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Simeprevir is a second-wave hepatitis C virus NS3/4A protease inhibitor that was designed to
optimize its antiviral activity, safety, drug-drug interactions, and pharmacokinetic profile.
When used to treat patients with hepatitis C virus genotype 1, simeprevir is coadministered
with peginterferon and ribavirin for 12 weeks, followed by double therapy with Peg-IFN and
ribavirin for an additional 12 or 36 weeks. Phase [l studies achieved a sustained virologic
response in 80-90% of treatment-naive patients (International Phase Il studies QUEST-1/2:
80/81%; Japanese Phase Il trial CONCERTO-1: 89%). Unlike with the first protease inhibitors,
telaprevir or boceprevir, used in triple therapy, when using simeprevir the frequency of
clinically problematic adverse events such as anemia, rash, and digestive symptoms is almost
comparable to that of double therapy. The advent of simeprevir has enabled interferon
therapy, which started as monotherapy in early 1990s, to reach its maximum efficacy and

arrive at what can be considered its final form at least in genotype 1b.

An estimated 130-150 million people world-
wide are infected with the hepatitis C virus
(HCV) 11. The majority of these individuals
are infected as adults through blood exposure,
and although 20-30% develop only a transient
infection, the other 70-80% develop a persis-
tent infection. Spontaneous clearance of the
virus after the development of a persistent
infection is rare (~0.2% per year), and infec-
tions lasting 20-30 years can lead to decom-
pensated liver cirrhosis or liver cancer. In the
USA and Japan, these diseases are the leading
indications for liver transplantation because of
end-stage liver disease. Therefore, it is impor-
tant to completely eradicate the virus to defer
the development of liver disease during the
persistent infection stage.

Interferon monotherapy was introduced as
an antiviral therapy for hepatitis C in the early
1990s, and it has made achieving a sustained
virologic response (SVR; defined as the inabil-
ity to detect HCV RNA at 24 weeks after
completing treatment) possible in roughly 1 of

3 or 4 cases. However, it was not effective for
patients with HCV genotype 1, particularly
those with a high viral load, and the SVR rate
was found to be approximately 5-10%, which

led to these cases being called ‘difficult-to-treat
bepatitis C (Foure 1. In the 2000s, two-drug

combination  therapy with  peginterferon
(Peg-IFN) and ribavirin (RBV) became the
standard antiviral therapy for chronic HCV
infection. With this treatment, the SVR rate
for genotype 1 patients after 48 or 72 weeks
of treatment became 40-50% and the rate for
genotype 2 patients after 24 weeks of
treatment became approximately 80% [21. The
release of the protease inhibitor telaprevir
(TVR), and also boceprevir (BOC), as a
treatment for genotype 1 patients in 2011
ushered in the era of wiple therapy, drasti-
cally shrinking the treatment duration to
24 weeks at least for some naive patients and
relapsers and improving the SVR rate to
roughly 80% (31. Although TVR and BOC
had problematic aspects including complex
drug interactions and strong side effects such
as anemia and skin manifestations, simepre-
vir (SMV), a second-wave protease inhibitor
with very limited side effects, was approved
at the end of 2013 (4. This paper reviews
the use of triple-drug therapy with SMV
for the treatment of patients with HCV
genotype 1.
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History of NS3/4A protease inhibitor development

IFN and RBV have long been used as the primary antiviral

drugs to treat hepatitis C [2} as both drugs are nonsclective
HCYV inhibitors. IFN is a cytokine prototype discovered in the
1950s, and RBV is an early nucleoside analog antiviral drug
synthesized in 1970. Although HCV was discovered in 1989,
its discovery in itself did not lead directly to the development
of new drugs for treating hepatitis C infection. The main rea-
son for this was that although the genetic structure of the virus
had been characterized, no efficient assay system for HCV rep-
lication was developed quickly — it took 10 years after the dis-
covery of the virus for a replicon that could reproduce HCV
proliferation in vitro to be creared in 1999 [5). Another impor-
tant step that laid the groundwork for research on new drugs
for treating HCV infection was that the stouctures of HCV
proteases, which are essential to HCV replication, were eluci-
dated in 1996 (gl HCV NS3 protease was shown to undergo
inhibition by the N-terminal substrate products. This made it
possible to design functional molecules to target the active sites
of the proteases. In the 2000s, the conformation of the sub-
strate peptides predicted from the structures of proteases was

altered to a nonpeptide form, and after the antivirus activity of
small molecules that could be taken orally was screened using
replicons, a new era of clinical development of drugs with
direct antiviral activity against HCV (direct-acting antivirals)
began.

