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Abstract

Three male children were born every 2 years by spontaneous deliv-
ery from a mother infected with hepatitis C virus (HCV) genotype
2b, and all have been followed up after birth. The viral load in the
serum of the mother was high before their deliveries, and anti-HCV
antibody immunoglobulin G, which is allowed to pass through
placenta, was positive in the umbilical blood of all the children.
Mother-to-child transmission of HCV was confirmed in the second
son, who was positive for both anti-HCV antibody and serum HCV
RNA when first examined 108 days after birth, but not in the other
siblings. Persistent HCV genotype 2b infection with mild elevation
of the serum alanine aminotransferase level has been established in
the second son for more than 14 years. The interleukin 28B (IL28B)
genotype (rs8099917) of the second son showed the TG heterozy-
gote, which is unfavorable for viral clearance, and this may predict
persistent HCV infection. Among the three brothers sharing the
same delivery conditions with exposure to the same virus, as well
as sharing the same environment after birth, HCV infection has not
been consistent, and one of them possessing the TG genotype of
the IL28B gene (rs8099917) has had chronic HCV infection. These
cases suggest that maternal HCV transmission does not occur so
often, even among multiple children who are exposed to the same
HCYV with a high viral load, and that this variation might be attribut-
able to very minor events that can impact on viral exposure in the
perinatal period.
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Introduction

Mother-to-child transmission of hepatitis C virus (HCV) is
a serious health problem, and no effective preventive vac-
cine has yet been developed. The mechanism and timing of
mother-to-child HCV transmission are not understood, nor
is the natural history of the infection in mothers and their
children. The rate of HCV transmission from HCV-infected
mother to child is reported to be approximately 4-10% [1-7],
but the associated factors are not fully defined [8].

HCYV infection leads to development of chronic hepatitis
with a risk of progression to cirrhosis and liver cancer, but
some individuals clear the virus spontaneously and the hepa-
titis resolves in a self-limiting manner in the acute phase of
infection [9-11]. Recently, it has been reported that the host
genetic single nucleotide polymorphism (SNP) in the region
of the interleukin 28B (IL28B) gene encoding interferon-A-3,
rs12979860, is associated with spontaneous HCV clearance
in adults [12, 13], and even in infants vertically infected with
HCV from their mothers [14]. This SNP is in high linkage
disequilibrium with rs8099917, as reported for Japanese
subjects [15, 16]. Furthermore, upstream of the /L28B gene,
a dinucleotide variant ss469415590 in the /FNL4 gene en-
coding interferon-A-4 protein has been reported to be more
strongly associated with HCV clearance, and this variant is
in high linkage disequilibrium with the SNPs of /L28B [17].
Thus, these genetic markers are worth investigating further
for their possible usefulness in predicting the outcome of
maternal HCV infection in children.

The pattern of maternal HCV transmission in multiple
children from the same mother is still unclear. There is little
evidence to indicate whether mother-to-child transmission of
HCV occurs evenly or unevenly in this situation. Such cases
would be informative for understanding the risk of perinatal
HCV infection. We have experienced three deliveries from
the same HCV-monoinfected mother, and prospectively fol-
lowed up the three children after birth. In all of them, the fac-
tors possibly related to maternal HCV transmission, namely,
the gender of the children, birth weight, delivery conditions,
a high viral titer in the mother before their births, positivity
for anti-HCV antibody in their umbilical blood and their en-
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Figure 1. Clinical course and serum alanine aminotransferase (ALT) levels in the mother with chron-
ic HCV genotype 2b infection. Positivity and negativity for serum HCV RNA are represented as plus

(+) and minus (-), respectively. PegIlFN/RBV: pegylated interferon plus ribavirin treatment.

vironment after birth were uniform.

Here, we report the results of HCV transmission in these
three children born from the same mother infected with
HCV, with special reference to both the natural course of
HCYV infection in the children and their genotypes of IL28B
(rs8099917) and IFNL4 (ss469415590) associated with the
outcome of infection.

Case Report

The mother has been followed up for hepatitis C at our hos-
pital for 18 years. The long-term course of her HCV infec-
tion is shown in Fig. 1. The serum alanine aminotransferase
(ALT) level was low, at under 30 U/L, during the follow-up
period except for two occasions when it exceeded 30 U/L just
after delivery of the first and second sons. She had been in-
fected with HCV genotype 2b, and the viral load was always
high before she received antiviral therapy. Both hepatitis B
surface antigen and anti-immunodeficiency virus antibody
were negative in her serum. Six years after the third delivery,
she received antiviral therapy with pegylated interferon plus
ribavirin for chronic hepatitis C according to the Japanese
standard protocol [18], and the therapy was successful in
achieving a sustained virologic response.

The characteristics of the three children are summarized
in Table 1. All were boys who were born by normal spon-
taneous delivery 40 weeks after the start of pregnancy. All
were healthy and their birth weight was almost the same, at
approximately 3,400 g. Nothing in their history suggested

228 Articles © The authors | Journal compilation © ] Med Cases and Elmer Press Inc™

any concern about contamination with HCV during their
perinatal periods, namely, wounds, surgery or transfusion of
blood products. Anti-HCV antibody in the umbilical blood
was tested for at birth, and it was positive in all of them.
The first and third sons had no evidence of HCV infection
because neither anti-HCV antibody nor HCV RNA in serum
was positive after birth. However, the second son was con-
firmed to be infected with HCV 108 days after the delivery
showing positivity for both anti-HCV antibody and HCV
RNA in serum by the first postnatal assay. HCV transmission
to this child resulted in persistent infection. The long-term
follow-up and clinical course of this HCV-infected child are
shown in Fig. 2. The serum ALT level had been low, at under
30 U/L, for approximately the first 2 years after birth, but
thereafter fluctuated above and below 30 U/L until approxi-
mately 14 years of age. The HCV genotype of this child was
2b, which was the same as the mother’s, and the high-level
viremia has continued during the follow-up period. Although
the factors possibly influencing maternal HCV transmis-
sion, namely, gender, birth weight, delivery conditions, the
mother’s high viral titer and positivity for anti-HCV anti-
body in the umbilical blood, were the same among the three
siblings, HCV transmission from the mother occurred only
in the second child. The genetic polymorphisms of the /L28B
gene (rs8099917) and IFNL4 gene (ss469415590) associ-
ated with spontaneous viral clearance were examined after
obtaining written informed consent from their mother. The
genotypes of the /L28B gene (rs8099917) and /IFNL4 gene
(ss469415590) in the second son, in whom persistent HCV
infection had become established, were TG and AG/TT, re-
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Table 1. Characteristics of Children Born From the HCV-Infected Mother

First child Second child Third child
Sex Male Male Male
Delivery NSD (39 weeks) NSD (40 weceks) NSD (40 weeks)
Body weight at birth 3364 ¢ 3492 ¢ 3,400 ¢
HCV RNA in mother’s serum before 8.2 Meg/mL* 6.0 log IU/mL** 40.0 Meg/mL*

birth

Anti-HCV antibody in umbilical blood
HCV RNA in umbilical blood
Anti-HCV antibody in serum after birth
HCV RNA in serum after birth
Persistent HCV viremia (period)

1L.28B polymorphism (rs8099917)

IFNL4 polymorphism (ss469415590)

Positive (C1 > 5.0)
n.t.

