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Fig. 3. SNARK accentuated TGF-p signaling. (A) HuH7.5.1 cells were transfected with siRNAs, which was followed by transfection of PAI/L reporter with pRL-TK 72 h later.
On the next day, the cells were treated with TGF-p and lysed 24 hours later. The firefly and Renilla luciferase activities were measured and knockdown of SNARK was
confirmed by real-time PCR with normalization to GAPDH. P Values were calculated as indicated. (B) Naive HuH7.5.1 cells were transfected with either wild type (lanes 3-5)
or mutant (lanes 6-11) SNARK expression plasmid at increasing doses (0.25, 0.5, and 1 pg) together with PAI/L reporter and pRL-TK. At 24 h post transfection, the cells were
treated with TGF-p at 7 ng/ml for 20 h and lysed for dual luciferase assay. P Values were calculated as indicated. (C) HuH7.5.1 cells were transfected with increasing amount
of wild type SNARK expression plasmid for dual [uciferase assay as described in (A) without TGF-p. P Values were calculated as indicated. (D) HuH7.5.1 cells were
transfected with increasing amount of SNARK expression plasmids (0.5 and 1 pg) together with PAI/L reporter and pRL-TK. On the next day, the cells were treated with TGF-
B at 7 ng/ml and metformin at 1 mM (lane 5) for 20 h, and then lysed for dual luciferase assay. P Values were calculated as indicated. (E) HuH7.5.1 cells transfected with
siRNAs against either LKB1 or SMAD2 for 72 h were transfected with PAI/L reporter and pRL-TK, which was followed by TGF-p treatment at 7 ng/ml for 20 h. Then the cells
were lysed for dual luciferase assay and knockdown of targeted genes expression was confirmed by real-time PCR with normalization to GAPDH. P Values were calculated as
indicated. (F) HuH7.5.1 cells transfected with siRNAs for 72 h were transfected with increasing amounts of wild type SNARK expression plasmid (0.5 and 1 pg) together
with PAI/L reporter and pRL-TK. 24 h later, the cells were treated with TGF-p for 20 h, and then lysed for dual luciferase assay. (G) SMAD2 knockdown levels were quantified
by real-time PCR with normalization to GAPDH.

markedly reduced PAI/L luciferase activity and SNARK expression affected by metformin alone in HuH7.5.1 cells (Supplementary
(Fig. 3A) in parallel, suggesting that SNARK is an important regu- Fig. 5B), again underscoring that the kinase activity of SNARK
lator of TGF-B signaling. is important for TGF-B signaling, and additionally raises the pos-
In order to elucidate the function of SNARK responsible for sibility that metformin may have utility as an anti-fibrotic agent
its contribution to TGF- signaling, we assessed the effects of in SNARK-facilitated pathogenesis.
the overexpressed either wild type or mutant SNARK on TGF- We next examined regulators upstream and downstream of
B-stimulated PAI/L activity. In contrast to the dose-dependent SNARK, depleting either liver kinase B1 (LKB1)/serine threonine
increase of PAI/L activity by wild type SNARK, either kinase- kinase 11 (STK11), an upstream kinase of SNARK, or SMAD2,
dead K81M or unphosphorylated T208A mutant suppressed and assessed TGF-B-dependent PAI-1 luciferase activity. We
TGF-B-driven PAI/L activity (Fig. 3B). Moreover, the overexpres- found that knockdown of LKB1 abrogated PAI/L stimulation by
sion of SNARK in the absence of TGF-B moderately induced TGF-B to the same extent as did SMAD2 knockdown (Fig. 3E).
luciferase activity in HuH7.5.1 cells (Fig. 3C). These data demon- In addition, in contrast to luciferase activities in the presence of
strate that both kinase activity and phosphorylation of SNARK non-targeting siRNAs, overexpression of SNARK failed to rescue
are required for TGF- signaling. Thereupon, in the same setting PAI/L activity in cells knocked down for either SMAD2 (Fig. 3F
we treated HuH7.5.1 cells with metformin and found that and G) or LKB1 (Supplementary Fig. 4). These data indicate that
SNARK-mediated stimulation of TGF-B signaling was inhibited SNARK-mediated stimulation depends on SMAD2, and also that
by metformin (lane 5, Fig. 3D) though that was not the case phosphorylation of SNARK by LKB1 and ensuing SNARK-mediated
in the absence of SNARK overexpression (Supplementary phosphorylation of downstream substrates, potentially in con-
Fig. 5A) and the basal level of procollagen mRNA was not junction with SMAD2, are critical for TGF- signaling.
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Fig. 4. Reciprocal regulation between SNARK and HCV in TGF-p signaling. (A) 48 hours after transfection of siRNAs, HuH7.5.1 cells were infected with JFH1, which was
followed by transfection of PAI/L reporter 24 hours later and lysis 72 hours later for dual luciferase assay (A) and quantification of RNA levels for JFH1 (B), SNARK (C), SMAD2
(D), and SMAD4 (E) by real-time PCR with normalization to GAPDH. JFH1 RNA was not detected in the uninfected HuH7.5.1 cells (Undetectable, B). (F) 24 hours after the
infection with JFH1, HuH7.5.1 cells were treated with TGF-p for 48 hours at indicated doses (0-16 ng/ml). Then cells were lysed and the viral RNA levels were measured by
real-time PCR and normalized to GAPDH. (G) mRNA levels of SNARK in liver biopsies from patients were measured by real-time PCR and normalized to GAPDH. Patients A, B,
and C were HCV-negative, and D, E, and F were infected with HCV. Details of patient characteristics are provided in Supplementary Table 2.

Reciprocal enhancement of TGF-p signaling and HCV infection via
SNARK

Our data agree with the reported observation of TGF-B signaling
elevated by HCV {14,25] and resultant proviral effects in a repli-
con cell line [15]. We therefore examined the effects of HCV rep-
lication on TGF-B signaling and immediate involvement of SNARK
in the JFH1-HuH7.5.1 system. JFH1 replication (Fig. 4B) upregu-
lated PAI/L luciferase activity, which was abolished by siRNA-
mediated knockdown of SNARK (Fig. 4A and C), as was observed
with the knockdown of either SMAD2 or SMAD4 (Fig. 4D and E).
The data clearly demonstrate that SNARK expression plays a role
in TGF-B signaling in JFH1 replication. Intriguingly, knockdown of
either SMAD2 or SMADA4 led to the reduced expression of SNARK
(Fig. 4C), implying converse regulation of SNARK by SMAD path-
way. Next, the effects of enhanced TGF-p signaling on HCV repli-
cation were tested in this bona fide HCV infection system. JFH1-
infected cells were treated with increasing quantities of TGF-B,
and we observed that TGF-B enhanced viral replication in a
dose-dependent fashion (Fig. 4F) with no cytotoxicity at the con-
centrations indicated (data not shown).

Lastly, SNARK expression was examined in human liver tissue
to investigate its pathophysiological dynamics. The levels of
SNARK mRNA were prominently elevated in HCV-infected
patients in comparison to HCV-negative controls (Fig. 4G). These
findings strongly suggest that HCV-mediated induction of SNARK
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facilitates both proviral and profibrogenic signaling of TGF-B,
leading to reciprocal amplification of HCV and profibrogenic sig-
nals. Collectively, these factors could interact to accelerate hepa-
tic fibrosis progression in HCV infection.

