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Figure 2. TNF-q deficiency did not affect CBDL+CDL-induced
liver injury. TNF-«™* and TNF-o™/~ mice received CBDL+CDL. The
animals were sacrificed at the indicated times. (A) The injured lesion in
the livers was assessed by H&E staining (original magnification: 40x). (B)
Serum ALT and total bilirubin levels were compared at the indicated
times. (C) Expression of F4/80 in the livers was examined by
immunochistochemistry (original magnification: 200x). F4/80 positive
area was compared (right panel). (D} CD3" cells in the livers were
examined by immunohistochemistry (original magnification: 200x).
Number of CD3" cells was compared. Data are mean =+ SD from at least
5 independent experiments. ¥, P<0.05 vs. sham using a 2-tailed
Student’s t-test.

dok:10.1371/journal.pone.0065251.9002
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Hydroxyproline Measurement

Hydroxyproline was measured for assessment of collagen
content. The extracted liver protein was hydrolyzed in 6 M HCI
(100°C, 24 h). The samples were neutralized with LiOH, and
hydroxyproline was measured using a high-performance liquid
chromatographic analyzer (Jasco, Hitachi, and Shimazu, Japan).

Isolation of Rat Primary HSC

Rat primary HSCs were isolated as previously described {29].
The liver was perfused via the portal vein with collagenase (Wako,
Osaka, Japan) and pronase E (EMD Chemicals, Gibbstown, NJ,
USA). After digestion, the cell suspension was filtered through
nylon mesh and purified via 8.2% Nycodenz (Axis-Shield, Oslo,
Norway) gradient centrifugation. The isolated HSCs were cultured
in uncoated plastic dishes with DMEM (Sigrma-Aldrich, St. Louis,
MO, USA) supplemented with 10% fetal bovine serum and
antibiotic solution at 37°C in 5% COy, After plating for 4 h, the
medium was changed to DMEM with 10% fetal bovine serum and
antibiotics containing TNF-o. (30 ng/ml, R&D Systems) for 72 h.
The purity of HSCs was always 95% as determined by their
typical starlike shape and abundant lipid droplets with vitamin A
autofluorescence.

Western Blot

Electrophoresis of protein extracts and blotting were performed
with anti-cyclin E (Santa Cruz Biotechnology, sc-481), glyceral-
dehyde-3-phosphate dehydrogenase (GAPDH) (Cell Signaling
Technology, Danvers, MA, USA, #2118), a-smooth muscle actin
(«SMA) (Sigma-Aldrich, A2547), and TIMP-1 antibodies. Then,
the membrane was mcubated with the horseradish peroxidase-
coupled secondary antibodies (Santa Cruz Biotechnology). Detec-
tion was performed with an ECL system {Amersham Biosciences,
Buckinghamshire, UK), and the protein bands were quantified by
densitometry using the Image] software.

Quantitative Real Time RT-PCR

RINA was extracted from liver tissue and cultured cells using the
RNeasy and DNase Kits (Qjagen, Valencia, CA, USA) and was
reverse-transcribed using the High-Capacity ¢DNA Reverse
Transcription Kit (Applied Biosystems, Toster City, CA, USA).
Qnantitative real-time RT-PCR was performed using the SYBR
Premix Ex Taq (Takara, Shiga, JAPAN) for mouse and rat TIMP-
1 (forward; TGGGGAACCCATGAATTTAG, reverse; TCT-
GGCATCCTCTTGTTGC), rat collagen type I ol (forward;
TAGGCCATTGTGTATGCAGC, reverse; ACATGTTCAGC-
TTTGTGGACC), mouse aSMA {forward; GTTCAGTGGT-
GCCTCTGTCA, reverse; ACTGGGACGACATGGAAAAG),
rat oSMA (forward; GTTCAGCGGCGCCTCCGTTA, reverse;
ACTGGGACGACATGGAAAAG), rat and mouse desmin (for-
ward; CTCGGAAGTTGAGAGCAGAGA, reverse; GTGAA-
GATGGCCTTGGATGT), mouse vimentin (forward; ACCG-
CTTTGCCAACTACAT, reverse; TTGTCCCGCTCCAC-
CTC), and rat chemokine (C-C motif) ligand 5 (CCLS) (forward;
CCACTTCTTCTCTGGGTTGG, reverse; GTGCCCACGT-
GAAGGAGTAT), and probe-primers sets (Applied Biosystems)
for mouse procollagen type I al (Mm00801666gl), mouse
transforming growth factor (TGF)-f1 (Mm00441724ml) and
18S ribosomal RINA (Hs99999901s1) with the LightCycler 480
(Roche Applied Science, Mannheim, Germany}. The changes
were normalized based on 185 rRNA values.
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Figure 3. TNF-a-mediated increase of liver injury and hepatocyte apoptosis after CBDL+CDL was induced only in GalN sensitized
mice. TNF-™* and TNF-o™/~ mice were treated with or without GalN (20 mg) and subjected to CBDL+CDL. The animals were sacrificed 24 h after
the surgery. (A) The injured lesions in the livers were assessed by H&E staining (original magnification: 40x). (B) Serum ALT and total bilirubin levels
were compared. (C) Apoptotic nuclei were identified by TUNEL staining (original magnification: 400x). Numbers of TUNEL-positive cells were
compared (right panel). Data are mean = 5D from at least 5 independent experiments. ¥, P<0.05 using a 2-tailed Student’s t-test.
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Gelatin Zymography

Gelatin zymography was performed with extracted proteins
from the liver (30 ug) as described previously [30]. Frozen livers
were homogenized in lysis buffer (20 mmol/L HEPES [pH 7.5],
150 mmol/L; NaCl, 10 mmol/L CHAPS) and the homogenates
were centrifuged at 20,000g for 20 min at 4°C. Proteins from
supernatant were separated in 7.5% polyacrylamide gel containing
I mg/mL of gelatin. The gels were equilibrated in developing
buffer (50 mmol/L Tris [pH 7.4], 200 mmol/L NaCl, 10 mmol/
L CaCl2, 0.02% sodium azaid). The gel was stained with 0.5%
Coomassic Blue R-250, followed by destaining. Gelatinolytic
activity was detected as clear bands on a dark blue background.

Statistical Analysis

Data are expressed as the mean * SD of data collected from at
least 5 independent experiments. Data between groups were
analyzed by the 2-tailed Student’s #test. A Pvalue of less than 0.05
was an indication of statistical significance.

Results

Deficiency of TNF-o. Reduces CBDL+CDL-induced Liver
Fibrosis

Serum TNF-u level was increased by CBDL+CDL in wild-type
mice (Figure 1A), as previously reported [7]. To explore the roles

PLOS ONE | www.plosone.org

of TNF- on liver fibrosis, CBDLACDL was performed on TNF-
o7’ mice. Fibrosis was induced in CBDL+CDL mice, as
demonstrated by Sirius red staining and hydroxyproline content
(Figure 1B, C). CGBDL +CDL livers of TNF-0”/" mice showed
reduced fibrosis, compared to those of TNF-6/"/* mice {(Figure 1B,
C), suggesting that TNF-o contributes to liver fibrosis.

Liver fibrosis is induced by liver cell damage and inflammatory
cell infiltration with impaired hepatocyte regeneration. However,
TNF-a~/" mice showed liver injury (Figure 24), increased serum
alanine aminotransferase (ALT) and total bilirubin (Figure 2B),
infiltrated F4/80" macrophages (Figure 2C), and number of
infiltrated CD3™ lymphocytes (Figure 2D) after CBDL +CDL to a
similar degree as was observed for TNF-o™"" mice, suggesting that
TNF-ao is not related to liver imjury and mflammatory cell
mnfiltration in CBDLACDL mice. To confirm the irrelevance of
TNF-o to liver injury, the mice were pretreated with GallN, which
increases sensitivity to TINF-a-induced liver damage and hepato-
cyte apoptosis [31], and subsequently received CBDL+CDL.
GalN treatment alone did not induce liver injury or fibrosis {data
not shown). Liver injury by CBDL+CDL was exacerbated in the
GalN-pretreated mice (Figure 3A). Serum ALT levels were also
higher in the GalN-pretreated mice than in the non-treated mice,
although total bilirubin was comparable (Figure 3B), suggesting
that hepatocyte cell death was exacerbated in the GalN-pretreated
mice without increased cholestasis. Moreover, TUNEL-positive
hepatocytes were increased in GalN-treated mice that received
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Table 1. Changes in the mRNA profiles of the liver after
CBDL+CDL in TNF-0.' mice TNF-o* and TNF-o™/~ mice
received CBDL+CDL,

sham CBDL+CDL

TNF-g** TNF-¢~ /" TNF-a* TNF-g ™'~
aSMA 100064 1367025 5.43:0.98% 632:51.22
desmin 1002036 1.19£0.47 1.73£0.28% 1.76:0.69
vimentin  100=0.18 122023 277+0.82% 3662077

The animals were sacrificed 7 days after the surgery. mRNA levels of «SMA,
desmin, and vimentin in the livers were determined by quantitative real time
RT-PCR, Results are presented as means * SD of data collected from at feast 5
independent experiments.