Negative
Negative***

Not applicable
TG

AG/TT

Positive (CI > 5.0)
< 0.5 Meq/mL*
Positive (C1 > 5.0)
Positive***

15 years

TG

AG/TT

Positive (CI > 5.0)
n.t

Negative
Negative***

Not applicable

TT

TT/TT

NSD: normal spontaneous delivery; n.t.: not tested; Cl: cutoff index. **This assay was done using the preserved sample.
HCV RNA was measured by *branched DNA assay, **real time PCR, ***qualitative PCR.

spectively. Those in the other children who were not infected
with HCV varied, being TG and AG/TT in the first child, and
TT and TT/TT in the third child.

Discussion

In this study, we observed different outcomes of HCV trans-
mission among three brothers who had been exposed to the
same HCV strain from the mother during the perinatal pe-
riod. Interestingly, maternal HCV genotype 2b transmission
did not occur evenly in these three siblings, despite the fact
that all had the same HCV exposure as well as upbringing
environment, and only the second child was infected with
HCYV genotype 2b. This HCV transmission led to persistent
infection in this child, in whom the genotypes of the IL28B
gene (rs8099917) and IFNL4 gene (ss469415590) were TG
and AG/TT, respectively, which are unfavorable for sponta-
neous viral clearance after the establishment of infection [13,
19].

It is still unclear how mother-to-child HCV transmission
occurs in the perinatal period, and our present findings may

Articles © The authors | Journal compilation @ ] Med Cases and Elmer Press Inc™

help to shed some light on the route of infection. During the
perinatal period, there are two possible major routes of HCV
transmission from mother to child: placental infection and
birth canal infection. Placental infection results from active
transport of virus from mother to child, or from micro-trans-
fusion of virus due to placental membrane damage. In all of
the three brothers, blood exchange between the fetus and the
mother through the placenta had been good, because anti-
HCYV antibody (immunoglobulin G) had been transferred to
all fetuses and was detected in the umbilical blood at birth in
all cases. However, only the second child had been infected
with HCV. Negativity for HCV RNA in the umbilical blood
of this child was different from the viral titer in the serum of
his mother, which indicated a very high level of HCV RNA,
as shown in Table 1. Thus placental infection by active trans-
port of HCV from mother to fetus appeared to have been
negligible. Placental membrane damage possibly induced
by a small wound that goes unnoticed at delivery may re-
sult in maternal HCV infection. In cases of twin delivery,
HCYV transmission is more likely to affect the second child
because possible partial placental separation upon delivery
of the first baby increases the chance of exposing the second

www.journalmec.org 229
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Figure 2. Long-term follow-up of serum alanine aminotransferase (ALT) levels in the second child
with maternal HCV genotype 2b infection. Positivity for serum HCV RNA is represented as plus (+).

child to maternal blood [20]. Otherwise, any small wound in
child, such as on the skin or in the mucosa of the oral cavity,
or the bulbar conjunctiva, may allow micro-transfusion of
HCYV from mother to a child, and this may result in maternal
HCV transmission in the birth canal. After birth, the present
three brothers were brought up in the same environment, and
were breast-fed. This kind of background carries little risk
of HCV infection [21]. These findings suggest that mater-
nal HCV transmission does not usually occur in the perinatal
period, with only rare exceptions due to accidental exposure
such as minor placental damage or micro-wounds in the
child. The prevalence of maternal HCV infection seems to
be relatively low even among children exposed to the same
virus, although serologic tests for HCV in children should be
carefully conducted during follow-up.

Most adults with HCV infection fail to clear the virus
and develop chronic hepatitis, but some are known to show
resolution of the infection in a self-limiting manner. The rate
of spontaneous viral clearance in the acute phase of infection
is reported to be approximately 15-40% of all HCV-infected
adults [9-11], and a systematic review of 31 studies has es-
timated this rate to be 26% [11]. In a recent genome-wide
association study, the SNPs in the region of the /L28B gene
encoding interferon-A-3 were shown to be associated with
the virologic response of HCV to antiviral therapy [15, 22].
Patients carrying an /L28B homozygote for the major al-
leles of rs12979860 (CC genotype) [22] or rs8099917 (TT
genotype) [15] show a greater propensity for achieving a
sustained virologic response to pegylated interferon-a and
ribavirin therapy than those carrying an IL28B heterozygote
or homozygote for its minor allele. This SNP (rs12979860)
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also influences the outcome of HCV infection in the context
of natural history; the CC genotype of rs12979860, which
is in high linkage disequilibrium with the TT genotype of
rs8099917, enhances the resolution of HCV infection with
spontaneous clearance [12, 13]. Furthermore, upstream of
the IL28B gene, a dinucleotide variant ss469415590 (TT or
AG) has been reported to be more strongly associated with
HCV clearance in individuals of African ancestry than the
SNP of IL28B (rs12979860) [17].

The genotype of IL28B is also associated with the out-
come of infection in maternal HCV transmission; self-lim-
iting hepatitis or persistent hepatitis has been reported in a
child infected with HCV genotype 1 during the perinatal
period [14]. The three children in the present report were
checked for the SNPs of both the IL28B (rs8099917) and
IFNL4 (5s469415590) genes, and the second son in whom
HCV genotype 2b infection had been established and led
to persistent infection with mild fluctuation of the ALT lev-
els was found to carry the TG (rs8099917) type and AG/
TT (ss469415590) type in the IL28B and IFNL4 genes, re-
spectively. Thus the SNPs in these two genes predicted the
outcome of infection in the second son with chronic HCV
genotype 2b infection.

In conclusion, our present findings suggest that the
chance of maternal HCV transmission is not so high even
in multiple children exposed to the same HCV strain with a
high viral load, and that maternal HCV transmission might
be attributable to very minor events that can potentially re-
sult in viral exposure during the perinatal period. Here, the
multiple deliveries did not largely affect the serum levels of
ALT and HCV RNA in the mother. The genotype defined by
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SNPs in the /L28B gene (rs8099917) and the /FNL4 gene
(ss469415590) was able to predict the development of per-
sistent infection in the child with established maternal HCV
genotype 2b transmission.
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Aim: The number of Japanese patients with anorexia
nervosa (AN) is increasing as society changes. Mild liver injury
is a complication of AN in around 30% of cases. In some rare
instances, patients present with severe liver injury similar to
acute liver failure. However, there are numerous uncertainties
over the clinical characteristics of this condition. The objec-
tive of the present study was to clarify the clinical character-
istics of AN complicated by liver injury and to investigate the
factors related to hepatic complications.

Methods: Thirty-seven patients hospitalized at our institu-
tion with a diagnosis of AN were enrolled as the study sub-
jects. The study used clinical data obtained at the time of
hospitalization. The enrolled patients underwent subgroup
analysis and were categorized into three groups: (i) normal
alanine aminotransferase (ALT), (i) moderately elevated ALT,
and (iii) highly elevated ALT.