Discussion

SNARK is an AMPK-related kinase identified through our previous
genome-wide RNAI screen as a host cellular cofactor for HCV rep-
lication [6]. Our present studies reveal an intersection of TGF-f-
SMAD signaling, LKB1-AMPK-related kinase signaling, and viral
replication, in which there is reciprocal stimulation. This conver-
gence could well explain the relationship between HCV replication
and its pathogenic effects observed in vitro and in vive, providing
strong support for the concept that the TGF-B signaling pathway
isone of the key cellular pathways targeted by HCV to promote rep-
lication and may be therefore a future therapeutic target.
Growing numbers of host cellular cofactors for HCV replication
have been discovered so far to support the viral lifecycle through
interaction with viral proteins and alteration of host signaling
pathways. Here we demonstrated that SNARK contributes to
HCV replication through a reportedly proviral cytokine, TGF-B
[15,26]. Simultaneously, the induction of SNARK by prolonged
HCV replication in cell culture and patients demonstrates its reci-
procal regulation by HCV. SNARK was transcriptionally upregu-
lated in an NF-xB-dependent manner in a breast cancer cell line
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[27] and was identified in a microarray analysis as the only kinase
substantially induced in endothelial cells by tumor necrosis factor
(TNF)-0, a well-known NF-xB activator [28]. Moreover, we and
others reported that HCV infection activates NF-kB phosphoryla-
tion [29] and that NS5A stimulates NF-xB-dependent luciferase
activity [30}, respectively. Thus, SNARK expression may be trans-
criptionally induced by sustained HCV infection through virally-
triggered NF-xB activation even though its basal expression may
be quite low as illustrated by Western blot in HuH7.5.1 cells.
Despite these low basal expression levels, the activation by infec-
tion of SNARK appears to enable further viral replication.

TGF-B is a pivotal cytokine and the central driver of hepatic
fibrogenesis during HCV infection [31]. An increasing variety of
proteins mediating TGF-B signaling have been described {32] and
phosphorylation of SMAD2 and SMAD3 by non-TGF-BRI kinases
such as Mps1 [33] and Rho/ROCK [34] also promoted TGF-f signal-
ing. Therefore, SNARK associated with SMAD2 can be responsible
for phosphorylation of SMAD2, enhancing SMAD-signaling. On
the other hand, partial dependence of SNARK expression on SMADs
observed in our knockdown experiments (Fig. 4C) may better
explain reciprocal regulation between SNARK and TGF-p pathway.
Possible modes of participation of SNARK in other phosphoryla-
tion-dependent processes in TGF-p signaling and TGF-B signal-
ing-regulated SNARK expression, together with those in
mediators in cross-talking pathways leading to epithelial-mesen-
chymal transition through cell dedifferentiation including Notch1,
whose expression was mildly induced by SNARK overexpression in
the presence of TGF-B in HuH7.5.1 cells (data not shown), remain
an open subject for further investigation. On the other hand, SNARK
alone was also capable of moderately inducing PAI-1 promoter-
driven luciferase activity, underscoring its potential transcrip-
tion-modulatory functions suggested by the nuclear localization
of SNARK in HuH7.5.1 (Supplementary Fig. 1A and B), PLC/PRF/5,
and Hela cells [35], similarly to the HCV-activated transcription
factor Elk1 [36], responsible for epidermal growth factor (EGF)-dri-
ven enhancement of PAl-1 expression [37].

Knockdown experiments in HuH7.5.1 cells demonstrate the
importance of LKB1 in the TGF-p signaling pathway and in its pro-
motion by SNARK, consistent with the decreased SMAD2 and TGF-
B pathway activities in Stk117/~ mice, a model of Peutz-Jeghers
syndrome [38]. It is tempting to conjecture critical roles of SNARK
in HCV-induced liver disease in consideration of SNARK as a LKB1
signaling molecule directly activated by LKB1 in the TGF-B path-
way. Currently, a wide variety of inhibitors of mediators in TGF-
B/PAI-1 expression control are under clinical evaluation [39]. Thus
SNARK, whose expression and activity are closely linked to TNF-ot
and TGF-B, activators of hepatic stellate cells [40], appears to be an
attractive target for antifibrotic development.

Metformin has been widely used for the treatment of type 2
diabetes for 50 years [41], primarily decreasing hepatic glucose
production [42] via AMPK activation [43]. Simultaneously, met-
formin was also revealed to exert multifaceted actions through
AMPK-independent mechanisms targeting several kinases [44].
Indeed, the phosphotransferase activity of SNARK was inhibited
by metformin in a human hepatocellular carcinoma cell line
[20]. The phosphotransferase-dependent phosphorylation level
of overexpressed SNARK was diminished by metformin in our
immunoprecipitation assay as well, again indicating metformin-
mediated inhibitory effects on SNARK phosphorylation partly
via interference with its autophosphorylation. Hence it is rational
that we observed an antiviral action of metformin against JFH1,
and indeed a trial in Spain showed that the addition of metformin
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to standard anti-HCV treatment improved SVR [45], which sug-
gests a possible productive application of metformin and SNARK
inhibitors to the anti-HCV armamentarium. Furthermore, SNARK
phosphotransferase activity-driven stimulation of TGF-B signal-
ing in HuH7.5.1 cells allowed us to confirm the suppressive
effects of metformin on TGF-p signaling accentuation by SNARK
overexpression, implying SNARK as a target in HCV pathogenesis.
Further studies to elucidate the mechanisms and consequences of
inhibition of SNARK and metformin itself are warranted. Besides,
since another pathogenic effect of HCV is insulin resistance, and
type 2 diabetes is a risk factor for HCC {46}, novel SNARK-medi-
ated antiviral and antifibrotic properties of the antidiabetic met-
formin could offer an important and multifaceted agent for long
term HCV disease management.

On the heels of development of anti-HCV agents targeting
viral proteins, proviral host cellular cofactors have been discov-
ered [3] and subsequent HTAs are emerging, best typified by
cyclophilin (CyP) inhibitors [47], overcoming the drug resistance
against virally-targeted inhibitors. In this study, we provide an
example of a potential target for host-directed antiviral and anti-
pathogenic therapies, which target a key host cellular cofactor
involved not only in viral replication but also in viral pathogene-
sis. In fact, HCV modulates and depends on lipid metabolism
enhancing lipogenesis for the establishment of efficient viral
infection [48], and cholesterol-lowering statins were not only
antiviral [49], but also effective in reducing steatosis and retard-
ing fibrosis in viral and non-alcoholic fatty liver disease (NAFLD)
patients [50], nicely exemplifying the notion above.

Taken together, our data overall suggest that SNARK is a novel
host cellular factor for HCV replication and an additional media-
tor of TGF-B-SMAD signaling. Involvement of its activity as a
kinase in proviral and pathogenic pathways positions SNARK as
a potentially critical and druggable target for new therapies
against hepatitis C.
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Abstract

Background 1L28B polymorphisms were shown to be
associated with a response to peg-interferon-based treat-
ment in chronic hepatitis C (CHC) and spontaneous
clearance. However, little is known about how this poly-
morphism affects the course of CHC, including the
development of hepatocellular carcinoma (HCC). We
evaluated the influence of IL28B polymorphisms on he-
patocarcinogenesis in CHC patients.

Methods We genotyped the rs8099917 single-nucleotide
polymorphism in 351 hepatitis C-associated HCC patients
without history of IFN-based treatment, and correlated the
age at onset of HCC in patients with each genotype.
Results  Frequencies of TT, TG, and GG genotypes were
74.3 % (261/351), 24.8 % (87/351), and 0.9 % (3/351),
respectively. The mean ages at onset of HCC for TT, TG,
and GG genotypes were 69.9, 67.5 and 66.8, respectively.
In multivariate analysis, IL28B minor allele (TG and GG
genotypes) was an independent risk factor for younger age
at onset of HCC (P = 0.02) in males (P < 0.001) with
higher body mass index (BMI;, P = 0.009). The IL28B
minor allele was also associated with a lower probability of
having aspartate aminotransferase-to-platelet ratio index
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(APRI) >1.5 (minor vs. major, 46.7 vs. 58.6 %; P = 0.01),
lower AST (69.1 vs. 77.7 IU/L, P = 0.02), lower ALT
(67.8 vs. 80.9 IU/L, P = 0.002), higher platelet count
(12.8 vs. 11.2 x 10*/uL, P = 0.002), and higher pro-
thrombin time (79.3 vs. 75.4 %, P = 0.002).