*P<0.05 versus sham-operated TNF-o
doi:10.1371/journal.pone.0065251.t001

e

mice using a 2-tailed Student’s t-test.

CBDLA+CDL (Figure 3C). These effects of GalN were blunted in
TNF-o™"7 mice (Figure 3). TNF-« treatment alone does not
induce hepatocyte cell death, and the sensitization of hepatocytes
by GalN is required for TNF-o-induced liver injury in mice
[11,12]. These previous findings, in conjunction with our results,
suggest that the liver damage increments caused by GalN
combination is induced by the TNF-o produced by CBDL+CDL;
TNF-o causes liver damage only when the hepatocytes are
sensitized by GalN in CBDLACDL mice, and TNF-o does not

TNF-a Promotes Cholestasis-Induced Liver Fibrosis

Table 2. Effect of TNF-o on mRNA profiles of primary isolated
rat HSCs.

fncubation time Oh 72h 72 h
TNF-o =} -} +
coflagen o1{f) 1.00=0.12 7.95+0.85 3.52+0.45%
aSMA 1.00=0.16 | 7445069 6.710.78
desmin 1.00£0.17 2.20+0.11 4322044
CCLs 1.000.23 0.152002 1.63+0.25*
TIMP-1 100007 2.25%022 3.76£0.33%

Primary rat HSCs were incubated on plastic dishes for 72 h with or without TNF-
< {30 ng/mb). mRNA levels of collagen a1{l}, xSMA, desmin, CCL5, and TIMP-1
were determined by quantitative real time RT-PCR (E). Data are mean = SD
from at least 6 independent experiments.

*P<0.05 versus 72 h cultured HSCs without TNF-¢ using a 2-tailed Student’s t-
test.

doi:10.1371/journal.pone.0065251.t002

contribute to liver damage in CBDLA+CDL without GalN. Thus,
this liver damage may be primarily induced by accumulated
cytotoxic bile acids. Furthermore, CBDLACDL-mediated induc-
tion of Ki67" cells (Figure 4A) and elevation of cyclin E (Figure 4B),
which are makers for liver regeneration, in the livers of TNF-o ™"~
mice was comparable to that in TNF-o/™* mice, suggesting that
liver regeneration after CBDL+CDL was not mediated by the
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Figure 6. CBDL+CDL increased TIMP-1 in a TNF-o dependent manner. TNF-o™*

* and TNF-2~/" rnice received CBDL+CDL. The animals were

sacrificed at the indicated times. (A} mRNA levels of TIMP-1 in the livers were determined by quantitative real time RT-PCR. (B) The protein extracts
from the livers were analyzed by SDS-PAGE, and immunoblotting was performed with anti-TIMP-1 and -GAPDH antibodies. The results shown are
representative of at least 5 independent experiments. Relative densitometric intensity of TIMP-1 was determined for each protein band and
normalized to GAPDH (bottom panels). (C) Collagenase activities in the protein extracts were measured by gelatin zymography. (D) Expression of
TIMP-1 in the livers was examined by immunohistochemistry (original magnification: 400 x). (E} Expression of desmin (green) and TIMP-1 (red) around
the interstitial space around dilated bile ducts was examined by immunofluorescent staining. The results shown are representative of at least 3
independent experiments. Data are mean = SD from at least 5 independent experiments. *, P<0.05 using a 2-tailed Student’s t-test.
doit10.1371/journal.pone.0065251.g006
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produced TNF-g.. Thus, the reduced fibrosis in TNF-a™/ ™ mice
after CBDLACDL was not related to the reduction of liver damage
or the enhancement of liver regeneration.

TNF-o Decreases Collagen mRNA Expression in Isolated
rat HSCs

Because fibrosis was decreased in TNF-o~ "™ mice, it is possible
that TNF-a activates HSCs and increases their collagen produc-
tion. Indeed, it is reported that TNF-o activates primary cultured
HSCs by activation of p38 mitogen-activated protein kinase
{(MAPK) and c-jun N-terminal kinase (JNK) [32]. To compare the
activity status of HSCs between TNF-o* and TNF-a™' ™ mice,
we examined expression levels of collagen al(Iy mRNA, TGF-§
mRNA, which is an activator of HSCs, desmin and vimentin
mRNA, which are classical features of HSCs, and aSMA mRINA
and protein, which is a maker for stellate cell activation. The
increased CBDL+CDL-mediated expression levels of collagen
al) mRNA (Figure 54), TGF-B mRNA (Figure 5B), 2SMA
mRNA, desmin mRNA, vimentin mRNA (Table 1), and oSMA

/

PLOS ONE | www.plosone.org

protein (Figure 5C) in the livers of TNF-0™’" mice were
comparable to those of TNF-a** mice, suggesting that TNF-ol
does not contribute to activation of HSCs and production of
collagen in CBDILA-CDL mice. To examine the direct effects of
TNF-o0 on collagen expression in HSCs, primary HSCs were
isolated from rats and were cultured on plastic dishes, on which
the cells were automatically activated and proliferated (Figure 5D).
According to the autoactivation, expression levels of collagen «1(I),
aSMA, and desmin mRNA in HSCs were increased by culture on
plastic dishes for 72 h (Table 2). Exogenous administration of
TNF-o decreased the induction of collagen al{Ij mRINA as
previously reported [15,16,17), although aSMA was not reduced
by TNF-o. Moreover, TNF-o increased desmin and CCL5
mRNA in HSCs {Table 2) which is a mediator of HSC
proliferation {33]. Thus, TINF-o decreases collagen al(I) produc-
tion without inhibition of activation and proliferation in primary
cultured HSCs. These results further suggest that the reduced
fibrosis in TNF-2™’~ mice is not due to reduction of collagen
synthesis in HSCs.
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Table 3. Changes in the mRNA profiles of the liver after
CBDL+CDL in TIMP-1"'" mice TIMP-1""* and TIMP-1""" mice
received CBDL+CDL.

sham CBDL+CDL

TIMP-1"* TIMP-17" TiMP-1*"* TIMP-1"""
ASMA 100064  1.04%030  543+0.98* 401%172
desmin 100036 1.39+0.18 173£0.28% 159034
vimentin  1.00+0.18 1192029 27720.82% 2.05+0.86

The animals were sacrificed 7 days after the surgery. mRNA levels of aSMA,
desmin, and vimentin in the livers were determined by quantitative real time
RT-PCR. Results are presented as means = SD of data collected from at least 5
independent experiments.

*P<0.05 versus sham-operated TIMP-1"" mice using a 2-talled Student’s t-test.
doi:10.1371/journal pone.0065251.1003

TIMP-1 is Induced in BDL Livers in a TNF-a-dependent
Manner

After finding that collagen mRINA was not decreased in TNF-
o™/ mice, we hypothesized that the reduced fibrosis in the mice
was due to post-transcriptional effects. To elucidate the mecha-
nisms by which TNF-o contributes to BDL-mediated liver fibrosis,
we focused on TIMP-1, which is an endogenous inhibitor of
MMPs. Consistent with a report indicating that a TN¥-o inhibitor
can prevent the increase in rat hepatic TIMP-1 by CCl, treatment
[34], we found that CBDL+CDL increased mRNA (Figure 6A)
and protein (Figure 6B) expression of TIMP-1 in the liver, and the
induction was lower in TNF-¢”™~ mice than in TNF-o*/* rnice.
In comtrast, gelatin zymography showed that MMP-9 (Figure 6C)
and MMP-2 (data not shown) were equally activated by
CBDIACDL in both TNF-o"* and TNF-o ™ mice. TIMP-1
positive cells were induced in the increased interstitial space
around the dilated bile ducts (Figure 6D) and most of the desmin®
cells (a marker of HSCs) showed double staining for TIMP-1
(Figure 6E), suggesting that TIMP-1 is expressed by HSCs. In
addition, TIMP-1 mRINA expression in primary cultured rat
HSCs was increased by TINF-o administration (Table 2), indicat-
ing that TNF-o stimulates TIMP-1 production, as previously
reported [9,19,20]. These results suggest that the TNF-a produced
by BDL induces TIMP-1 in HSCs.

