
fibrosis or DM pattern in 75 g
OGTT (d r = 0.084, p = 0.58)

PCS

hospital for IFN treatment in the future, so their QOL
might be better than that in the general HCV-infected
patients. Second, a previous large cross-sectional survey of
unselected HCV-positive patients contained many with low
household income, untreated diabetes, or a history of
intravenous drug use, which were shown to be independent
predictors of reduced HRQOL [42]. Our study did not
include such patients.

Previous reports suggest that advanced liver fibrosis,
especially cirrhosis, is strongly associated with decline of
QOL [7, 8]. In the present study, we could not find a sig-
nificant difference in HRQOL score between mild (FO-F2)
and severe (F3, F4) fibrosis. However, we cannot deny the
association between QOL and liver fibrosis, because our
result might have been due to the small number of cases of
liver cirrhosis (n = 6). Liver fibrosis evokes IR, therefore,
further studies are necessary to elucidate the relationship
between fibrosis and IR and QOL.

In conclusion, this study shows that diminished
HRQOL, especially physical domains, in CHC patients is
associated with IR. Improvement in IR due to weight
reduction by diet and/or exercise, or using insulin sensi-
tizers, might improve HRQOL in CHC patients, following
good adherence to IFN treatment, although the relationship
between IR and HRQOL warrants further exploration.

Acknowledgments The authors would like to thank Ms Yukie
Watanabe, Ms Chieko Ogawa, and all the medical staff at Saga
Medical School Hospital for their assistance and excellent advice.

@ Springer

HOMA-IR

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

References

1. Shepard CW, Finelli L, Alter MJ. Global epidemiology of hep-
atitis C virus infection. Lancet Infect Dis. 2005;5:558-67.

2. Foster GR, Goldin RD, Thomas HC. Chronic hepatitis C virus
infection causes a significant reduction in quality of life in the
absence of cirrhosis. Hepatology. 1998;27:209-12.

3. Rodger AJ, Jolley D, Thompson SC, Lanigan A, Crofts N. The
impact of diagnosis of hepatitis C virus on quality of life.
Hepatology. 1999;30:1299-301.

4. Kramer L, Bauer E, Funk G, Hofer H, Jessner W, Steindl-Munda
P, et al. Subclinical impairment of brain function in chronic
hepatitis C infection. J Hepatol. 2002;37:349-54.

5. Strauss E, Dias Teixeira MC. Quality of life in hepatitis C. Liver
Int. 2006;26:755-65.

6. Younossi Z, Kallman J, Kincaid J. The effects of HCV infection
and management on health-related quality of life. Hepatology.
2007;45:806-16.

7. Bonkovsky HL, Snow KK, Malet PF, Back-Madruga C, Fontana
RJ, Sterling RK, et al. Health-related quality of life in patients
with chronic hepatitis C and advanced fibrosis. J Hepatol.
2007;46:420-31.

8. Teuber G, Schifer A, Rimpel J, Paul K, Keicher C, Scheurlen M,
et al. Deterioration of health-related quality of life and fatigue in
patients with chronic hepatitis C: association with demographic
factors, inflammatory activity, and degree of fibrosis. J Hepatol.
2008;49:923-9.

9. Petit JM, Bour JB, Galland-Jos C, Minello A, Verges B, Guiguet
M, et al. Risk factors for diabetes mellitus and early insulin
resistance in chronic hepatitis C. J Hepatol. 2001;35:279-83.

— 326 —



J Gastroenterol (2014) 49:317-323

323

10.

11.

12.

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

Hui JM, Sud A, Farrell GC, Bandara P, Byth K, Kench JG, et al.
Insulin resistance is associated with chronic hepatitis C virus
infection and fibrosis progression. Gastroenterology. 2003;125:
1695-704.

Camma C, Bruno S, Di Marco V, Di Bona D, Rumi M, Vinci M,
et al. Insulin resistance is associated with steatosis in nondiabetic
patients with genotype 1 chronic hepatitis. Hepatology.
2006;43:64-71.

Kawaguchi T, Yoshida T, Harada M, Hisamoto T, Nagao Y, Ide
T, et al. Hepatitis C virus down-regulates insulin receptor sub-
strates 1 and 2 through up-regulation of suppressor of cytokine
signaling 3. Am J Pathol. 2004;165:1499-508.

Shintani Y, Fujie H, Miyoshi H, Tsutsumi T, Tsukamoto K,
Kimura S, et al. Hepatitis C infection and diabetes: direct
involvement of the virus in the development of insulin resistance.
Gastroenterology. 2004;126:840-8.

Shaheen M, Echeverry D, Oblad MG, Montoya MI, Tekleha-
imanot S, Akhtar AJ. Hepatitis C, metabolic syndrome, and
inflammatory markers: results from the Third National Health and
Nutrition Examination Survey [NHANES III]. Diabetes Res Clin
Pract. 2007;75:320-6.

Imazeki F, Yokosuka O, Fukai K, Kanda T, Kojima H, Saisho H.
Prevalence of diabetes mellitus and insulin resistance in patients
with chronic hepatitis C: comparison with hepatitis B virus-
infected and hepatitis C virus-cleared patients. Liver Int.
2008;28:355-62.

Ware JE, Snow KK, Kosinski M, Gandek B. SF-36 Health Survey
Manual and Interpretation Guide. Boston: The Health Institute,
New England Medical Center; 1993.

Stewart AL, Hays RD, Ware JE Jr. The MOS short-form general
health survey. Reliability and validity in a patient population.
Med Care. 1988;26:724-35.

. Ware JE, Sherboume CD. The MOS 36-item short-form hkea]th

survey (SF-36): 1. Conceptual framework and item selection. Med
Care. 1992;30:473-83.

McHomey CA, Ware JE, Raczek AE. The MOS 36-item short-
form health survey: II. Psychometric and clinical tests of validity
in measuring physical and mental health constructs. Med Care.
1993;31:247-63.

McHorney CA, Ware JE Jr, Lu JF, Sherbourne CD. The MOS
36-item Short-Form Health Survey (SF-36): III. Tests of data
quality, scaling assumptions, and reliability across diverse patient
groups. Med Care. 1994;32:40-66.

Younossi ZM, Guyatt G, Kiwi M, Boparai N, King D. Devel-
opment of a disease specific questionnaire to measure health
related quality of life in patients with chronic liver disease. Gut.
1999;45:295-300.

Van der Plas SM, Hansen BE, De Boer JB, Stijnen T, Passchier J,
De Man RA, et al. The Liver Disease Symptom Index 2.0; val-
idation of a disease-specific questionnaire. Qual Life Res.
2004;13:1469-81.