Conclusions 'The IL28B minor allele was associated with
lower inflammatory activity and less progressed fibrosis of
the liver; however, it constituted a risk factor for younger-
age onset of HCC in CHC patients.

Keywords rs8099917 - Hepatocarcinogenesis -
Interferon-A - Risk allele - Fibrosis

Abbreviations
AFP o-Fetoprotein

APRI Aminotransferase platelet ratio index
CHC Chronic hepatitis C

GWAS  Genome-wide association study
HCC Hepatocellular carcinoma

HCV Hepatitis C virus

11.28B Interleukin 28B

PCR Polymerase chain reaction
peg-IFN  peg-Interferon

RIG-1  Retinoic acid-inducible gene-1
SNP Single-nucleotide polymorphism
SVR Sustained viral response

TLR3 Toll-like receptor 3
Introduction

Hepatitis C virus (HCV) infection is one of the major
causes of chronic hepatitis, liver cirrhosis, and hepatocel-
lular carcinoma (HCC) [1]. Currently, patients with chronic
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hepatitis C (CHC) are treated with a combination of peg-
interferon (peg-IFN) and ribavirin [2, 3]. Recently, HCV
nonstructural 3/4A serine protease inhibitors combined
with PEG-IFN and RBV were reported to achieve higher
sustained viral response (SVR) rates in genotype 1 patients
compared to conventional PEG-IFN/RBV. These triple
therapies are considered to be the next standard of care for
patients with CHC virus infection [4, 5].

Genetic variations near the interleukin 28B (IL28B)
gene, encoding the type III IFN-A3, were shown to be
strongly associated with the response to peg-IFN and
ribavirin treatment in patients with CHC [6-8] and also
spontaneous clearance of HCV [9]. Host immune cells
produce IFN and other cytokines in response to viral
infection. In response to HCV, cellular sensors detect the
double-stranded RNA via the retinoic acid-inducible gene-I
(RIG-I) and toll like receptor 3 (TLR3) and activate a
pathway to produce antiviral cytokines, including alpha
and beta IFNs that trigger an antiviral response to eradicate
the virus [10, 11].

Genetic polymorphisms of genes involved in innate
immunities are likely to influence the strength and nature of
this defense system [12]. Besides its antiviral properties,
IFN-A exhibits antitumor activity; in fact, several experi-
mental studies in cell lines and in animal models demon-
strated that the activation of type III IFN induces apoptosis
[13] and antitumor activities [14-16]. Thus, this genetic
factor is thought to influence the natural course of HCV
infection, including the development of HCC. However,
little is known about the influence of IL28B polymor-
phisms on hepatocarcinogenesis in patients with CHC.

In the present study, we examined the association
between the rs8099917 single-nucleotide polymorphism
(SNP) at the I1.28B locus with the age at onset of HCC and
other clinical findings in patients with CHC who had no
history of receiving IFN-based treatment.

Materials and methods
Patients

The patients analyzed in the present study were derived
from an HCV study cohort of the University of Tokyo
Hospital. In this cohort, we enrolled the patients who vis-
ited the liver clinic at our institute between August 1997
and April 2009, and agreed to provide blood samples for
human genome studies along with written informed con-
sent according with the Declaration of Helsinki. All
patients underwent laboratory blood tests at the time of
enrollment in our cohort. The result of the blood tests were
recorded with the information on alcohol consumption and
BMI of each patient. The patients who were positive for

hepatitis B surface antigen and had a history of biliary
disease were excluded. All subjects in our cohort were
Japanese, and this research project was approved by the
ethics committees of the University of Tokyo (No. 400).

From this cohort, we examined the patients who had
developed new-onset HCC and received initial therapy in
our institute by January 31, 2010, and with available
sample for genotyping. We excluded the patients with a
history of receiving IFN-based treatment. Finally, 351
patients were enrolled for this study, and the association
between the age at onset of HCC and the IL28B genotype
was analyzed. Patient follow-up and Diagnosis of HCC
was performed as previously described [17, 18].

IL28B genotyping

Human genomic DNA was extracted from the whole blood
of each patient. Genotyping for the IL28B rs8099917 T/G
polymorphism was performed by polymerase chain reac-
tion (PCR) using the TagMan predesigned SNP Genotyp-
ing Assay (Applied Biosystems, Foster City, CA) as
recommended by the manufacturer. Allele-specific primers
were labeled with fluorescent dye (FAM or HEX) and used
in the PCR reaction. Aliquots of the PCR products were
genotyped using an allele-specific probe of the SNP on a
real-time PCR thermocycler (MX3000P, Stratagene, La
Jolla, CA). Samples were subjected to 50 cycles of dena-
turation for 15 s at 92 °C, annealing of primers for 30 s at
60 °C, and elongation for 30 s at 60 °C.

Study endpoint

We analyzed the relationship between the age at onset of
HCC (the primary endpoint of this study) and host factors,
including the IL28B genotypes, sex, BMI, alcoholic con-
sumption, and HCV genotype. We also examined the
relationship between IL28B genotypes and the clinical
findings at the time of enrollment in our cohort (the sec-
ondary endpoint), such as the biochemical markers and
presence of liver fibrosis. Liver biopsies were only avail-
able in a small number of patients (48); liver fibrosis was
assessed using the aspartate aminotransferase platelet ratio
index (APRI), and an APRI of >1.5 was classified as
bridging fibrosis or cirrhosis (F stage 3—4) [19].

Statistical analysis

Continuous variables were presented as the mean =+ stan-
dard deviation (SD) while categorical variables were
expressed as frequencies (%). Categorical data were ana-
lyzed using the Chi square test, and stepwise logistic
regression analyses were used to adjust the influence of
IL28B genotype by other covariates such as sex, BMI (<25
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or not), and alcoholic consumption (<50 g/day or not). For
continuous data, the univariate associations were evaluated
using the Student’s t test or nonparametric Wilcoxon rank-
sum test as appropriate. Since the age at onset of HCC (the
primary endpoint of this study) satisfied the assumption of
normal distribution (Kolmogorov—Smirnov test, P > 0.05),
we used stepwise regression analysis to adjust the influence
of IL28B genotype by sex, BMI (<25 or not), and alcoholic
consumption (<50 g/day or not). All statistical analyses
were two-sided, and the threshold of the reported P values
for significance was accepted as <0.05. All statistical
analyses were performed using R 2.13.1 software
(http://www .r-project.org).

Results
Patient characteristics

Patient characteristics are shown in Table 1. Frequencies of
the rs8099917 TT, TG, and GG genotype were 74.3 %
(261/351), 24.8 % (87/351), and 0.9 % (3/351), respec-
tively. The SNP genotype distribution was in Hardy-—
Weinberg equilibrium (P value was not significant). We
defined the IL28 major genotype as homozygous for the
major sequence (TT) and the IL28B minor genotype as
homozygous (GG) or heterozygous (TG) for the minor
sequence. The mean age at onset of the HCC patients was
69.3 years, and approximately 60 % were male. The mean
age at the time of enrollment was 67.2 years and the fol-
low-up period was 27.9 months in average.