Fibrosis is Reduced in TIMP-17"" Mice

Induction of TIMP-1, but not MMPs, was reduced in TNF-0.™"~
mice. This led to the hypothesis that insufficient TIMP-1 expression
leads to increased collagen removal by MMPs in TNF-o™/ ™ mice.
To investigate the roles of TIMP-1 on fibrosis, we performed BDL
on TIMP-1"/" mice. TIMP-1"/" mice showed a similar degree of
increased liver injury and serun ALT (Figure 7A) as TIMP-17/*
mice at 1 day after CBDL+CDL. In addition, the increased
expression levels of aSMA, desmin, and vimentin mRNA in the
livers of TIMP-17"" mice at 7 days after CBDL+CDL were
comparable to those in TIMP-1** mice (Table 3). These results
suggest that TIMP-1 does not play a role in hepatocyte cell death
induced by bile acid or in activation of HSCs in CBDILACDL mice.
Surprisingly, the mortality rate of TIMP-17/" mice that received
CBDL+CDL was extremely high; 0% of mice remained by 21 days
after the surgery (Figure 7B}. Mice treated with our established
model, PBDL, only showed liver injury and fibrosis in the bile duct
ligated left lobe of the liver, which improved the survival rate to
100% in both the TIMP-1"/" and TIMP-1""" mice. Therefore, we
used PBDL for the TIMP-17"" mice. Sirius red staining showed a
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smaller positive area in the ligated left lobe of the TIMP-17/" mice
{Figare 7C), suggesting that fibrosis is reduced by a TIMP-1
deficiency. Thus, TIMP-1 may have fibrogenic effects due to
inhibition of collagen removal by MMPs.

Discussion

The present study investigated the contribution of TNF-a to the
progression of fibrosis after cholestatic liver imjury., The results,
which indicate that TINF-o increases liver fibrosis through TIMP-1
production from HSCs, suggest novel therapeutic possibilities for
treating liver fibrosis.

TNF-ot ‘has been thought to be crucial for liver injury and
fibrosis by BDL because those are reduced in TNF-a~ /™ mice [8]
and TNFR1™/™ mice [9]. Gabele et al. reported that TNF-o"/~
mice display reduced levels of serum ALT, Sirius red positive area,
collagen-I protein expression, aSMA positive cells, and TGF-f
mRNA in the liver after BDL [8]. After BDL, hepatocytes are
exposed to elevated concentrations of bile acid, and hydrophohic
bile acids lead to hepatocyte cell death [3,4] through various
factors, such as reactive oxygen species (ROS) generation from
mitochondria {35]. The imitial hepatocyte cell death stimulates
subsequent inflammatory responses, leading to further liver injury
and fibrosis [36,37]. TNF-a is induced by BDL after the mitial
hepatocellular damage caused by bile acids, and both of bile acids
and the induced TNF-u are reported to induce hepatocellular
damage. Among them, the TNF-u-induced hiver injury is canceled
in TNF-0™/" mice after BDL. Because liver injury stimulates
HSC activation, reduced liver injury may decrease fibrosis.
However, it is stll unclear whether the reduced liver fibrosis is
due to a lack of fibrogenic effects of TNF-« or due to the reduced
liver injury because previous reports indicate that both liver injury
and fibrosis after CBDL are reduced in TNF-o™’™ mice [8] and
TNFR1™/" mice [9]. In contrast to those reports, our stud)y found
a reduction of liver fibrosis after CBDLA+ACDL in TNF-o™" ™ mice
without a reduction in liver injury. This can be attributed to this
study’s use of CBDL+CDL, which is composed of CBDL and
CDL, in contrast to the nsual CBDL procedure, in which only the
common bile duct is ligated, used in the previous studies. In
CBDLACDL mice, congested bile did not remain in the gall
bladder, leading to the post-surgical exposure of hepatocytes to
high concentrations of bile acid, which induced severe hepatocyte
cell death. CBDL4+CDL induced same degree of liver damage in
TNF-0~’" compared with TNF-oi""" suggesting that the liver
injury induced by bile acid may be severe enough to conceal TNF-
o-mediated liver injury. In actuality, pretreatment with GalN
exacerbated the CBDLA+CDL-induced liver injury that was
blunted in TNF-0™/" mice, indicating that TNF-of has a minor
role in liver injury in CBDLACDL mice. TNF-0."/" mice showed
reduced fibrosis after CBDL+CDL, without reduction of liver
mjury and inflammatory cell infiltration or enhancement of liver
regeneration, indicating a direct contribution by TNF-o to liver
fibrosis in CBDL+CDL mice.

The profibrogenic effects of TINF- in another fibrosis model,
which uses CClgy, have been reported previously, indicating that
TNFR1 deficiency inhibits liver fibrosis after CCly treatment,
without any effects on liver injury [10,38]. TGF-B, one of the main
fibrogenic factors, stimulates HSCs to induce collagen I ol
transcription {39]. However, the induction of TGF-$ and collagen
mRNAs after CBDLACDL was similar in TNF-o™'~ and TNF-
o* mice. Moreover, exogenous administration of TNF-a
decreased the induction of collagen ol{I) mRNA in primary
cultured rat HSCs. These results suggest that TNF-of induces liver
fibrosis post-transcriptionally. MMPs and their inhibitor, TIMP,
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post-translationally modulate ECM remodeling, and the balance
of their expression plays an important role in liver fibrosis [18].
Indeed, CBDLACDL increased TIMP-1 expression, which can
inhibit a broad range of MMPs and was attenuated by TNF-o
deficiency. In addition, fibrosis in the ligated lobes of PBDL livers
was reduced in TIMP-1""" mice compared to that in TIMP-1*"*
mice. Thus, insufficient TIMP-1 production is a possible
explanation for the reduced fibrosis in TNF-0~'" mice after
CBDLACDL. In contrast to our results, it has been reported that
CCl-induced liver fibrosis and liver injury are increased in TIMP-
1777 mice [25]. In addition to its profibrogenic effects, TIMP-1
has a protective effect on hepatocytes [25]. Inhibition of MMPs
blocks apoptosis of hepatocytes [40]. TIMP-1""" mice demon-
strate impaired hiver injury and hepatocyte proliferation after
hepatic ischemia and reperfusion {24]. Thus, deletion of TIMP-1
could accelerate liver fibrosis by increasing liver injury. Indeed,
TIMP-17’" mice that received CBDL+CDL showed an extreme-
ly high mortality rate, with an initial liver injury rate that was
comparable to TIMP-1"" mice, suggesting that TIMP-1 has roles
in the BDL liver, in addition to MMP inhibition. However, our
results using PBDL suggest that TIMP-1 has a profibrogenic role
in cholestatic liver injury. TIMP-1 can act directly through cell
surface receptors, in addition to indirectly directing cell fate
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Abstract

Background The severity of liver fibrosis must be esti-
mated to determine the prognosis, for surveillance, and for
optimal treatment of nonalcoholic fatty liver disease
(NAFLD). However, the severity of hepatic fibrosis tends
to be underestimated in patients with normal ALT.
Methods We investigated histological data and scoring
systems (FIB-4 index, NAFLD fibrosis score, BARD score,
and AST/ALT ratio) of 1,102 liver-biopsy-confirmed
NAFLD patients.