One of these HCV-selective antiviral drug prototypes was

'BILN 2061 (Fieure 2). The BILN 2061 molecule is a noncovalent

protease inhibitor with a macrocyclic structure resembling a lid
placed from above on the active site of the NS§3/4A HCV prote-
ase [7}. BILN 2061 was the first drug to inhibit HCV replication
in humans, but subsequent studies on monkeys revealed cardio-
toxicity at high doses (s}, and thus its development was sus-
pended. Another molecule developed slightly after BILN
2061 was VX-950, which is a covalent protease inhibitor with a
linear structure that binds to the bottom part of the groove of
the active site of the NS3/4A HCV protease. VX-950 immedi-
ately gained attention because of its strong HCV inhibitory
effect both in vitro and in vive, and following clinical trials, it
was released for clinical use as TVR in 2011. The release of
TVR improved the SVR rate for hepatitis C genotype 1 after
24 weeks of combined treatment with Peg-IFN + RBV to 73%
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(in a Japanese Phase Il development study). Although TVR is
certainly a first-in-class drug, particular caution must be taken
with its use because of its complex interactions with many other
drugs and its unique side effect profile that includes anemia,
skin reactions and kidney damage [39).

Although development of the macrocyclic molecule BILN
2016 was suspended, several other drugs are being developed
based on its structure with the conformation changed to avoid
toxicity. One of these is SMV (code name, TMC435), and
other similar drugs currenty in clinical development include
faldaprevir and vaniprevir. To differentiate them from the first
drugs TVR and BOC (the latter not approved in Japan), they
are second-wave protease inhibitors. SMV is based on a lead
compound developed from BILN 2061 and was selected after
performing tests including an enzyme inhibitory activity test
using recombinant proteins, an inhibitory effect on replication

test using a replicon, a clearance test using human liver micro-
somes, a permeability test using Caco-2 cells and a pharmaco-
kinetic test in rats [10]. Alchoucrh SMV was approved for
clinical use after TVR, its molecular structure has been carefully
optimized as described above, making it highly superior with
respect to its safety, drug interactions and pharmacokinetic
profile.

Clinical development of SMV

Preclinical studies

Protease inhibitors are classified as linear or macrocyclic based
on their molecular structure. TVR and BOC, which have
already been approved in Europe and the USA, possess linear
keto-amide structure, whereas SMV possesses macrocyclic struc-
ture. SMV has a molecular weight of 750 Da and can be taken
orally. This drug is a strong inhibitor of the NS3/4A protease
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that originates in FHICV genotypes la and 1b (the enzyme inhi-
bition constant [Ki] of SMV against NS3/4A proteases is
0.5 nmol/l in genotype la [H77 suain] and 1.4 nmol/l in
genotype 1b [Conl strain]) and strongly suppresses replication
in genotype 1b replicon cells (ECsp = 8.1-252 nM) and
genotype la replicon cells (ECso = 28.4 nM) {11} In combina-
tion with other drugs in a replicon system, it has synergistic
antiviral effects with IFNs and NS5B polymerase inhibitors, as
well as additive effects with RBV. Studies on the drug distribu-
tion among organs in rats showed high accumulation in the
liver (liver-to-plasma ratio, 32:1-65:1). The plasma concentra-
tion 8 h after adminiscration reached the same ECqq value mea-
sured in the replicon, and the concentration remained at ECs,
even after 24 h, indicating that a once-daily dose of the drug
could yield sufficiendy long-lasting effects. It is known that the
mutations to the NS3 domain that confer resistance to SMV
differ from those that confer resistance to TVR. Specifically,
the antiviral effect of SMV is not affected by substitutions of
amino acids 36, 54 and 170, which confer resistance to TVR,
whereas substitutions of amino acids 43, 80, 155, 156 and
168 are known to confer resistance to SMV [12]. Mutations at
position 155 and 156 also confer resistance to TVR, but the
others are not related to TVR resistance.

Phase llla studies

A randomized double-blind  placebo-controlled  wial in
49 healthy adults and a nonplacebo-controlled open-label study
in six patients with hepatitis C (TMC435350-C101 study)
Phase I of a single administration of
TMC435 conducted outside Japan (13). Healthy adults were
administered a single dose from 50 to 600 mg in an ascending
dose study and continuous doses of 100 (once daily),
200 (once daily), 200 (twice daily) and 400 mg (once daily)
over 5 days. The increase in blood concentradon after the start

were studies

of administration was greater than the increase in dose. Some
subjects experienced issues such as headache and photosensitiv-
ity while taking the drug, but no serious adverse events
were observed. Patients with hepatitis C (4 genotype la, 2
genotype 1b) were administered a 200 mg dose once daily for
5 days. Three days after the start of treatment, blood levels of
HCV RNA fell by a median magnitude of 3.46 logyo IU/ml
(1.6-3.8) and ultimately decreased by art least 3 logyo IU/ml in
all six subjects. Although no viral breakthrough was observed in
the 8 days after starting administration, new protease domain
variants were detected in all six subjects after starting treatment.
The 24 h area under the curve after 5 days of treatment was
approximately threefold higher than that of healthy subjects,
suggesting that the pathology of hepatitis C may influence
elimination of the drug.