Table 1 Clinical characteristics and genotype distributions in the
study cohort (n = 351)

Parameter Values
Mean age at onset of HCC, in years 69.26 + 8.07
Mean age at the time of enrollment, in years 67.16 £ 8.32
Male sex 200 (57.0 %)
BMI >25 70 (20.0 %)
Alcohol consumption (>50 g/day) 75 21.4 %)
IL.28B genotype
T 261 (74.3 %)
TG 87 (24.8 %)
GG 3 (0.9 %)
T allele frequency 0.87

HCV genotype

Genotype 1 240 (68.4 %)
Genotype 2 91 (25.9 %)
Not tested 20 (5.7 %)

Continnous variables were represented as the mean &+ standard
deviation (SD) and categorical variables were as number and fre-
quencies (%)
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Primary endpoint

Table 2 shows the age at onset of patients with HCC and
the associations among IL.28B genotypes, sex, BMI, alco-
hol consumption, and HCV genotype. The mean age at
onset in patients with HCC for the IL28B major and minor
genotypes were 69.88 £+ 7.97 and 67.48 + 8.17, respec-
tively, and significantly higher in patients with the IL28B
major genotype than in those with the minor genotype
(P = 0.02). In multivariate analysis, the age at onset of
HCC was significantly younger in patients with the IL28B
minor genotype (P = 0.02, Fig. 1), independently of male
sex (P < 0.001) and higher BMI (P = 0.009). The char-
acters of HCC, such as sizes (2.56 vs. 2.40 cm, P = 0.41)
or the numbers (1.94 vs. 2.23, P = 0.54) at diagnosis were
not significantly different between IL28B major and minor
genotypes. We also analyzed the interval between blood
transfusion and the onset of HCC in 161 patients who have
histories of blood transfusion which had been the major
cause of HCV infection in Japan [20]. The mean interval
between blood transfusion and the onset of HCC for the
IL28B major and minor genotypes were 39.09 + 9.99 and
38.86 + 9.27 years, respectively (P =0.9; data not
shown).

Secondary endpoint

Table 3 shows the clinical findings and associations
between the IL.28B genotypes at the time of enrollment in
our cohort. The IL28B major genotype was significantly
associated with a higher probability of having an APRI
>1.5 (58.62 vs. 46.67 %, P = 0.01; Fig. 2), a lower
platelet count (11.15 vs. 12.80 x 10%uL, P = 0.002), a
higher AST level (77.69 vs. 69.12 IU/L, P = 0.02), a
higher ALT level (80.92 vs. 67.79 IU/L, P = 0.002), and a
lower prothrombin time (75.40 vs. 79.27 %, P = 0.002)
compared to the IL28B minor genotype after adjustment
for sex, BMI, alcoholic consumption, and the age at
enrollment of our cohort. A lower y-GTP level was sig-
nificantly associated with the IL28B major genotype in
univariate analysis, and alcoholic consumption, sex, and
age were stronger factors associated with the y-GTP level.
Thus, after adjustment for these factors, the IL28B geno-
type was not extracted as a significant factor associated
with the y-GTP level. Histological assessments of liver
fibrosis were performed in 248 patients at the time of initial
therapy. The prevalence of histologically proved liver cir-
rhosis (F4) was 65.6 % (118/180) in patients with major
genotype and 51.5 % (35/68) in those with minor genotype.
The prevalence of liver cirrhosis was significantly higher in
patients with major genotype after adjustment for sex,
BMLI, alcoholic consumption, and the age at the time of
initial therapy for HCC (P = 0.045, data not shown).
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:;]l)]lfhi :giczr;?::fgfat}idc c Variable Mean Standard deviation (SD) P value
Univariate Multivariate®
IL28B genotype 0.02 0.02
Major (TT) 69.88 797
Minor (TG/GG) 67.48 8.17
Sex <0.001 <0.001
Male 67.94 8.48
Female 71.02 7.16 B
BMI 0.01 0.009
>25 66.87 9.11
<25 69.86 7.70
Alcohol consumption 0.11 -
* Stepwise regression analysis >50 (g/day) 67.78 9.37
for the age at onset of HCC (the <50 (g/day) 69.67 765
dependent variable) using
IL28B genotype, sex, BMI, HCV genotype 0.29 -
alcohol consumption, and HCV Genotype 1 69.65 7.59
genotype as independent Genotype 2 68.22 8.79
variables
p=0.02* significantly associated with younger age at onset of HCC
with well known risk factors for the development of HCC
such as male gender and higher BMI [21] without prior
IFN-based treatment. Our previous study analyzing a sus-
ceptibility locus for HCV-induced HCC using a genome-
o wide association study (GWAS) could not detect the sig-
© nificant association between IL28B genotypes and the
) development of HCC in a cross-sectional distribution
% o analysis between patients with and without HCC in more
5 than 3,000 samples [22]. Also, IL.28B alleles were not
2 identified as a susceptibility locus for HCV-induced HCC
S 2 in another GWAS study [23]. The cross-sectional distri-
3:) bution analyses may have underestimated the susceptibility
< : to HCC because it could not take into consideration the
8 . future development of HCC and the duration after the past
onset of HCC. Moreover, although GWAS would provide
an effective and unbiased approach for revealing risk
g7 alleles for genetically complex non-Mendelian disorders,

T T T
T TG GG
allele

Fig. 1 Box and whisker and dot plot distributions of the age at onset
of HCC in each genotype. The mean age at onset of HCC for the
IL28B major and minor genotypes were 69.88 + 7.97 and
67.48 + 8.17, respectively, and was significantly higher in patients
with the IL28B major genotype than in those with the minor genotype
(P = 0.02). *P values after adjustment for sex, BMI, and alcoholic
consumption

Discussion

In the present study, we evaluated the association between
the IL28B polymorphism and the age at onset of HCC in
patients with CHC. The IL28B minor genotype was

the risk of multiple comparisons made in a GWAS have
resulted in reports of false positive results (Type 1 errors),
and if the correction is overly conservative or the power is
inadequate, false negative results (Type 2 errors) [24-26].
The relation between IL28B polymorphism and the sus-
ceptibility to HCC is still controversial. A previous study
from Japan reported that the rs8099917 TT genotype was
associated with a lower incidence of HCC even in non-
responders to IFN based treatment [27] that was in agree-
ment with the present study. Another study from Italy
evaluating the association between genome frequency and
the presence of cirrhosis due to hepatitis C, hepatitis B,
alcohol use, and other factors also showed a higher prev-
alence of the IL28B minor allele in patients with HCC
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Table 3 Associations between the IL28B genotype and clinical findings at the time of enrollment in our cohort

Variable Mean/proportion (standard deviation; SD) P values

Major (TT) Minor (TG/GG) P value Adjusted P value”
APRI >1.5° 58.62 % (52.38-64.66) 46.67 % (36.07-57.69) 0.07 o.01!
Platelet count (x 10%/pL) 11.15 (5.00) 12.80 (5.43) i 0.01 ©0.002%
AST (IU/L) 77.69 (45.14) 69.12 (38.16) 0.12 0,02
ALT (IU/L) 80.92 (60.45) 67.79 (41.78) 017 0.002%*
T.B (mg/dL) 0.90 (0.40) 0.83 (0.39) 002 -
Alb (g/dL) 3.69 (0.46) 3.71 (0.46) 09 =
ALP (IU/L)® 236.4 (81.75) 216.4 (58.96) : 0.08 0.117%*
YGTP (IU/L) 76.83 (65.34) 87.23 (42.92) 0.005 -
PT (%)* 75.40 (13.36) 79.27 (13.13) 0.02 0.002%