Gralnek IM, Hays RD, Kilbourne A, Rosen HR, Keeffe EB,
Artinian L, et al. Development and evaluation of the Liver Dis-
ease Quality of Life Instrument in persons with advanced, chronic
liver disease—the LDQOL 1.0. Am J Gastroenterol. 2000;95:
3552-65.

Ware JE, Kosinski M, Keller SD. SF-36 Physical and Mental
Summary Scales: a user’s manual. Boston: The Health Institute,
New England Medical Center; 1994.

Fukuhara S, Suzukamo Y. Manual of SF-36v2 Japanese version:
Institute for Health Outcomes and Process Evaluation Research,
Kyoto; 2004.

Aaronson NK, Acquadro C, Alonso J, Apolone G, Bucquet D,
Bullinger M, et al. International quality of life assessment
(IQOLA) project. Qual Life Res. 1992;1:349-51.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Ware JE Jr, Gandek B. Overview of the SF-36 Health Survey and
the International Quality of Life Assessment (IQOLA) Project.
J Clin Epidemiol. 1998;51:903-12.

Fukuhara S, Bito S, Green J, Hsiao A, Kurokawa K. Translation,
adaptation and validation of the SF-36 Health Survey for use in
Japan. J Clin Epidemiol. 1998;51:1037-44.

Alberti KG, Zimmer PZ. Definition, diagnosis and classification
of diabetes mellitus and its complications Part 1: diagnosis and
classification of diabetes mellitus provisional report of a WHO
consultation. Diabetes Med. 1998;15:539-53.

Ohno O, Mizokami M, Wu RR, Saleh MG, Ohba K, Orito E,
et al. New hepatitis C virus (HCV) genotyping system that allows
for identification of HCV genotypes la, 1b, 2a, 2b, 3a, 3b, 4, 5a,
and 6a. J Clin Microbiol. 1997;35:201-7.

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.

Conjeevaram HS, Wahed AS, Afdhal N, Howell CD, Everhart JE,
Hoofnagle JH, Virahep-C Study Group. Changes in insulin sen-
sitivity and body weight during and after peginterferon and
ribavirin therapy for hepatitis C. Gastroenterology. 2011;140:
469-77.

Bonkovsky HL, Woolley JM. Reduction of health-related quality
of life in chronic hepatitis C and improvement with interferon
therapy. The Consensus Interferon Study Group. Hepatology.
1999;29:264-70.

Hassanein T, Cooksley G, Sulkowski M, Smith C, Marinos G, Lai
MY, et al. The impact of peginterferon aifa-2a plus ribavirin
combination therapy on health-related quality of life in chronic
hepatitis C. J Hepatol. 2004;40:675-81.

Kawaguchi Y, Mizuta T, Oza N, Takahashi H, Ario K, Yo-
shimura T, et al. Eradication of hepatitis C virus by interferon
improves whole-body insulin resistance and hyperinsulinaemia in
patients with chronic hepatitis C. Liver Int. 2009;29:871-7.
Lecube A, Herndndez C, Genesca J, Simé R. Proinflammatory
cytokines, insulin resistance, and insulin secretion in chronic
hepatitis C patients: a case—control study. Diabetes Care. 2006;29:
1096-101.

Meyers CA, Albitar M, Estey E. Cognitive impairment, fatigue,
and cytokine levels in patient with acute myelogenous leukemia
or myelodysplastic syndrome. Cancer. 2005;104:788-93.
Schlotz W, Ambery P, Syddall HE, Crozier SR, Sayer AA,
Cooper C, et al. Specific associations of insulin resistance with
impaired health-related quality of life in the Hertfordshire Cohort
Study. Qual Life Res. 2007;16:429-36.

Tillmann HL, Wiese M, Braun Y, Wiegand J, Tenckhoff S,
Mossner J, et al. Quality of life in patients with various liver
diseases: patients with HCV show greater mental impairment,
while patients with PBC have greater physical impairment.
J Viral Hepat. 2011;18:252-61.

Spoegel BM, Younossi ZM, Hays RD, Revicki D, Robbins S,
Kanwal F. Impact of hepatitis C on health related quality of life: a
systemic review and quantitative assessment. Hepatology. 2005;41:
790-800.

Sayer AA, Dennison EM, Syddall HE, Gilbody HJ, Phillips DI,
Cooper C. Type 2 diabetes, muscle strength, and impaired
physical function: the tip of the iceberg? Diabetes Care.
2005;28:2541-2.

Helbling B, Overbeck K, Gonvers JJ, Malinverni R, Dufour JF,
Borovicka J, et al. Host-rather than virus-related factors reduce
health-related quality of life in hepatitis C virus infection. Gut.
2008;57:1597-603.

@ Springer

— 327 —



Cellular Signalling 26 (2014) 603-610

. Contents lists available at ScienceDirect
i : L Cellular
Signalling

;'C‘ellu‘lar Slgnallmg - .

journal homepage: www.elsevier.com/locate/cellsig

Control of a tumor suppressor PDCD4: Degradation mechanisms of the
protein in hepatocellular carcinoma cells

3 CrossMark

Sachiko Matsuhashi **, Hiroshi Hamajima ™', JingHe Xia ?, Hao Zhang €, Toshihiko Mizuta ?,
Keizo Anzai , Iwata Ozaki *¢

2 Department of Internal Medicine, Saga Medical School, Saga University, Japan

® Organization for Cooperation with Industry and Regional Community, Saga University, Japan

© Department of Surgery, First Affiliated Hospital, China Medical University, Shenyang, People's Republic of China
@ Health Administration Centre, Saga Medical School, Saga University, Saga 849-8501, Japan

ARTICLE INFO ABSTRACT

Article history:

Received 17 August 2013

Received in revised form 29 November 2013
Accepted 29 November 2013

Available online 12 December 2013

In this study, we demonstrate that EGF inhibits the TGF-31-induced apoptosis of Huh7 cells. TGF-31 up-regulates
the expression of PDCD4 causing apoptosis, by stimulating the synthesis of PDCD4 mRNA via the Smad signaling
pathway. TGF-31 also inhibits the activation of S6 kinase 1 which phosphorylates the serine 67 residue of PDCD4
and leads to the phosphorylation of serine 71 and serine 76 in the B-TRCP binding sequence. This phosphorylation
sequence causes the protein to be degraded in the ubiquitin-proteasome system. EGF activates S6 kinase 1 via the
PI3K-Akt-mTOR signaling pathway and stimulates the degradation of PDCD4. EGF also suppresses PDCD4 mRNA

ggr:words. levels. As the mTOR inhibitor rapamycin up-regulated PDCD4 mRNA levels, the PI3K-Akt-mTOR signaling pathway
TGF-p1 may control the transcription of the PDCD4 gene as well as the degradation of the protein. TPA also inhibited the
TPA TGF-B1-induced apoptosis of Huh7 cells, stimulating the degradation of the PDCD4-protein. Analyses using
PDCD4 PDCD4 mutants with changes of serines 67, 71 and 76 to alanine revealed that the phosphorylation of serine 67
Apoptosis is not essential for the TPA-induced suppression of the protein. The mitogens could not suppress the PDCD4-