A study where TMC435, Peg-IFN¢-2a and RBV were
administered to patients with hepatitis C, genotype 1 was con-
ducted outside Japan as a Phase II proof-of-concept study
(OPERA-1 study [TMC435-C201 study]). Considerable mean
reductions in HCV RNA levels were observed after 4 weeks of
triple therapy; specifically, 3.64 log;q IU/ml in the placebo

group, 4.74 logip 1U/ml in the 25 mg TMC435 group,
5.52 logyo 1U/ml in the 75 mg group and 5.44 logje IU/ml
in the 200 mg group [14]. To assess the efficacy of treatment
in patients with other genotypes, single doses of TMC435
(200 mg once daily) were administered for 7 days to 37
treatment-naive  patients  with  HCV  genotypes  2-6
(TMC435-C202 study) (1506). Although this considerably re-
duced the viral load in subjects with genotypes 4-6, it only
reduced HCV RNA by roughly half in subjects with
genotype 2 and did not reduce the viral load in any subject
with genotype 3.

Phase IIb studies

The international PILLAR study (TMC435-C205 study) and
the Japanese DRAGON study (TMC435-C215) began as
Phase 1Ib studies in 2009 at around the same time (Tasies 1 & 2)
[1718). In the DRAGON study, 92 IFN therapy-naive patients
with chronic hepadtis C genotype 1 infection and a high viral
load were randomly assigned to a group that received triple
therapy with SMV + Peg-IFNa-2a + RBV for 12 weeks fol-
lowed by Peg-IFNo-2a + RBV (600-1000 mg depending on
body weight) for 12 weeks, a group that received triple therapy
with SMV + Peg-IFNo-2a + RBV for 24 weeks, or a control
group that received Peg-IFNo-2a + RBV for 48 weeks [1s).
The 12-week and 24-week groups were both subdivided into
50 mg and 100 mg SMV dose groups, which are lower doses
than used in the PILLAR study, which is discussed in a later
section. The DRAGON study protocol called for response-
guided therapy (RGT). Total Peg-IFN + RBV duration would
be 24 weeks if HCV RNA was <1.4 log;o IU/ml at week
4 and undetectable at week 12, 16 and 20, and if this criteria
were not met total Peg-IFN + RBV duration was 48 weceks. As
a result, only one patient was treated for 48 weeks. The SVR
rates in the SMV groups (listed by 12/24 week subgroups)
were 78/77% in the 50 mg/day groups and 77/92% in the
100 mg/day groups, indicating that treatment with SMV was
significantly more efficacious than treatment with the Peg-
IFN@-2a + RBV (46%). Although adverse events such as
decreased hemoglobin levels and drug eruptions occurred, most
events were grade 1 or 2, and the frequency of events did not
differ between the TMC435 and control groups. Transient
hyperbilirubinemia after 1-2 weeks of treatment was a side
effect observed in the SMV groups, but it was not found to be
associated with any other clinical symptoms or laboratory test
parameters such as aspartate aminotransferase or alanine amino-
transferase levels. These results suggest that in  Japanese
treatment-naive patients infected with HCV genotype 1 with
high viral load, triple therapy with SMV is superior to double
therapy with respect to its SVR rate with a comparable safety
and tolerability.

The PILLAR study, an international study of IFN
treatment-naive patients with HCV genotype 1, had a similar
treatment design to the DRAGON study but used higher doses
of SMV (75 and 150 mg) and RBV (1000-1200 mg depend-
ing on body weight) [17). The SVR rates of the SMV groups in
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‘Tablev 1. Summary of international Phase IIb/Ill studies,

the PILLAR study (listed by 12/24 week subgroups) were
82/75% in the 75 mg/day groups and 81/86% in the 150 mg/
day groups, indicating that treatment with SMV was more
effective than treatment with the Peg-IFNa-2a + RBV (65%).
According to RGT criteria, 79-86% of SMV-treated padents
completed treatment by week 24; 85-96% of these subse-
quently achieved SVR. No clear relationship between the dos-
ing period of SMV and the SVR rate was observed. The SVR
rate was lower for genotype la than for genotype 1b in the
75 mg dose group, but did not differ berween genotypes in the
150 mg dose group.

In SMV/Peg-IFN/RBV triple therapy, the effect of prior
treatment is currently the most important factor influencing
the SVR. Outside Japan, a second Phase IIb study was con-
ducted in patients who had previously received Peg-IFN/RBV
therapy (ASPIRE study [TMC435-C206 study]) [191. The dos-
ing period for each regimen was set to 48 weeks. The control
group received Peg-IFN0-2a + RBV for 48 weeks, whereas the
experimental groups received Peg-IFN-2a + RBV for 48 weeks
along with 100 mg/day or 150 mg/day of SMV for the first
12 weeks, the first 24 weeks or the entire 48 weeks of the
study. The SVR rates of the SMV groups (listed by 12/24/
48 week subgroups) were 70/66/61% in the 100 mg/day
groups and 67/72/80% in the 150 mg/day groups, respectively,
significantly higher than the 23% of the control group; the
SVR rate did not differ with respect to the SMV dosing
period. However, the effect of prior treatment strongly