T Adjusted for sex, BMI, alcoholic consumption, and the age at enrollment (independent variables). The dependent variables of each P values are
the items in the leftmost fields of corresponding rows (the proportion of having APRI >1.5, platelet count, AST, ALT and so on)

I P value by stepwise logistic regression analysis
** P value by stepwise regressmn analysis

? 0dds ratio (95 % CI) for major allele was 1.88 (1.13-3. ll) ‘and 95 % conﬁdence interval (CI) of each pl‘OpOtthIl is parenthesued for this

outcome
® Missing in 115 patients
¢ Missing in 112 patients

4 Missing in 4 patients

p=0.01*

proportion (%)

TG GG
allele -

[ N score< 1.5 . APRI score>=1.5

Fig. 2 Bar plot the proportion of having an AST-to-platélet ratio
(APRI) score >1.5 in each allele. *P values after adjustment for sex,
BMI; alcoholic consumption, and the age at enrollment
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compared to those without HCC [28]. However, other
studies showed no relation between IL28B polymorphism
and the susceptibility to HCC [29-32]. Some studies have
reported the HCV genotype 1 as a risk factor associated
with HCC'in patients who had CHC [33-35]; however, we
could not find a significant association between the HCV
genotype and hepatocarcinogenesis in the present study.
Our data showed no relationship between the duration of
HCV infection in the patients with a history of blood
transfusion. The mean age of blood transfusion was not
significantly different between patients with major and
minor genotypes (28.99 in major genotype vs. 27.60 in
minor genotype, P = 0.18). Moreover, older age at HCV
infection was reported to be associated with more rapid
disease progression [36]. Thus, the difference in the dura-
tion of HCV infection may have little effect on the result of
the present study. The TL28B genotype may have a critical
role in the onset of HCC. Moreover, only about 45 % of all
patients in the present study have the history of blood
transfusion; hence, further analysis with larger samples
may be indicated.

Previous studies evaluating patients with chronic HCV
infection showed severer histological inflammatory activity
and fibrosis, as well as higher ALT levels and APRI scores
in patients homozygous for the IL28B major alleles [29,
32,:37, 38]. Similarly, in the present study, the IL28B
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major genotype was significantly associated with a higher
probability of having an APRI >1.5 and a higher ALT
level; and the prevalence of histologically proved liver
cirthosis (F4) was significantly higher in patients with
major genotype at the age at the time of initial therapy for
HCC. Given the association between the IL28B major
allele and the severe inflammatory activity or progressed
fibrosis, the IL28B allele is thought to be associated with
the susceptibility to HCC via a mechanism that is inde-
pendent of controlling an activity of HCV infection.

Recent experimental studies have suggested that IFN-A
has an antitumor activity. In esophageal cancer cell lines
expressing IFN-A receptor complexes, IFN-A1 suppressed
growth via the induction of the G1 phase arrest or apoptosis
[39]. An antitumor activity of IFN-A was also shown in the
B16 melanoma, BNL hepatoma, Colon 26, and neuroen-
docrine BON1 tumor cells [40-43]. One probable expla-
nation for the paradoxical result of the present study is that
the more aggressive inflammatory activity of patients with
IL.28B major genotype may reflect a stronger immune
response to the virus, which may also have anti-tumor
effects. However, the innate immune responses and anti-
tumor activity via IFN-A, as well as the mechanism
underlying the association of the IL28B genotype, have not
been elucidated. Further studies are needed to determine the
functional role of the IL28B gene in relation to the course of
chronic HCV infection, including hepatocarcinogenesis.

Because of the retrospective design, this study is limited
by the absence of some important clinical details such as
information about the histological findings of fibrosis and
inflammation. Although the APRI is a useful index for the
prediction of fibrosis, the limitation of this score has been
reported in previous studies [44, 45]. Prospectively
designed studies are needed to confirm our findings.
However, observing chronic HCV-infected patients with-
out antiviral treatment would be nearly impossible in the
future. In this regard, the present study may have important
implications.

In conclusion, the IL.28B minor genotype was associated
with a younger age of onset of HCC in patients with CHC,
and this association was completely independent of the
response to IFN-based treatment. Hepatocarcinogenesis
appeared to be suppressed in patients who had CHC with
the IL28B major genotype, despite higher inflammatory
activity and progressed fibrosis of liver. The current find-
ings may provide a clinically important information in the
follow-up or HCC screening of cirrhotic patients.
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Hepatocellular. carcinoma  (HCC) s one of ‘the common
malignancies ‘worldwide,’ and the number of ‘patients suffer-

ing from HCC is currently increasing in many countries.>’

As HCC has a specific feature that it usually develops in the
 setting of chronic liver. injury,” especially liver cirrhosis,” can-
cer surveillance, when performed intensively in patients with
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chronic liver injury, could lead to HCC detection in its early
stage, where biomarkers for HCC may play an important
role. Although novel therapies have been developed to pro-
long survival in patients with advanced HCC, their effects are
rather limited,” suggesting that the effective way for early
detection of HCC is urgently needed. To this end, many
attempts have been made to explore a novel biomarker for
HCC®’ -among ‘which we have recently found that serum
mitochondrial creatine kinase (MtCK) activity was increased
in patients with HCC. Among two tissue-specific isozymes of
MtCK, that is, ubiquitous MtCK (uMtCK) and. sarcomeric
MtCK (sMtCK), we-have found that the increase in:serum
MtCK activity-in HCC patients was mostly owing to uMtCK,
not 'sMtCK.® We have further found high expression” of
uMtCK mRNA in human HCC cell lines compared to nor-
mal human liver tissue.® Recently, we have reported that high
uMtCK expression in. HCC denotes a poor prognosis with
highly malignant potential.” It is worth noting the increased
uMtCK  expression -occurred - not -only upon malignant
changes in the liver, but also in several other malignant
tumors such as gastric cancer, breast cancer and lung
cancer.'™?

In our previous report, we have observed that serum
MtCK activity was also increased in patients with liver cir-
rhosis compared to healthy control although less prominent
than in HCC patients.® In fact, an elevated serum MtCK
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activity was previously reported in patients with liver cirrho-
sis,'* where MtCK was described as “Macro CK type g 71415
However, the clinical significance of increased serum MtCK
activity in cirrhotic patients has not been clarified yet. In our
study, we wondered whether serum MtCK activity might be
increased in patients with not only liver cirrhosis but also
chronic liver disease, in general, with less fibrosis, and if so,
what would be the clinical significance of increased serum
MtCK activity in patients with chronic liver “disease. To
address these questions, we sought to analyze serum MtCK
activity in patients with chronic hepatitis.C without the pres-
ence and the history of HCC. ‘

faterial and Methods

Subjects '

One-hundred seventy-one patients with chronic hepatitis C,
who visited the Department of Gastroenterology, The Univer-
sity of Tokyo Hospital, Tokyo, Japan, between January 2010
and April 2011, were enrolled. Chronic hepatitis C was
defined as -serum anti-hepatitis C virus antibody positivity
and a detectable HCV ‘RNA level, having persistent liver
damage for more than 6 months, where other causes of liver
disease such as hepatitis B and alcohol abuse had been
excluded. Patients with HCC at the time of enrollment or
with past history of HCC were excluded from this analysis,
where HCC was ruled out by ultrasonography, dynamic com-
puted tomography (CT) and/or magnetic resonance imaging.
To assess a potential relationship between serum MtCK activ-
ity and liver fibrosis, all the enrolled patients undertook liver
stiffness measurement. ‘

Our study was carried out in accordance with the ethical
guidelines of the 1975 Declaration of Helsinki and was
approved by the Institutional Research Ethics Committees of
the authors’ institutions. In our study, informed consent was
obtained for the use of the samples.