Huh7 hepatoma cells mutant proteins with changes of serine 71 and/or serine 76 to alanine, however, indicating that phosphorylations

at these residues are necessary for the proteasome-mediated degradation of PDCD4. The phosphor-mimic S71/D
and S76/D mutants were able to be degraded in the ubiquitin-proteasome system unlike the mutants with changes
of serine to alanine. The expression of $71/D mutant was suppressed with EGF but that of $76/D mutant was not

indicating that at least partly the phosphorylation of both sites was mediated by different enzymes.

© 2013 Elsevier Inc. All rights reserved.

1. Introduction

It is widely known that transforming growth factor-31 (TGF-81)
induces apoptosis in hepatocytes and in some hepatoma cell lines.
Epidermal growth factor (EGF) is a potent growth factor for hepatocytes
that inhibits the apoptosis induced by TGF-B1 {1-3]. We previously
demonstrated that the expression of the programmed cell death 4
(PDCD4) gene increases in cultured hepatoma cells exposed to TGF-31
and that ectopic PDCD4 over-expression induces such cells to undergo
apoptosis [4]. These observations suggest that the induction of
apoptosis by TGF-B1 is mediated by PDCD4. We observed both cellular
changes and the localization of PDCD4 in the cytoplasm and nucleus
when it is introduced to a hepatoma cell line. We further demonstrated
that PDCD4 expression in the nucleus, associated with nuclear
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University, Saga 849-8501, Japan. Tel.: 481 952 34 2362.
E-mail address: matsuha2@edu.cc.saga-u.acjp (S. Matsuhashi).
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fragmentation, DNA ladders and apoptosis. These results confirmed
that PDCD4 induces apoptosis in hepatoma cells [4].

The PDCD4 gene is so named because its expression is increased
when apoptosis is induced [4,5]. Currently, this gene is considered a
tumor suppressor gene that has the ability to inhibit carcinogenesis
[6,7]. PDCD4 has a nuclear localization signal (NLS) at both its N and C
termini. In the central region of the protein, two MA3 domains exist
that are homologous to the M1 domain of elF4G protein synthesis initi-
ation factor [8,9]. At the molecular level, PDCD4 has been reported to
inhibit cap-dependent translation by binding its MA3 domain to elF4A,
another translation initiation factor. PDCD4 also inhibits the transcrip-
tion of certain genes inhibiting the activation of Ap-1, a transcription
factor that promotes cell proliferation [10,11]. PDCD4 also suppresses
invasion and metastasis [12-14]. Regarding apoptosis, PDCD4 is
known to activate the caspase cascade by activating Bax and to release
cytochrome C from the mitochondria, although the pathway of Bax
activation has yet to be elucidated [4]. Recently, it has been reported
that PDCD4 knockdown also induces apoptosis [15].

We have investigated the expression levels and significance of
PDCD4 in hepatoma cells. Measurements of PDCD4-protein amounts
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were made in human hepatoma specimens using the Western blot tech-
nique. In all 10 of the subjects examined, the results showed decreased
PDCD4 expression in cancer cells compared with non-cancer cells [4].
PDCD4 expression was also shown to be decreased in many other
tumor tissues [16,17] via several different control mechanisms: the
methylation of CpG islands suppresses its transcription [18], miRNAs
(particularly miRNA 21) inhibit its translation [19] and mitogens stimu-
late the degradation of PDCD4-protein [20-22].

The PDCD4-protein is phosphorylated at serine 67 by S6 kinase1
which is initiated by the serum-activated Akt-mTOR signaling pathway,
and PDCD4 can be further phosphorylated at serine 71 and serine 76,
ubiquitinated and ultimately degraded in a proteasome [21]. Previously,
we demonstrated that both TPA and EGF inhibit TGF-B1-induced
apoptosis, suppressing the expression of PDCD4 in Huh7 hepatoma
cells. We also suggested that in TPA treatments, either PKC-§ and -€ or
another member of their signaling pathway associates with and phos-
phorylates the PDCD4-protein, leading to its degradation via the ubiqui-
tin-proteasome system [23]. It is not completely clear, however, which
mechanisms are involved in inhibiting the TGF-B1-induced apoptosis
that is mediated by mitogens.

In this study, we investigate the mechanisms involved in the inhibi-
tion of TGF-R1-induced apoptosis and the suppression of PDCDA4 that is
carried out by mitogens.

2. Materials and methods
2.1. Cell culture and apoptosis assay

The human hepatoma cell line Huh7 was obtained from the Japanese
Cancer Research Resources Bank (Osaka, Japan). The cells were cultured
and maintained in Dulbecco's Modified Eagle's Medium (DMEM)
(Sigma-Aldrich, St. Louis, MO, USA) containing 10% fetal bovine serum
(FBS) in 5% CO, at 37 °C. To assay the TGF-R1-induced apoptosis and
the pro-apoptotic signals, 5 x 10° cells were seeded in 60 mm dishes
and cultured for 48 h. Then, the culture medium was replaced with
a fresh medium containing 5 ng/ml TGF-B1. The cell samples were
collected at 6, 12, 24 and 48 h.

For the apoptosis assay, cells were stained with Hoechst 33342
(Wako, Osaka, Japan), and apoptotic nuclei were counted under micros-
copy as previously described [4].

2.2. Reagents

The growth factors used were EGF and TGF-B1 (R&D Systems, Min-
neapolis, MN, USA). The PKC activator 12-O-tetradecanoylphorbol-13-
acetate (TPA) was purchased from Sigma-Aldrich. The protein kinase
inhibitors, rapamycin, LY294002, wortmannin, Ro-31-8425, SB203580,
PD98059 and SP600125 were the products of Calbiochem (San Diego,
CA, USA). The proteasome inhibitor MG132 was also obtained from
Calbiochem.