(rélapseré}

influenced the SVR rate, which (for 100 mg/150 mg doses)
was 85/85% for relapsers, 57/75% for partdal responders
(22 log reduction in HCV RNA at week 12 of previous treat-
ment) and 46%/51% for null responders (<2 log reduction in
HCV RNA at week 12 of previous treatment). The SVR rate
did not differ between genotypes la and 1b in prior relapsers,
but was lower for genotype la in prior partial responders and
prior null responders. Transient hyperbilirubinemia and rash
were observed more frequently in the SMV group than in the
control group. However, the incidence of clinically problematic
major adverse events did not differ between the treatment
groups. In the ASPIRE study, unlike the PILLAR study, 18%
of subjects had liver cirrhosis, but no particularly problematic
adverse events were observed in subjects with advanced fibrosis.

Phase Il studies

Following the success of the Phase II studies, Phase III studies
of triple therapy with SMV + Peg-IFN + RBV were initiated.
Outside Japan, the QUEST-1 and QUEST-2 studies were con-
ducted in treatment-naive patients, [2021], and the PROMISE
study was conducted in prior relapsers 1221 In Japan, the
CONCERTO-1 study 23] was conducted in treatment-naive
patients, the CONCERTO-2 and CONCERTO-3 studies [24]
were conducted in treatment-experienced patients and the
CONCERTO-4 study [251 was conducted separately and used
Peg-JFNe-2b. Studies outside Japan included subjects with
liver cirrhosis, whereas Japanese studies did not. In addition,
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about half of the subjects in studies outside Japan were
genotype la, whereas most subjects in Japanese studies were
genotype 1b.

The QUEST-1 (n = 394) and QUEST-2 {n = 391) studies
compared the treatment efficacy of SMV (150 mg/day,
12 weeks) + Peg-IFN + RBV in patients with hepatits C
genotype 1 infection (including those with compensated cirrho-
sis) with the control treatment of Peg-IFN + RBV. The SVR
rate for triple therapy with SMV + Peg-IFN + RBV was
80-81% overall and 82-90% for genotype 1b. By /1288 geno-
type (rs12979860), the SVR rate was 94-96% for the CC allele,
76-80% for the CT allele and 58-65% for the TT allele.
By the degree of fibrosis (METAVIR score), the SVR rate was
83-85% for F0-2, 67-78% for F3 and 58-65% for F4.

The CONCERTO-1 study conducted in Japan compared
the treatment efficacy of SMV (100 mg/day, 12 weeks) + Peg-
IFNo-2a + RBV in 183 treatment-naive patients with hepatitis
C genotype 1 infection with the control treatment of Peg-
IFN@-2a + RBV. While the SVR rate of control arm was 57%
(34/60), that for triple therapy with SMV/Peg-IFNo-2a/RBV
was 89% (109/123) overall, 87% (20/23) for subjects aged
<45 vears, 90% (70/78) for those 44-64 years and 86% (19/
22) for those 265 years (but <70), indicating no difference
with respect to age. By IL28B genotype (1s8099917), the SVR
rate was 94% (77/82) for the major, favorable, allele TT and
78% (32/41) for the minor alleles TG/GG. Although the rate

was significantly higher for the TT allele, the efficacy of treatc-
ment for the TG/GG alleles was also relatively high. The inci-
dence of serious adverse events was lower in the study group
than in the control group (3.3 vs 10%). Although a transient
increase in bilirubin levels was observed in subjects soon after
treatment began in the study group, but not in the placebo
group, this increase was not accompanied by an increase in
transaminase and subsided in all cases as treatment continued.
In the CONCERTO-4 study, a clinical trial of SMV-based tri-
ple therapy using Peg-TFNo-2b, the SVR rate for treatment-
naive subjects was 92% (44/49), almost the same as thar
achieved with SMV-based triple therapy using Peg-JFN0-2a
(CONCERTO-1 study).

The CONCERTO-2 study was conducted in 106 prior
nonresponders infected with the hepatitis C genotype 1. Sub-
jects were administered Peg-IFNtt-2a + RBV for 24 weeks
along with SMV (100 mg/day) for the first 12 weeks or the
full 24 weeks. The SVR rate was 51% (27/53) and 36% (19/
53), respectively. The SVR rate was 50% (7/14) for the TT
allele and 42% (39/92) for the TG/GG alleles, indicating no
clear relationship between the IL28B genotype (rs8099917)
and therapeutic efficacy. The CONCERTO-3 study was con-
ducted in 49 prior relapsers infected with the heparitis C
genotype 1. Subjects were administered Peg-IFNo-2a + RBV
for 24 weeks along with SMV (100 mg/day) for the first
12 weeks as with CONCERTO-1. The SVR rate was 90%
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(32/35) overall and was high for all IL28B genotypes
(rs8099917) at 91% (32/35) for the TT allele and 86%
(12/14) for TG/GG alleles. In the CONCERTO-4 study, a
clinical trial of SMV-based triple therapy using Peg-IFNoi-
2b, the SVR rate was 97% (28/29) for prior relapsers and
38% (10/26) for nonresponders, almost the same as the rates
achieved with SMV-based triple therapy using Peg-IFN@-2a
(CONCERTO-2, 3 studies).