Results A total of 235 NAFLD patients with normal ALT
were estimated to exist. The ratio of advanced fibrosis
(stage 3-4) was seen in 16.1 % of subjects with normal
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ALT. Scoring systems, especially the FIB-4 index and
NAFLD fibrosis score, were clinically very useful (AUROC
>0.8), even in patients with normal ALT. Furthermore,
with resetting of the cutoff values, the FIB-4 index
(>1.659) and NAFLD fibrosis score (>0.735) were found
to have a higher sensitivity and higher specificity for the
prediction of advanced fibrosis, and all of these scoring
systems (FIB-4 index, NAFLD fibrosis score, BARD score,
and AST/ALT ratio) had higher negative predictive values
(>90.3 %). By using the resetting cutoff value, liver biopsy
could have been avoided in 60.4 % (FIB-4), 66.4 %
(NAFLD fibrosis score), 51.9 % (BARD score), and
62.1 % (AST/ALT ratio).
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Conclusions We reset the cutoft values of numerous non-
invasive scoring systems to improve their clinical useful-
ness in the prediction of liver fibrosis in NAFLD patients
with normal ALT, and these non-invasive scoring systems
with the reset cutoff values could be of substantial benefit
to reduce the number of liver biopsies performed.

Keywords
systems

NAFLD - NASH - Normal ALT - Scoring

Abbreviations :
NAFLD  Nonalcoholic fatty liver disease

NASH Nonalcoholic steatohepatitis
AST Aspartate aminotransferase
ALT Alanine aminotransferase
AUROC  Area under the receiver-operating characteristic
curve
BMI Body mass index
LDL Low-density lipoprotein
HDL High-density lipoprotein
NPV Negative predictive value
PPV Positive predictive value
AAR AST/ALT ratio
Introduction

Nonalcoholic fatty liver disease (NAFLD) is an important
clinical subtype of chronic liver disease in many countries
around the world [1]. The histological changes range over a
wide spectrum, extending from simple steatosis, which is
generally non-progressive, to nonalcoholic steatohepatitis
(NASH), liver cirrhosis, liver failure, and sometimes even
hepatocellular carcinoma [2-5]. The severity of liver
fibrosis must be estimated to determine the prognosis, for
surveillance, and for optimal treatment of NAFLD, similar
to the case for other liver diseases [6]. Liver biopsy is
recommended as the gold standard for the diagnosis and
staging of fibrosis in patients with NASH {1, 2, 7]. This
procedure, however, is invasive and is associated with a
high risk of complications [8]. Approximately 24.6 % of
all patients complain of pain during/after the biopsy pro-
cedure [9], and the estimated risk of severe complications
is 3.1 per 1,000 procedures [10]. Furthermore, it is
impossible to enforce liver biopsy in all NAFLD patients,
because the estimated number of NAFLD patients has
reached 80-100 million in the US and over 20 million in
Japan [11]. These considerations underscore the need for
the development of simple non-invasive methods for
assessing the severity of fibrosis.

Numerous non-invasive panels of tests have been
developed for the staging of liver disease consisting of

@ Springer

combinations of clinical and routine laboratory parameters,
as well as specialized tests, such as direct markers of
fibrosis and elastography [12-15]. Especially serum ala-
nine aminotransferase (ALT) has long been used as a
surrogate marker of liver injury {16, 17] and has been used
in many scoring systems for various liver diseases,
including NAFLD, such as the aspartate aminotransferase
(AST)-to-ALT ratio (AAR) [18], NAFLD fibrosis score
[19], BARD score [20], and FIB-4 index [21]. It is, how-
ever, well known that both fatty liver and NASH may exist
without elevation of the serum ALT wvalue [22, 23]. 1t is
also well known that the serum ALT values may not
always be well correlated with the severity of liver disease
[17}.

The purpose of this study was to compare the distribu-~
tion of histological fibrosis stage and scoring systems in
various serum ALT levels and to investigate the clinical
usefulness of established clinical scoring systems for
detecting the presence of advanced liver fibrosis (bridging
fibrosis or cirrhosis) and resetting the reported cutoff val-
ues, as appropriate, in a large retrospective cohort of
Japanese patients with NAFLD patients with normal ALT
levels.

Patients and methods
Patients

A total of 1,102 patients with liver-biopsy-confirmed NA-
FLD between 2002 and 2011 were enrolled from institutes
affiliated with the Japan Study Group of NAFLD (JSG-
NAFLD), represented by the following ten hepatology
centers in Japan: Nara City Hospital, Yokohama City
University, Hiroshima University, Kochi Medical School,
Saga Medical School, Osaka City University, Kyoto Pre-
fectural University of Medicine, Asahikawa Medical Col-
lege, Kurume University, and Saiseikai Suita Hospital. We
performed liver biopsy for the purpose of diagnosis and
staging of NASH. The principal indications for liver biopsy
were a persistent decrease of the platelet count and increase
in the serum levels of the direct markers of fibrosis (type IV
collagen 7s and hyaluronic acid) according to the consen-
sus of the Japan Society of Hepatology (JSH). In addition,
older age, presence of diabetes, obesity, a prolonged his-
tory of steatosis, and the results of elastography were also
considered on an individualized basis. The histological
criterion used for the diagnosis of NAFLD was the pres-
ence of macrovesicular fatty changes in the hepatocytes,
with displacement of the nuclei to the edges of the cells
{24]. The criteria for exclusion from this study included a
history of hepatic disease, such as chronic hepatitis C or
concurrent active hepatitis B (seropositive for hepatitis B
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surface antigen), autoimmune hepatitis, primary biliary
citrhosis, sclerosing . cholangitis, hemochromatosis, ol-
antitrypsin deficiency, Wilson’s disease, or hepatic injury
caused by substance abuse, as well as a current or past
history of consumption of more than 20 g of alcohol daily.
Informed consent was obtained from each patient included
in the study, and the study protocol conforms to the ethical
guidelines of the 1975 Declaration of Helsinki as reflected
in a priori approval by the institution’s human research
commitiee.

Anthropometric and laboratory evaluation

The weight and height of the patients were measured using a
calibrated scale after requesting the patients to remove their
shoes and any heavy clothing. Venous blood samples were
obtained in the morning after the patients had fasted over-
night for 12 h. Laboratory evaluations in all patients
included determination of the blood cell counts, and mea-
surement of the serum levels of AST, ALT, vy-glutamyl
transpeptidase (GGT), cholinesterase (ChE), albumin, total
cholesterol, low-density lipoprotein (LDL) cholesterol,
high-density lipoprotein (HDL) cholesterol, triglyceride,
fasting immunoreactive insulin (IRI), hyaluronic acid and
type IV collagen 7s domain, and fasting plasma glucose. All
of the parameters were measured using standard techniques.

Based on the previous study, the upper normal limit of
the serum ALT was set at 40 IU/ [25, 26]. The FIB-4
index was calculated as age x AST (IU/D/platelet count
(x10°/)/\/JALT (IU/l) [21]. The NAFLD fibrosis score
was calculated according to the following formula:
—1.675 + 0.037 x age (years) + 0.094 x BMI (kg/m?) +
1.13 x impaired fasting glycemia or diabetes (yes = 1,
no = 0) + 0.99 x AST/ALT  ratio — 0.013 x platelet
(xl()g/l) — 0.66 x albumin (g/dl) [19]. The BARD score
was estimated as the weighted sum of three variables (BMI
>28 = 1 point, AST/ALT ratio >0.8 = 2 points, diabe-
tes = 1 point) [20]. AAR was calculated as AST/ALT [18].

Histologic evaluation

All patients enrolled in this study had undergone a percu-
taneous liver biopsy under ultrasound guidance. Fatty liver
was defined as the presence of >5 % steatosis, while ste-
atohepatitis was defined as the presence of steatosis,
inflammation, and hepatocyte ballooning [27-29]. The
degree of steatosis was assessed based on the percentage of
hepatocytes containing macrovesicular fat droplets, as
follows: grade 0, no steatosis; grade 1, 5-33 % hepatocytes
containing macrovesicular fat droplets; grade 2, 33-66 %
hepatocytes containing macrovesicular fat droplets; grade
3, >06 % hepatocytes containing macrovesicular fat
droplets. The individual parameters of fibrosis were scored

independently according to the NASH Clinical Research
Network (CRN) scoring system developed by the NASH
CRN [30]. Advanced fibrosis was classified as stage 3 or 4
(bridging fibrosis or cirrhosis).