The anti-PDCD4 antibody was prepared against the N-terminal 15
amino acid sequences of the protein in a rabbit as previously described
[4]. The anti-Bax antibody (P-19) and anti-cytochrome C antibody (H-
104) were obtained from Santa Cruz Biotechnology (Santa Cruz, CA,
USA). The anti-caspase-3, anti-caspase-8 and anti-caspase-9 antibodies
were products of Cell Signaling Technology, Inc. (Beverly, MA, USA).
Anti-Akt, p-Akt (S473), S6 kinase 1 and p-S6 kinase 1 (T389) antibodies
were also obtained from Cell Signaling Technology Inc.

2.3. Preparation of pTK-EGFP-N1-PDCD4 and PDCD4 mutant (pTK-EGFP-
N1-PDCD4mts) plasmids

A TK-promoter sequence was amplified by PCR using a pRL-TK
vector (Promega, Madison, WI, USA) as the template and primers TK-
1 (ATT AAT AAA TGA GTC TTC GGA CCT CGC GGG) and TK-2 (GCT
AGC TTA AGC GGG TCG CTG CAG GGT CGC). That sequence was

conjugated to the pT7Blue T-vector (Merck4Biosciences, Dermstadt,
Germany) to create pT7Blue-TK-promoter. Separately, a pEGFP-N1-
PDCD4 plasmid was prepared by conjugating PDCD4 to the N-terminal
of EGFP in the pEGFP-N1 vector (Clontech, Laboratories Inc., Palo Alto,
CA, USA). Then, the TK-promoter sequence was cut from the pT7Blue-
TK-promoter vector using the Ase1 and Nhe1 restriction enzymes and
conjugated to the Asel and Nhel sites of pEGFP-N1-PDCDA4 to create
the pTK-EGFP-N1-PDCD4 plasmid which contained the TK-promoter
rather than the CMV-promoter. We used this plasmid and the Quik-
Change site-directed mutagenesis kit (Aligent Technologies, Santa
Clera, CA, USA) according to the manufacturer's protocol to create the
plasmids pTK-EGFP-N1-PDCD4-mt67 (S67/A), pTK-EGFP-N1-PDCD4-
mt71 (S71/A) and pTK-EGFP-N1-PDCD4-mt76 (S76/A), in which either
serine 67, 71 or 76 of PDCD4 was replaced with alanine, respectively.
The primers that were used for the replacement of serine 67 with ala-
nine (S67/A) were S67A-1 (CTA AGG AAA AAC GCA TCC CGG GAC)
and S67A-2 (GTC CCG GGATGC CTT TTT CCT TAG):those used for the re-
placement of serine 71 with alanine (S71/A) were S71A-1 (CAT CCC
GGG ACG CTG GCA GAG GCG) and S71A-2 (CGC CTC TGC CAG CGT
CCCGGG ATG): and those used for the replacement of serine 76 with al-
anine (S76/A) were S76A-1 (GGC AGA GGC GAT GCG GTC AGC GAC) and
S76A-2 (GTC GCT GAC CGC ATC GCC TCT GCC). The above methods used
for the replacement of serine with alanine were also used for the prep-
aration of the plasmids pTK-EGFP-N1-PDCD4mt67D(S67/D), pTK-
EGFP-N1-PDCD4mt71D(S71/D) and pTK-EGFP-N1-PDCD4mt76D(S76/
D) in which either serine 67, 71 or 76 of PDCD4 was replaced with
aspartic acid (D), respectively. The primers S67D-1 (CTA AGG AAA
AAC GAT TCC CGG GAC) and S67D-2 (GTC CCG GGA ATC GTT TTT CCT
TAG) were used for the replacement of serine 67 with aspartic acid
(S67/D), those used for the replacement of serine 71 with aspartic
acid (S71/D) were S71D-1 (CCC GGG ACG ATG GCA GAG GCG) and
S71D-2 (CGC CTC TGC CAT CGT CCC GGG) and those used for the re-
placement of serine 76 with aspartic acid (576/D) were S76D-1 (GGC
AGA GGC GAT GAT GTC AGC GAC) and S76D-2 (GTC GCT GAC ATC
ATC GCC TCT GCC). For the preparation of double and triple mutants,
the above procedures were repeated for each mutation.

2.4. Transfection of plasmids

Huh?7 cells were cultured for 4 days and then transfected with the
PDCD4 plasmids using Lipofectamine LTX (Invitrogen, Carlsbad, CA,
USA) according to the manufacturer’s protocol. After 20 to 24 h of trans-
fection, the cells were divided into 2-5 dishes, cultured for another 20 to
24 h and treated with inhibitors and/or mitogens before being used for
Western blot analyses.

2.5. Western blot

The cytosol fractions were obtained as described previously [4]. Brief-
ly, the harvested cells were suspended in a hypotonic buffer (250 mM
sucrose, 20 mM HEPES/KOH at pH 7.5, 1.5 mM MgCl,, 10 mM KCl,
1 mM EDTA, 1 mM EGTA, 1 mM dithiothreitol, 1 mM PMSF, 10 pg/ml
aprotinin, 10 pg/ml leupeptin and 1.8 mg/ml iodoacetamide), passed
through a 25-gauge needle and fractionated by centrifugation. The super-
natants of centrifugation at 100,000 g for 60 min at4 °C were used as the
cytosol fraction. The total cell extracts were obtained by sonication in a
SDS buffer containing 2.3% SDS, 0.05 M Tris-HCl at pH 6.8 and 0.1 mM
PMSF followed by centrifugation at 10,000 g for 10 min at 4 °C. The pro-
tein amounts were measured using a protein assay kit (Bio-Rad, Hercules,
CA, USA) with BSA as the standard. Each 30 or 40 pg protein sample was
mixed with NuPAGE sample buffer (Novex, San Diego, CA, USA) and sep-
arated on polyacrylamide gel (SDS-PAGE). The bands in the gels were
electrophoretically transferred to a polyvinylidene difluoride (PVDF)
membrane (Bio-Rad). The membranes were then blocked by incubating
with 5% skim milk in PBS containing 0.1% Tween 20 either for 1-2 h at
room temperature or overnight at 4 °C, followed by an incubation with
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the first antibody for 1 h at room temperature. Specific bands were
visualized by further incubation with the horseradish peroxidase
(HRP)-conjugated second antibody, which was followed by a chemilumi-
nescence reaction using the ECL system (Amersham, Buckinghamshire,
UK) according to the manufacturer's instructions. The rabbit polyclonal
anti-p actin antibody (Cell Signaling Technology Inc.) was used as a
control.