Measurement of MtCK activity

MtCK  activity was measured with an immune-inhibition
method using two types of anti-MtCK monoclonal antibod-
ies, that is, an anti-uMtCK monoclonal antibody and an anti-
sMtCK monoclonal antibody in addition to an anticreatine
kinase-M antibody'® as described previously.* JCA-BM8040
(JEOL, Tokyo, Japan) was used as an automatic analyzer.
The regression line of this assay was linear up to at least
1,800 U/L. The minimum detection limit was 1.9 U/L. The

within-run coefficient variations were 3.1 and 0.8% at the
mean MtCK activities of 25.7 and 64.4 U/L, respectively. The
between-run coefficient variations were 2.3% for both ‘the
mean MtCK ‘activities of 24.0 and 59.5 U/L. :

Measurements of other parameters ‘

Ordinary serum chemistry parameters, albumin, -aspartate
aminotransferase (AST), alanine aminotransferase (ALT), y-
glutamyl transpeptidase (GGT) and total bilirubin, were ana-
lyzed using JCA-BM8040 (JEOL, Tokyo, Japan). Complete
blood count examination was performed using XE-5000 (Sys-
mex, Kobe, Japan).. Prothrombin time was measured using
ACL TOP (Mitsubishi Chemical Medience, Tokyo, Japan).
Alpha-fetoprotein (AFP) and des-gamma-carboxy prothrom-
bin (DCP) were analyzed by a. two-site immunoenzymetric
assay using ST AIA-PACK AFP (TOSOH, Tokyo, Japan) and
Lumipulse Presto PIVKAII (EIDIA, Tokyo, Japan), in auto-
matic analyzers, AIA 2000 (TOSOH) and Lumipulse® Pres-
toll (FUJIREBIO, Tokyo, Japan), respectively. Liver stiffness
was measured using transient elastography (FibroScan 502;
EchoSens, Paris, France) as described previously.'”

Animals and induction of liver fibrosis
Liver fibrosis was induced in C57BL/6N mice (CLEA Japan,
Japan) by bile duct ligation at 4 weeks after the operation as
described previously.'®

All animals received humane care and the experimental
protocol was approved by Animal Research Committee of
the University of Tokyo.

Quantitative real-time polymerase chain reaction

Total RNA of mouse livers was extracted using TRIZOL rea-
gent (Invitrogen, Carlsbad, CA). One microgram of purified
total RNA was transcribed using a Transcriptor First Strand
c¢DNA Synthesis Kit (Roche Diagnostics, Mannheim, Ger-
many). Quantitative real-time - polymerase chain reaction
(PCR) was performed with a TagMan Universal Master Mix
No AmpErase UNG (Applied Biosystems, Foster City, CA).
Mouse uMtCK primers and probe were obtained from Applied
Biosystems, TagMan Gene Expression Assays (Mm00438221_
m1). The samples were incubated for 10 min at 95°C, followed
by 40 cycles at 95°C for 15 sec and 60°C for 60 sec. The target
gene mRNA expression level was relatively quantified to 185
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ribosomal RNA using 274" method (Apphed Biosystems,,

Foster City, CA, User Bulletin No. 2).

lmmunoblot analysis :

Liver tissue extracts were prepared by using M- PER Mamma-
lian Protein Extraction Reagent (Thermo Fisher Scientific,
Rockford, IL) plus Halt™ Protease Inhibitor Cocktail (Thermo
Fisher Scientific, Rockford, IL). Immunoblot analysis was per-
formed with specific antibodies against uMtCK (dilution,
1:1,000; Abcam, Cambridge, United Kingdom) and beta-actin
(dilution, 1:2,000; Sigma-Aldrich, St. Louis, MO) as described-
previously.” Immunoreactive proteins were visualized using a
chemiluminescence kit (GE - Healthcare,  Buckinghamshire,
United Kingdom), and recorded using a 1.AS-4000 image ana-
lyzer (Fuji Film, Tokyo, Japan). The intensities of immunode-
tected bands were quantified with NIH Image ] software.

Immunohistochemical analysis

Excised liver specimens were fixed immediately in 10% for-
malin and embedded in paraffin. Serial 4-pum-thick liver tis-
sue  sections ‘were deparaffinized, and incubated in citrate
buffer ‘at 95°C for 40 min for antigen retrieval, and then
incubated overnight at 4°C with anti-uMtCK antibody (Pro-
teintech, Chicago, IL). Biotinylated secondary antibodies
(Pharmingen, San Diego, CA) were added and incubated for
20 min at room temperature. Streptavidin-horseradish perox-
idase (Pharmingen, San Diego, CA) was added and after 30
min the sections were developed with 3,3'-diaminobenzidine
substrate and counterstained hematoxylin.

Patient follow-up and diagnosis of HCC

Patients were followed up at the outpatient clinic with blood
tests including tumor markers every 1-3 months, and ultra-
sonography every 4-6 months. Contrast-enhanced CT was
performed when serum tumor markers showed an abnormal

rise and/or tumor(s) was detected as possible HCC on ultra-

sonography. The diagnosis of HCC was based on the typical
findings on CT, that is, hyperattenuation in the arterial phase
and hypoattenuation in the equilibrium phase.'®*°

The end points consisted of the interval between the first
measurement of serum MtCK activity and the detection of
HCC development, death without HCC development or the
last examination until May 30, 2013, whichever came first.
Death without HCC development was treated as censored data.

Statistical analysis

Categorical data were compared by y’-test or Fisher’s exact
- test. Distributions of continuous variables were analyzed with
Student’s t-test for two groups. All tests of significance were
two-tailed, and p < 0.05 was considered statistically significant.
The potential associations between the MtCK and the following
factors were assessed using Spearman’s rank correlation coeffi-
cient: age, serum albumin, AST, ALT, GGT, total bilirubin,
AFP, DCP, platelet count, prothrombin time and liver stiffness
measured by Fibroscan. Cumulative incidence of hepatocarci-
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Table 1. Characteristics of the enrolled chronic hepatitis C patients

Age (year)! 68 (60-75.5).

~ 4.50(3.20-7.19)

AST (U/D?

40 (29-63)

w(‘;GT L/ 28 (20—4975)

AFP (ng/dD)? 5.0 (3.0-10.1)

Platelet (X10%/pul) 12.1.(8.8-17.5)

LSV measured by Fibroscan (kPa)*

10.5 (5.7-17.0)

'Data were expressed as mean (1st-3rd. quartile). -
2Datya were expressed as number (%).

nogenesis ‘was ‘calculated by the Kaplan-Meier method, and
differences among groups were assessed using the log-rank
test. The following factors were assessed as candidate risk fac-
tors for hepatocarcinogenesis by time-fixed Cox proportional
hazard regression: age, sex, hepatitis virus, serum albumin,
AST, ALT, GGT, total bilirubin, AFP, DCP, platelet count, pro-
thrombin time, liver stiffness and MtCK. We used univariate
and multivariate time-fixed Cox proportional hazard models
and stepwise variable selection based on Akaike Information
Criteria. Data processing and analysis were performed using
SPSS software version 17.0 or 19.0 (SPSS, Chicago, IL).