The four CONCERTO studies examined genetic mutations
of the NS3 protease domain in 87 cases of treatment failure
defined by viral breakthrough, virologic stopping due to insuffi-
cient antiviral efficacy, HCV RNA-positive status at completion
of treatment or relapse following completion of treatment.
Mutations conferring SMV resistance were detected in approxi-
mately 90% of treatment failure cases, and almost all were due
to substitutions of amino acid 168, with approximately 90%
involving D168V (single D168V substitutions and multdple
substitutions including D168V). It should be noted here that,
in total, 98% of subjects in these CONCERTO studies had
genotype 1b, while the non-Japanese PILLAR and ASPIRE
studies similarly reported the involvement of D168 in almost
all SMV-resistant mutations in genotype 1b. A study of
NS3 polymorphism before treatment showed that the main
polymorphs were S$122G (16-27%), S122T (3-13%) and
QB80L (8-10%); it should be noted that, in Japanese studies,
almost all patients are genotype 1b. However, susceptibility to
SMYV did not differ between these polymorphs in an in vitro
system, and no differences were observed in the efficacy for the
S112G polymorph observed in the CONCERTO studies.
Moreover, almost no D168 polymorphism was present before
treatment. The therapeutic efficacy of triple therapy with SMV
is known to be slightly lower in genotype la patients than in
genotype 1b patients due to the Q80K mutation seen in a pro-
portion of genotype la patients; of note proportion of Q80K
differs substantially within genotype la patients ranging from
5 to 10% depending on region §2022]. Indeed, in the
QUEST-1 study, the patents with genotype la and Q80K
mutation had a similar efficacy in the triple therapy arm com-
pared with control arm. It is also known that in genotype la
patients, in contrast with genotype 1b patients, R155K is the
most common resistance mutation that appears with treatment
failure.

Conclusion

Triple therapy with SMV + Peg-IFN + RBV yields a high SVR
rate (280%) after a standard 24-week treatment period in
patients with hepatitis C genotype 1 infection. High percentage
of subjects who met RGT criteria and the high SVR rates in
these subjects support the fixed treatment duration recom-
mended in the USPI based on Phase III trial data. The side
effect profile of this treatment, in contrast with that of TVR, is
comparable to the side effect profile of double therapy wich
Peg-IFN + RBV, although it should alse be noted that SMV
still has several side effects such as hyperbilirubinemia and pho-
tosensitivity. In addition, the therapeutic efficacy depends on

factors such as responsiveness to IFN (/Z28B genotype or
responsiveness to prior treatment) and the stage of liver fibrosis,
but efficacy remains relatively high for patients with minor
IL28B genotypes, prior nonresponders and patients with
advanced liver disease. The incidence of side effects is also com-
parable to that of double therapy with Peg-IFN + RBV, mak-
ing it an excellent treatment and an easy choice for a large
number of patents.

Expert commentary

IFN therapy for hepatitis C was started in the 1990s, but the
therapeutic efficacy for genotype 1 patients with high viral load
was soon discovered to be low, leading to such cases being
called ‘difficult-to-treat hepatitis C.” In the 2000s, Peg-IFN +
RBV became the standard treatment, but genotype 1 cases
required a longer treatment period (48-72 weeks) than
genotype 2 cases, and the therapeutic efficacy was only
40-50%. Today, the addition of SMV to therapy has short-
ened the treatment period for patients with chronic hepatitis C
genotype 1 to 24 weeks, and superior, or equal at least, treac-
ment results can now be expected from Peg-IFN + RBV ther-
apy in patients with genotype 2. It should also be noted that
the addition of SMV has not yet been reported to increase the
incidence of clinically important adverse events. The advent of
triple therapy with SMV has led to IFN therapy, which has
improved the method of treating difficult-to-treat cases of
hepatitis C since its development in the 1990s, to what can be
considered nearly its final form. Both SMV + Peg-IFN + RBV
and sofosbuvir (SOF) + Peg-IFN + RBV therapies have been
approved in the USA for genotype 1 cases, [26), but the SOF
triple therapy regimen is not being developed in Japan and
thus SMV + Peg-IFN + RBV is the first-line treatment for
genotype 1 cases.