2.6. Real-time RT-PCR

The cellular total RNA was extracted using ISOGEN (Nippon Gene,
Toyama, Japan). Reverse transcription (RT) and real-time PCR were
performed using the TagMan® Gene Expression Assays (Applied
Biosystems, Tokyo, Japan) according to the manufacturer's protocol.
The primer code number used for PDCD4 was Hs00205438-m1, and
that for the control GAPDH was Hs99999905-m1.

3. Results

3.1. EGF suppressed the expression of PDCD4 and the apoptosis induced
by TGF-B1

EGF is known to inhibit TGF-R1-induced apoptosis, pro-apoptotic
mitochondria events and caspase cascade activation [1-3]. As shown
in Fig. 1A, TGF-31 induced apoptosis in the hepatoma cell line Huh7,
while EGF inhibited that apoptosis in a dose-dependent manner. It
was shown previously that TGF-31 up-regulated PDCD4 expression
and activated pro-apoptotic signals [4]. To confirm this result, Huh 7
cells were cultured in the presence of TGF-31 and various concentra-
tions of EGF, and their cytosolic fractions were subjected to Western
blot. As shown in Fig. 1B, TGF-R1 increased PDCD4 expression and acti-
vated pro-apoptotic signals. Specifically, a decrease in the Bax level, an
increase in cytochrome C and the activation of caspase-8, -9 and -3
were observed in the cytosol fractions, which agreed with previous
results [4]. The Western blot analysis showed that EGF treatments
decreased the PDCD4 and cytochrome C levels and increased the Bax
levels in the cytosol fraction, blocking the activation of caspase-8, -9
and -3, in an EGF-dose-dependent fashion (Fig. 1B). These results
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indicate that EGF suppresses TGF-B1-induced apoptosis by inhibiting
PDCD4 expression as PDCD4 over-expression causes apoptosis [4]. To
ensure that EGF specifically suppressed the TGF-B1-induced PDCD4
expression, Huh7 cells were cultured for 24 h in the presence of TGF-
1 and treated with EGF in a medium without serum. The TGF-R1-
induced PDCD4 over-expression was reduced, reaching its normal
level after 3 h of EGF treatment (Fig. 1C).

3.2. EGF stimulates PDCD4 degradation through the PI3K-Akt-mTOR-S6K1
signaling pathway

The cellular increase in PDCD4 levels caused by TGF-31 treatments
returned to normal a few hours after treatment with EGF (Fig. 1C).
These results indicate that the degradation of PDCD4 can be controlled
with an EGF-activated signaling pathway. To test this, protein kinase
inhibitors were employed. The mTOR inhibitor rapamycin significantly
increased PDCD4 levels regardless of whether EGF and/or TGF-31
were present (Fig. 2A). The PI3K inhibitors, wortmannin (Fig. 2A) and
LY294002 (Fig. 2B) also blocked the EGF-induced suppression of
PDCD4, although the effects were weaker than those of rapamycin,
while a pan-PKC inhibitor Ro-31-8425 did not affect the EGF-induced
suppression of PDCD4 (Fig. 2A). The inhibitors of p38, MEK-1 and JNK
were not significantly effective at increasing PDCD4 levels compared
with the inhibitors of the PI3K-mTOR signaling pathway (Fig. 2B).
These results indicate that in the EGF treated Huh7 cells, the PDCD4-
protein levels are primarily suppressed through the PI3K-mTOR signal-
ing pathway.

The results of this experiment suggest that EGF activates the PI3K~
mTOR signaling pathway. They also indicate that the PDCD4-protein is
degraded by the ubiquitin~proteasome system after being phosphory-
lated by S6 kinase 1 (S6K1), a phosphorylation that is activated through
the PI3K~-mTOR signaling pathway [21]. To confirm this, the EGF-
induced phosphorylation levels of Akt and S6K1 were examined. As
shown in Fig. 3, the phosphorylation of Akt and S6k1 was stimulated
by EGF treatment. LY249002, an inhibitor of the Akt-upstream enzyme
PI3K, inhibited the EGF-induced phosphorylation of Akt: however,
rapamycin, an inhibitor of the Akt-downstream enzyme mTOR, was
less effective in suppressing Akt-phosphorylation. The EGF-induced
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Fig. 1. EGF inhibits the TGF-31-induced apoptosis of Huh7 cells by recovering the TGF-21-induced PDCD4 expression. (A) Huh?7 cells were cultured for 24 h with 5 ng/ml TGF-31 in the
presence of various amounts of EGF, as indicated in the figure. The cells were stained with Hoechst 33342. The numbers of apoptotic irregular cell nuclei were counted under a microscope,
and the data are presented as the mean + the standard deviation for five randomly chosen visualized areas. * P < 0.01 when compared to cells without EGF. (B) EGF suppressed the TGF-
B1-induced activation of pro-apoptotic molecules. After culturing Huh7 cells as described in (A), the cytosolic cell fractions were analyzed by Western blot. (C) EGF returned the TGF-31-
induced PDCD4 over-expression to basal levelsin 3 h. Huh7 cells were cultured for 20 hin the presence of 5 ng/ml TGF-31 and then treated with 20 ng/ml EGF in the absence of FBS for the

times indicated in the figure. The cell extracts were analyzed by Western blot.
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Fig. 2. Rapamycin and two PI3K inhibitors up-regulated PDCD4 expression and inhibited
EGF-induced PDCD4 suppression but other kinase inhibitors had only a slight effect.
(A) Huh?7 cells were cultured for 20 h with 20 ng/ml EGF and/or 5 ng/ml TGF-1 in the
presence of DMSO as a control (None), 10 nM wortmannin (Wort.), 0.1 nM rapamycin
(Rapa.) or 80 nM Ro-31-8425 pan-PKC inhibitor (Ro-31-). (B) Huh7 cells were cultured
for 4 h without FBS in the presence of either DMSO, 100 nM SP600125 (JNK-I), 1.2 uM
SB203580 (p38-1), 4 uM PD98059 (MAPK-1), 3 uM LY294002 (PI3K-I) or 0.1 nM
rapamycin. The cells were then further cultured for 3 h with (+) or without (—)
20 ng/ml EGF. Cell extracts were subjected to Western blot to analyze their PDCD4
expression.

phosphorylation of S6K1 was largely inhibited by both LY249002 and
rapamycin. MG132, a proteasome inhibitor, inhibited the PDCD4
suppression caused by EGF in both the presence and the absence of
TGF-B1 (Fig. 4). These results indicate that EGF stimulated the activation
of S6K1 and the consequent degradation of PDCD4 in proteasomes [21].