Results

Increased serum MtCK attivity in patients with chronic
hepatitis C '

Clinical and laboratory variables of the enrolled patients are
listed in Table 1. The mean level of serum albumin and total
bilirubin and the mean platelet count in the enrolled patients
were 4.0 g/dL, 0.8 mg/dL and 12.1 X 10*/uL, suggesting that
the patients would have developed various stages of liver fibro-
sis, not exclusively liver cirrhosis. In agreement with this fact,
the mean liver stiffness value in the enrolled patiénts was 10.5
kPa, suggesting the fibrosis stage of F3."” In these patients,
serum MtCK activity was higher than the previously reported
values in healthy subjects (p < 0.001): the mean serum MtCK
activity was 4.5 U/L in patients with chronic hepatitis C,
‘whereas 3.4 U/L in healthy subjects as described previously.®

Relationships between serum MtCK activity and various
parameters

Relationships between serum MtCK activity and various clin-
ical parameters are summarized in Table 2. Serum MtCK
activity was significantly correlated with serum albumin lev-
els, platelet counts and liver stiffness values (p < 0.001, 0.026




Table 2. Relation between serum MtCK activity and various
parameters

Age (yearn)

AST (U/1)

’ GGT.(U/L)

Platelet (X10%/pL)

LSV measure

by Fibroscan (kPa)

and <0.001), suggesting that the increase inkserum, MtCK

activity may be associated with the stage of liver fibrosis. On
the other hand, the significant correlations between serum
MtCK activity and serum levels of ‘AST (p = 0.0014) and
ALT (p = 0.042) were observed, which may suggest that
serum MtCK activity is increased in association with hepato-
cellular damage. Furthermore, serum MtCK activity was sig-
nificantly correlated with serum AFP levels (p = 0.0037).

Increased uMtCK mRNA and protein expressions and
immunoreactivity for uMtCK in fibrotic livers in mice

As described earlier, among two. tissue-specific - isozymes - of
MtCK, that is, uMtCK and sMtCK, we have found that the
increase in serum MtCK activity in HCC patients was mostly
owing to that in serum uMtCK activity but not in serum sMtCK
activity.® As the current evidence suggests that serum MtCK
activity may be increased in association with the stage of liver
fibrosis, we wondered whether uMtCK expression might be
enhanced in fibrotic livers. To test this hypothesis, we first meas-
ured uMtCK mRNA levels in the livers of mice treated with bile
duct ligation for 4 weeks.”As shown in Figure 1a, uMtCK
mRNA levels in the livers were significantly enhanced in bile
duct-ligated mice at 4 weeks after the operation compared to
sham-operated mice (p = 0.02; Fig. 1a). An increased immuno-
reactivity for uMtCK was detected in bile duct-ligated mouse liv-
ers, predominantly in hepatocytes at the periductular area, as
compared to sham-operated livers, where immunoreactivity was
very low or absent (Fig. 1b). This increased immunoreactivity
was confirmed to be owing to uMtCK protein expression by
immunoblot analysis (Fig. 1¢). These results suggest that uMtCK
expression may be increased in fibrotic livers predominantly in
hepatocytes, possibly leading to enhanced serum MtCK activity.

Increased serum MtCK activity as an independent risk for
hepatocarcinogenesis

The enrolled patients were then followed up to detect HCC
occurrence. During the mean follow-up period of 2.7 years

MtCK and hepatocarcinogenesis

(1st-3rd quartile: 2.4-3.1 years), HCC developed in 21
patients. To carefully exclude MtCK production by HCC,
HCC was ruled out at the enrollment by ultrasonography,
dynamic CT and/or magnetic resonance imaging. The cumu-
lative incidence rates of HCC at 1, 2 and 3 years estimated
by the Kaplan-Meier method were 3.5, 8.8 and 12.3%,
respectively, as shown in Figure 2a. In these patients who
developed HCC, serum MtCK ‘activity was significantly
higher than that in patients who did not develop HCC (p <
0.001) as shown in Figure 2b; serum MtCK activity was 10.6
U/L (interquartile range, 4.4-20.7) in patients who developed
HCC and 4.3 U/L (interquartile range, 3.1-6.6) in patients
who did not develop HCC. Then, significant risk factors for
HCC occurrence by univariate Cox regression analysis were
as follows (Table 3): older age (p = 0.018), lower albumin (p
< 0.001), higher AST (p = 0.017), higher AFP (p < 0.001),

“lower platelet count (p = 0.0025), longer prothrombin time

(p = 0.0013), elevated liver: stiffness value (p < 0.001) and
higher serum MtCK activity (p. < 0.001). Multivariate analy-
sis using stepwise variable selection based on Akaike Infor-
mation Criteria identified higher serum MtCK activity (HR:
1.09/year, p < 0.001), higher AFP (HR: 1.01/year, p = 0.002)
and longer prothrombin time (HR: 1.48/year, p = 0.002) as
the significant risk factors. :

As our multivariate analysis identified serum MtCK activ-
ity as an independent factor associated with a risk for HCC
development, we determined a cutoff value of serum MtCK
activity for the ‘prediction of HCC development by receiver
operating characteristics (ROC) analysis. From this analysis,
serum MtCK activity of 9.0 U/L was identified as a cutoff
value (Fig. 3a), and with this cutoff value, area under receiver
operating characteristics curve for serum MtCK activity was
0.754 (95% confidence interval [CI]: 0.613-0.894), with a sen-
sitivity of 61.9%, a specificity of 92.8%, a positive predictive
value of 56.5% and a negative predictive value of 94.2%. As
this negative predictive value was high, the patients with
serum MtCK activity of <9.0 U/L are suggested to be at a
lower risk for HCC development. In fact, as shown in Figure
3b, patients with serum MtCK activity of >9.0 U/L were at a
significantly higher risk for HCC development compared to
those with serum MtCK activity of <9.0 U/L (p < 0.001). As
serum MtCK activity seemed to be correlated with liver fibro-
sis as observed above, a relationship between serum MitCK
activity and HCC development was analyzed in stratified
patients by liver stiffness values. As shown in Figures 3¢ and
3d, in both patient groups with liver stiffness values of >15
and <15 kPa, serum MtCK activity of >9.0 U/L was a signif-
icantly higher risk for HCC development compared to those
with serum MtCK activity of <9.0 U/L (p < 0.001). Notably,
the cumulative incidence of HCC at 1,100 days of follow-up
period in patients with serum MtCK activity of >9.0 U/L
was comparable, approximately 0.5, irrespective of their liver
stiffness values, that is <15 or >15 kPa. Collectively, the
higher serum MtCK activity may be an independent risk for
HCC development in chronic hepatitis C patients.

Int. J. Cancer: 00, 00-00 (2014) © 2014 ulcc
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Figure 1. uMtCK mRNA and protein expressions in fibrotic livers induced by bile duct ligation in mice. (a) uMtCK mRNA expressions were
evaluated by quantitative real-time PCR in the livers of bile duct-ligated and sham-operated mice at 4 weeks after the operation. Results
represent a fold of control mice (means = SEM, n = 4). uMtCK mRNA expressions were significantly enhanced in fibrotic livers induced by
bile duct ligation in mice (p = 0.02) compared to control livers; an asterisk indicates a significant difference. (b) uMtCK protein expressions
were evaluated immunohistochemically in fibrotic livers induced by bile duct ligation in mice in comparison with control livers. Increased
immunoreactivity for uMtCK was observed predominantly in hepatocytes in fibrotic livers compared to control livers. (¢) uMtCK protein
expressions, evaluated by immmunoblot analysis, were significantly enhanced in fibrotic livers induced by bile duct ligation in mice (p =
0.03) compared to control livers; an asterisk indicates a significant difference. ’