Results: All of the study subjects were female with a median
age of 24 years and presenting with marked weight loss
(mean body mass index, 13 kg/m?). Thirteen of the subjects
had liver injury. We found that patients in the highly elevated
ALT group had a significantly high blood urea nitrogen (BUN)/
creatinine ratio, and a low blood sugar level.

Conclusions: Our present findings indicate that AN
patients with highly elevated ALT have a severe dehydration.
This suggests that dysfunction of hepatic circulation accom-
panying severe dehydration due to malnutrition may be an
important factor in the development of liver injury in AN
patients.

Key words: dehydration, eating disorder, emaciation,
hypoxic hepatitis, liver enzyme

INTRODUCTION

NOREXIA NERVOSA (AN) affects mainly adoles-

cent females in developed countries including the
USA, Europe and Japan. The majority of patients
develop AN due to abnormal eating habits resulting
from a desire to be lean or fear of becoming obese after
exposure to psychiatric stress. In Japan, the prevalence of
AN has been increasing rapidly;' according to annual
reports issued by the Ministry of Health, Labour and
Welfare, the incidence of eating disorders increased
10-fold in the 20 years since 1980, and the number of
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AN cases in particular increased fourfold during the 5
years since the mid 1990s. The prevailing explanation
for this increase is the change of lifestyle in Japan includ-
ing the increased variety of social circumstances. AN is
associated with a number of complications including
liver injury, especially elevation of the serum alanine
aminotransferase (ALT) level in more than 30% of
cases.” Furthermore, rare cases of severe liver injury
resulting in acute liver failure have been reported.*
However, the precise mechanism involved in the patho-
genesis of liver injury associated with AN remains
unclear. Moreover, few reports have documented the
clinical features of AN complicated by liver injury. Some
have indicated an association with low body mass index
(BMI),*" although the roles of other clinical surrogate
markers are unclear.

The aim of the present study was to clarify the clinical
features of AN complicated by liver injury and the

© 2013 The Japan Society of Hepatology
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clinical factors influencing hepatic complications. In
clinical settings, it is important to predict the onset of
severe liver injury associated with AN, which could be
potentially life-threatening, and therefore it was antici-
pated that the information obtained from the present
study would be of value to clinicians in assessing the risk
of developing this serious complication.

METHODS

Study population

HIS RETROSPECTIVE OBSERVATION study was

conducted between January 2010 and December
2011 at the Department of Gastroenterology and
Department of Neuropsychiatry, Yamagata University
Hospital. During this 2-year period, a total of 37
patients were admitted under a diagnosis of AN. These
patients comprised both newly referred patients and
established outpatients with exacerbation. There were
also first admissions and repeat admissions due to
deterioration of the patients’ condition. The diagnosis
of AN was made by a psychiatrist in accordance with
the criteria of the Diagnostic and Statistical Manual of
Mental Disorders, 4th edition (DSM-1V) on the basis
of information obtained by interview from the patients
and their families. The exclusion criteria were: (i) a
history of hepatic disease, (ii) established infection
with hepatitis viruses (HBV or HCV), (iii) drug abuse,
(iv) excessive alcohol intake, and (v) presence of auto-
immune liver disease. Especially for patients with
highly elevated ALT, imaging studies (both ultrasound
and dynamic CT scan) were performed to exclude
other hepatobiliary diseases.

Study design

Clinical physiological parameters such as age, gender,
BMI, body temperature, pulse rate, and blood pressure
were evaluated, as well as routine laboratory data
obtained on admission. Routine laboratory data
included a complete blood cell count (CBC), hepa-
tobiliary enzyme levels, renal function and blood sugar
(BS) levels. The enrolled patients were subjected to
subgroup analysis and categorized into three groups:
(i) normal ALT defined as a serum ALT level of
<42 IU/L, (ii) moderately elevated ALT defined as a
serum ALT level between 42 IU/L and <840 IU/L (20
times above the institutional upper normal limit), and
(iii) highly elevated ALT defined as a serum ALT level
of >840 IU/L.

Anorexia nervosa and liver injury E27

Statistical analysis

The above three subgroups were evaluated statistically
by analysis of variance (ANOVA). If a significant differ-
ence was found, multiple comparisons (post hoc test)
were performed with Tukey~Kramer and Steel-Dwass
test. The risk related to elevated ALT was analyzed by
univariate and multivariate logistic regression. The
results of logistic regression analysis were expressed as
odds ratio with 95% confidence interval. Differences
after these modifications were considered significant
at P<0.05. Analyses were performed by using Excel
Statistics (2010, Social Survey Research Information,
Tokyo, Japan).

RESULTS

Patient features

HE BACKGROUNDS OF the 37 enrolled patients

are listed in Table 1. The ages of the patients
ranged from 12 to 67 years (median age 24 years), and
all were lean fernales with a mean BMI on admission
of 13 kg/m? The serum ALT level ranged widely
from 11 to 2321 IU/L, with a median of 27 IU/L.
Besides liver injury, physiological and laboratory
abnormalities frequently associated with AN, such as
bradycardia, hypothermia, hypotension, anemia, leu-
kopenia, thrombocytopenia, hyponatremia, hypokale-
mia, and hypoglycemia were present in some of the
enrolled patients.

Comparison of each clinical parameter
according to the ALT level

Elevated liver enzyme (serum ALT level 242 IU/L) was
observed in 13 (35%) of the 37 cases. Highly elevated
ALT was evident in four cases (11%), the median ALT
level being 1986.5 IU/L. Patients in the moderately
elevated ALT group accounted for 24% of the subjects
overall (9/37), and the median ALT level was 71 IU/L.
The median serum ALT level in the normal ALT group
was 20.5 IU/L. The clinical parameters in these three
groups are detailed in Table 2. Among the clinical
parameters evaluated, body temperature, pulse rate,
blood urea nitrogen (BUN), BUN/creatinine ratio, BS,
and platelet count differed significantly among the
groups (P < 0.05). These six parameters were further
analyzed statistically, and this revealed that both BUN
and the BUN/creatinine ratio were significantly higher
in the high ALT group than in the normal ALT (P < 0.05)
and moderate ALT (P<0.05) groups, respectively
(Fig. 1). Body temperature, BS and platelet count were
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Table 1 Characteristics of study population (n =37)

Parameter Mean + SD Range

Age (years)' 24 12-67
BMI (kg/m?) 13.0£2.2 9.5-17.9
Body temperature (°C) 36.5+0.7 34.5-38.0
Pulse rate (bpm) 72.1+19.8 46-111
Systolic blood pressure (mmHg) 95.8 +£18.0 67-153
Diastolic blood pressure {mmHg) 63.2%+153 33-101
Albumin (g/dL) 44%09 2.6-5.7
Total bilirubin (mg/dL)’ 0.9 0.2-7.3
AST (IU/L)! 29 12-2628
ALT (IU/L)! 27 11-2321
BUN (mg/dL) 19.8+11.3 4-47
Creatinine (mg/dL)" 0.66 0.16-1.57
BUN/creatinine (ratio)’ 24.3 8-104.4
Na (mEq/L)! 140 121-146
K (mEq/L) 3.7+0.6 24-5.1
Cl (mEq/L) 99.8+6.8 76-110
Blood sugar (mg/dL)’ 81 12-150
White blood cells (/uL) 5132.9 +2564.7 1 820-15 600
Hemoglobin (g/dL) 12.6+2.0 5.7-16.5
Platelet count (/uL) 23.6+9.2 8.1-41.1

"Median.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; BUN, blood urea nitrogen; SD, standard

deviation.