3.3. S67 Phosphorylation is necessary for EGF-induced suppression of
PDCD4 but not for that induced by TPA

It was demonstrated that PDCD4 is phosphorylated at serine 67
(S67) by S6K1 which is activated by mTOR. The phosphorylation at
S67 triggers further phosphorylations at serine 71 (571) and serine 76
(876) and is followed by the protein's degradation in the ubiquitin-
proteasome system [21]. We have shown previously that the TPA-
induced suppression of the protein was not inhibited by the mTOR
inhibitor rapamycin. To determine whether the phosphorylations of

Inhibitor for C Pan-PKC PI3K
EGF - + - + +

mTOR
+

Fig. 3. The inhibition of the Akt~-mTOR signaling pathway suppressed the EGF-induced ac-
tivation of S6K-1. Huh7 cells were cultured for 4 h in the absence of FBS with either DMSO
(C), or one of the following inhibitors: 100 nM Ro-31-8425 (Pan-PKC), 3 uM LY294002
(PI3K) or 0.1 nM rapamycin (mTOR). The cells were further cultured for 30 min after
the addition of 20 ng/ml EGF, then harvested and subjected to Western blot analysis.
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Fig. 4. MG132, a proteasome inhibitor inhibited the EGF-induced suppression of PDCD4.
Huh7 cells were cultured for 20 h in the presence or absence of EGF (20 ng/ml) and/or
TGF-B1 (5 ng/ml) and then treated for 4 h with 25 pM MG132. The cells were subjected
to Western blot analysis.

S67, S71 and S76 are involved in the TPA- or EGF-induced suppression
of PDCD4, mutant plasmids were created that replaced the protein's
serine with alanine at S67 (S67/A), S71 (S71/A) and S76 (S76/A).
These mutants were expressed in Huh7 cells. As shown in Fig. 5, the
ectopic expression of PDCD4-GFP fusion proteins was low in the wild
type- and S67/A mutant-transfected cells. However, the ectopic expres-
sion of other mutants, $71/A and S76/A, as well as their combinations
S67/A-S71/A, S67/A-S76/A, S71/A-S76/A and S67/A-S71/A-ST6/A,
was quite high and was unaffected by the mitogen treatments (Fig. 5A
and C). However, treatment with MG132, a proteasome inhibitor, up-
regulated the expression of the fusion protein in both wild type- and
S67/A-transfected cells, but did not alter the expression of the S71/A,
S76/A or combination mutants (Fig. 5B upper panel). Rapamycin treat-
ments also up-regulated the fusion-protein expression of wild type- and
S67/A mutant-transfected cells but did not alter the protein's expression
in any other mutants (Fig. 5B lower panel). The transfected cells were
treated with either TPA or EGF in the presence of rapamycin: TPA
down-regulated the ectopic expression of the fusion protein but EGF
was less effective for down-regulating the expression levels in the
wild type plasmid transfected cells (Fig. 5C and D), in the mutant-
transfected cells, TPA down-regulated the ectopic expression of the
fusion protein in only the S67/A mutant-transfected cells, while EGF
had no effect on any cell type (Fig. 5C). The TPA-induced suppression
of both the wild type- and S67A mutant-PDCD4 was inhibited by the
pan-PKC inhibitor Ro-31-8425 (Fig. 5D). These results indicate that
the phosphorylation of S67 by S6K1 is required for the EGF-induced
degradation of PDCD4 but is not essential for the TPA-induced suppres-
sion of PDCD4, while phosphorylation of S71 and S76 is necessary for
the mitogen-induced suppression of PDCD4. Furthermore, the expres-
sion of the PDCD4-GFP fusion protein with mutations at S71 and/or
$76 was not suppressed by either EGF or TPA.

3.4. Serine 71 and serine 76 are phosphorylated by different enzymes

As shown in Fig. 6A, the expression levels of the phospho-mimic
PDCD4 mutants S67/D, S71/D and S76/D were low but were up-
regulated by the treatment with MG132 proteasome inhibitor, like the
S67/A PDCD4 mutant, in Huh7 cells. Rapamycin also increased the
expression of S67/D and S71/D mutants while the reagent did not in-
crease that of the S76/D mutant (Fig. 6A). The expression of all these
mutants S67/D, S71/D and S76/D was up-regulated by the treatment
with Ro-31-8425 pan-PKC inhibitor as shown in Fig. 6B. When the
Huh?7 cells transfected with these mutants were treated with EGF or
TPA in the presence of the pan-PKC inhibitor, EGF suppressed the
expression of S67/D and S71/D mutants but not that of the S76/D
mutant (Fig. 6B). These results indicate that all of these phosphor-
mimic mutants can be degraded in the ubiquitin-proteasome system
and the phosphorylation of S76 is at least partly mediated by EGF-
induced signaling pathway.

3.5. The PI3K-mTOR signaling pathway controls the PDCD4 mRNA levels

As shown in Fig. 7, treating Huh7 cells with TGF-31 up-regulated the
PDCD4 mRNA levels in agreement with previous results [4]. When the
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Fig. 5. S67 Phosphorylation is necessary for the suppression of PDCD4 by EGF but not by TPA. (A) The ectopic expression of wild type- and S67/A mutant-PDCD4-GFP fusion proteins was
very low in the Huh7 cells. The expression of S71/A and S76/A mutants was high and was not affected by the mitogens. Huh 7 cells were transfected with the wild type PDCD4 plasmid pTK-
GFP-PDCD4 (W) and the mutant PDCD4 plasmids pTK-GFP-PDCD4mts containing S67/A (67), S71/A (71) and S76/A (76) mutant PDCD4. The cells were divided into 3 dishes 24 h after
transfection. The transfected cells were cultured for another 24 h and then treated for 3 h with DEMSO (D) as a control, 20 ng/ml EGF (E) or 50 nM TPA (T). The cells were subjected to
Western blot analysis. Column C represents cells that were transfected with an empty vector. (B) The expression levels of wild type and S67/A mutant PDCD4 were up-regulated by treat-
ment with MG132 or rapamycin but the expression levels of other mutants were not affected. Huh 7 cells were transfected with either pTK-GFP-PDCD4 plasmid containing wild type
PDCD4 (W) or pTK-GFP-PDCD4mts containing single mutant PDCD4, S67/A (67), S71/A (71) or S76/A (76): double mutant S67/A-71S/A (67, 71), S67/A-S76/A (67, 76) or S71/A-S76/
A (71, 76): or triple mutant S67/A-S71/A-S76/A (67, 71, 76). Each transfected cell culture was divided into 2 dishes 24 h after transfection. For the MG132 treatment (upper panel),
the 2 divided dishes were treated for 4 h with control DMSO (-) or 20 pM MG132 (+) after 24 h of culture. For the rapamycin treatment (lower panel), the 2 divided dishes were treated
for 8 h with control DMSO (—) or 0.1 nM rapamycin after 24 h of culture. The cells were then subjected to Western blot analysis. Column C represents cells that were not transfected. These
experiments were repeated at least 4 times and similar results were reproducibly observed. A representative result is shown in each case. (C) The expression of S67/A mutant PDCD4 was
decreased by TPA but not by EGF, while the expressions of the other mutants were not affected by either mitogens. Huh 7 cells were transfected with wild type and mutant PDCD4 plas-
mids, and the transfected cells were divided into 3 dishes as described in (B). The dishes were treated with 0.1 nM rapamycin for 3 h after 24 h of culture. Then the cells were treated in the
absence of FBS for 3 h with either DMSO as a control (D), 50 nM TPA (T) and 20 ng/mi EGF (E) in the presence of the rapamycin. The cells were subjected to Western blot analysis. The
relative amounts are averages of 6 independent experiments and the representative amount of DMSO as a control (D) was 1 for each mutant. (D) The pan-PKC inhibitor Ro-31-8425 re-
covers the TPA-induced down-regulation of both the wild type- and S67A mutant-PDCD4. Huh?7 cells were transfected with the wild type- or S67A mutant-PDCD4-GFP plasmid, and the
cells were divided into 7 dishes 24 h after transfection. After culturing another 24 h, the dishes were treated in the absence of FBS for 3 h with 20 ng/ml EGF or 50 nM TPA in the presence
and absence of rapamysin (0.1 nM) or Ro-31-8425 (100 nM), as indicated in the figure.