Statistical analysis

Statistical analysis was conducted using SPSS, version 12.0
(SPSS, Inc., Chicago, IL, USA). Continuous variables were
expressed as mean = standard deviation (SD). Qualitative
data were represented as numbers, with the percentages
indicated within parentheses. The statistical significances
of differences in the quantitative data were determined
using the ¢ test or Mann-Whitney’s U test. Because the
variables were often not normally distributed, group com-
parisons of more than two independent groups were per-
formed using the Kruskal-Wallis test. The percentage of
cases with advanced fibrosis was compared between the
ALT <40 and ALT >40 groups using Fisher’s exact test.
The diagnostic performances of the scoring systems were
assessed by analyzing the receiver-operating characteristic
(ROC) curves. The probabilities of a true-positive (sensi-
tivity) and true-megative (specificity) assessment were
determined for selected cutoff values, and the area under
the ROC curve (AUROC) was calculated for each index.
The Youden index was used to identify the optimal cutoff
points. Differences were considered to be statistically sig-
nificant at p < 0.05.

Results
Patient characteristics

Using a multicenter database, 1,102 biopsy-proven cases of
NAFLD were investigated. Of these, the serum ALT levels
were more than 40 IU/1 in 867 (78.7 %) patients and less
than or equal to 40 TU/1 in 235 (17.4 %) patients. In NA-
FLD patients with serum ALT levels <40 IU/L, steatosis
grade, inflammatory activity, and fibrosis stage were not
correlated with the serum ALT levels (p = 0.4536, 0.6238,
and 0.1158 respectively by Kruskal-Wallis analysis). The
distribution of histological fibrosis stage in various serum
ALT levels (<40, 41-60, 61-80, 81-100, and >101 IU/)
is shown in Table 1. The distribution of the fibrosis stage in
ALT level <40 was as follows: stage 0, n = 91 (38.7 %);
stage 1, n = 65 (27.7 %); stage 2, n = 41 (17.4 %); stage
3, n =21 (8.9 %), stage 4, n = 17 (7.2 %). The ratio of
advanced fibrosis was 16.1 % (ALT <40 1U/D), 245 %
(ALT 41-60 TU/M), 162 % (ALT 61-80 IU/M), 279 %
(ALT 81-100 1U/), and 25.0 % (=101 IU/) (Table 1).
The percentage of cases with advanced fibrosis among
NAFLD patients with serum ALT levels <40 IU/l was
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Table 1 The distribution of histological fibrosis stage in serum ALT levels

ALT range Patients no. Stage 0 Stage 1 Stage 2 Stage 3 Stage 4 Advanced
fibrosis ratio (%)
All patients 1,102 240 (21.8 %) 339 (30.8 %) 290 (26.3 %) 196 (17.8 %) 46 (4.2 %) 22.0
<40 235 91 (38.7 %) 65 (27.7 %) 41 (17.4 %) 21 (89 %) 17 (7.2 %) 16.1
41-60 229 48 (21.0 %) 76 (33.2 %) 49 (214 %) 41 (17.9 %) 15 (6.6 %) 24.5
61-80 172 35 (20.3 %) 53 (30.8 %) 56 (32.6 %) 23 (13.4 %) 529 %) 16.2
81-100 122 18 (14.8 %) 41 (33.6 %) 38 31.1 %) 31 254 %) 3(2.5 %) 279
>101 344 48 (14.0 %) 104 (30.2 %) 106 (30.8 %) 80 (23.3 %) 6 (1.7 %) 250

significantly lower than that among the NAFLD patients
with serum ALT levels >40 IU/l, as evaluated by Fisher’s
exact test (p = 0.0163).

The demographic and laboratory characteristics of
NAFLD patients with serum ALT levels <40 TU/1 and the
clinical and laboratory features of the subjects with no or
mild fibrosis (stage 0-2) compared with those of the
patients with advanced fibrosis (stage 3-4) are shown in
Table 2. In the patient group with serum ALT levels
<40 IU/1, comparison of the characteristics of the subjects
with no or mild fibrosis with those of subjects with
advanced fibrosis revealed significantly higher values of
age, serum AST, serum HDL cholesterol, fasting plasma
glucose, serum fasting IRI, HOMA-IR, serum hyaluronic
acid and serum type IV collagen 7s domain, and lower
values of serum cholinesterase, serum albumin, hemoglo-
bin, and platelet count in subjects with advanced fibrosis.
In addition, the FIB-4 index, NAFLD fibrosis score, BARD
score, and AAR were all significantly higher in patients
with advanced fibrosis as compared with the values in the
patients with no or mild fibrosis in the patient group with
serum ALT levels <40 IU/I (Table 2).

The AUROC of the platelet count and serum level
of the type IV collagen 7s domain for detecting cases
with advanced fibrosis among NAFLD patients

with serum ALT levels <40 1U/1

Because significant differences in the platelet count and type
IV collagen 7s domain were observed between patients with
advanced fibrosis and those with no or mild fibrosis among
NAFLD patients with serum ALT levels <40 IU/L, the
AUROCs of the platelet count and serum level of type IV
collagen 7s domain for detecting fibrosis stages > stage 3
were calculated. The AUROC for estimating the diagnostic
performance of the platelet count for hepatic fibrosis stages
> stage 3 among NAFLD patients with serum ALT levels
<40 TU/1 was 0.786 (optimal cutoff value 19.3 x 10%/pl,
sensitivity 81.6 %, specificity 65.5 %) (Fig. 1a). The
AUROC for estimating the diagnostic performance of the
serum leve] of type IV collagen 7s for hepatic fibrosis stages
> stage 3 among NAFLD patients with serum ALT levels

‘5_121 Springer

<40 TU/1 was 0.794 (optimal cutoff value 5.0 ng/ml, sensi-
tivity 63.2 %, specificity 84.3 %) (Fig. 1b).

The AUROC of each scoring system for detecting
advanced fibrosis in various distributions of serum ALT
levels

In order to investigate the diagnostic accuracy of the
scoring systems in NALFD with various serum ALT levels,
the AUROC for detecting fibrosis stages > stage 3 was
calculated in various distributions of serum ALT levels
(<40, 41-60, 6180, 81-100, and >101 IU/) (Table 3).
The AUROCs were calculated for the FIB-4 index
(0.706-0.878), NAFLD fibrosis score (0.657-0.843),
BARD score (0.517-0.684), and AAR (0.684-0.804). The
diagnostic accuracy of each scoring system was more than
equivalent also in case of ALT <40 IU/l. Furthermore,
concerning the AUROC of the FIB-4 index, the NAFLD
fibrosis score had the highest value in case of ALT <40 TU/L

In NAFLD patients in the ALT >40 group, the optimal
cutoff values of the FIB-4 index, NAFLD fibrosis score,
BARD score, and AAR for the diagnosis of advanced
fibrosis were 1.499, 0.502, 2, and 0.723, which were close
to the cutoff values reported before [19, 20, 31, 32].

Prediction of the presence of advanced liver fibrosis
and resetting of the cutoff value in NAFLD with normal
ALT levels

In order to investigate the diagnostic accuracy of the
scoring systems, ROC curves were constructed (Fig. 2).
Then, the AUROC, optimal cutoff value, sensitivity,
specificity, positive predictive value (PPV), and negative
predictive value (NPV) were determined for each of the
scoring systems. The FIB-4 index ranged from 0.305 to
12.482 in the NAFLD group with serum ALT values
<40 TU/L The FIB-4 index values stratified by the fibrosis
stage were as follows: stage 0, 1.233 &£ 0.711; stage 1,
1.570 £ 1.167; stage 2, 1.870 *+ 1.496; stage 3, 3.071 +
1.703; stage 4, 6.010 £ 3.704. Thus, in the NAFLD group
with serum ALT values <40 IU/, the FIB-4 index
increased with increasing histological severity of the
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Table 2 Characteristics of the NAFLD patients with serum ALT values <40 TU/