Table 2 Comparison of each clinical parameter according to the alanine aminotransferase (ALT) level

Parameter Highly elevated Moderately elevated Normal ALT group  P-value
ALT group ALT group (ALT<42) n=24
(ALT>840) n=4 (840 >ALT>42) n=9
Age (years); median [range] 17 [16-31] 29 [13-50] 22 [12-67] 0.495
BMI (kg/m?); mean + SD 10.7+1.1 13.4+3.0 13.3+£1.8 0.070
Body temperature (°C); mean  SD 35.3%0.9 36.8+0.5 36.7+0.7 <0.05
Pulse rate (bpm); mean + SD 50.5+12.2 67.7+15.7 75.9+20.1 <0.05
Systolic blood pressure (mmHg); mean + SD 92.3+12.1 97.7+11.6 95.7+£20.9 0.890
Albumin (g/dL); mean +SD 44006 39+1.0 46%038 0.110
AST (IU/L); median [range] 22495 [1684-2628] 68 [39-512] 22 [12-53] <0.05
ALT (IU/L); median [range] 986.5 [871-2321] 71 [48-215] 20.5 [11-36] <0.05
BUN (mg/dL); mean * SD 41.0%6.1 174499 17.1+8.6 <0.05
Creatinine (mg/dL); median [range] 0.64 [0.45-0.67] 0.56 [0.35-0.7] 0.71 [0.16-1.57] 0.062
BUN/creatinine; median [range] (ratio) 63.6 [53.2-104.4] 28.3 {11.6-56.9] 19.4 |8-68.6] <0.05
Na (mEq/L); mean + SD 141.0+£5.0 138.2+3.6 1384+53 0.592
K (mEqg/L); mean + SD 3.7+03 37206 3.7%£0.7 0.998
Cl (mEq/L); mean + SD 1023+7.4 1003 4.0 99.3+7.6 0.89
Blood sugar (mg/dL); median [range] 26 [12-46] 80 [57-109] 84.5[62-159] <0.05
White blood cells (/L) mean + SD; 6067.5£2880.3 4503 £1749.3 5213.3£2799.2 0.591
Hemoglobin (g/dL); mean + SD 121+43 12139 128417 0.706
Platelet count (/pL); mean + SD 10.4+2.1 249+79 25.3+8.7 <0.05

AST, aspartate aminotransferase; BMI, body mass index; BUN, blood urea nitrogen; SD, standard deviation.
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Figure 1 Statistically significant clinical parameters (body mass index [BMI], pulse rate, blood urea nitrogen [BUN], BUN/
creatinine ratio, blood sugar, platelets count) among the three groups divided according to the severity of liver injury. Multiple

comparisons (post hoc test) were performed with Tukey-Kramer and Steel-Dwass test. *P < 0.05.

significantly lower in the high ALT group than in the
normal ALT (P<0.05) and moderate ALT (P < 0.05)
groups. Pulse rate in the high ALT group was signifi-
cantly decreased than in the normal ALT group
(P < 0.05), but the difference between the high ALT and
moderate ALT groups was not significant.

Risk factors related to elevated ALT levels in
patients with AN

Among the six parameters (body temperature, pulse
rate, BUN, BUN/creatinine, BS, platelet count) initially
demonstrating significant differences among the three
groups, risk factors relating to elevated ALT levels were
examined. BUN/creatinine and BS were significantly
associated with the incidence of elevated ALT by univari-
ate analyses (Table 3). In further analysis with multiple
logistic regression, there was not a significant associa-
tion between the six parameters (body temperature,
pulse rate, BUN, BUN/creatinine, BS, platelet count).

However, there was a trend with BUN/creatinine (odds
ratio [OR]=1.051; 95% confidence interval [CIJ;
0.999-1.105, P=0.054) and BS (OR=0.967; 95% CI;
0.933-1.002, P=0.066 (Table 3).

DISCUSSION

E FOUND THAT AN patients with highly

elevated ALT had a significantly high BUN
level and BUN/creatinine ratio, and a low body tem-
perature, low blood sugar level, and low platelet count.
Moreover, BUN/creatinine and BS had trends associated
with the incidence of elevated ALT by multivariate
analyses.

Clinical parameters in patients with AN demonstrat-
ing liver injury have been reported previously, especially
the relationship between elevation of serum liver
enzyme levels and low BML%” However, in the present
study, we found no significant correlation of serum liver

© 2013 The Japan Society of Hepatology
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Table 3 Multiple logistic regression analysis related to elevated alanine aminotransferase (ALT) levels in anorexia nervosa

(AN) patients

Univariate Multivariate
OR (95% CI) P-value OR (95% CI) P-value
BUN/Creatinine (ratio) 1‘0511 (1.008-1.096) 0.019 1.051 (0.999-1.105) 0.054
Blood sugar (mg/dL) 0.962 (0.930-0.995) 0.025 0.967 (0.933-1.002) 0.066
Body temperature (°C) 0.509 (0.192-1.347) 0.174
Pulse rates (bpm) 0.958 (0.916-1.002) 0.061
BUN (mg/dL) 1.064 (0.997-1.135) 0.062
Platelet count (/uL) 0.939 (0.866-1.019) 0.131

Stepwise method was used to select the variables in multiple logistic regression analysis.

BUN, blood urea nitrogen; CI, confidence interval; OR, odds ratio.

enzyme levels with BMI. We speculate that this may
have been attributable to the inclusion criteria we used
for our AN patients. The present study recruited only AN
patients who required hospitalization, so our study
patients tended to have lower BMI values than outpa-
tient studies, thus possibly masking any statistically sig-
nificant differences.

Among several clinical parameters, we found that the
serum BUN level and BUN/creatinine ratio were signifi-
cantly high in the high ALT group. We speculate that this
phenomenon could have been attributable to the pres-
ence of severe dehydration in this group, where a high
BUN level and a high BUN/creatinine ratio (so-called
“hypoxic hepatitis”) were also observed. This is in
accord with the fact that even patients with severe liver
injury usually recover after conservative treatment such
as drip infusion or bed rest, as seen in cases of hypoxic
hepatitis due to circulatory failure occasionally encoun-
tered in various clinical settings.

