severe obesity. Basicall, CRP mRNA levels are correlated
positively with those of IL-6 and the liver, and also adipose
tissue, and can produce CRP, a process which could be de-
pendent on IL-6.® These findings suggest a role for IL-6 as a
proinflammatory cytokine in the development of NASH.
Moreover, latest reports have shown that hepatocyte 1L-6
expression correlated positively with plasma IL-6 levels and
the degree of hepatic inflammation, stage of fibrosis and
systemic insulin resistance.>*?

From a different point of view, IL-6 is well known to be a
hepato-protective cytokine. IL-6 acts directly on hepatocytes,
inducing the translocation of signal transducer and activator
of transcription (STAT)3 to the nucleus causing early gene
activation and mitosis.'®"* The IL-6/soluble IL-6 receptor
fusion protein led to an earlier onset of hepatocellular pro-
liferation and had an important role in liver regeneration
after partial hepatectomy in mice.'? This signaling not only
has an effect on hepatocyte proliferation but also protects the
liver against various forms of injury, such as ischemia and
reperfusion, toxins, alcohol and death-mediated Fas activa-
tion.””™**> Mice lacking IL-6 have an impaired ability to re-
generate their livers after partial hepatectomy, increased
caspase 3/8 activities and reduced antiapoptotic media-
tors.”'*!%!7 Short-term replacement of IL-6 also might

- protect -the liver through-preservation and restoration of
intrahepatic adenosine triphosphate (ATP) levels, which have
been reported to be reduced in fatty livers.'®

Chronic inflammation is a risk for the development of
fibrosis and carcinogenesis in various organs.'>*° Controlling
the inflammation would prevent the progression of this
process, even if it may not be able to stop the occurrence
of the diseases altogether. Recently, inhibition of the proin-
flammatory cytokine signaling pathway using neutralizing
antibody against the IL-6 receptor (tocilizumab, which is a
specific antagonist of the human IL-6 receptor
and soluble IL-6 receptor) has been reported to improve
chronic inflammatory diseases, such as rheumatoid arthritis,
in clinical practice.’ In this study, to evaluate the possible
role of IL-6 in the development of hepatic steatosis and
NASH, we tested a rat anti-mouse IL-6 receptor antibody,
MRI16-1, a specific antagonist of the mouse IL-6 receptor,
in mouse NASH models. Feeding mice with an MCD
diet induces steatohepatitis and liver fibrosis, providing a
useful small animal model for NASH.?? Using this model,
we found that, although treatment with MR16-1 enhanced
hepatic steatosis, it ameliorated liver injury. Neutralizing
the IL-6 receptor by MR16-1 for 8 weeks suppressed IL-6/
Glycoproteinl30 (GP130) signaling successfully and de-
creased expression of suppressor of cytokine signaling
(SOCS)3 in correlation with decreased plasma free fatty acid
(FFA) levels, hepatic Cyp2El expression, evidence of lipid
peroxidation/oxidant stress and hepatocyte apoptosis. In
conclusion, inhibiting IL-6/GP130 signaling enhanced hepa-
tic steatosis, but ameliorated liver damage in mice with MCD
diet-induced NASH.

MATERIALS AND METHODS

Animals and Treatments

A mouse model of MCD diet-induced NASH was studied.
Six-week-old male C57/BL6 mice were purchased from Japan
Jackson Laboratories, maintained in a temperature- and
light-controlled facility and permitted consumption of water
ad libitum. In all, 5 mice were fed a control chow diet (cat no.
960441; ICN, Aurora, OH) and 10 were fed an MCD diet
(cat no. 960439; ICN) for 8 weeks. Half of the MCD diet-fed
mice (N=5) were treated with 15 mg/kg rat anti-mouse IL-6
receptor antibody (MR16-1; Cyugai Pharmaceutical, Tokyo,
Japan) intraperitoneally twice weekly, the remainder (N=5)
and five chow-fed mice were injected with control rat 1gG
(Equitech-Bio, Kerrville, TX).”»** All animal experiments
fulfilled the requirements for humane animal care in the
Kyoto Prefectural University of Medicine.

immunoblot Assay

Nuclear proteins isolated using a NE-PER Nuclear Extraction
Reagent Kit (Pierce Biotechnology, Rockford, IL) and proteins
isolated from whole livers were electrophoresed in SDS-PAGE
gels and transferred to PVDF membranes. The membranes
were probed with anti-sterol regulatory element-binding
protein (SREBP)-1 (Santa Cruz Biotechnology, sc-366 for the

~precursor and sc-367- for ‘he mature fragment, Santa Crwsz;-

CA), anti-peroxisome proliferator-activated receptor (PPAR)x
(LifeSpan Biosciences, WA), anti-4-hydroxy-2-nonenal (HNE)
(HNEJ-2; Nikken, Shizuoka, Japan), anti-cytochrome P4502E1
(Cyp2E1) (Stressgen, Victoria, Canada), anti-catalase (Abcam,
Cambridge, MA) anti-STAT3, anti-phospho-STAT3, anti-Akt,
anti-phospho-Akt (ser473), anti-adenosine monophosphate-
activated protein kinase (AMPK), anti-phospho-AMPK
(Thr172), (Cell Signaling Technology, Beverly, MA) antibody,
anti-a-actin (Santa Cruz Biotechnology) antibody or anti-
glyceraldehydes-3-phosphate dehydrogenase (GAPDH) (Santa
Cruz Biotechnology) antibody, followed by horseradish per-
oxidase (HRP)-conjugated anti-mouse or rabbit IgG (Amer-
sham, UK). Antigens were visualized by ECL (Amersham).
Immunoblots were scanned, and band intensities were quanti-
fied by Image ] (NIH) densitometry analysis.

Two-Step Real-Time RT-PCR

Real-time PCR was performed as described previously.”®
Specificity was confirmed for all primer pairs (Table 1) by
sequencing the PCR products. Target gene levels are pre-
sented as a ratio of levels in treated vs corresponding control
groups. Fold changes were determined using point and in-
terval estimates.

Immunohistochemistry and Analysis of Liver
Architecture

Serial sections were stained with H&E using standard tech-
niques. After deparaffinization, microwave antigen retrieval
and blocking endogenous peroxidase activity, other sections
were incubated with a TdT-mediated dUTP-digoxigenin
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nick-end labeling (TUNEL) reaction mixture, containing
terminal deoxyribonucleotidyl transferase (TdT) and fluor-
escein-dUTP (Roche Diagnostic, Indianapolis, IN), or anti-«-
smooth muscle actin (SMA) (DakoCytomation, Carpinteria,
CA) antibody. Antigen was demonstrated using secondary
anti-mouse polymer HRP and DAB chromagen (DakoCyto-
mation) and counterstaining with Gill’s hematoxylin. The
number of TUNEL-positive hepatocytes was counted in three
randomly selected fields per section ( % 100 magnification).

Table 1 RT-PCR primers for analysis

Gene Direction Sequence
described previously.25 Plasma IL-6, serum amyloid A (SAA),
Gus Forward GCAGTTGTGTGGGTGAATGG TNF-a Colfﬁcénﬁaﬁo“;i;‘sitigugggygmde Wi‘;_ measmi‘i’-d
using an IL-6 Mouse t ystems, Minneapols,
R GGGTCAGTGTGTTGTTGATGG .
everse MN), SAA mouse ELISA kit (Stressgen), TNF-2 mouse
S0E58 Foryeard COGISELANVIGAMAGGNG ELISA Kit (Invitrogen, Japan) and Triglyceride Detection Kit
Reverse GTTGAGCGTCAAGACCCAGT (Sigma-Aldrich) according to the manufacturers’ instruc-
TNFx Forward TCGTAGCAAACCACCAAGTG tions.
Reverse AGATAGCAAATCGGCTGACG '
TGFp-1 Forward TIGCCCTCTACAACCAACACAA Statistical Analysis o
Reverse GECTTGCGACCCACGTAGTA Resglts are f:xpressed as mean * s.e.m. Sl.gmﬁcan'ce was es-
tablished using Student’s t-test and analysis of variance when
Pro Coliat Forward GACATCCCTGAAGTCAGCTGE, . . . i . ——— )
: : appropriate. Differences were ronsidered significani when -
Reverse TCCCTTGGGTCCCTCGAC P<0.05.
2-SMA Forward AAACAGGAATACGACGAAG
Reverse CAGGAATGATTTGGAAAGGA RESULTS
FATP1 Forward CGCTTTCTGCGTATCGTCTG An MC.D Diet Eleyatec! Plasma IL-6 Levels and Activated
Reverse GATGCACGGGATCGTGTCT Hepatic STAT3 Signaling , .
— Forward N We measured plasma IL-6 levels by ELISA in MCD diet-fed
orwar ! mice and compared them with those in chow diet-fed mice.
Reverse GGGCATTGTGGTATAGATGACATC  pqin previous studies,”®*” an MCD diet increased IL-6 levels
FATPS Forward CTACGCTGGCTGCATATAGATG dramatically (Figure 1a) and also activated the expression of
Reverse CCACAAAGGTCTCTGGAGGAT a key gene in IL-6/GP130 signaling, STAT3 (Figure 1b).
Plasma SAA levels were also increased in MCD diet-fed mice
a b chow _MCD > d
E 60« p-8TAT3 Tr Lk §’ g-
B s t+STAT3 g & 2
3 : > 5k ‘2 45
o ! 2 <3
o 30 AR s & s
Pl Akt w3t <
g 10 p-AMPK g E 05
g o t-AMPK o % LRI .
' chow MCD 5o chow MCD & chow  MCD