Variable Total (n = 235) No or mild fibrosis (stage 0~2) Advanced fibrosis (stage 3, 4) p value
Age (years) 59.9 + 12.1 586+ 113 66.7 + 8.4 0.0112
Body mass index (kg/m?) 269 £ 4.0 265+ 40 28.7 £ 4.7 0.0564
AST (UMD 24,7 £ 10.2 23.3 £+ 693 31.9 £ 8.60 <0.001
ALT (UMD 237 +£70 23.8 £ 4.56 23.0 + 5.38 0.5293
Alkaline phosphatase (IU/1) 271.9 £ 1244 264.3 £ 1233 3113 £ 2053 0.2206
GGT Uy 527 £ 74.1 51.9 £ 433 56.9 £ 54.1 0.6927
Cholinesterase (TU/T) 345.6 + 90.6 366.3 £ 91.0 238.1 + 104.4 <0.001
Albumin (g/dl) 428 4+ 0.79 4.39 + 1.06 3.71 £ 045 0.0177
Total cholesterol (mg/dl) 202.6 + 37.9 203.5 + 349 198.1 + 43.7 0.6152
LDL cholesterol (mg/dl) 1247 £ 31.3 127.1 + 292 112.5 & 31.6 0.1426
HDL cholesterol (mg/dl) 53.9 £ 135 524 4+ 133 61.9 £+ 16.2 0.0300
Triglyceride (mg/dl) 1404 £+ 72.2 146.2 4 74.8 110.1 £ 60.8 0.0934
FPG (mg/dl) 123.3 £ 482 117.7 + 40.1 152.1 £ 93.0 0.0176
Fasting insulin (uU/ml) 11.4 4+ 831 10.6 £ 9.00 15.7 + 9.01 0.0901
HOMA-IR 3.96 + 3.56 3.39 4 3.63 6.96 £ 7.77 0.0127
HbAlc (%) 5.96 + 0.94 6.07 £ 0.80 542 4 0.78 0.0885
Hemoglobin (g/dl) 135+ 1.61 13.7 &£ 1.38 12.2 + 2.51 0.0010
Platelet count (x 10%/u1) 21.1 £ 6.90 22.7 + 6.56 12.6 £ 6.18 <0.001
Hyaluronic acid (ng/ml) 87.3 £ 1193 76.9 &+ 128.9 141.0 £ 86.3 . 0.1302
Type IV collagen 7s (ng/ml) 4,74 + 1,65 429 + 1.38 7.05 &£ 2.26 <0.001
Dyslipidemia 150 (63.8 %) 132 (67.0 %) 18 (473 %) -
Diabetes mellitus 108 (46.0 %) 88 (44.7 %) 20 (52.6 %) -
Steatosis grade (1/2/3) 124/84/27 94/79/24 30/5/3 -
Inflammmatory grade (0/1/2/3) 59/138/38/0 5711712310 2/21/15/0

Fibrosis stage (0/1/2/3/4) 91/65/41/21/17 - ~ -

FIB 4 index 2,03 4 1.93 147 £ 1.09 4,92 + 342 <0.001
AST/ALT 1.07 £ 0.34 1.01 £ 0.32 141 4030 <0.001
NAFLD fibrosis score —0.69 £ 1.81 —1.18 + 1.63 1.82 + 1.41 <0.001
BARD score 2.46 £ 1.23 228 + 1.09 3.39 4+ 0.65 0.0006

Values are mean == SD, p values from Student’s ¢ test, Mann-Whitney test or % test, as appropriate
AST aspartate aminotransferase, ALT alanine aminotransferase, GGT y-glutamyl transpeptidase, FPG fasting plasma glucose, HOMA-IR

homeostasis model assessment-insulin resistance

hepatic fibrosis (p < 0.0001). The AUROC calculated to
estimate the diagnostic performance of the FIB-4 index for
hepatic fibrosis stages > stage 3 in NAFLD patients with
serum ALT <40 1U/1 was 0.878 (Fig. 2a) (optimal cutoff
value 1.659, sensitivity 89.5 %, specificity 71.1 %). Using
the previously published cutoff value proposed by Shah
et al. [31] (>2.67), the sensitivity of this index for the
detection of advanced fibrosis was calculated as 63.2 %
and the specificity as 88.3 % (Table 4).

The NAFLD fibrosis score ranged from —6.304 to 4.639
in the NAFLD patients with serum ALT values <40 IU/L.
The NAFLD fibrosis scores stratified by the fibrosis
stage were as follows: stage 0, —1.439 & 1.538; stage 1,
—1.290 + 1.592; stage 2, —0.762 + 1.591; stage 3,
0.256 & 1.400; stage 4, 2.110 + 1.332; thus, the NAFLD
fibrosis score increased with increasing histological severity

of hepatic fibrosis in this patient group (p < 0.0001). The
AUROC calculated to estimate the diagnostic performance
of the NAFLD fibrosis score for hepatic fibrosis stages >
stage 3 in the NAFLD patients with serum ALT values
<40 TU/t was 0.843 (Fig. 2b) (optimal cutoff value 0.735,
sensitivity 68.4 %, specificity 88.3 %). Using the previ-
ously published cutoff point proposed by Angulo et al. [19]
(>0.676), the sensitivity of this scoring system for the
detection of advanced fibrosis was calculated as 68.4 % and
the specificity as 87.8 % (Table 4).

The BARD score ranged from 0 to 4 in the NAFLD
patients with serum ALT values <40 IU/l. The BARD
scores stratified by the fibrosis stage were as follows: stage
0, 2.000 £ 1.200; stage 1, 1.967 £ 1.303; stage 2,
2.100 £ 1.215; stage 3, 2.316 £ 1.057; stage 4,
3.333 £ 0.724. The AUROC calculated to estimate the
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Fig. 1 Receiver-operating characteristic (ROC) curves for detecting advanced fibrosis (stage 3 and 4) in NAFLD patients with seram ALT

values <40 IU/L. a The platelet count, b type IV collagen 7s

Table 3 The AUROC of each scoring system for detecting advanced
fibrosis in various distributions of serum ALT levels

ALT levels FIB4 NAFLD fibrosis  BARD AST/
aum index score score ALT

<40 0.878 0.843 0.671 0.794
41-60 0.818 0.726 0.684 0.804
61-80 0.706 0.654 0.663 0.737
81-100 0.752 0.657 0.517 0.684
>101 0.773 0.670 0.578 0.728

diagnostic performance of the BARD score for hepatic
fibrosis stages > stage 3 in NAFLD patients with serum
ALT values <40 IU/t was 0.671 (Fig. 2¢) (optimal cutoff
value 3, sensitivity 65.8 %, specificity 59.9 %). Using the
previously published cutoff point proposed by Harrison
et al. [20] (>2), the sensitivity of this scoring system for the
detection of advanced fibrosis was calculated as 86.8 %
and the specificity as 32.5 % (Table 4).

AAR ranged from 0.448 to 2.630 in the NAFLD patients
with serum ALT values <40 IU/L. The AAR values strat-
ified by the fibrosis stage were as follows: stage 0,
0.869 + 0.221; stage 1, 0.942 4 0.269; stage 2, 0.998 +
0.424; stage 3, 1.232 £ 0.423; stage 4, 1.359 4 0.361;
thus, the NAFLD fibrosis score increased with increasing
histological severity of hepatic fibrosis in this patient group
(p < 0.0001). The AUROC calculated to estimate the
diagnostic performance of the AAR for hepatic fibrosis
stages > stage 3 in NAFLD patients with serum ALT
values <40 TU/ was 0.794 (Fig. 2d) (optimal cutoff value
0.975, sensitivity 78.9 %, specificity 70.1 %). Using the
previously published cutoff point proposed by McPherson
et al. [32] (>0.8), the sensitivity of this ratio for the
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detection of advanced fibrosis was calculated as 89.5 %
and the specificity as 37.1 % (Table 4).