cells were treated with EGF, the PDCD4 mRNA levels were lower than LY249002 also up-regulated the mRNA level (data not shown).
those of the EGF-free cells in both the presence and absence of TGF-31 Rapamycin induced the phosphorylation of Smads, up-regulating the
(Fig. 7A). When mTOR activity was inhibited by rapamycin, the PDCD4 expression of target genes of the Smad signaling system [24,25]. The
mRNA level increased (Fig. 7B). We observed that the PI3K inhibitor phosphorylation of Smad2 (S465/467) and Smad3 (S423/425) was
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hospital for IFN treatment in the future, so their QOL
might be better than that in the general HCV-infected
patients. Second, a previous large cross-sectional survey of
unselected HCV-positive patients contained many with low
household income, untreated diabetes, or a history of
intravenous drug use, which were shown to be independent
predictors of reduced HRQOL [42]. Our study did not
include such patients.

Previous reports suggest that advanced liver fibrosis,
especially cirrhosis, is strongly associated with decline of
QOL [7, 8]. In the present study, we could not find a sig-
nificant difference in HRQOL score between mild (FO-F2)
and severe (F3, F4) fibrosis. However, we cannot deny the
association between QOL and liver fibrosis, because our
result might have been due to the small number of cases of
liver cirrhosis (n = 6). Liver fibrosis evokes IR, therefore,
further studies are necessary to elucidate the relationship
between fibrosis and IR and QOL.

In conclusion, this study shows that diminished
HRQOL, especially physical domains, in CHC patients is
associated with IR. Improvement in IR due to weight
reduction by diet and/or exercise, or using insulin sensi-
tizers, might improve HRQOL in CHC patients, following
good adherence to IFN treatment, although the relationship
between IR and HRQOL warrants further exploration.
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Abstract

Background and Aims: The pathogenesis of non-alcoholic fatty liver disease (NAFLD)
is now focusing on its organ cross-talk with not only adipose tissue but also systemic
skeletal muscle. Cross-sectional and longitudinal studies were conducted to determine the
role of intramuscular adipose tissue content JMAC) measured by computed tomography
on the severity of NAFLD/non-alcoholic steatohepatitis (NASH).

Methods: Two hundred eight Japanese patients with NAFLD/NASH diagnosed by liver
biopsy were enrolled into a cross-sectional study. Twenty-one patients were enrolled in a
longitudinal study and received a programmed diet and exercise intervention, in some cases
the combination of pharmacotherapy. We measured IMAC in the multifidus muscle and
biochemical parameters, and conducted liver histology to assess NAFLD/NASH status.
Results: Histopathological stage in terms of simple steatosis and Brunt’s classification
was significantly correlated with IMAC (P < 0.01). Multivariate logistic regression analy-
sis indicated that risk factors associated with the severity of NASH were IMAC and aging
(IMAC: odds ratio = 2.444, P < 0.05; Age: odds ratio = 2.355, P < 0.05). The interventions
improved histopathological changes in 11 patients with NASH as well as IMAC.
Conclusion: These results suggest that skeletal muscle fat accumulation may have been
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linked to the pathogenesis and severity of NASH.

Introduction

The National Cholesterol Education Program Expert Panel on the
Detection, Evaluation, and Treatment of High Blood Cholesterol
in Adults (Adult Treatment Panel III) and International Diabetes
Federation have proposed diagnostic criteria for metabolic syn-
drome'? that are now widely used in clinical research. Generally,
studies of metabolic syndrome have shown that the prevalence of
obesity has progressively increased in Japan in association with
increasing adoption of Westernized lifestyles.

Visceral fat accumulation is considered to be one of the main
risk factors for metabolic syndrome.> Abdominal computed
tomography (CT) is commonly used to determine hepatic lipid
deposition as well as visceral fat accumulation. We previously
reported that visceral fat accumulation is correlated with the grade
of lipid deposition in hepatocytes in patients with chronic hepatitis
C and non-alcoholic fatty liver disease (NAFLD).*'® We have also
developed a quantitative method to evaluate steatosis (intramuscu-
lar adipose tissue content [IMAC]) in the lumber multifidus

Journal of Gastroenterology and Hepatology 28 (2013) 1507-1514

muscle by abdominal CT as follows: IMAC = region of interest
(ROI) of the multifidus muscle (Hounsfield units)/ROI of subcu-
taneous fat (Hounsfield units). Using this method, we investigated
the association between visceral fat and skeletal muscle, and liver
of NAFLD.™®

We have reported that patients with NAFLD showed greater
increases in IMAC compared with healthy individuals. We also
found that IMAC improved significantly following improvements
of insulin resistance, visceral fat accumulation, and hepatic lipid
deposition achieved by diet and exercise interventions.'®

The multifidus muscle was chosen in the present study. The
reasons why this study focused on this muscle were as follows: (i)
this muscle supported the trunk during extension, folding, and
rotation of the upper body; (ii) this muscle was shown on CT at the
umbilical level, which is used to quantify visceral fat accumula-
tion; and (iii) it was possible to estimate the effects of exercise
therapy.