Quantification of Hepatic Collagen Content

Sirius red staining was performed on 4-pm-thick paraffin
sections of liver tissues fixed in buffered formalin. After
deparaffinization, the sections were treated with 0.1% Sirius
Red F3B (Sigma-Aldrich, Japan) and 0.1% Fast Green FCF
(Sigma-Aldrich) in saturated Picric acid solution (Sigma-
Aldrich) for 30 min. Sirius red staining area was quantitated
by Image J software in three randomly selected fields per
section ( x 200 magnification).

Tissue and Plasma Biochemical Measurements
Plasma alanine aminotransferase (ALT), FFA, total choles-
terol, triglyceride and glucose levels were measured as

Figure 1 The effect of an MCD diet on plasma IL-6 and SAA levels and hepatic IL-6/ GP130-related gene expression. (a) Plasma IL-6 levels were measured.
Mean # s.e. data from each group (n =S5 per group) are plotted at 8 weeks. (b) Phosphorylated (p)-stat3, total (t)-STAT3, p-Akt, t-Akt, p-AMPK and t-AMPK
levels were evaluated by immunoblot analysis of livers obtained from three mice per group after 8 weeks. To control for loading, the blot was stripped and
reprobed for f-actin, a housekeeping gene. () Plasma SAA levels were measured. Mean  s.e. data from each group {n =5 per group) are plotted at 8 weeks
(*P <0.05). {d} mRNA levels of SOCS3 were determined by quantitative real-time PCR analysis of total liver RNA obtained after 8 weeks. Results were

normalized to glucuronidase (GUS) expression in each sample and then expressed as fold change relative to gene expression in chow-fed control mice.

Mean £ s.e. data from each group (n=>5 per group) (P = 0.094),
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Figure 2 The effect of MR16-1 treatment on plasma IL-6 levels and hepatic IL-6/GP130-related gene expression in MCD diet-fed mice. (a) Plasma IL-6

levels were measured. Mean * s.e. data from each MCD diet-fed group (n=>5 per group) are plotted at 8 weeks. (b} P-STAT3, STAT3, p-Akt, Akt, p-AMPK and
AMPK levels were evaluated by immunoblot analysis of livers obtained from three mice per group after 8 weeks, o control for loading, the blot was
stripped and reprobed for f-actin. P-STAT3/t-STAT3, P-Akt/t-Akt and p-AMPK/t-AMPK ratios in each group were also expressed as fold change of control
lgG-treated mice (*P<0.05). (c) Plasma SAA levels were measured. Mean * s.e, data from each group (n=5 per group) are plotted at 8 weeks. (d) mRNA
levels of hepatic SOCS3 were determined by quantitative real-time PCR analysis after 8 weeks of treatment. Results were normalized to GUS expression and then
expressed as fold change relative to gene expression in controls. Mean £ s.e. data from each MCD diet-fed group (n=5 per group) (*P<0.05).

(Figure 1c). The expression of genes involved in glucogenesis
and lipogenesis, Akt and AMPK, was also assessed. An MCD
diet induced AMPK phosphorylation but reduced Akt
phosphorylation (Figure 1b). Furthermore, mRNA levels of
hepatic SOCS3 were slightly (but not significantly, P = 0.094)
increased in MCD mice (Figure 1d), suggesting that activa-
tion of STAT3 by an MCD diet might inhibit Akt phos-
phorylation through induction of SOCS3.

Neutralizing the IL-6 Receptor Blocked IL-6/GP130
Signaling

In this study, we used MRI16-1 to block the IL-6/GP130
pathway because earlier studies had shown that twice weekly
intraperitoneal injections of 15mg/kg MR16-1 suppressed
the IL6/GP130 pathway in mice effectively.”

Eirst, to examine the efficacy of MR16-1, we measured
plasma IL-6 concentrations after MR16-1 treatment, and
found that plasma IL-6 levels were greatly increased. This
phenomenon may be caused by decreased clearance of IL-6
from the blood” and suggests that MRI6-1 treatment
blocked the IL-6 receptor successfully (Figure 2a, Supple-
mentary Figure 1A). This treatment had little effect on STAT3
phosphorylation in chow-fed controls but greatly decreased
MCD diet-induced STAT3 phosphorylation (Figure 2b,
Supplementary Figure 1B). This result showed that profound
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suppression of hepatic STAT3 activity might be attributed to
the inhibition of IL-6 signaling by MRI16-1 treatment in
MCD diet-fed mice. Moreover, Akt phosphorylation was
somewhat recovered by MRI16-1 treatment in both chow-
and MCD diet-fed mice. In contrast, AMPK phosphorylation
seems slightly decreased in MCD diet-fed mice (Figure 2b,
Supplementary Figure 1B). MR16-1 treatment had no effect
on plasma SAA levels in chow-fed mice, but slightly de-
creased plasma SAA levels in MCD diet-fed mice (Figure 2c,
Supplementary Figure 1C). mRNA levels of hepatic SOCS3
expression were also decreased by >50% in only MCD diet-
fed mice (Figure 2d, Supplementary Figure 1D, *P <0.05).

Neutralizing the IL-6 Receptor Exacerbated MCD Diet-
Induced Hepatic Steatosis, but it Decreased Plasma FFA
Levels

As some reports have shown that the activation of STAT3
improved hepatic steatosis by inhibiting expression of
SREBP-1,'"* neutralizing the IL-6 receptor might be ex-
pected to exacerbate hepatic steatosis. This was evaluated by
H&E staining. Steatosis was scored on H&E-stained sections
according to Brunt’s criteria®® and photomicrographs from
representative mice are shown (Figure 3a, Supplementary
Figure 2A). An MCD diet for 8 weeks induced a mild diffuse

hepatic steatosis compared with chow diet. Furthermore,
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Figure 3 Liver histology, BW, liver/BW ratio, liver triglyceride content and plasma total-cholesterol, triglyceride and FFA levels in chow- or MCD
diet-fed mice treated with control IgG or MR16-1. (a) Hematoxylin and eosin staining of liver sections from representative mice from each treatment
group. Hepatic steatosis grade was assessed on sections obtained from each mouse. Mean = s.e. data from each group (n=5 per group) are displayed
(**P<0.01). (b} Body weight (BW) was assessed weekly until the end of the treatment. Liver/BW ratio and liver triglyceride content were determined
at the end of the treatment. Results of liver triglycerides are expressed per gram tissue. Mean * s.e. data from each group are plotted (**P<0.01).

(¢) Plasma total-cholesterol (T-CHO), triglyceride and FFA levels were determined in each group (n=35 per group) at the end of the 8-week treatment
period. Data are presented as mean £ s.e. (*f<0.05, **P<0.01).
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Figure 4 The effect of MR16-1 treatment on hepatic lipogenic and fatty acid uptake-related gene expression. (a) SREBP-1 precursor (P) (MW: 125 kDa) and
mature soluble fragment (M) (MW: 68 kDa) levels were evaluated by immunoblot analysis of whole livers or nuclear extraction from three mice per group
after 8 weeks. To control for loading, the blot was stripped and reprobed for f-actin or GAPDH, respectively. (b) "PARx levels were evaluated by

immunoblot analysis of livers from three mice per group after 8 weeks of treatment. To control for loading, the blot was stripped and reprobed for f-actin.
(c) mRNA levels of hepatic FATP1, 2 and 5 were determined by quantitative real-time PCR analysis after 8 weeks of treatment. Results were normalized to
GUS expression and then expressed as fold change relative to gene expression in chow-fed control mice. Mean  s.e. data from each group (n =5 per group)

(*P<0.05, **P<0.01).