Discussion

The incidence of NAFLD is rising rapidly in both adults
and children because of the currently ongoing epidemics of
obesity and type 2 diabetes [33]. Thus, development of a
rapid and non-invasive method for the detection of fibrosis
in NAFLD patients is of major clinical interest. In recent
years, Shah et al. [31] reported, from a multicenter trial, the
usefulness of scoring systems for NAFLD patients. In their
study, they evaluated 541 NAFLD patients and concluded
that the AURQC values calculated to estimate the diag-
nostic performances of FIB4, ‘the NAFLD fibrosis score,
and AAR in which the serum ALT is included for hepatic
fibrosis stages > stage 3 were 0.802, 0.768, and 0.720,
respectively. We also previously validated these scoring
systems in 576 biopsy-proven Japanese NAFLD patients
[34]. Furthermore, in this study, the cutoff values of the
FIB-4 index, NAFLD fibrosis score, BARD score, and
AAR for the diagnosis of advanced fibrosis were close to
the cutoff values reported before [19, 20, 31, 32].
NAFLD often presents as abnormal liver enzyme levels
in the absence of markers of other common liver diseases,
e.g., hepatitis C. The severity of hepatic fibrosis tends to be
underestimated in patients with serum ALT values within
normal limits, even though normal serum ALT values do
not guarantee the absence of advanced fibrosis in patients
with NAFLD [23]. It is not uncommon for patients to
present with complications of previously unrecognized
cirrhosis despite being under long-standing medical care,
because these patients often do not manifest the classical
physical changes associated with cirthosis. At present,
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Fig. 2 Receiver-operating characteristic (ROC) curves for the noninvasive scores for a diagnosis of advanced fibrosis (stage 3 and 4) in NAFLD
patients with serum ALT values <40 IU/L a FIB-4 index, b NAFLD fibrosis score, ¢ BARD score, d AST/ALT ratio (AAR)

Table 4 Comparison of the performance of each of the scoring systems for the diagnosis of advanced fibrosis in 235 NAFLD patients with
serum ALT values under 40 TU/I using reported cutoff and reset cutoff values

Cutoff value Sensitivity (%) Specificity (%) PPV (%) NPV (%) References
Fib-4
Reported by Shah et al. 2.67 63.2 88.3 51.1 92.6 [31]
Re-setup 1.659 89.5 71.1 374 97.2
NAFLD fibrosis score
Reported by Angluo et al. 0.676 68.4 87.8 52.0 93.5 [19]
Re-setup 0.735 68.4 88.3 53.0 - 935
BARD score
Reported by Harrison et al. 2 86.8 325 19.9 92.8 [20]
Re-setup 3 65.8 59.9 24.0 90.1
AST/ALT (AAR)
Reported by McPherson et al. 0.8 89.5 37.1 21.5 94.8 321
Re-setup 0.975 78.9 70.1 30.7 94.5

PPV positive predictive value, NPV negative predictive value

NAFLD patients with normal serum ALT values are very
rarely investigated or subjected to liver biopsy. Mofrad
et al. [23] and Fracanzani et al. [25] found that the

histological features of NAFLD sometimes progress even
in persons with normal serum ALT values and that the liver
histology in these persons is not very different from that in
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patients with high serum ALT levels; in addition, a low or
normal serum ALT level does not serve as a reliable cri-
terion to exclude the need for liver biopsy in NAFLD
patients [23, 25]. Fracanzani et al. [25] reported that a
persistent increase of the serum ferritin level, persistent
evidence of severe steatosis on ultrasonography, and a
persistent increase of the serum GGT levels were the main
reasons for liver biopsy in patients with normal serum ALT
levels. Mofrad et al. [23] reported that the principal indi-
cations for liver biopsy in patients with normal ALT levels
were persistent hepatomegaly, donor evaluation for living
donor liver transplantation, elevated serum ferritin levels,
abnormal imaging characteristics of the liver suggestive of
parenchymal liver disease, baseline biopsy to initiation of
methotrexate therapy, and clinical features of portal
hypertension without other evidence of liver disease.

A first finding in our study is the ratio of advanced
fibrosis (stage 3-4) in various distributions of ALT.
Advanced fibrosis was seen in 16.1 % of subjects with
serum ALT levels <40 TU/IL. Thus, caution must be exer-
cised in evaluating the disease severity in NAFLD patients
with normal serum ALT values. While the platelet count
and serum level of the collagen 7s domain were reported to
be useful for predicting the presence of advanced fibrosis in
NAFLD patients {35, 36], it appears that they may also be
useful for predicting severe fibrosis in cases of NAFLD
with normal seram ALT levels. However, the specificity of
the platelet count and sensitivity of type IV collagen 7s
were slightly low. So far, no previous studies have inves-
tigated the usefulness of the available tests for the predic-
tion of liver fibrosis in NAFLD patients with normal serum
ALT values, because the small sample size of NAFLD
subjects with normal serum ALT levels hampers any
attempt to construct scoring systems for predicting NASH
or fibrosis [25]. Thus, the previous scoring systems, espe-
cially their cutoff values, seem to be insufficient for the
diagnosis of fibrosis in the NAFLD patients with normal
ALT.

A second finding of this study was that the scoring
systems investigated in NALFD with normal ALT. Of
these, especially the FIB-4 index and NAFLD fibrosis
score were clinically very useful (AUROC >0.8) even in
patients with normal serum ALT values. Furthermore, with
resetting of the cutoff values, they were found to have a
higher sensitivity and higher specificity for the prediction
of advanced fibrosis in a retrospective cohort of NAFLD
patients with normal serum ALT values. The BARD score
failed to detect the outstanding sensitivity and specificity in
all the ALT groups. Consistent with the present study, Fujii
and colleagues [37] reported significantly poorer applica-
bility of the BARD score in Japanese patients with NAFLD
compared to Caucasian subjects. It has been suggested that
the BARD score is less predictive of advanced fibrosis in
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Japanese NAFLD patients because they are less obese that
those in western countries.

As a third finding of this study, the FIB-4 index,
NAFLD fibrosis score, BARD score, and AAR all had high
NPVs (>90.1 %) for advanced fibrosis in the cohort of
patients with NAFLD. This suggests that these scoring
systems could be used clinically to exclude advanced
fibrosis in subjects with NAFLD. For example, using the
FIB-4 index (<1.659) to exclude advanced fibrosis, liver
biopsy could have been avoided in 60.4 % of the patients
in our cobort of patients with serum ALT values <40 IU/L
Similarly, prediction of the presence/absence of fibrosis
based on the NAFLD fibrosis score (<0.735), BARD score
(<3), and AAR allowed avoidance of liver biopsy in 66.4,
51.9, and 62.1 % of patients, respectively. Given the large
numbers of NAFLD patients with normal serum ALT
values, use of these non-invasive tests with reset cutoff
values could be of substantial benefit to reduce the number
of liver biopsies performed.

As a fourth finding of this study, in contrast to the NPVs,
the PPVs of the tests did not have sufficient accuracy for
the diagnosis of advanced fibrosis. It would, therefore,
seem appropriate to consider liver biopsy in all patients
with values above the cutoff of the selected index. We
previously reported, for the first time in the world, that
transient elastography and acoustic radiation force impulse
(ARFTI) elastography can be used to measure the severity of
fibrosis in patients with NAFLD [15, 38]. It is possible that
a combination of transient elastography and one of the
aforementioned scoring systems may provide better per-
formance than each of them used alone, although this needs
to be verified in fature studies.

This study had several limitations. First, the proportion
of subjects with advanced fibrosis was small. Second, the
patients were recruited from hepatology centers in Japan
with a particular interest in the study of NAFLD; therefore,
the possibility of some referral bias cannot be ruled out.
Patient selection bias could also have existed, because liver
biopsy might have been considered for NAFLD patients
who were likely to have NASH. The findings may thus not
represent those of the NAFLD patients in the community at
large. The question remains as to whether the revised
cutoff values of the various scoring systems might be
useful in real clinical practice. Another limitation is that the
supposedly normal range of ALT values is incorrect. The
public health implications and clinical usefulness of
reducing the upper limits of the normal value for the serum
ALT continue to be under debate, and the currently pro-
posed cutoff values for the upper limits of the serum ALT
levels are 30 IU/1 for men and 19 IU/1 for women [39].
Recently, the upper limit of the normal range of serum
ALT levels in the Asian population was reporied as 35 1U/1
for men and 26 IU/l for patients with a normal liver
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histology [40]. According to our preliminary data, the
AUROC calculated for detecting advanced fibrosis was
0.907 (FIB4 index), 0.916 (NAFLD fibrosis score), 0.793
(BARD), and 0.859 (AAR) in 127 biopsy-proven NAFLD
patients with ALT <30 (data not shown). We also
acknowledge that the pathologic diagnosis was mainly
determined using liver tissues derived from percutaneous
liver biopsies, which are prone to sampling errors and/or
inter-observer variability [41, 42].