We also observed that the high ALT group had signifi-
cantly lower values of pulse rate. It seems paradoxical
that AN patients with severe liver injury often have bra-
dycardia despite the presence of severe dehydration. We
speculate that this phenomenon may be due to the fact
that patients with AN usually have hypertonic parasym-
pathetic nervous conditions and hypotonic sympathetic
nervous conditions, which lead to failure to respond to
the stimulation of the sympathetic nervous system
resulting from dehydration.® Also, among our AN
patients in the high ALT group, hypoglycemia (median
value as low as 26 mg/dL) was observed in four, and this
led to consciousness disturbance in two. Up to now,
there have been no convincing explanations for the
hypoglycemia and liver injury associated with AN,
although hypoglycemia could affect the systemic circu-

© 2013 The Japan Society of Hepatology

lation, in turn influencing the hepatic circulation and
resulting in liver injury. In fact, it has been reported that
patients with hypoxic hepatitis are often complicated by
hypoglycemia.’

In patients with AN, various complications known as
“refeeding syndrome”can occur after initiation of food
intake or hyperalimentation on admission and hypogly-
cemia is one of its symptoms.'* Although some reports
have described the presence of liver injury during hypo-
glycemia in refeeding syndrome,'"*? its precise mecha-
nism remains unknown.

Our present findings suggested a close relationship
of dehydration in the pathogenesis of elevated liver
enzyme in AN, with features clinically reminiscent of
hypoxic hepatitis. However, we were not able to exclude
the opposite possibility that high BUN and BUN/
creatinine ratio could be caused by elevated ALTs.
Unfortunately this is the limitation of this retrospective
study. Our study was also limited in that it did not
evaluate liver pathology. Hepatic histological findings
in AN with liver insufficiency include centrilobular
lesions with fibrosis or atrophy, hepatocytes swelling,
glycogen depletion, and ceroid pigmentation.” Since
almost all patients with AN are young females, who
often have accompanying mood disorder and/or
obsessive-compulsive disorder,'* and liver injury rapidly
improves after hospitalization,’ invasive procedures
such as liver biopsy are rarely performed at an early
stage after admission when patients are psychiatrically
unstable. Accordingly, future studies will need to evalu-
ate liver histology or use an appropriate animal model.

In conclusion, the present study has demonstrated
that AN patients with severe liver injury have signifi-
cantly increased in the serum BUN level and BUN/
creatinine ratio. This could account for failure of the
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hepatic circulation due to severe dehydration based on
malnutrition, being a potentially important factor in the
development of severe liver injury in AN patients, mim-
icking hypoxic hepatitis. These factors offer an interest-
ing insight into the pathogenesis of AN.
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Impaired Interferon Signaling in Chronic Hepatitis
C Patients With Advanced Fibrosis via the
Transforming Growth Factor Beta Signaling Pathway
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Malnutrition in the advanced fibrosis stage of chronic hepatitis C (CH-C) impairs inter-
feron (IFN) signaling by inhibiting mammalian target of rapamycin complex 1
(mTORC1) signaling. However, the effect of profibrotic signaling on IFN signaling is
not known. Here, the effect of transforming growth factor (TGF)-f signaling on IFN
signaling and hepatitis C virus (HCV) replication was examined in Huh-7.5 cells by
evaluating the expression of forkhead box O3A (Foxo3a), suppressor of cytokine signal-
ing 3 (Socs3), c-Jun, activating transcription factor 2, ras homolog enriched in brain,
and mTORCI. The findings were confirmed in liver tissue samples obtained from 91
patients who received pegylated-IFN and ribavirin combination therapy. TGF-§ signal-
ing was significantly up-regulated in the advanced fibrosis stage of CH-C. A significant
positive correlation was observed between the expression of TGF-$2 and mothers against
decapentaplegic homolog 2 (Smad2), Smad2 and Foxo3a, and Foxo3a and Socs3 in the
liver of CH-C patients. In Huh-7.5 cells, TGF-$1 activated the Foxo3a promoter
through an AP1 binding site; the transcription factor c-Jun was involved in this activa-
tion. Foxo3a activated the Socs3 promoter and increased HCV replication. TGF-p1 also
inhibited mTORC1 and IFN signaling. Interestingly, c-Jun and TGF-$ signaling was
up-regulated in treatment-resistant IL28B minor genotype patients (TG/GG at
rs8099917), especially in the early fibrosis stage. Branched chain amino acids or a TGF-
P receptor inhibitor canceled these effects and showed an additive effect on the anti-
HCV activity of direct-acting antiviral drugs (DAAs). Conclusion: Blocking TGF-f sig-
naling could potentiate the antiviral efficacy of IFN- and/ or DAA-based treatment regi-
mens and would be useful for the treatment of difficult-to-cure CH-C patients.
(HeraToLOGY 2014560:1519-1530)

human liver infected with hepatitis C virus
A (HCV) develops chronic hepatitis, cirrhosis,

and in some instances, hepatocellular carci-
noma (HCC). HCC develops frequently in the
advanced fibrosis stage, and the annual incidence of
HCC in patients with HCV-related liver cirrhosis is
~6-8%." The eradication of HCV infection has been

a promising prophylactic therapy for preventing the
occurrence of HCC.

Interferon (IFN) and ribavirin (RBV) combination
therapy has been a popular modality for eliminating
HCV; however, its efficacy is limited in patients with
advanced liver fibrosis.”> The use of the recently devel-
oped direct-acting antiviral drugs (DAAs) telaprevir or

Abbreviations: AMPK, protein kinase, AMP-activated, alpha 1 catalytic subunit; CH-C, chronic hepatitis C; HCC, hepatocellular carcinoma; HCV, hepatitis C
virus; IFN, interferon; IL28B, interleukin 28B; 1SG-20, interferon-stimulated exonuclease gene 20; MXI, myxovirus resistance 1; NR, no response; RBY, ribavirin;
RHEB, ras homolog enriched in brain; RIG-1, retinoic acid inducible gene I, SMAD, mothers against decapentaplegic homolog; TGE transforming growth factor;

TGF-RI, transforming growth factor-receptor inhibitor.

From the ' Department of Gastroenterology, Kanazawa University Graduate School of Medicine, Kanazawa, Japan; *Department of Advanced Medical Technol-
ogy, Kanazawa University Graduate School of Health Medicine, Kanazawa, Japan; *Division of Infectious Diseases, School of Medicine, University of North Caro-

lina at Chapel Hill, Chapel Hill, NC, USA.
Received February 1, 2014; accepted June 20, 2014.

1519

- 127 -



1520 SHIRASAKI ET AL.

boceprevir, combined with pegylated (PEG)-IFN plus
RBV, significantly improved the sustained virologic
response (SVR) rates; however, the SVR rate is reduced
in patients with advanced liver fibrosis and the
treatment-resistant  interleukin  28B  (IL28B) geno-
type,”” in whom HCC can develop at a high fre-
quency. Moreover, extended therapy should be avoided
in these patients in terms of the high frequency of
adverse effects.