MCD diet-fed, but not chow-fed, mice treated with MR16-1
had a greater degree of hepatic steatosis than those treated
with control IgG. These findings were confirmed by analysis
of body weight (BW), liver/BW ratio and biochemical ana-
lysis of hepatic triglyceride content (Figure 3b, Supplemen-
tary Figure 2B). Interestingly, MR16-1 treatment attenuated
the MCD diet-induced increases in plasma FFA without de-
creasing plasma triglyceride and total cholesterol levels
(Figure 3¢, Supplementary Figure 2C).

Neutralizing the IL-6 Receptor Enhanced Hepatic Fatty

Acid Synthesis and Uptake

We assessed the protein levels of SREBP-1 expression to
investigate their correlation with decreased STAT3 activity
and exacerbated hepatic steatosis after MR16-1 treatment. An
MCD diet had no effect on the SREBP-1 precursor (mole-
cular weight: 125kDa) that is attached to the nuclear envel-
ope and endoplasmic reticulum but slightly decreased the
mature soluble fragment (molecular weight: 68 kDa) in the
nucleus (Figure 4a). MR16-1 treatment increased both forms
of SREBP-1 in MCD diet-fed mouse livers (Figure 4a). An
MCD diet decreased the protein levels of PPARz, and MR16-1
treatment further accelerated the reduction (Figure 4b). In our
study, although the fatty acid transport protein (FATP) 3, 4
(data not shown) and 5 mRNA levels were not altered, FATP 1

and 2 were significantly upregulated in MCD diet-fed mice
(but not significantly in chow-fed mice) by MR16-1 treatment
(Figure 4c, *P<0.05, Supplementary Figure 3C).

Neutralizing the IL-6 Receptor had no Effect on MCD
Diet-induced Liver Fibrosis

Hepatic steatosis has been identified as a risk factor for liver
fibrosis. Therefore, we assessed liver fibrosis by real-time PCR
of mRNA levels of various markers of fibrosis. Although an
MCD diet significantly increased mRNA levels of hepatic
collagen and transforming growth factor BI expression,
compared with chow control, MR16-1 treatment had no ef-
fect on those levels (Figure 5a, *P<0.05). Sirius red staining
and 2-SMA immunohistochemistry were performed to fur-
ther assess the effects of MCD diet and MR16-1 treatment on
liver fibrosis. However, MR16-1 treatment had no effect on
the area of Sirius red-stained fibrils and «-SMA staining cells
(Figure 5b).

Neutralizing the IL-6 Receptor Ameliorated MCD Diet-
Induced Liver Injury

To evaluate liver injury after MR16-1 treatment, we com-
pared injury-related parameters. As expected, MCD diet-fed
mice exhibited 10-fold higher plasma ALT values than did
the controls (Figure 6a). However, plasma ALT values were
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Figure 5 Markers of fibrosis in chow- or MCD diet-fed mice treated by control IgG or MR16-1. (a) mRNA levels of hepatic collagen, 2-SMA and TGFf-1
were determined by quantitative real-time PCR analysis after 8 weeks of treatment. Results were normalized to GUS expression. Mean + s.e. data from
each sample are displayed as fold change relative to chow-fed control mice (*P <0.05). (b) Liver sections from all mice were stained with Sirius red
and «-SMA antibody after 8 weeks of treatment. Photomicrographs from representative sections are shown. Morphometric analysis of Sirius red-stained
sections from each MCD diet-fed group (n=5 per group) at 8 weeks. Results are expressed as % of section staining (+) for Sirius red.

significantly lower in MR16-1-treated mice than in control
IgG treated-mice (Figure 6a, **P<0.01). These observations
were seen only in MCD diet-fed mice (Supplementary
Figure 3A). In many mouse models of fatty liver diseases and
insulin resistance, as well as in humans with similar condi-
tions, TNF-a has been implicated to have an important role
in the pathogenesis of NASH. In this study, however, MR16-1
treatment had little effect on MCD diet-induced elevated
plasma TNF-a levels and hepatic TNF-a mRNA expression
(Figure 6b, Supplementary Figure 3B). Liver sections were
also evaluated for lobular inflammation. The lobular in-
flammatory grade was higher in MCD diet-fed mice than in
chow-fed controls. MR16-1 treatment slightly ameliorated
liver injury in MCD diet-fed mice (Figure 6c). To determine

wwnw iaberto pinvestigation.org | Laboratory Investigation | Volume 00 00 2010

why neutralizing the IL-6 receptor in MCD diet-fed mice
ameliorated liver injury but exacerbated liver steatosis, we
compared the expression of microsomal and peroxisomal
FFA-oxidizing enzymes and markers of lipotoxicity. MR16-1
treatment decreased protein levels of hepatic Cyp2El, cata-
lase and MCD diet-induced 4-HNE expression (Figure 6d).
Furthermore, TUNEL staining also showed that MCD diet-
induced hepatic apoptosis was decreased by MR16-1 treat-
ment (Figure 6e).

DISCUSSION

According to the ‘two-hit’ hypothesis, oxidative stress,
lymphocyte activation and cytokine release are candidate
elements of the pathogenic transition from simple steatosis to

- 519 -




a b 5 25 e inflammatory
T 25 2 sCory
2 2 20 5 2 Chowtcantrol | 0.2 {--8.2) Joer
= P B ..
2 15 " o :
; g 15 _g 5 MCO+control | 0.9 {:£0.12)
= &
: L 1 y -
g £ W & MCD+MR6:1 | 0.7 (£0.13)
& s ~ 05 D00 infammatpry foel er 20x fisld
& g & 41 1-2 flammatory fied per. 20x flstd
& 0 "mgs«% 2: 3.4 Biffammiatory ford pet 20X feld:
= MRIGt - - o+ R 3: 34 Inflarimatory ool par Hix Hefld
ehow BMCO
o &
MR16-1 MRt LBy ¥
g -
CypaE1 = 4
3 &
Catalase : 23
g,
AHNE &
»d
@4l
Actin MCD z :
fal
MR‘HM» - *
chow MCD
+
X200

Figure 6 Injury-, lipotoxicity- and apoptosis-related parameters in chow- or MCD diet-fed mice treated by control IgG or MR16-1, (a) Plasma ALT levels
were measured after 8 weeks of treatment. Mean % s.e. results from each group (n=5 per group) (**P<0.01). (b) Plasma TNF-x levels were measured from
each group (n=>5 per group) at 8 weeks. The mRNA levels of hepatic TNF-z were also evaluated by quantitative real-time PCR analysis. Results were
normalized to GUS expression. Mean = s.e. data are relative to chow-fed control mice (*P<0.05). (¢} The number of inflammatory foci per x 20 field
was counted on sections obtained from each mouse. Mean * s.e. data from each group (n =5 per group) are displayed (**P<0.01). (d) Cyp2E1,

catalase and 4-HNE levels were evaluated by immunoblot analysis of livers from three mice per group after 8 weeks. To control for loading, the

blot was stripped and reprobed for f-actin. (e) Apoptosis of hepatocytes was evaluated by TUNEL staining of liver sections after 8 weeks of treatment.
Photomicrographs from representative mice are shown. Morphometric analysis of TUNEL-stained sections from each MCD diet-fed group (n =5 per group)
at 8 weeks. Results are expressed as % of nuclei staining (4 ) for TUNEL (*P< 0.05).

steatohepatitis.” We focused on the role of IL-6 as a pro-
inflammatory cytokine and used an inhibitor of the IL-6
receptor, MR16-1, in an MCD diet-induced NASH model,
because an MCD diet was found to increase plasma IL-6
levels significantly and to activate hepatic IL6/GP130-related
gene expression. Consequently, treatment of these mice
with MR16-1 enhanced hepatic steatosis but ameliorated
liver cell injury.

These contrasting observations regarding hepatic steatosis
and inflammation indicate a paradoxical role for IL-6 in the
development of chronic steatosis and inflammation of the
liver. Recently, Horiguchi et al reported that, although STAT3
in hepatocytes, which depends on IL-6, could contribute to
promote liver inflammation but inhibit steatosis by inhibit-
ing SREBP-1 expression directly, STAT3 in macrophages/
Kupffer cells, which depends on IL-10, could suppress
liver inflammation during alcoholic liver injury.”” This report

520

reinforces our results. In our study, MR16-1 treatment
blocked the MCD diet-induced hepatic STAT3 activation
(Figure 2b) and ameliorated liver cell injury (Figure 6a).
Interestingly, MR16-1 treatment also induced greater hepatic
steatosis accompanied by increased hepatic SRBP-1 expres-
sion (Figures 3a and 4a). Further study regarding STAT3
activation in isolated hepatic macrophages/Kupffer cells
obtained from MCD-diet fed mice and the effects of IL-10 is
recommended in the future.