Hepatitis C treatments that are planned for release include
not only other types of triple therapy with IEN, but also treat-
ments such as daclatasvir (DCV) + asunaprevir (ASV) and
SOF + ledipasvir (LDV) that omit IFN. 127.28). Antiviral ther-
apy for hepatitis C must be started as soon as possible to con-
trol the progression of liver disease and the development of
liver cancer, particularly in aged patient populations like that
of Japan. At the same time, secondary options must also be
considered in advance because treatment failure occurs in
10-20% of cases. In the era of direct-acting antiviralss, it is
important to avoid creating resistant viruses to the greatest
possible extent. It is generally believed that treatments that
include IFN present a high barrier to the emergence of resis-
tant viruses. In patients who developed virologic failure to
SMV + Peg-IFN + RBV, mutations can develop, more specifi-
cally, D168V for genotype 1b and R155K for genotype la.
Although these two resistance mutations are shared by the
second-wave protease inhibitors, their susceptbility to
SOF + LDV will likely be maintained. The fact that such
secondary options are available is yet another reason why
SMV + Peg-IFN + RBV combination therapy can be consid-

ered an excellent treatment method.
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Abstract

Background & Aims: Fetuin-A (a2HS-glycoprotein), a liver secretory glyco-
protein, is known as a transforming growth factor (TGF)-f1 signalling inhib-
itor. Serum fetuin-A concentration is associated with nonalcoholic fatty liver
disease (NAFLD) and cardiovascular disease. However, the usefulness of
serum fetuin-A as a predictive fibrosis biomarker in NAFLD patients remains
unclear. In this study, we investigated the relationship between circulating
fetuin-A levels and fibrosis-related markers [platelet count, NAFLD fibrosis
score and carotid intima media thickness (IMT)] in subjects with NA-
FLD. Methods: A total of 295 subjects (male, 164; female, 131) who received
medical health check-ups were enrolled in this study. NAFLD was diagnosed
using abdominal ultrasonography. Serum fetuin-A was measured by ELISA.
IMT was assessed using a high-resolution ultrasound scanner. Using recom-
binant human fetuin-A, we investigated the effects of fetuin-A on hepatic
stellate cells, which play a pivotal role in the process of hepatic fibro-
sis. Results: Serum fetuin-A concentration was significantly correlated with
platelet count (R =0.19, P <0.01), NAFLD fibrosis score (R = —0.25,
P < 0.01) and mean IMT (R = —0.22, P < 0.01). Multivariate analyses
revealed that the fetuin-A concentration is a significant and independent
determinant of platelet count, NAFLD fibrosis score and mean IMT. Recom-
binant fetuin-A suppressed TGF-Pl1 signalling and fibrosis-related gene
expression and increased the expression of TGF-f1 pseudoreceptor bone
morphogenic  protein  and  activin  membrane-bound  inhibitor
(BAMBI). Conclusions: Serum fetuin-A level is associated with liver/vessel
fibrosis-related markers in NAFLD patients. Circulating fetuin-A could be a
useful serum biomarker for predicting liver and vascular fibrosis progression
in NAFLD patients.

Nonalcoholic fatty liver disease (NAFLD) is among the
most common causes of chronic liver disease in the
world and is a growing medical problem in industrialized
countries (1). A wide spectrum of hepatic histological
changes has been observed in NAFLD, ranging from
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simple steatosis, which is generally nonprogressive, to
nonalcoholic steatohepatitis (NASH). A proportion of
patients with NASH develop cirrhosis and hepatocellu-
lar carcinoma (2). About 30% of the general population
has NAFLD and up to 5% of this population has NASH
(3-5). To evaluate liver disease progression in NAFLD
patients, liver biopsy remains the gold standard for diag-
nosing NASH and grading the severity of liver damage



Fetuin-A and fibrosis markers in NAFLD

(6, 7). However, invasive liver biopsy is not suitable as a
large-scale diagnostic test, and this, in turn, restricts
therapeutic interventions (8).

NAFLD is a hepatic manifestation of the metabolic
syndrome (Mets) and appears to be an almost indis-
pensable prerequisite for Mets development, including
development of type 2 diabetes mellitus (DM) and car-
diovascular disease (CVD) (9-11). A recent systematic
review indicated that NAFLD patients are prone to
CVD, independent of Mets (12). In addition, many
studies have demonstrated that the presence of NAFLD
is an independent risk factor for progression of athero-
sclerotic disease (13—15). Atherosclerotic disease report-
edly plays an important role in the natural course of
NAFLD (16). Therefore, there is an urgent need to
develop and validate a reproducible and noninvasive
test that can accurately grade the severity of liver and
vascular disease progression in NAFLD patients.

Recent investigations demonstrated that circulating
secreted factors, such as adiponectin, leptin, tumour
necrosis factor-o (TNF-o) and fetuin-A significantly
affect pathophysiological progression in NAFLD (17—
19). Fetuin-A (a2HS-glycoprotein) is a liver glycopro-
tein secreted into the circulation at high concentrations
(20). Fetuin-A is an endogenous inhibitor of insulin
receptor tyrosine kinase in the liver and skeletal muscle
(21). In mice, a lack of fetuin-A enhances glucose clear-
ance and insulin sensitivity (22). Moreover, Pal er al.
recently reported that fetuin-A acts as an endogenous
ligand for toll-like receptor 4 (TLR4) and enhances both
insulin resistance and inflammation (23). These findings
suggest that fetuin-A may worsen the course of NAFLD
by increasing insulin resistance.