Int. . Cancer: 00, 00-00 (2014) © 2014 UICC
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Figure 2. Serum MtCK activity and HCC development in chronic
hepatitis C patients. (a) Cumulative incidence of HCC in chronic
hepatitis C patients. During the mean follow-up period of 2.7
years, HCC developed in 21 patients. The cumulative incidence
rates of HCC at 1, 2 and 3 years estimated by the Kaplan—Meier
method were 3.5, 8.8 and 12.3%, respectively. (b) Serum MtCK
activity in chronic hepatitis C patients with or without HCC devel-
opment. The mean serum MtCK activity in patients with HCC devel-
opment was 10.6 U/L and significantly higher than that in patients
without HCC development, 4.3 U/L (p < 0.001). ’

Discussien
In our study, we aimed to explore the clinical significance of
serum MtCK activity in chronic hepatitis C patients without
HCC. As a result, we have found that serum MtCK activity
may be increased correlatively with the stage of liver fibrosis
and hepatocellular damage, and that the increased serum
MtCK activity is an independent risk for hepatocarcinogene-
sis, which could be the important information for physicians.
As MtCK is not naturally secreted from the cells, the
active production of MtCK in a certain tissue or organ and
its active release into the blood stream are assumed to be
necessary for the increase in serum MtCK activity. Indeed,
the increased uMtCK mRNA expression and the increased

MtCK and hepatocarcinogenesis

Table 3. Risk factors for HCC evaluated by univariate and multivari-
ate analyses’

1.06
(1.01-1.12)

Age (year) 0.018 1.04

(0.98-1.09)

0.28

MECK (U/D 1.08 , <0.001 1.09 <0.001
(1.05-1.11)

0.017

AST (U/L) 1.01

(1.00-1.02)

GGT (U/D

1.001
(0.997-1.006)

0.54

AFP (ng/dL)

1.02
(0.98-1.02)

<0.001

1.01
(1.004-1.02)

0.002

Platelet
(x10%/pL)

0.87
(0.80-0.95)

0.0025

LSV (kPa)

1.06
(1.04~1.08)

<0.001

immunoreactivity for uMtCK were observed predominantly
in hepatocytes of fibrotic livers in mice induced by bile duct
ligation in our study, suggesting that the active production of
uMtCK in fibrotic livers. Furthermore, the strong correlations
between serum MtCK activity and serum levels of AST and
ALT may suggest that serum MtCK activity is increased in
association with hepatocellular damage, leading to the active
release of MtCK from hepatocytes into the blood stream.

It is well known that HCV-related cirrhosis is associated
with an extremely high risk of HCC development, with a
reported annual incidence ranging between 3 and 8%,
indicating that advanced liver fibrosis is one of the strongest
risk factors ‘for HCC development in chronic hepatitis C
patients.- As our current results suggest that serum MtCK
activity may be increased in association with the stage of liver
fibrosis, the increased serum MtCK activity as a risk factor
for hepatocarcinogenesis in chronic hepatitis C patients could
be explained, at least in part, by the association between
serum MtCK activity and liver fibrosis. In our study, higher
serum MtCK activity but not elevated liver stiffness value
was determined as a risk for HCC development on multivari-
ate analysis. This finding may be explained by that liver stiff-
ness value, being strongly correlated with serum MtCK

Int. J. Cancer: 00, 00-00 (2014) © 2014 UICC
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Figure 3. ROC curve showing the overall accuracy of serum MtCK activity for the prediction of HCC development and cumulative incidence
of HCC subdivided according to serum MtCK activity in chronic hepatitis C patients. (a) ROC curve showing the overall accuracy of serum
MtCK activity for the prediction of HCC development in chronic hepatitis C patients. The arrow identifies the best cutoff value (i.e., 9.0 U/L)
of serum MtCK activity. Then, cumulative incidence rates of HCC were estimated by the Kaplan—Meier method in all patients (b), in patients
with liver stiffness value (LSV) of <15 kPa (¢), and in patients with LSV of >15 kPa (d) subdivided according to their serum MtCK activity
of 9.0 U/L. Serum MtCK activity of >9.0 U/L was a significantly higher risk for HCC development compared to those with serum MtCK of
<9.0 U/L (p < 0.001) in all patient groups. Solid line, MtCK < 9.0 U/L; dashed line, MtCK > 9.0 U/L.

activity as a predicting factor for liver fibrosis, was not
retained as an independent risk for HCC development as a
confounding factor. When evaluating this result, we should
also bear in mind that another factor other than liver fibrosis
may be responsible for the strong association between serum
MtCK activity and HCC development. In this context, of
interest is the evidence that the higher serum ALT levels
were associated with the higher rate of HCC development™
and HCC recurrence after the surgical treatment™ in HCV-
related cirrhosis, suggesting that the active hepatocellular
damage may also be a risk for HCC development. Thus, the
association between serum MtCK activity and hepatocellular
damage, in addition to liver fibrosis, may explain the reason
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why serum MtCK activity was retained as an independent
risk for hepatocarcinogenesis on multivariate analysis.

In our study, a significant association between serum
MtCK activity and serum AFP levels was observed. As it is
well known, serum AFP levels have been widely used as a
serological marker for HCC*® although the combination with
other serological markers and imaging techniques is recom-
mended to increase diagnostic accuracy.”® However, elevated
serum AFP levels are often observed in patients with chronic
hepatitis C without HCC.*’*° Although the mechanism(s)
underlying this finding has not been fully understood yet, it
was reported that serum AFP levels were independently asso-
ciated with liver fibrosis and serum AST levels.”**® Thus, it




may be reasonable to assume that serum MtCK activity
would behave similarly to serum AFP levels, both of which
may be associated with liver fibrosis and hepatocellular dam-
age. Indeed, in our study, both serum MtCK activity and
serum AFP levels were retained as a risk for hepatocarcino-
genesis, which may be in line with the evidence that the
higher serum AFP levels were a risk for HCC development
in cirrhotic patients.>"?? Serum MtCK activity as a risk for
HCC development should be further evaluated in comparison
with serum AFP levels in a larger cohort with a variety of
etiology.

As healthy liver tissue is known to be one of the few tis-
sues that, in general, does not express detectable amounts of
uMtCK,>® uMtCK expression in the liver is assumed to be a
sign of pathological development associated with, for exam-
ple, ischemic-reperfusion injury®® or tumor formation.” In
agreement with this notion, in our study, serum MtCK activ-
ity was increased in association particularly with liver fibrosis
and hepatocellular damage. Although a role of MtCK expres-
sion in pathological liver tissues remains to be elucidated, the
evidence from CK gene transgenic mice, which showed that
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may suggest a protective role of MtCK expression in injured
liver tissues. Indeed, MtCK has been assumed to be impor-
tant for the energetics of oxidative tissues to control cellular
energy homeostasis by building up a large pool of rapidly dif-
fusing phosphocreatine for temporal and spatial buffering of
ATP levels.”® Hence, it is speculated that the increased MtCK
activity may support active proliferation of the injured liver
tissues to regenerate, which may ultimately lead to hepatocar-
cinogenesis as a result of enhanced proliferative activity as
suggested previously.”

One of the limitations of our study is that serum MtCK
activity was analyzed in a relatively small number of patients
with chronic hepatitis C. In addition, the enrolled patients
were at an older age (mean age, 68 years), which may be in
line with the trend that the prevalence of older patients with
chronic hepatitis C has been increasing in Japan.' In our
study, as our cohort had a relatively narrow age distribution,
age might not be retained as a risk for hepatocarcinogenesis.
Nonetheless, serum MtCK activity as a risk for hepatocarci-
nogenesis should be further validated in a larger number of
patients with other etiology, such as chronic hepatitis B or

CK expression in the liver led to inhibition of apoptosis
and protection against hypoxia or endotoxin perfusion,
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nonalcoholic steatohepatitis.
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