The role of IL-6 in the pathogenesis of NAFLD has been an
issue of debate. Although IL-6 is well known as one of several
proinflammatory cytokines active during infection, cahexia
and obesity, IL-6 also is protective against various forms of
liver damage.*”**""” According to the paper by Wallenius
et al>® IL-6-deficient mice develop mature-onset obesity,
which is reversed by IL-6 replacement. This finding is inte-
resting and also reinforces our data that blocking IL-6/GP130
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signaling deteriorates hepatic steatosis in MCD-diet induced
NASH model. Therefore, the therapeutic use of IL-6/GP130
signaling in treating obesity seems to be an attractive target of
future investigation. Recently, however, elevated proin-
flammatory cytokines have been shown in mice with obesity-
related NASH.” These increased cytokines are believed to
downregulate insulin signaling with increased SOCS3 protein
in the liver.”**> Some other previous reports have also shown
that long-term IL-6 exposure induced SOCS3 expression,
caused insulin resistance and exacerbated liver injury,
whereas short-term IL-6 exposure prevented hepatocyte
apoptosis and steatosis after CCl4 treatment or partial
hepatectomy.”**> Hence, we hypothesized that continuous
IL-6 stimulation induced liver inflammation and fibrosis.
An MCD diet is believed to induce accumulation of he-
patic triglycerides by inhibiting mitochondrial ff-oxidation of
fatty acids and blocking hepatic export of VLDL.?®> Unlike
high-fat diets, which produce relatively little hepatic ne-
croinflammation and fibrosis, MCD diets are used widely to
induce NASH with fibrosis. Although an MCD diet inhibits
mitochondrial oxidation of FA, thereby limiting that process
as a source of ROS, this diet induces microsomal FA-oxi-
dizing enzymes, such as Cyp2El. The latter may produce
sufficient ROS to trigger the secondary ‘hits’ that are required

- for progression-from NAFLD to more advanced stages of

fatty liver disease.***” Thus, MCD diets promote NASH with
fibrosis, even in nonobese mice. Moreover, recent interesting
reports have shown that not only decreased VLDL secretion
but also increased fatty acid uptake and cytoplasmic fatty
acid synthesis genes, despite decreased nuclear levels of
lipogenic transcription factors, such as SREBP-1, are the
major mechanisms by which the MCD diet promotes
intrahepatic lipid accumulation.®® These discrepancies in
lipogenic gene expression between the nuclei and cytoplasm
seem to be present at an earlier stage of MCD diet-induced
NASH. In this study, an MCD diet for 8 weeks decreased all
lipogenic gene expression, mRNA levels of SREBPs, Acetyl-
CoA Carboxylase, ATP-citrate lyase, fatty acid synthase and
Stearoyl-CoA desaturase-1 and protein levels of PPAR« in the
liver (data not shown).

An MCD diet increased hepatic AMPK phosphorylation
(Figure 1b). An MCD diet itself inhibits mitochondrial im-
port of carnitine, thereby limiting FA oxidation that normally
generates ATP. ROS/lipid peroxidation that results from
alternative FA-oxidizing mechanisms also damages the
mitochondria, further limiting ATP production. Gradual
diet-related depletion of liver ATP pools activates AMPK.
Furthermore, IL-6 also increases AMPK rapidly and mark-
edly.***® AMPK regulates the expression of genes involved in
lipogenesis and mitochondrial biogenesis and also inhibits
cell survival by binding to and phosphorylating insulin
receptor substrate (IRS)-1 at Ser794.4¢ Phosphorylation of
IRS-1 at this site inhibits phosphatidylinositol 3-kinase/Akt
signaling, suppresses the mitochondrial membrane potential
and promotes apoptosis. In this model, Akt signaling was

wvw sboratoryinvestigaticn.org | Laboratory Investigation | Volume 00 00 2010

considered to be inhibited by increased AMPK and STAT3-
induced SOCS3.*! Hence, it can be postulated that MR16-1
treatment contributed to the recovery of Akt activity,
resulting in reduced hepatocyte apoptosis in this model.

In conclusion, MRI16-1 treatment decreased SOCS3
expression successfully, suppressed STAT3 activation and
improved plasma FFA elevation through increased fatty
acid uptake and hepatic triglyceride biosynthesis, leading to
decreased Cyp2El expression, ROS production and hepatic
apoptosis. As shown by our previous study, hepatic trigly-
ceride synthesis may have a compensatory role for an im-
paired mechanism of FFA detoxification.”” In clinical trial
with neutralizing IL-6 receptor antibody, it was reported that
plasma triglyceride and cholesterol levels were elevated in
treated patients with rheumatoid arthritis.?"*! It is interest-
ing and necessary to investigate whether hepatic steatosis
in those patients is ameliorated or exacerbated. Hopefully,
further experiments using MR16-1 in other NASH models
will show the effect of neutralizing IL-6 receptor on the
hepatic histology in NASH.

Supplementary Information accompanies the paper on the Laboratory
Investigation website (http//www.laboratoryinvestigation.org)
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Case Report

Relapse of hepatitis C in a pegylated-interferon-a-2b plus
ribavirin-treated sustained virological responder

Hideki Fujii,’ Yoshito itoh,? Naoki Ohnishi,’ Masafumi Sakamoto,’ Tohru Ohkawara,’
Yoshihiko Sawa,” Koichi Nishida,” Takeshi Nishimura,? Kanji Yamaguchi,?

Kohichiroh Yasui,? Masahito Minami,? Takeshi Okanoue,® Yasuo Ohkawara' and
Toshikazu Yoshikawa?

‘Department of internal Medicine, Aiseikai Yamashina Hospital, *Molecular Gastroenterology and Hepatology,
Kyoto Prefectural University of Medicine, Graduate School of Medical Science, Kyoto, and *Division of
Gastroenterology, Saiseikai Suita Hospital, Osaka, Japan

A 41-year-old woman with chronic hepatitis C was treated before therapy and after relapse shared a 98.6% homology
with pegylated-interferon (PEG-IFN}--2b plus ribavirin for with the E2 region, and phylogenetic analyses indicated that
24 weeks. She had hepatitis C virus (HCV) genotype 2a they were the same HCV strain. These results eliminated the

{1600 KiIU/mL), and her liver histology showed mild inflamma- possibility of a re-infection and strongly indicated a late
tion and fibrosis. Four weeks after the start of the therapy, she relapse of the disease. Therefore, follow-up is necessary for
achieved a rapid virological response (RVR) and then a sus- chronic hepatitis C patients after SVR, even if they respond
tained virological response (SVR). Serum alanine aminotrans- well to therapy, including RVR.

ferase (ALT) levels remained within normal ranges and HCV

RNA continued to be negative. However, ALT levels flared with Key words: chronic hepatitis C, genotype 2a, sustained

the re-emergence of HCV RNA in the serum 1.5 years after virological response, relapse, phylogenetic analyses,
discontinuation of therapy. HCV RNA obiained from sera e 5 S

INTRODUCTION achieve SVR after 24 weeks of treaument, whereas
approximately 50% patients with genotype 1 achieve
SVR after 48 weeks of treatment.

Late relapse, defined as a HCV RNA reappearance in
serum after achieving SVR, is rare in SVR patients. Fur-
thermore, distinguishing relapse from re-infection is dif-
ficult without comparing the HCV nucleotide sequence
before the start of the therapy and afier relapse. Here
we describe the clinical cousse of an HCV genotype
2a-infected woman treated with PEG-IFN-¢ plus ribavi-
rin for 24 weeks. She achieved a rapid virological
response {RVR) because HCV RNA was undetectable by
a qualitative polymerase chain reaction (PCR) assay
4 weeks after initaiing therapy. However, she achieved
SVR and suffered a relapse of chronic hepatitis C
1.5 years after therapy discontinuation. We analyzed
nucleotide sequences within the E2 region of HCV RNA
Correspondence: Dr Yoshito 1ok, Molecular Gasiroenterclogy and containing the hypervariable region (HVR}1 and the
Y-z'vpntology,. Kyoto Prez}aci.uml' University of Mfec{frinﬁ, 465 Kﬂjii;dw,v_ IEN  sensitivity-determining region (ISDR) of non-
Kawaramachi-Hirokeji, Kamigyou-ku, Kvole 602-8566, Japan. Email: . . :
yiioh @koto.kpu-m.ac.jp structural protein 5A (NS5A), using sera before treat-
Received 15 September 2009; revision 23 Nevember 2009; accepted 6 ment and after relapse and confirmed that they were the
Decentber 2009. same HCV strain.