Recently, it is well known that visceral fat accumulation induce
peripheral organ such as skeletal muscle, liver, and myocardium as
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“ectopic fat””!'"> And, several reports have focused on the rela-
tionship between skeletal muscle fat accumulation and NAFLD/
non-alcoholic steatohepatitis (NASH).!*¢ Therefore, the aims of
the present study were to: (i) measure IMAC in the multifidus
muscle on abdominal CT in patients with NAFLD or NASH; (ii)
evaluate the relationship between IMAC and other markers, patho-
logical severity of NASH; and (iii) determine whether therapeutic
interventions (diet and exercise, or combination of medication)
could improve IMAC of the multifidus muscle.

Methods

Patients. A total of 208 consecutive Japanese patients were
attended Eguchi Hospital, Saga Medical School, Hiroshima Uni-
versity Hospital, or Nara City Hospital between January 2004 and
April 2010 for the treatment of NAFLD were enrolled into the
present studies. All of the patients had undergone biopsies at
centers for digestive and liver diseases at each hospital. In this
study, patients with evidence of excessive alcohol intake (> 20 g/
day), other causes of liver diseases (e.g. viral hepatitis, auto-
immune liver disease, biliary disease, liver cirrhosis, and
hepatocellular carcinoma), or being treated with antihypertensive
or antidiabetic agents were excluded. All of the patients underwent
abdominal CT to measure IMAC as a marker for muscle steato-
sis.'® All of the patients provided written informed consent, and the
study protocol was approved by institutional review boards at each
hospital.

Physical examination and serum biochemistry.
Bodyweight and height were measured in all subjects. Body
mass index (BMI) was calculated as bodyweight in kilograms
divided by the square of the height in meters. Venous blood
samples were taken from all subjects at around 09:00 h after a 12-h
overnight fast. Aspartate aminotransferase (AST), alanine ami-
notransferase (ALT), y-glutamyl transpeptidase (y-GTP), total
cholesterol, triglyceride, albumin, fasting plasma glucose (FPG),
and plasma insulin concentrations were determined by enzyme
immunoassays.

Estimate of insulin resistance was calculated the homeostasis
model of assessment-insulin resistance (HOMA-IR) and the quan-
titative insulin sensitivity check index (QUICKI). HOMA-IR
reflects hepatic insulin resistance, whereas QUICKI reflects skel-
etal muscle insulin resistance.!”!'® The HOMA-IR was calculated
using the formula: fasting plasma insulin X FPG/405, and the
QUICKI was calculated using the formula: 1/(log fasting plasma
insulin + log FPG). Based on a review of the literature, the follow-
ing scores were calculated for each patient: FIB4 index,'*%
NAFIC score.”!

Liver histology. Liver biopsy specimens were fixed in 10%
formalin and embedded in paraffin. Tissue sections were stained
with hematoxylin-eosin and Azan for histological evaluation. All
liver biopsy specimens were reviewed by experienced hepatolo-
gists (Y.E and Y.S.) who were blinded to the patient’s clinical
status. Adequate liver biopsy samples were defined as samples
> 1 cm long and/or = 6 portal tracts. NASH was defined as ste-
atosis with lobular inflammation and ballooning degeneration with
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or without Mallory-Denk bodies or fibrosis.”>* The histological
findings of NASH were interpreted and scored by activity grade
and fibrotic stage according to the classification system proposed
by Brunt et al.** Hepatitis disease activity (i.e. necroinflammatory
grade) was determined from the composite NAFLD activity score
(NAS) as described by Kleiner ef al.”® NAS is the unweighted sum
of the scores for steatosis, lobular inflammation, and hepatocellu-
lar ballooning, and ranges from 0 to 8. NAS <3 is defined as
“simple steatosis,” NAS 3 or 4 is defined as “borderline NASH,”
and NAS = 5 is defined as “definite NASH.” If liver histology was
too atypical to make a judgment, cases with an NAS of = 5 were
considered to have NASH. The severity of hepatic fibrosis (i.e.
stage) was defined as follows: stage 1, zone 3 perisinusoidal fibro-
sis; stage 2, zone 3 perisinusoidal fibrosis with portal fibrosis;
stage 3, zone 3 perisinusoidal fibrosis and portal fibrosis with
bridging fibrosis; and stage 4, cirrhosis.

Abdominal CT protocol and assessment. Unen-
hanced spiral acquisition of the liver was obtained during a breath-
hold at 5.0 mm collimation, 15.0 mm/rotation table speed (HQ
mode, pitch 1:3), 120 kV (p), and auto mA (Bright Speed ELITE
SD; GE Healthcare, Waukesha, W1, USA). Images were recon-
structed at 10-mm intervals. All patients underwent abdominal CT
in the morning after a 12-h overnight fast. On CT, ROIs of 40 mm?
were placed along the periphery of the liver and the spleen, away
from major vessels, at five points in each organ. The mean values
of the five ROIs (Hounsfield units) were used to determine the
liver-spleen (L/S) ratio as an index of hepatic fat accumulation.?5*
Subcutaneous fat area (SFA; cm?) and visceral fat area (VFA; cm?)
were measured at the umbilical level and were calculated using Fat
Scan software (N2 System Co., Osaka, Japan).28 Visceral obesity
was defined as VFA = 100 cm?.?

CT analysis of the multifidus muscle. Subfascial mus-
cular tissue in the multifidus muscle in an umbilical-level CT
cross-sectional image was precisely traced, and CT values (in
Hounsfield units) and area (cm?) were measured using Advantage
‘Workstation 4.1 software (GE Healthcare). CT values were mea-
sured for five 60 mm? ROIs on subcutaneous fat away from major
vessels, and the mean values were used to determine the multifidus
muscle/fat attenuation ratio.'

Longitudinal assessment of IMAC, histopathologi-
cal changing, and other parameters. Patients with
NASH diagnosed by liver biopsy received lifestyle intervention.
The target of NAFLD/NASH treatment dietary energy intake was
defined as standard bodyweight X 25-30 kcal, and exercise
therapy was performed to achieve a target of 23 metabolic equiva-
lent tasks (METs) x h/week (physical activity) +4 METs x b/
week (exercise).” After intervention, patients were divided into two
groups according to whether or not IMAC was improved by diet
and exercise therapy. To evaluate whether improvements in IMAC
affected the histological findings, histopathological changes deter-
mined by Matteoni’s and Brunt’s classifications were compared
between a group with the improvements in IMAC and a group with
the non-improvements in IMAC.%*
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