The mechanism of treatment resistance in patients
with advanced liver fibrosis has not yet been clarified
completely. Previously, we reported that the malnutri-
tion status of patients with advanced chronic hepatitis
C (CH-C) is associated with IFN resistance, and
Fischer’s ratio (branched chain amino acids [BCAAs] /
aromatic amino acids) is an independent predictor of
treatment outcome of PEG-IFN plus RBV combina-
tion therapy. Furthermore, we showed that malnutri-
tion impaired IFN signaling by inhibiting mammalian
target of rapamycin complex 1 (mTORCI) and acti-
vating suppressor of cytokine signaling 3 (Socs3)-medi-
ated IFN inhibitory signaling through the nutrition-
sensing transcriptional factor forkhead box protein
O3a (Foxo3a).® This report represented the first clue
to disentangling the molecular links between advanced
CH-C and poor treatment response; however, the asso-
ciation of profibrotic signaling and IFN signaling was
not evaluated in detail.

In the present study, we investigated the interaction
between the signaling of the profibrotic gene trans-
forming growth factor (TGF)-f and IFN signaling in
the liver of CH-C patients. We showed that blocking
TGF-f signaling as well as improving the nutritional
status of patients by using BCAAs restored IFN signal-
ing and increased the treatment efficacy of anti-HCV
therapy.

Materials and Methods

Cell Lines. A reversibly immortalized human hepa-
tocyte cell line (TTNT) was established by transduc-
tion with a retroviral vector containing cDNA
expressing hTERT for immortalization.” TTNT, Huh-
7, and Huh-7.5 cells (kindly provided by Professor
C.M. Rice, Rockefeller University, New York, NY)
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were maintained in  Dulbecco’s modified Eagle’s
medium (DMEM; Gibco BRL, Gaithersburg, MD)
containing 10% fetal bovine serum and 1% penicillin/
streptomycin.  Primary human hepatocytes (PHH)
were isolated from chimeric mice with a humanized
liver (PXB-mice; PhoenixBio, Hiroshima, Japan).

Amino Acid-Free Medium and BCAAs. Amino
acid-free medium and BCAAs were prepared as
described previously. Details are given in the Support-
ing Materials and Methods.

TGF-B and IFN Treatment. Huh-7.5 cells or
HCV-RNA-transfected Huh-7.5 cells were seeded at
1.0 X 10° cells/well in 12-well plates. After 24 hours,
the cells were treated with TGF-f (Millipore, Billerica,
MA). At 24 hours later, the cells were treated with the
indicated international units of IFN-a for 24 hours
(Schering-Plough, Tokyo, Japan).

BCAA Treatment. HCV-RNA-transfected Huh-7.5
cells were seeded at 1.0 X 10° cells/well in 12-well
plates. After 24 hours, the cells were treated with
TGE-f in low-amino-acid medium and the indicated
concentration of BCAAs. At 48 hours after treatment,
real-time detection, polymerase chain reaction (RTD-
PCR), western blotting, and Gaussia luciferase assays
were carried out as described previously.

TGF-B  Receptor Inhibitor Treatment. HCV-
RNA-transfected Huh-7.5 cells were seeded at 1.0 X
10° cells/well in 12-well plates. After 24 hours, the
cells were treated with TGEF-f in low-amino-acid
medium and TGF-f Receptor Inhibitor (TGF-f RJ;
Millipore). At 24 hours after treatment, RTD-PCR,
western blotting, and Gaussia luciferase assays were
carried out as described previously.

DAA Treatment. DAAs (boceprevir and BMS-
790052) were purchased from AdooQ Bioscience
(Irvine, CA). HCV-RNA-transfected Huh-7.5 cells
were seeded at 1.0 X 10° cells/well in 12-well plates.
After 24 hours, the cells were treated with TGF-f in
low-amino-acid medium and BCAAs and DAAs. At
24 hours after treatment, the Gaussia luciferase assay
was carried out as described previously.

Patients’ characteristics, HCV replication analysis,
western blotting, quantitative RTD-PCR, and pro-
moter analysis are described in the Supporting Materi-

als and Methods.
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Fig. 1. Activation of TGF-§ signaling in the liver of patients at the advanced fibrosis stage of CH-C. A: Significant increase in the NR ratio with
the progression of fibrosis stage. B,C: Expression of TGF-f1 (B) and TGF-52 (C) with the progression of fibrosis stage. D-F: Significant correla-
tions of TGF-$2 and Smad2 (D), Smad2 and Foxo3a (E), and Foxo3a and Socs3 (F) expression in the liver of CH-C patients.

Statistical Analysis. The results are expressed as
the mean value * standard deviation. At least three
samples were tested in each assay. Significance was
tested by one-way analysis of variance with Bonferroni
methods, and differences were considered statistically
significant at £ < 0.05.

Results

Up-Regulated TGF-p Signaling and Low Treat-
ment Response in CH-C Patients With Advanced
Liver Fibrosis Who Received PEG-IFN Plus RBV
Combination Therapy. Previously, using a cohort of
168 CH-C patients who received PEG-IFN plus RBV
combination therapy, we demonstrated that liver fibrosis
stage and Fischer’s ratio as well as IL28B genotype were
independent significant factors associated with no
response (NR) to treatment (Supporting Table 1).® The
NR rate was significantly increased according to the
increase in fibrosis stage (P=0.007) (Fig. 1A). To
reveal the molecular mechanism between profibrotic sig-
naling and treatment resistance, we focused on TGE-f
signaling in the liver of CH-C patients. The expression
of TGF-f1 and TGEF-f2, deduced from 91 CH-C
patients whose liver tissues were analyzed previously
using an Affymetrix GeneChip (Supporting Table 2),%°
was significantly up-regulated in the advanced fibrosis

stage (Fig. 1B,C). In particular, the up-regulation of
TGE-f2 in patients with stage 3 and 4 fibrotic livers
was more prominent (Fig. 1C). There was a significant
correlation between the expression of TGF-f2 and
mothers against decapentaplegic homolog 2 (Smad2), a
downstream signaling molecule of the TGF-f receptor,
showing the activation of TGF-f signaling in the liver
of CH-C patients. Interestingly, Smad2 expression was
significantly correlated with Foxo3a expression, a
nutrition-sensing  transcription factor. Previously, we
reported that Foxo3a increases the transcription of
Socs3, an inhibitor of IFN signaling, through binding
to the Socs3 promoter (Foxo3a-Socs3 signaling).®
Foxo3a expression was significantly correlated with
Socs3 expression in the CH-C patients (Fig. 1F).
TGF-p Signaling Activates Foxo3a-Socs3 Signal-
ing in the Hub-7.5 Human Hepatoma Cell Line and
PHH. The relationship between TGE-f and Foxo3a-
Socs3 signaling was evaluated in PHH and the Huh-7.5
human hepatoma cell line without HCV replication
(Huh-7.5 HCV (-)). This signaling was also evaluated in
Huh-7.5 cells in which the infectious HCV clone
H775v3 GLuc2A® was replicating (Huh-7.5 HCV (+))
(Fig. 2A). Treatment of these cells with TGE-f1 substan-
tially increased the levels of phosphorylated (p)-Smad2
and p-Smad3. In this condition, the levels of p-Foxo3a,
which is degraded through the proteasomal pathway,
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Fig. 2. Effect of TGF-1 on IFN signaling in Huh-7.5 cells and PHH. A: Western blotting of TGF-f3, Foxo3a-Socs3, and IFN signaling in Huh-7.5
cells and PHH treated with TGF-31. Huh-7.5 cells were transfected with infectious HCV RNA, H77Sv3 GLuc2A prior to TGF-f1 treatment (Huh-7.5
HCV (+)). The experiments were repeated 3 times. B: RTD-PCR results for Foxo3a, Socs3, 1SG-20, and HCV-RNA expression in Huh-7.5 HCV
(+) treated with TGF-f1. C,D: Inhibition of IFN-g-induced ISG induction (ISG-20 [C] and MX1 [D]) by TGF-$1 in Huh-7.5 HCV (+). B-D: The
experiments were performed in triplicate and repeated 3 times (*P < 0.05, **P < 0.01, ***P < 0.001).