EPATITIS CVIRUS (HCV) is an important cause of

chronic liver disease, and more than 170 million
people are infected worldwide, including 1.5-2 million
people in Japan.! Approximately 70% of Japanese
chronic hepatitis C patients are infected with genotype
1b, whereas the rest are infected with genotypes 2a or
2b.? At present, pegylated-interferon (PEG-IFN)-o plus
ribavirin is the optimal therapy for chronic hepatitis C.
Sustained virological response (SVR), defined as unde-
tectable serum HCV RNA 24 weeks after therapy
completion, is the primary goal of this therapy. Approxi-
mately 80% of patients infected with genotypes 2 or 3

654 © 2010 The Japan Society of Hepatology
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CASE REPORT

A 41-YEAR-OLD WOMAN had elevated serum
alanine aminotransferase (ALT; 138 IU/L) and
aspartate aminotransferase {AST; 248 IU/L) levels on a
routine medical check-up in mid-September 2005.
Because of liver dysfunction in October 2005, she
visited Aiseikai Yamashina General Hospital for further
examination. She had no family history of liver diseases.
Her height was 145 cm and weight was 42 kg. No
abnormalities were detected on physical examination;
her average alcohol intake was less than 20 g/week. She
had no history of i.v. drug abuse,

Table 1 shows the laboratory data. On 25 October
2005, transaminase and biliaty enzyme levels were
elevated. Serum anti-HCV antibody was positive. The
HCV RNA load was 2400 KIU/mL (Amplicor Monitor
ver. 2.0; Roche Diagnostic Systems, Tokyo, Japan), and
she had the 2a HICV genotype. She hesitated to undergo
IEN treatment in the beginning. We strictly prohibited
her from alcohol and started treating her with 600 mg/
day oral ursodeoxycholic acid (IDCA) and 40 mL i.v.
glycyrrhizin twice a week (Stronger Neo-Minophagen C,
SNMC). Her liver functions improved significantly, but
did not normalize following treatment with UDCA and
SNMC.

Table 1 Laboratory findings

Relapse of hepatitis C after SVR 655

She was admitted to Aiseikai Yamashina General Hos-
pital on 3 February 2006, and PEG-IFN plus ribavirin
treatment was initiated for chronic hepatitis C. Abdomi-
nal ultrasonography revealed that the liver was almost
normal in size, the edge was sharp and the internal echo
was slightly coarse. Other tests including hepatitis B
virus PCR, HBc antibody, HIV 1/2 antibodies, anti-
nuclear antibody, anti-mitochondrial antibody, serum
ceruloplasmin, copper and ferritin were normal. The
laboratory test results obtained on 3 February 2006 are
presented in Table 1. The liver biopsy specimen before
treatment revealed mild fibrosis with mild inflamma-
tion, which was graded as A1F1 according to the classi-
fication of Ichida et al. or Bedossa and Poynard.** She
received combination therapy consisting of PEG-IFN-
o-2b {1.5 pg/kg 60 ug) once a week plus 600 mg rtib-
avirin daily. -

After therapy initiation, ALT levels declined rapidly
and remained within the normal range after cornpletion
of the treatment. Serum HCV RNA levels were measured
by a quantitative PCR assay {Amplicor HCV Monitor
ver. 2.0) before therapy initiation and after relapse and
by a qualitative PCR assay (Amplicor HCV Test ver. 2.0)
at4, 8,12, 16, 20 and 24 weeks {all during the treatment
period) as well as at 4, 8, 12, 16, 20 and 24 weeks after
therapy completion. Serum HCV RNA was qualitatively

Normal Initial visit Before PEG-IFN + Rib  After relapse
(10/20/2005)  (2/3/2006) (1/25/2008)
White blood cell (uL) (3900-9300) 9070 8110 8800
Red blood cell (x10%/ul) {A25-571) 458 433 412
Platelet (x10%/uL) (12.7-35.6) 29.2 297 27.3
PT (%) 85% 82% 92%
Albumin (g/dL) (4.0-5.0) 42 42 4.1
T, Bil (mng/dL) (0.3-1.2) 0.6 0.4 0.4
AST {1U/1) (<33) 87 35 61
ALT (1L/1) (<35) 195 38 96
ALP (1U/1) (115-360) 278 240 247
Y-GTP (1U/1) (<47) 256 48 88
RPR () NA () ()
HBsAg i~ () =) (-)
ANA (<40} NA <40 <40
Type LV collagen 75 (ng/mL) (<5) NA 3.8 3.2
Serum ferritin (ng/mL) (5.3-179.7) NA 50.7 NA
HCV RNA {Amplicor Monitor ver, 2.0} (KIU/mL) (-) 2400 1600 2600
HCV genotype 2a 2a 2a

ALP, alkaline phosphatase; ALT, alanine aminotransferase; ANA, antinudear antibody; AST, aspirate aminotransferase; v-GTP,
y-glutamyltranspeptidase; HBsAg, hepatids B surface antigen; HCV, hepatitis C virus; NA, not available; PT, prothrombin time; RPR,

Rapid Plasma Reagin; T. Bil,, total bilirubin.

© 2010 The Japan Society of Hepatology
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Figure 1 Levels of alanine aminotransferase (ALT) and hepatits C virus (HCV) RNA load during the dinical course. Pegylated-
interferon (PEG-1FN)-o plus ribavirin combination therapy was started in February 2006 and continued for 24 weeks until August
2006. HCV RNA was undetectable within 4 weeks, ALT levels remained within normal ranges until November 2007. Relapse
occurred in January 2008. SNMC, Stronger Neo-Minophagen C; UDCA, ursodeoxycholic acid.

undetectable 4 weeks after therapy initiation and
remained undetectable 6 months after therapy com-
pletion. The patient had few side-effects, and the treat-
ment was completed without reducing either of the
drugs.

After achieving SVR, she underwent monthly liver
function tests, and a qualitative PCR assay was per-
formed occasionally. In December 2007, her liver func-
tion tests deteriorated. AST/ALT levels were elevated,
and she tested positive for HCV RNA on 25 January
2008 {Fig. 1, Table 1). A quantitative PCR assay indi-
cated that the HCV RNA titer was 2600 IU/L, and the
HCV genotype was 2a. The patient again started taking
600 mg UDCA daily, and ALT returned to low levels
{~30-40 IU/L). Repeated tests showed that HCV RNA
was persistently positive.

To determine if HCV RNA that appeared 1.5 vears
after reatment completion was identical 1o that before
therapy, we compared the nucleotide sequences of the
two coding regions, namely, the E2 region containing
HVR1 and ISDR of NS5A. Informed consent was
obtained from the patient before analysis, and the
serum samples obtained before treatment and after
relapse were stored at —80°C until use.

Virological analyses proceeded as follows. To recon-
firm HCV genotyping, direct sequencing of the
5'-untranslated region was petformed, as described pre-
viously.”® The genotypes were classified according to the
nomenciature proposed in a previous report and were

© 2010 The Japan Society of Hepatology
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determined to be 2a in both the samples. HCV RNA was
amplified by reverse transcription {RT)-PCR to directly
sequence the E2 and ISPP regions.

In brief, RNA was extracted from 140 pL sera using a
commercially available kit {QlAamp viral RNA kit
QIAGEN, Valencia, CA, UISA) and dissolved in 50 pL
diethylpyrocarbonate-treated water. This sample was
used for RT with random hexamer primers {SuperScript
[1I First-Strand Synthesis System for RT-PCR ¢DNA syn-
thesis kit; Invitrogen, Carlsbad, CA, USA). The E2 region
was amplified by nested PCR, and ISDR regions were
amplified by hemi-nested PCR. Each 50-uL PCR reaction
contained 100 nM of each primer, 1 ng template cDNA,
5 uL 10x Ex Taq buffer, 4 pL deoxyribonucleotide triph-
osphate mixture, and 1.25U of Takara Ex Tag HS
(Takara Ex Taq, Otsu, Japan).

The PCR primers were set based on a reference HCV
sequence {accession no. AF177036).