Transforming growth factor-p1 (TGF-B1) is a major
pro-fibrogenic growth factor, and enhanced TGEF-B1
signalling promotes fibrotic changes in many organs
and tissues, including the liver and arteries (24, 25). Fet-
uin-A is also known to inhibit TGF-f1 signalling (26,
27). The disulphide-looped sequence in the N-terminal
cystatin domain of fetuin-A shares homology with the
extracellular domain of TGF-f receptor type II (TBRII),
and this disulphide-looped peptide from fetuin-A binds
to TGF-B1 (26). Indeed, fetuin-A knockout mice exhibit
worsened organ fibrosis through enhanced TGF-B1 sig-
nalling (28, 29). Therefore, the anti-TGF-B1 signalling
effects of fetuin-A could prevent organ fibrotic changes,
including changes in the liver and vasculature. Thus, fet-
uin-A seems to promote (e.g. promote insulin resis-
tance) and inhibit (e.g. attenuate organ fibrotic
changes) NAFLD progression. However, the significance
of serum fetuin-A in liver fibrosis and atherogenic
changes in NAFLD subjects remains unknown.

The aim of this study was to elucidate the role of fet-
uin-A in the progression of liver and vascular fibrosis.
To address this issue, we investigated the relationship
between the serum fetuin-A level and serum fibrosis
markers (platelet count, NAFLD fibrosis score) in NA-
FLD subjects. We also evaluated the relationship
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between the serum fetuin-A level and intima media
thickness (IMT) and investigated the effects of fetuin-A
on hepatic stellate cells (HSCs), which play a pivotal role
in the progression of hepatic fibrosis.

Methods
Study subjects

Among 343 Japanese adult subjects (205 males, 138
females) who underwent a health check-up at aMs New
Otani Clinic (Osaka, Japan) from 2008 to 2009, 295
subjects (164 males, 131 females) were initially recruited
into this study. Exclusion criteria included a history of
hepatic disease, such as chronic hepatitis C or concur-
rent active hepatitis B (seropositive for hepatitis B sur-
face antigen), autoimmune hepatitis, primary biliary
cirrhosis, sclerosing cholangitis, haemochromatosis,
ol-antitrypsin deficiency, Wilson’s disease, or hepatic
injury caused by substance abuse, as well as a current or
past history of consumption of >20 g of alcohol daily.
The diagnosis of fatty liver was based on the results of
abdominal ultrasound performed by trained techni-
cians, after exclusion of competing aetiologies of steato-
genic liver disease. Fatty liver was defined as liver
parenchyma with echogenicity higher than the kidney
cortex, the presence of vascular blurring and deep atten-
uation of the ultrasound signal (30, 31). Of the 295 sub-
jects recruited into this study, 275 (151 males, 124
females) were diagnosed with fatty liver by abdominal
ultrasound, whereas 20 subjects (13 males, seven
females) were diagnosed as not having fatty liver. Serum
samples were collected from the subjects at the time of
the health check-up and kept frozen at —80°C until
used.

The protocol and informed consent were approved
by the institutional review board of the Osaka Univer-
sity Graduate School of Medicine. Written informed
consent was obtained from all subjects at the time of
health check-up, and this study was conducted in accor-
dance with the Helsinki Declaration.

Anthropometric and laboratory evaluation

Anthropometric variables (height and weight) were
measured using a calibrated scale after requesting the
patients to remove their shoes and any heavy clothing.
Body mass index (BMI) was calculated as weight (kg)
divided by the square of height in metres (m?). Systolic
blood pressure (sBP) values were measured in the sitting
position to the nearest mm Hg. Venous blood samples
were obtained in the morning after overnight fasting for
12 h. Laboratory evaluations for all patients included
determination of platelet counts, haemoglobin (Hb),
and measurement of serum levels of aspartate amino-
transferase (AST), alanine aminotransferase (ALT),
y-glutamyl transpeptidase (GGT), total bilirubin
(T-Bil), choline esterase (CHE), creatinine, albumin,
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total cholesterol (T-Chol), triglyceride (TG), HDL-cho-
lesterol (HDL-C), fasting blood glucose (FBG), iron and
uric acid. All parameters were measured using standard
techniques. Impaired fasting glucose (IFG) was defined
as a FBG of 110-125 mg/dl. The presence of DM was
defined as FBG >126 mg/dl, HbAlc (NGSP) >6.5% or
treatment with antidiabetic drugs. The NAFLD fibrosis
score was calculated for each of the subjects as previ-
ously reported [1.675 + 0.037 x age (years) + 0.094
x BMI (kg/m?) + 1.13 x IFG/DM (yes = 1, no = 0) +
0.99 x AST/ALT — 0.013 x platelet count (x10°/L) —
0.66 x albumin (g/dl)] (32).

IMT measurements

A B-mode examination of the carotid artery was per-
formed using an ultrasound scanner (SSA-660A, Xario;
Toshiba Medical Systems Corporation, Tochigi, Japan).
The maximum carotid IMT (max IMT) and mean IMT
of the common carotid artery were measured on both
the right and left sides in the areas of the common caro-
tid artery, bulbus and internal carotid artery (but not
the external carotid artery) in the supine position with a
7.5-MHz transducer. The mean IMT was the average
thickness of the max IMT at two adjacent points (33).