In conclusion, the issue of development of a non-inva-
sive method for the assessment of disease severity remains
crucial in patients with NAFLD given the high number of
subjects with steatosis and normal serum ALT values in the
general population. We reset the cutoff values of numerous
non-invasively determined indices to improve their clinical
usefulness in the prediction of liver fibrosis in NAFLD
patients with normal serum ALT values. In the absence of
biopsy or of an adequate score capable of identifying
subjects at risk, these patients could miss being included in
the list for careful follow-up and might be scarcely moti-
vated to adopt lifestyle modifications that could potentially
cure their liver disease. Clinicians should be aware of the
importance of complete clinical evaluation for early diag-
nosis and treatment of liver diseases. Non-invasive scoring
systems, especially the FIB-4 index and the NAFLD
fibrosis score showed high sensitivity and specificity, and
they can be reliably used to exclude advanced fibrosis in
NAFLD subjects with normal serum ALT levels.
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Clinical efficacy of combination therapy with ME3738 and
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Aim: ME3738, a derivative of soyasapogenol B, enhances the
anti-hepatitis C virus {HCV) effect of interferon in an in vitro
replication system and an in vivo mouse madel of HCV infec-
tion. ME3738 plus pegylated interferon (PEG IFN)-oi-2a treat-
ment for 12 weeks decreased HCV RNA levels in enrolled late
virus responder {LVR) patients with relapsed HCV. Half of the
patients reached undetectable HCV RNA level. The present
clinical study of ME3738 was conducted in naive chronic
hepatitis C patients to investigate the sustained virological
response (SVR) and safety of 48-week treatment with ME3738
plus PEG IFN-0-2a.

Methods: Subjects (n = 135) with genotype 1b chronic hepa-
titis C with high viral loads were divided into three groups
{ME3738 50 mg b.i.d., 200 mg b.i.d. or 800 mg b.i.d.). ME3738
was administrated p.o. and PEG IFN-o-2a {180 pg/week) s.c.
for 48 weeks, and SVR was assessed at 24 weeks of
treatment-free follow up.

Results: The viral disappearance rates at 12 and 48 weeks
were 23.0% and 48.9%, respectively. SVR was seen in 5.9% of
subjects. ME3738 did not worsen the adverse reactions gen-
erally seen with PEG IFN-o-2a treatment, and any adverse
reactions specific to ME3738 were not observed.

Conclusion: ME3738 plus PEG IFN-0-2a treatment to naive
chronic hepatitis C patients showed an antiviral effect and a
good safety profile up to 48 weeks. However, HCV RNA was
again detected in many subjects after treatment termination.
Even though ME3738 is not enough to suppress HCV repro-
duction in this treatment. ME3738 was concurrently used with
PEG IFN-0-2a treatment; however, a clear additional effect on
SVR was not confirmed.

Key words: clinical efficacy, hepatitis C virus, ME3738,
pegylated interferon-alpha-2a

INTRODUCTION

EPATITIS C VIRUS (HCV) causes chronic hepatitis
through persistent infection and is a major cause
of liver cancer, particularly in Japan.'? The standard
therapy for chronic hepatitis C is co-administration of

Correspondence: Professor Kiwamu Okita, Department of
Gastroenterology and Hepatology, Social Insurance Allied Shimonoseki
Kohsei Hospital, 3-3-8 Kami-shinchi, Shimonoseki 750-0061, Japan.
Email: k.okita@kousei-h.jp

Received 27 January 2013; revision 11 April 2013; accepted 15 April
2013.

© 2013 The Japan Society of Hepatology

pegylated interferon (PEG IFN) and ribavirin (RBV),
with a reported efficacy rate of approximately 50% in
refractory cases with genotype 1b and high levels of
plasma HCV RNA’? In Japan, many patients with
chronic hepatitis C are elderly at present, and this stan-
dard therapy in these patients can result in unavoidable
treatment discontinuation, low therapeutic effect due to
a high incidence of adverse reactions, the need for dose
reduction of PEG IFN because of decreased neutrophil
count, or the need for dose reduction of RBV because of
anemia.*?

ME3738 is a derivative of soyasapogenol B derived
from soybeans and ME3738 has been shown to
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suppress liver inflammation in various hepatitis
mouse models.®” In patients with chronic hepatitis C
with elevated alanine aminotransferase (ALT) values,
ME3738 monotherapy showed a tendency toward sup-
pression of liver inflammation, and the only major
adverse reactions were digestive symptoms and abnor-
mal laboratory data such as 10% of the patients enrolled
in frequency.

ME3738 has also shown to enhance the suppressive
effect of IFN on HCV in an in vitro replication system of
HCV and in an in vive HCV-infected mouse model (chi-
meric mice).*?

A clinical study of ME3738 was conducted in patients
with chronic hepatitis C to confirm viral disappearance
with 12 weeks of weatment.'® Patients were those with
chronic hepatitis C who had received combination
therapy with PEG IFN-0-2b and RBV. Among the
patients who achieved viral disappearance after 12-24
weeks of treatment (late virus responders: LVR), those
who showed viral reactivation after 48 weeks of treat-
ment were enrolled.

ME3738 was administrated p.o. twice a day at a dose
of 50 mg/day or 800 mg/day, and PEG IFN-0-2a was
administrated s.c. at a dose of 180 pg once a week. This
combination therapy was administrated for 12 weeks. In
all subjects enrolled in this study, viral disappearance
had not been achieved by previous therapy (co-
administration of PEG IFN-0-2b and RBV) within 12
weeks of treatment (HCV RNA, 21.7 log It/mL). On the
other hand, when ME3738 was co-administrated, viral
disappearance was achieved in approximately 50% of
subjects within 12 weeks of treatment. Therefore, it was
suggested that ME3738 co-administrated with PEG IFN
would contribute to early viral disappearance.

The present clinical study of ME3738 was conducted
in naive chronic hepatitis C patients to investigate
the sustained virological response (SVR) and safety of
48-week treatment with ME3738 plus PEG IFN-o-2a.

METHODS

Study design and dosing

HIS STUDY WAS conducted as a multicenter, ran-
domized, single-blind, comparative phase II study
(protocol no. ME3738-11).

ME3738 used in the study was provided by Meiji
Seika Pharma (Tokyo, Japan).

ME3738 doses were selected as 50 mg/day and
800 mg/day, the safety of which was confirmed in a
previous study using 12-week combined administra-
tion. In addition, 200 mg/day was selected as an inter-
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mediate dose to confirm a dose-dependent effect on

SVR, and a total of three doses were selected.

Subjects were divided into three groups, with ME3738
administrated p.o. twice a day {after breakfast and
dinner) at a dose of 50 mg/day, 200 mg/day or 800 mg/
day. PEG IFN-0-2a 180 ug was administrated s.c. to all
subjects once a week. This combination therapy was
administrated for 48 weeks. Before starting treatment,
subjects were assigned to each of the three groups at the
central registration center, so that the number of sub-
jects in each group was identical.

Patients were assigned doses based on an allocation
chart that was preliminarily prepared in a central regis-
tration center (Moss Institute), which was a party inde-
pendent of the investigative group.

In subjects who achieved disappearance of HCV RNA
at the completion of the 48-week treatment (end of
treatment: EOT), follow-up observation was performed
for an additional 24 weeks (24-week follow-up after
EQT) to confirm SVR.

During the study period, blood cell counts were mea-
sured every week before administration of PEG IFN-o-
2a, and the dose of PEG IFN-o.-2a was reduced to 90 pug
or withdrawn according to the following criteria:

s Dose reduction: neutrophil count less than 750/mm?
or platelet count less than 50 000/mm?

e Dose withdrawal (suspension): neutrophil count less
than 500/mm?®, platelet count less than 25 000/mm?
or hemoglobin less than 8.5 g/dL.

The following study discontinuation criteria were set.
When the HCV RNA determined after 12 weeks of treat-
ment was not lower than the baseline level by at least
2.0 Log IU/mL, the study was to be discontinued in the
subject concerned. When HCV RNA was detected after
48 weeks of treatment or during the follow-up period,
the study was also to be discontinued in the subject
concerned at the time point of detection.

Subjects

The study population included patients with naive
chronic hepatitis C.

The target patients were aged 20 years or more, with
HCV genotype 1b and a high viral load (5.0 log
[U/mL).

Patients meeting the following conditions were
excluded from this study: patients positive for hepatitis
B surface antigen, patients with hepatitis other than
chronic hepatitis C, patients with liver cirrhosis or liver
cancer, patients with a FibroIndex' not less than 2.25
(F4), and patients with a baseline neutrophil count
less than 1500/mm? a baseline platelet count less
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