The first PCR primer sequences for E2 were: sense
(1422, 1441) 5-ACITCTCTATGCAGGGAGCG-3" and
antisense (2437, 2418) 5-GITITGGTGGAGGTGGAG
AA-3"; and sense (2171, 2190) 5-TGCCIGATCGACTA
CCCCTA-3" and antisense (2730, 2711) 5-AGGCC
AGTGAGGGAATAGGT-3". The second PCR primer
sequences for E2 were: sense (1453, 1472) 5-CGTT
GTCATCCITCTGTTGG-3" and antisense (2261, 2242)
5-CAACCCCTCCCACATACATC-3; and sense {2189,
2208) 5-TACAGGCICIGGCATTACCC-3'  antisense
{2698, 2679) 5" TACCCGACCCITGATGTACC-3".
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Figure 2 (a) Comparison of the hepatitis C virus (HCV) E2 (top) region amino acid sequences. Sequencing was performed for
serum samples obtained before therapy on 3 February 2006 and after relapse on 25 January 2008, Sequences were aligned against
the HCJ6 HCV genotype 2a reference sequence (GenBank accession ne. D00944). Hypervariable region {HVR)1 positions of E2 are
indicated by numbers corresponding to the amino acid positions within the HCV genotype 2a polyprotein of the reference
sequence. There were five amino acid mutations in these regions between the two samples. (b) IFN sensitivity-determining region
(ISDR) sequences before therapy and after relapse showed the samne single mutation at codon 2205, Sequences were aligned against
the HCJ6 HCV genotype 2a reference sequence (GenBank accession no. D00944), ISDR positions are indicated as numbers
corresponding to the amino acid positions within the HCV genotype 2a polyprotein of the reference sequence,

The first PCR primer sequences for ISDR were: sense
(6866, 6885) 5-ACGTCCATGCTAACAGACCC-3' and
antisense (7185, 7166) 5-GGGAATCICITCITGGG
GAG-3". The second PCR primer sequences for 1SDR
were the sense primer from the first-round PCR and
a new antisense primer (7109, 7090} 5-CGAGAG
AGTCCAGAACGACC-3".7

Polymerase chain reaction products were separated by
electrophoresis on 1% or 2% agarose gels, stained with
ethidium bromide, and visualized under ultraviolet
light. The products were purified and sequenced with
second-round PCR primmers, using a dye terminator
sequencing kit (BigDye Terminator ver. 1.1 cycle
sequencing kit; Applied Biosystems, Foster City, CA,
(SA) and an ABI PRISM 310 genetic analyzer {Applied
Biosystems). Sequence alignments and phylogenetic

analyses were performed with MEGA4 software.® Nucle-
otide sequences obtained from the two samples were
compared to 23 published HCV genotype 2a sequences.
A phylogenetic tree was constructed by the neighbor-
joining method® based on the nucleotide sequence of the

2 region, with pairwise distances being estimated using
the Kimura two-parameter method. Bootstrap values
were determined on 1000 re-samplings of data sets.*”

The E2 nucleotide sequences before treatment and
after relapse were 98.6% similar. Except HVR1, two of
the samples were 99.0% similar. The amino acid
sequences in the E2 region, except FIVR1, were identical
between the two samples. There was a difference of five
amino acids in HVR1 (Fig. 2a).

When compared to known HCV isolates of various
genotypes whose entire coding region sequence has

© 2010 The japan Society of Hepatology
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Figure 3 A phylogenetic tree was constructed by the neighbor-
joining method based on the nucleotide sequence of the E2
region (1101 nt) of 23 genotype 2a strains using the genotype
la hepatitis C virus (HCV) isolate (NC004102) as an out-
group. The isolates obtained in the present study before
therapy and after relapse are indicated in bold letters for clarity.
Twenty-three reported genotype 2a HCV isolates, whose entire
coding region sequence is known, are included for compari-
son, and their accession numabers are shown, Bootstrap values
were determined on 1000 re-samplings of datasets.

been determined, the two isolates were the closest to a
particular genotype 2a HCV isolate {accession no.
AB047645) with 87.3% nudeotide sequence similarity;
however, the isolates were only 64.4~72.7% similar to
known genotypenon 2a {1a NC004102, 1b D90208, 2b
D01221, 3a D17763, 4a Y11604, 5a Y13184 and 6a
Y12083). The phylogenetic tree of 23 genotype 2a HCV
isolates, constructed based on the E2 1101-nucleotide
sequence, indicated that the sample obtained afier
relapse bifurcated from a common trunk with the
sample before treatment, and we confirmed that these
two samples were the closest to each other among all
known genotype 2a HCV isolates {Fig. 3). The results
of sequencing analysis before therapy and after

© 2010 The Japan Society of Hepatology
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re-emergence of viremia ruled out the possibility of a
re-infection and strongly suggested a late relapse of
chronic hepatitis C.

Interferon sensitivity-determining region sequences
before treatment and after relapse showed 98.9%
similarity. The amino acid sequences of the two ISDR
regions were completely identical. The sequences of the
HCJ6 (accession no. D00944) strain were defined as
wild-type ISDR, and those that deviated from this strain
were defined as the mutant type. ISDR sequences before
treatment and after relapse were different in only one
codon (2205) when compared with the reference HCJ6
sequence (Fig. 2b).

DISCUSSION

N THIS STUDY, we clarified that E2 1101-nucleotide

sequences of HCV isolated from sera before reatment
and after relapse shared a 98.6% homology. Further-
more, phylogenetic analyses classified these two
samples as the same strain, These results ruled out the
possibility of a re-infection and strongly suggested a late
relapse of chronic hepatitis C.

Hepatitis C virus is an RNA virus belonging to the
genus Hepacivirus in the Flaviviridae family. Similar to
other RNA viruses, HCV circulates as a genetically dis-
tinct population, demonstrating a quasispecies.’! HCV
HVRI, which is composed of 27 amino acids and is
located at the 5" terminus of the E2 gene, is highly
variable among and within infected patients, > so it
can be used to identify individual HCV isolates.**** HCV
HVR1 changes rapidly over time in the same individual.
Our pairwise sequences were not completely identical
but shared a high homology, which was equal to the
homology reported previously.’® These results suggest
that the patient achieved SVR but suffered a relapse of
hepatitis C after 1.5 years.

Some reports have indicated that in a majority of
patients with SVR, low-level HCV RNA can be detected
in lymphocytes, monocytes/macrophages and liver,
despite constantly undetectable HCV RNA in sera.”-"
This “occult” persistence of HCV replication could
potentially play a role in late recurrence afier treatment.
However, the significance/mechanism of HCV RNA per-
sistence in the liver or peripheral blood mononuclear
cells is still uncertain, and data regarding occult persis-
tence are conflicting.*® Moreover, it is unclear as to how
many of these late relapse patients were “true” relapsers
and how many were re-infected. The relapse rates after
SVR in IFN monotherapy are approximately 5-10%.*"#
Nakayama etal recently reported a late relapse of
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hepatitis C after IFN-o plus ribavirin therapy and sumn-
marized late relapsing cases in Japan.®® They indicated
that compared to reports from foreign countries, late
relapses were very rare in Japan, particularly after IFN
and ribavirin therapy and that the relapse interval was
principally restricted to within 2 years after therapy
completion. Four hundred and fifty-five chronic hepati-
tis C patients were cured by PEG-IFN plus ribavirin
therapy in the study group of Kyoto Prelectural Univer-
sity of Medicine and related hospitals, and this is the
only case of late relapse to date (Itoh Y. etal, 2009
unpublished data). This may be the first reported case of
relapse after SVR with PEG-IFN plus ribavirin therapy.

Several host and viral characteristics are associated
with the likelihood of response to IFN-based therapy.
The HCV genotype and viral load are the most impor-
tant viral predictors, and the ISDR sequence variation™
and substitutions of amino acids 70 and/or 91 in the
core region® within the HCV genome have been
recently advocated in patients with genotype 1. It is
interesting to note that only one amino acid varied in
ISDR compared to the reference sequence in our case.
For patients with HCV genotype 2a, Hayashi et al,
reported that ISDR amino acid variations compared to
the reference sequence and RVR as well as negative FICV
al 4 weeks are important predictors of SVR in PEG-IFN
monotherapy.” ISDR interacts with interferon-inducible
double-stranded RNA-activated protein kinase (PKR)
and inactivates HCV replication in vitro.*® According to
the report by Hayashi et al.,” an A-to-T mutation at
codon 2205 {Fig. 2b) can be interpreted as wild type,
and hence ISDR in this case contained no mutations,
which may have influenced HCV RNA re-emergence
after achieving SVR.

Patients with RVR, defined as a negative HCV RNA at
4 weeks, are more likely to have SVR.*¥ In our case,
HCV RNA was negative at 4 weeks, which indicated that
this case may be cured; however, relapse of hepatitis C
occurred after 1.5 years. The data concerning the efficacy
of re-treatment of genotype 2 chronic hepatitis C are
limited. According to the report by Moucari et al.,*® there
is a higher rate of SVR in genotype non-1 relapsers,
Therefore, our patient could be retreated with a second
PEG-1EN plus ribavirin combination therapy. However,
because the patient is 41 years old and has stage F1
hepatic fibrosis, we will recommend that she wait for a
new drug such as a protease inhibitor. Further research
for unknown factors to predict late relapse after achiev-
ing SVR might be necessary.