decreased and total Foxo3a expression increased, and
then Socs3 expression increased. Subsequently, the levels
of phosphorylated signal transducer and activator of tran-
scription 1 (p-STAT1) were decreased and the amount of
HCV core protein increased in Huh-7.5 HCV (+).
Thus, TGF-f signaling activated Foxo3a-Socs3 signaling
and inhibited IFN signaling in hepatocytes, regardless of
HCV replication and a loss-of-function mutation in reti-
noic acid inducible gene I (RIG-I).

These findings were also confirmed at the mRNA level
in Huh-7.5 HCV (+). RTD-PCR showed that TGE-f1
treatment significantly increased Foxo3a and Socs3 expres-
sion, and decreased the expression of interferon-
stimulated exonuclease gene 20 (ISG-20) in a dose-
dependent manner. HCV-RNA was significantly increased
in this condition (Fig. 2B). Moreover, the induction of
interferon-stimulated genes (ISG-20 and myxovirus-
resistance 1 [MX1]) by IFN-« treatment was significandy
reduced in the presence of TGF-f1 (Fig. 2C,D).

When endogenous TGF-f signaling was compared
between Huh-7.5 HCV () and Huh-7.5 HCV (+),
TGE-f signaling was preactivated in Huh-7.5 HCV
(+) before TGF-f1 treatment (Fig. 2A). To examine
the role of endogenous TGF-f1 signaling on Foxo3a-
Socs3 signaling and HCV replication, a small interfer-

ing (si) RNA specific to TGF-f1 was introduced to
Huh-7 cells in which cell culture-derived infectious
HCV HJ3-5 (HCVcc HJ3-5)° (Supporting Materials
and Methods) was replicating. With the repression of
TGE-f1, the levels of p-Smad2, p-Smad3, Foxo3a,
and Socs3a decreased, while the levels of p-STAT1
increased. As a result, HCV replication deceased in
both the amino acid-depleted (1/5 DMEM) and non-
depleted (DMEM) conditions (Supporting Fig. 1).
AP1 Binding Site in the Foxo3a Promoter Is
Responsible for the Induction of Foxo3a by TGF-§
Signaling. To identify which transcription factors were
involved in the induction of Foxo3a by TGE-f1, we
cloned the upstream promoter region of Foxo3a and gen-
erated Foxo3a promoter-luciferase reporter constructs with
various lengths of 5'-end deletions (—1780, —1340, and
—801 nucleotides [nt]) (Fig. 3A). Luciferase activity
deduced from pGL4-FOXO3a (—1780) increased by
~1.5-fold in the amino acid-depleted condition (1/5
DMEM) compared with the nondepleted condition
(DMEM). TGEF-p1 further stimulated the promoter
activity of pGLA-FOXO3a (—1780) (Fig. 3B). A TGF-
Bl RI canceled this stimulaton (Fig. 3B). pGL4-
FOXO3a (—1340) retained the regulation of promoter
activity by amino acid depletion (1/5 DMEM) and
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Fig. 3. Foxo3a promoter analysis. A: Foxo3a promoter-luciferase
reporter constructs. B: Promoter activity of pGL4-FOX03a (—1780) fol-
lowing amino acid depletion (1/5 DMEM), TGF-51 treatment, and
TGF-f1 Rl treatment. C: Abolished regulation of the promoter activity
of pGL4-FOX03a (—801) by amino acid depletion (1/5 DMEM) and
TGF-B1 treatment. D: Alignment of the AP1 binding element of pGL4-
FOX03a (—1340) and pGL4-FOX03a (—1340-MT), in which the AP1
site was mutated. E: Abolished regulation of the promoter activity of
pGL4-FOX03a (—1340-MT) by amino acid depletion (1/5 DMEM) and
TGF-f1 treatment. F: Overexpression of c¢-Jun, amino acid depletion
(1/5 DMEM), and TGF-B1 treatment increased the promoter activity of
pGL4-FOX03a (—1340) by up to 32-fold, while these had less of an
effect on the promoter activity of pGL4-FOXO3a (—1340-MT). The
experiments were performed in triplicate and repeated 3 times
(*P<0.05, **P < 0.01, ***P <0.001).

TGEF-f1 treatment; however, pGL4-FOXO3a (—801)
lost this regulation (Fig. 3C), suggesting the presence of a
response element between —1340 and —801 nt. We
identified an activator protein (AP) 1 transcription factor
binding site at —810 to —804 nt. (Fig. 3D). We intro-
duced two nucleotide mutations (AC to GT) in the AP1
consensus binding sequence, and the mutant construct,

SHIRASAKI ET AL. 1523

pGL4-FOXO3a (—1340-MT), lost the response to
amino acid depletion (1/5 DMEM) and TGF-f1 treat-
ment (Fig. 3E). These results were confirmed by using
three different hepatocyte-derived cell lines (TTNT, Huh-
7, and Huh-7.5 cells; Supporting Fig. 2A-C). Although
RIG-I-dependent IFN signaling was active in TTNT cells
(Supporting  Fig. 2D), Foxo3a promoter activity in
response to amino acid depledon (1/5 DMEM) and
TGEF-f1 treatment was not significandy different between
these cell lines.

To confirm these findings further, we overexpressed
c-Jun, a component of AP1, and evaluated Foxo3a
promoter activit. The overexpression of c-Jun
increased the promoter activity of pGL4-FOXO3a
(—1340) to 12-fold, and amino acid depletion (1/5
DMEM) and TGF-f1 treatment further increased pro-
moter activity up to 32-fold (Fig. 3F). Conversely,
pGL4-FOXO3a (—1340-MT) lost the response to
amino acid depletion (1/5 DMEM) and TGE-f1
treatment (Fig. 3F). These results confirmed that AP1
plays an important role in the induction of Foxo3a by
these stimulatory factors.