Enzyme-linked immunosorbent assay (ELISA) for fetuin-
A, fucosylated haptoglobin and adiponectin

Fetuin-A levels were determined using a competitive
ELISA system, which was established using polyclonal
antihuman fetuin antibodies as described previously
(34). Briefly, a human fetuin polyclonal antibody was
coated as the solid phase (96-well plate), and diluted
serum samples were then added to the ELISA plate.

Fucosylated haptoglobin (Fuc-Hpt) levels were mea-
sured using our lectin antibody ELISA developed as
described previously (35). Briefly, the Fab fragment of
antihuman haptoglobin IgG (Dako, Carpinteria, CA)
was coated onto the bottom of the wells of a 96-well
ELISA plate because IgG has a fucosylated oligosaccha-
ride in its Fc portion. Diluted serum samples were then
added to the ELISA plate. To detect Fuc-Hpt, biotinylat-
ed Aleuria aurantia lectin at a 1/1000 dilution was
placed into each well. Adiponectin was measured using
a sandwich ELISA system according to the manufac-
turer’s protocol (Otsuka Pharmaceutical Co., Tokushima,
Japan) (36). Each assay was performed in duplicate
using diluted serum samples.

In vitro assay

The human HSC line LX-2 was kindly donated by Scott
Friedman (Mount Sinai School of Medicine) (37). Cells
were maintained at 37°C under 5% CO, in Dulbecco’s
modified Eagle’s medium (DMEM) containin% 10%
foetal bovine serum (FBS). LX-2 cells (1.5 x 10°/well)
were seeded in 24-well plates, rested for 24 h, then
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incubated in serum-free DMEM for 48 h. Cells were
stimulated with fetuin-A (15 pM) (Sigma-Aldrich, St-
Louis, MO, USA), TGF-B1 (5 ng/ml) (PeproTech EC
Ltd., Rocky Hill, CT) or TGF-f1 (5 ng/ml) + fetuin-A
(15 uM) dissolved in serum-free DMEM. After 6 h of
stimulation, total RNA was extracted from the cells with
QIAshredder and an RNeasy Mini Kit according to the
manufacturer’s instructions (Qiagen, Hilden, Germany)
and then transcribed into complementary DNA using a
ReverTra Ace qPCR RT Kit (Toyobo, Osaka, Japan).
Quantitative real-time reverse transcription polymerase
chain reaction (RT-PCR) was performed using the
THUNDERBIRD SYBR qPCR Mix (Toyobo, Osaka,
Japan) with specific primers on a LightCycler according
to the manufacturer’s instructions (Roche Diagnostics,
Indianapolis, IN, USA). The primers used were TGF-B1
(QT00000728), collagen Iol (QT00037793), bone
morphogenic protein and activin membrane-bound
inhibitor (BAMBI; QT00091329) and glyceraldehyde
3-phosphate dehydrogenase (GAPDH; QT01192646)
(Qiagen). mRNA expression levels were normalized to
GAPDH mRNA expression and expressed in arbitrary
units.

Immunoblot analysis was performed to investigate
the phosphorylation of Smad3 (p-Smad3) in LX-2 cells.
LX-2 cells (5 x 10°/well) were seeded in 6-well plates,
rested for 24 h, then incubated in serum-free DMEM
for 24 h. Cells were stimulated with TGF-B1 (5 ng/ml)
with or without fetuin-A (15 pM) for 30 min. Immu-
noblotting was performed as described previously using
rabbit anti-p-Smad3 antibody, anti-Smad3 antibody
(Cell Signaling Technology, Beverly, MA, USA) or rab-
bit anti-GAPDH antibody (Trevigen, Gaithersburg,
MD, USA) (38).

Statistical analysis

Statistical analyses were conducted using JMP Pro 10.0
software (SAS Institute Inc., Cary, NC, USA). Continu-
ous variables were expressed as the mean =+ standard
deviation (SD). Qualitative data were represented as
numbers, with percentages indicated in parentheses.
Kruskal-Wallis and Wilcoxon tests were used to assess
any significant differences in continuous clinical or sero-
logical characteristics between groups. Chi-square tests
were used for categorical factors. As TG, HDL-C, AST,
ALT, GGT and FBG did not show a Gaussian distribu-
tion, these parameters were common log transformed
before analysis. Spearman’s correlation coefficient was
used to estimate the association between serum fetuin-A
and several factors of interest. The prediction perfor-
mance of the serum fetuin-A level for increased mean
IMT (>1 mm) was assessed by analyzing receiver oper-
ating characteristic (ROC) curves. The probabilities of
true positive (sensitivity) and true negative (specificity)
assessments, the positive predictive value (PPV) and the
negative predictive value (NPV) were determined for
selected cut-off values, and the area under the receiver