In conclusion, SVR patients may have a potential risk
of HCV reactivation. Annual surveillance including HCV
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RNA testing seems clinically reasonable for detecting
spontaneous relapse and recurrence of hepatitis C in
SVR patients.
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Lower circulating levels of dehydroepiandrosterone,
independent of insulin resistance, is an important
determinant of severity of non-alcoholic steatohepatitis in

Japanese patients
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Aim: The biological basis of variability in histological pro-
gression of non-alcoholic fatty liver disease (NAFLD) remains
unknown. Dehydroepiandrosterone (DHEA), the most abun-
dant steroid hormone, has been shown to influence sensi-
tivity to reactive oxygen species, insulin sensitivity and
expression of peroxisome proliferator-activated receptor-a.
Our aim was to determine whether more histologically
advanced NAFLD is associated with low circulating levels of

DHEA in Japanese patients.

Methods: Serum samples were obtained in 133 Japanese
patients with biopsy-proven NAFLD and in 399 sex- and age-
matched healthy people undergoing health checkups. Serum
levels of sulfated DHEA (DHEA-S) were measured by chemilu-
minescent enzyme immunoassay.

Results: Serum DHEA-S levels in NAFLD patients were similar

to those in the control group. Of 133 patients, 90 patients
were diagnosed as non-alcoholic steatohepatitis (NASH): 73

patients had stage 0-2, and 17 had stage 3 or 4. Patients with
advanced NAFLD (NASH with fibrosis stage 3 or 4) had lower
plasma levels of DHEA-S than patients with mild NAFLD
(simple steatosis or NASH with fibrosis stage 0-2). The area
under the receiver operating characteristic curve for DHEA in
separating patients with and without advanced fibrosis was
0.788. A “dose effect” of lower DHEA-S and incremental fibro-
sis stage was observed with a mean DHEA-S of 170.4 £ 129.2,
137.6 £ 110.5, 96.2 +79.3, 61.2+46.3 and 30.0 £32.0 pug/dL
for fibrasis stages 0, 1, 2, 3, and 4, respectively. The associa-
tion between DHEA-S and severity of NAFLD persisted after
adjusting for age, sex and insulin resistance.

Conclusion: Low circulating DHEA-S might have a role in the
development of advanced NASH.

Key words: fibrosis, dehydroepiandrosterone, insulin
resistance, non-alcoholic fatty liver disease.

INTRODUCTION

ON-ALCOHOLIC FATTY LIVER disease (NAFLD)
is the most common chronic liver disease in many
developed countries and results in a serious public
health problem worldwide. NAFLD includes a wide
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spectrum of liver diseases, ranging from simple steatosis
(SS), which is usually a benign and non-progressive
condition, to non-alcoholic steatohepatitis (NASH),
which may progress to liver cirrhosis (LC) and hepato-
cellular carcinoma (HCC) in the absence of significant
alcohol consumption.!? In Japan, current best estimates
make the prevalence of NAFLD approximately 20% and
of NASH 2-3% in the general population.** Although
several factors have been associated with more advanced
NAFLD, the biological basis of the histological diversity
of severity of NAFLD (i.e. why some patients develop
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SS and others develop NASH with advanced fibrosis)
remains unknown. More advanced NAFLD is character-
ized by insulin resistance®’ oxidative stress®” and
advanced fibrosis.

Endocrine hormones control cell metabolism and
the distribution of body fat and therefore may contrib-
ute to the development of NAFLD or NASH. It has
been postulated that dehydroepiandrosterone (DHEA)
and its sulfate ester, dehydroepiandrosterone sulfate
(DHEA-S), the major secretory products of the human
adrenal gland, may be discriminators of life expectancy
and aging.® DHEA-S concentration is independently
and inversely related to death from any cause and
death from cardiovascular disease in men over the age
of 50 years."! DHEA is a potential mediator of reactive
oxygen species scavenger synthesis'? and has also been
reported to augment insulin sensitivity’*-*® and peroxi-
some proliferator activation.’'* Recently, Charlton
et al. observed that levels of DHEA are significantly
Jower in patients with histologically advanced NASH,
as compared with patients with mild NASH or SS.¥
DHEA levels exert a good sensitivity and specificity in
discriminating patients with more advanced histologi-

cal disease, as shown by receiver-operator curve

(ROC) analysis.

To validate their results, we determined circulating
DHEA levels in Japanese patients with biopsy-proven
NAFLD.

METHODS

Patients

TOTAL OF 133 patients with well-characterized

and liver biopsy-confirmed NAFLD were included
in this study. They were consecutively biopsied patients
seen at the Center for Digestive and Liver Diseases, Nara
City Hospital during 2007-2009. The diagnosis of
NAFLD was based on the following criteria: (i) persis-
tent elevations of transaminase activities for more than
6 months; (ii) liver biopsy showing steatosis in at least
5% of hepatocytes;*® and (iii) appropriate exclusion of
liver diseases of other etiology including viral hepatitis,
autoimmune hepatitis, drug-induced liver disease,
primary biliary cirrhosis (PBC), biliary obstruction,
hemochromatosis, Wilson’s disease, and o-1-
antitrypsin-deficiency-associated liver disease. Patients
consurning more than 20 g alcohol/day and patients
with evidence of decompensated LC or HCC were
excluded from the present study. Written informed
consent was obtained from all patients at the time of
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their liver biopsy, and the study was conducted in con-
formance with the Helsinki Declaration. In addition,
399 sex- and age-matched healthy people participating
in health checkups who showed normal levels of
alanine aminotransferase (ALT) levels (<30 IU/L) were
also enrolled as the control group.

Clinical laboratory parameters

Venous blood samples were taken in the morning after
a 12-h overnight fast. The laboratory evaluation in all
patients included a blood cell count and the measure-
ment of aspartate aminotransferase (AST), ALT,
v-glutamyltransferase (yGT), cholinesterase (ChE), total
cholesterol, triglyceride, albumin, fasting plasma
glucose (FPG), immunoreactive insulin (IRI), free fatty
acid (FFA), ferritin levels, hyaluronic acid and type IV
collagen 7S. These parameters were measured using the
standard techniques of clinical chemistry laboratories.
Body mass index (BMI) was calculated using the follow-
ing formula: weight in kilograms / (height in meters).?
Obesity was defined as a BMI greater than 25, according
to the criteria of the Japan Society for the Study of
Obesity.?" Patients were assigned a diagnosis of diabetes
mellitus (DM) if a documented use of oral hypoglyce-
mic medication, a random glucose level in excess of
200 mg/dL or an FPG greater than 126 mg/dL was
present.? Dyslipidemia was diagnosed if the cholesterol
level was higher than 220 mg/dL and/or the triglyceride
level was over 160 mg/dL. Hypertension was diagnosed
if the patient was on antihypertensive medication
and/or had a resting recumbent blood pressure of
greater or equal to 140/90 mmHg on at least two
occasions.

Sulfated DHEA concentrations were measured by
chemiluminescent enzyme immunoassay (CLEIA).
Serum DHEA-S levels of the control group were deter-
mined in the Anti-Aging Medical Research Center,
Graduate School of Life and Medical Science, Doshisha
University, Kyoto, Japan. The Homeostatic Model of
Assessment of Insulin Resistance (HOMA-IR) was calcu-
lated on the basis of fasting values of plasma glucose
and insulin according to the HOMA model formula:
HOMA-IR = IRI (pU/mL) x FPG (mg/dL) / 405.* Quan-
titative insulin sensitivity check index (QUICKI)=1/
(log fasting IRI [uU/mL] + log FPG [mg/dL]).*

Histological evaluation

All patients enrolled in this study underwent a percuta-
neous liver biopsy under ultrasonic guidance. The liver
specimens were embedded in paraffin and stained with
hematoxylin—eosin, Masson trichrome and reticulin
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Table 1 Characteristics of NAFLD patients and control group

Low levels of serum DHEA-S in advanced NASH 903

Parameters NAFLD Control P-value
n 133 399
Sex (female) 70 (53%) 210 (53%) Matched
Age (year) 55.2 (15.4) 55.6 (12.1) 0.7990
BMI (kg/m?) 27.9 (4.9) 23.4° (3.4) <0.0001
Obesity (BMI > 25 kg/m?) 98 (74%) 109 (27%) <0.0001
AST (IU/L) 58.0 (33.0) 21.7 (4.9) <0.0001
ALT (IU/L) 85.6 (51.7) 19.4 (5.4) <0.0001
YGT (IU/L) 82.8 (73.0) 33.1 (28.8) <0.0001
Cholesterol (mg/dL) 207.9 (41.2) 215.6 (34.9) 0.0572
Triglyceride (mg/dL) 179.1 (96.3) 109.0 (87.8) <0.0001
HDL-C (mg/dL) 52.0 (24.7) 63.8 (16.6) <0.0001
FPG (mg/dL) 103.5 (38.9) 97.5 (15.7) 0.0131
IRI (uU/mL) 14.70 (9.46) 557 (4.17) <0.0001
HOMA-IR 3.93 (3.83) 1.37 (1.09) <0.0001
QUICKI 0.33 (0.03) 0.38 (0.04) <0.0001
DHEA-S (ug/dL) 128.7 (111.2) 113.6 (91.8) 0.1578

P-values were calculated by Student’s t-test or y?-test analysis.