Transcription Factor c-Jun Is Involved in the Induc-
tion of Foxo3a in the Liver of CH-C Patients. The
AP1 transcription factor is mainly composed of Jun,
Fos, and activating transcription factor (ATF) protein
dimers."® Therefore, we evaluated the expression of c-
Jun, ATF2, and c-Fos in Huh-7.5 cells and PHH under
amino acid depletion (1/5 DMEM) and TGF-f1 treat-
ment. Western blotting analysis showed that the levels
of p-c-Jun and p-ATF2 were increased under these con-
ditions, although the induction of p-c-Jun by amino
acid depletion (1/5 DMEM) was not obvious in PHH
(Fig. 4A). These findings were also confirmed by RTD-
PCR. The mRNA expression of c-Jun and ATF2
increased significantly, while the expression of c-Fos
decreased (Supporting Fig. 3A-C). The overexpression
of c-Jun in Huh-7.5 cells induced Foxo3a and Socs3
expression at the protein and mRNA levels (Supporting
Fig. 3D,E). In the liver of CH-C patients, there were
significant correlations between the expression of Smad2
and ¢Jun, and c-Jun and Foxo3a (Fig. 4B,C). ATF2
expression was significantly correlated with c-Jun expres-
sion (Fig. 4D). Similarly, there were significant correla-
tions between the expression of Smad2 and ATF2, and
ATF2 and Foxo3a (Fig. 4E,F). These results suggested
that c-Jun and possibly ATF2, but not c-Fos, might be
involved in TGEF-f-Foxo3a signaling.

TGF-p Signaling Induces Socs3 Through the
Induction of Foxo3a. Previously, we reported that
Foxo3a increases the transcription of Socs3 through its
binding to the Socs3 promoter region.® We confirmed
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Fig. 4. TGF-f3 signaling up-regulates the expression of the transcription factors c-Jun and ATF2 in Huh-7.5 cells, PHH, and the liver of CH-C
patients. A: Western blotting of JNK, c-Jun, and ATF2 in Huh-7.5 cells and PHH treated with amino acid depletion (1/5 DMEM) and TGF-$1. The
experiments were repeated 3 times. B-F: Significant correlations of Smad2 and c-Jun (B), Foxo3a and c-Jun (C), c-Jun and ATF2 (D), Smad2
and ATF2 (E), and ATF2 and Foxo3a (F) expression in the liver of CH-C patients.

these findings in more detail in conjunction with
TGF-f§ signaling. The overexpression of Foxo3a
increased Socs3 expression in the nonamino acid-
depleted condition (DMEM), and Socs3 was further
induced in the amino acid-depleted condition (1/5
DMEM) and by TGF-f1 treatment (Supporting Fig.
4A). HCV-RNA was similarly increased in these con-
ditions (Supporting Fig. 4B). Foxo3a mRNA expres-
sion, as deduced from RTD-PCR, was increased up
to 7-fold in the combination of amino acid depletion
(1/5 DMEM), c-Jun overexpression, and TGEF-f1
treatment (Supporting Fig. 4C). Socs3 mRINA expres-
sion was up-regulated by 8-fold in the same condi-
tions (Supporting Fig. 4D). The promoter activity of
Socs3 was significantly increased by amino acid
depletion (1/5 DMEM) and TGEF-f1 treatment
(pGL4-SOCS3-WT, Supporting Fig. 4E), while
mutation of the Foxo3a binding site in the Socs3
promoter (pGL4-SOCS3-MT) abrogated this regula-
tion. These results confirmed that TGF-f signaling
up-regulated the expression of Socs3 through the
induction of Foxo3a.

TGF-B Signaling Suppresses mTORCI Signal-
ing. Previously, we demonstrated that malnutrition
decreased mTORCI and IEN signaling using Huh-7
cells and clinical samples.® In the present study, we
examined the effect of TGF-f signaling on mTORC1
signaling. In Huh-7.5 cells and PHH, amino acid
depletion (1/5 DMEM) repressed mTORCI signaling,
as demonstrated by the decreased expression of ras
homolog enriched in brain (RHEB),"! a stimulator of
mTORCI1 signaling, p-mTOR, and p-p70S6K (Fig.
5A). Interestingly, TGF-f1 further decreased this
expression. The decreased mTORCI signaling was
independent of AMP-activated, alpha 1 catalytic subu-
nit (AMPK), a suppressor of mTORCI signaling, as
the levels of p-AMPK were rather decreased by amino
acid depletion (1/5 DMEM) and TGF-f1 treatment
in Huh-7.5 cells and PHH (Fig. 5A). It could be
speculated that TGF-f signaling, combined with mal-
nutrition, repressed the expression of RHEB and
induced the expression of Foxo3a, which leads to the
impaired IFN signaling observed in the advanced
fibrosis stage of CH-C (Fig. 5B). In the liver of CH-C
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patients, Smad2 expression was significantly negatively
correlated with RHEB expression. The expression of
programmed cell death 4 (PDCD4), which is nega-
tively regulated by mTORCI1 signaling at the tran-
scriptional level (Fig. 5C),'? was significantly positively
correlated with Smad2 expression (Fig. 5D).

We further examined the effect of TGF-f1 on IFN
signaling by using TGE-f RL. TGEF-f RI substantially
repressed the levels of p-Smad2 and p-Smad3 (Sup-
porting Fig. 5). TGF-f RI abolished the induction of
Foxo3a expression and the subsequent induction of
Socs3 by amino acid depletion (1/5 DMEM) and
TGEF-f1 treatment (Fig. 5E). HCV replication in nor-
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mal medium (DMEM), as deduced from Gaussia lucif-
erase activity, was repressed by TGF-B RI, and the
increase in HCV replication by amino acid depletion
(1/5 DMEM) and TGF-f1 treatment was abrogated
(Fig. 5E).

c-Jun Is Up-Regulated in the Liver of NR
and Treatment-Resistant IL28B Minor Genotype
Patients. We evaluated the clinical significance of
c-Jun for treatment response. The expression of c-Jun
was significantly higher in NR padents than in
responder patients (SVR+TR) (Fig. 6A). Furthermore,
c-Jun expression was significantly higher in patients
with the treatment-resistant IL28B minor genotype
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Fig. 6. Relationship between TGF-§ signaling and treatment response and the 1L28B genotype. The expression of ¢c-Jun was up-regulated in
NR (A) and 1L28B minor genotype (TG/GG at rs8099917) (B) patients in all fibrosis stages (F1-4). The expression of ATF2 (D), Smad2 (E), and
Socs3 (F) was up-regulated in IL28B minor genotype (TG/GG at rs8099917) patients at early fibrosis stages (F1-2).

(TG/GG at rs8099917) than in those with the treatment-
sensitive IL28B major genotype (TT) (Fig. 6B).” Interest-
ingly, TGF-f signaling was more activated in patients
with the treatment-resistant IL28B minor genotype at an
early stage of liver fibrosis (F1 and F2). The expression of
c-Jun, ATF2, Smad2, and Socs3 was significanty higher
in IL28B minor genotype patients (Fig. 6C-F).

BCAAs Inhibit TGF- Signaling and Restore IFN
Signaling. Previously, we reported that BCAAs
restored IFN signaling in the amino acid-depleted con-
dition (1/5 DMEM) by activating mTORCI signaling
and suppressing Foxo3a-Socs3 signaling.® In the pres-
ent study, we examined whether BCAAs could inhibit
TGE-f signaling and restore IFN signaling. Western
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