Results are presented as numbers with percentages in parenthesis for qualitative data or as means with standard deviation in

parenthesis for quantitative data.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; DHEA-S, dehydroepiandrosterone sulfate; FPG,
fasting plasma glucose; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, Homeostasis Model Assessment for Insulin Resistance;
IRI, immunoreactive insulin; NAFLD, non-alcoholic fatty liver disease; QUICKI, Quantitative insulin sensitivity check index; yGT,

gamma glutamyl transpeptidase.

silver stain. A pathologist (8. 1.) who was blinded to the
dinical data reviewed the liver biopsy specimens.
Adequate liver biopsy sample was defined as biopsy
specimen length greater than 1.5 cm and/or having
more than six portal tracts. NASH was defined as
steatosis with lobular inflammation and ballooning
degeneration with or without Mallory~-Denk body or
fibrosis.** Patients whose liver biopsy specimens
showed steatosis, or steatosis with non-specific inflam-
mation, were identified as the SS cohort.** The severity
of hepatic fibrosis (stage) was defined as follows: stage
1, zone 3 perisinusoidal fibrosis; stage 2, zone 3 perisi-
nusoidal fibrosis with portal fibrosis; stage 3, zone 3
perisinusoidal fibrosis and portal fibrosis with bridging
fibrosis; and stage 4, cirthosis.?® Scoring of steatosis
included both microvesicular and macrovesicular ste-
atosis and was based on the percentage area of the
parenchyma that was fatty. Mild was considered less
than 33%, moderate 33-65% and advanced if greater
than 66% was observed.?

Statistical analysis

Results are presented as the means and standard
deviation (SD) for quantitative data or as numbers

with percentages in parentheses for qualitative data.
Statistical differences in quantitative data were deter-
mined using the Student's t-test (Table 1). Statistical
differences among three groups for quantitative data
were determined by one-way ANOVA with Scheffe's
post-hoc test (Table 3). Fisher's exact probability test
or x*test analysis was used for qualitative data
(Tables 1,3). Correlation coefficients were calculated
by using Spearman’s rank correlation analysis
(Table 2). Multivariate analysis was performed by
logistic regression analysis to identify variables inde-
pendently associated with advanced stage of NASH
(Table 4). To assess the accuracy of clinical scoring
system in differentiating NASH from SS or advanced
NAFLD from mild NAFLD, we calculated the sensitivity
and the specificity for each value of each test and then
constructed ROC by plotting the Se against the reverse
Sp (1 - Sp) at each value (Fig. 1). The diagnostic per-
formance of scoring systems was assessed by analysis
of ROC. The most commonly used index of accuracy is
the area under the ROC (AUC), with values close to
1.0 indicating high diagnostic accuracy (Table 4). The
Youden index was used to identify the optimal cut-off
points. Differences were considered statistically signifi-
cant at all P<0.05.
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Table 2 Correlation between serum DHEA-S and clinical
parameters in 133 patients with biopsy-proven NAFLD

Variables Correlation P-value
coefficient

Age ~0.6982 <0.0001
Hemoglobin 0.4859 <0.0001
Platelet 0.3475 <0.0001
AST -0.1988 0.0218
ALT 0.1733 0.0460
AST : ALT ratio —0.5847 <0.0001
YGT ~0.0580 0.5092
Cholinesterase 0.3827 <0.0001
Albumin 0.4165 <0.0001
Prothrombin time 0.0767 0.4029
Cholesterol 0.1525 0.0820
Triglyceride 0.2037 0.0206
HDL-C -0.2016 0.0033
FPG -0.1386 0.1158
IRI —0.0208 0.8138
HOMA-IR -0.0545 0.5379
QUICKI 0.0545 0.5379
Free fatty acid (n=121) —-0.1023 0.2644
Ferritin 0.0037 0.9666
Hyaluronic acid —0.6408 <0.0001
Type IV collagen 7 s ~0.4477 <0.0001

P-values are based on Spearman’s non-parametric correlation
analysis.

ALT, alanine aminotransferase; AST, aspartate aminotransferase;
DHEA-S, dehydroepiandrosterone sulfate; FPG, fasting plasma
glucose; HDL-C, high-density lipoprotein cholesterol; HOMA-IR,
Homeostasis Model Assessment for Insulin Resistance; IRI,
immunoreactive insulin; NAFLD, non-alcoholic fatty liver
disease; QUICKI, Quantitative insulin sensitivity check index;
YGT, gamma glutamyl transpeptidase.

RESULTS
Patient demographics

ABLE 1 SUMMARIZES the clinical, laboratory and

liver biopsy data of the patient population and the
control group. NAFLD patients were predominantly
obese, had higher levels of transaminase activities, YGT,
triglyceride, FPG, IRI and insulin resistance, and had
lower levels of high-density lipoprotein cholesterol
(HDL-C). Serum levels of DHEA-S in NAFLD patients
were not different from those in sex- and age-matched
controls. In both groups, there were significant sex dif-
ferences in serum levels of DHEA-S (control group, male
154.4 + 102.1 vs female 76.8 £59.6 pg/dL, P < 0.0001;
NAFLD group, male 186.7 +129. 2 vs female 76.5+
53.1 pg/dL, P< 0.0001).
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Of 133 NAFLD patients involved in this study, 90
patients (68%) were histologically diagnosed as NASH,
and 43 patients (32%) were SS. NASH patients were
significantly older, predominantly female, hypertensive,
more likely to have DM, had lower levels of hemoglobin
(Hb), platelet count, albumin, cholinesterase and
QUICKI, and had higher levels of AST, ALT, IRI, hyalu-
ronic acid, type IV collagen 7S and HOMA-IR. Patients
with NASH had lower levels of DHEA-S (108.8 *
96.1 pg/dL) than those with SS (170.4 % 129.2 pg/dL,
P=0.003). The AUC for DHEA in separating patients
with and without NASH was 0.678 (Fig. 1a). The sensi-
tivity of a DHEA-S-value of 99 pg/dL or less for the
presence of NASH was 62.2% (56/90) and specificity
was 67.4% (29/43).

Correlation between DHEA-S and other
clinical variables in NAFLD patients

Levels of DHEA-S were positively correlated with Hb,
platelet, ALT, cholinesterase, albumin and triglyceride,
and negatively correlated with age, AST, AST/ALT ratio,
ALP, HDL-C, hyaluronic acid and type IV collagen 7S.
They had no associations with markers of insulin resis-
tance such as HOMA-IR and QUICKI (Table 2). Serum
DHEA-S levels were not different between patients
with HOMA-IR of more than 2.5 (n=73, 1256
116.0 ug/dL) and with HOMA-IR of less than 2.5
(n=57, 134.4+107.9 ug/dL, P=0.660). Similarly,
serum DHEA-S levels were not different between
patients with QUICKI of more than 0.3 (n=102,
123.7 + 114.4 pug/dL) and with QUICKI of less than 0.3
(n=26, 114.8 + 108.2 pg/dL, P= 0.448).

Comparison between participants with
simple steatosis, and mild and
advanced NASH

Patients with NAFLD were divided into three groups,
including SS, mild NASH (NASH with fibrosis stage
0-2) and advanced NASH (NASH with fibrosis stage
3-4). Female sex was more prevalent in patients with
advanced NASH than in those with §S and mild NASH.
Participants in the SS group were younger than partici-
pants with mild and advanced NASH. The prevalence of
obesity and lifestyle-related diseases did not differ
among three groups. Platelet count decreased in accor-
dance with the incremental fibrosis of NAFLD. The AST/
ALT ratio, fibrosis markers (hyaluronic acid, type IV
collagen 7S) and insulin resistance were elevated in the
advanced stage of NAFLD. Participants with advanced
NASH had significantly lower levels of DHEA-S com-
pared with participants with 8S, and tended to have low
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