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Table III. Patient characteristics in cohort-based population with HCV infection.

Characteristics PNALT-2 (n=37) CHC-2 (n=30) P-value?
Age 75.6£6.5 704+6.6 <0.01
Gender (male/female) 8/29 15/15 0.02
HCV core antigen (fmol/l) 6,042+4,295 4,553+3,546 0.27
HCV serotype (I/II) 14/23 24/6 <0.001
Platelet count (x10%/u1) 22.3+£5.3 11.8£3.8 <0.001
AST Qu/N) 28.3+8.0 100.1+81.8 <0.001
ALT (IU/) 19.5£6.0 96.9+81.8 <0.001
v-GTP (IU/) 15.1£10.6 56.2+46.7 <0.001
n=31) (n=20)
T-Cho (mg/dl) 181.8+29.3 158.8+27.1 0.02
(n=31) (n=29)
Albumin (g/dl) 44+0.3 4.1+0.5 <0.01
(n=33) (n=29)

HCYV, hepatitis C virus; PNALT, persistently normal alanine aminotransferase; CHC, chronic hepatitis C; AST, aspartate aminotransferase;
ALT, alanine aminotransferase; y-GTP, y-glutamyltranspeptidase; T-Cho, total cholesterol; n, number of patients or the number of samples
analyzed. Data are presented as the means = standard deviation or number. “Differences between mean values were evaluated using either the

Fisher's exact test or the Mann-Whitney U test, as appropriate.

Table IV. Correlation between serum C4da levels and blood

P<0.001
laboratory parameters in PNALT subjects. !
o 304 P<0.001 P<0.001
Parameter Correlation coefficient P-value® »g
Z 254
HCYV core antigen 0.06 0.73 § .l’
White blood cell -0.06 0.72 Ela ,
Hematocrit -0.06 0.12 2 154 T
<
Platelet 0.12 051 2
9
Albumin 0.03 0.88 i T
y-globulin -0.05 0.77 Z s T
AST -0.39 0.02 §
ALT 047 <0.01 S ; o T
e 1 Healthy PNALT CH
Total-bilirubin 0.07 0.69 m=12) =37 @=30)
Total cholesterol 0.05 0.76 e
Ferritin 018 0.30 HEY camiers
Hyaluronic acid 023 0.17 Figure 2. Serum concentrations of C4a determined by enzyme-linked imm-
Type IV collagen -0.04 0.82 nosorbent assay in HCV carriers and healthy controls. Serum C4a levels were
fet tei 029 0.09 significantly higher in HCV carriers with PNALT than in HCV carriers with
a-fetoprotein e . chronic hepatitis or healthy controls (P<0.001). Boxes indicate the median +
DCP -0.07 0.69 25th percentile, the lower bar indicates the 10th percentile, and the upper bar

PNALT, persistently normal alanine aminotransferase; HCV, hepatitis C
virus; AST, aspartate aminotransferase; ALT, alanine aminotrans-
ferase; DCP, des-y-carboxy prothrombin. *P-values were assessed by
Spearman's rank correlation analysis.

and total cholesterol levels were significantly higher in the
PNALT-2 group than in the CHC-2 group. By contrast, serum
AST, ALT and y-GTP levels were lower in the PNALT-2 group
(Table III). In the cohort-based population, serum concentra-
tions of C4a, as determined by ELISA, were significantly

indicates the 90th percentile. HCV, hepatitis C virus; PNALT, persistently
normal alanine aminotransferase; CH, chronic hepatitis; C4a, complement
component 4a.

higher in the PNALT-2 group than in the CHC-2 group and
healthy controls (Fig. 2).

Serum C4a levels in the PNALT-2 group correlated signifi-
cantly with serum AST and ALT levels, but not with HCVcAg
levels or other blood laboratory parameters (Table IV). In
addition, a significant negative correlation between serum
C4a and ALT levels was observed in the population as a
whole (Fig. 3, r=-0.35, P=0.03) and in PNALT patients
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Figure 3. Association between serum C4a and ALT levels in all HCV car-
riers (including PNALT and chronic hepatitis). Serum C4a levels negatively
correlated with serum ALT levels (r=-0.35, P=0.03). This correlation was
observed in subjects with normal ALT (<30 IU/l) (r=-0.47, P=0.003) but not
in those with abnormal ALT (>30 IU/1). C4a, complement component 4a;
HCV, hepatitis C virus; ALT, alanine aminotransferase; PNALT, persistently
normal ALT.

(Table IV; ALT <30 IU/l]; Fig. 3), but not in CHC-2 patients
(ALT >30 1U/1; Fig. 3).

Discussion

HCV is not thought to be directly cytopathic to hepato-
cytes, and a T helper (Th)l-type or cytotoxic T lymphocyte
(CTL) response is critically involved in HCV-mediated liver
injury (15). Therefore, it is conceivable that various suppressor
mechanisms exist against Thl-type immune responses in
HCV carriers with PNALT, which may be distinct from
those in CHC patients with active liver inflammation (16).
However, few studies have focused on PNALT using a serum
proteomic approach. In this study of HCV carriers, a number
of proteins were detected which were differentially expressed
between PNALT and CHC patients. Of these, the C4 fragment
was identified by peptide mass fingerprint (PMF) methods
following a Mascot search, and serum levels of C4a, which
correlated with the protein peak of the identified C4 fragment,
were higher in PNALT than in CHC patients, as determined
by ELISA. In addition, serum C4a levels correlated with ALT
levels in the PNALT but not CHC patients.

Following acute HCV infection, approximately 70% of
individuals remain positive for both anti-HCV Ab and HCV
RNA, and are defined as HCV carriers. By contrast, approxi-
mately 30% of acutely infected individuals clear the HCV and
remain positive for anti-HCV Ab but negative for HCV RNA.
We confirmed that serum C4a levels in those who cleared the
virus were similar to healthy controls (data not shown). Serum
C4a levels were higher in CHC patients and individuals with
PNALT compared to healthy controls. Therefore, serum C4a
levels appear to be at least elevated by existing HCV infec-
tion, although serum C4a levels did not correlate with serum
HCVcAg levels in individuals with PNALT (Table IV). It was
previously reported that serum L-ficolin levels were increased
in HCV patients, and that this protein only recognized and
bound to glycoproteins E1 and E2 of the HCV envelope, but
also activated the complement lectin pathway-mediated cyto-
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lytic activity in HCV-infected hepatocytes (17). In the lectin
pathway, mannose-binding lectin (MBL)-associated serine
protease-2 (MASP-2) cleaves C4, releasing C4a and generating
C4b (18). Thus, C4a levels should increase in HCV carriers
compared to healthy controls by post-translational mechanisms.

Previous studies have reported decreased serum C4 levels
in patients with CHC (19,20). Recently, the HCV core protein
and non-structural 5A protein (NS5A) were reported to tran-
scriptionally downregulate C4 expression by modulating the
expression of upstream stimulating factor 1 and IFN regula-
tory factor 1, respectively (21). Thus, serum C4 protein levels
are decreased in HCV patients compared to healthy controls
as a result of altered transcriptional regulation (22). Although
the mechanism of C4a variation in HCV carriers has not
been elucidated, our study suggests that serum C4a levels in
HCV carriers with PNALT should be dominantly affected by
post-translational mechanisms, but patients with CHC may
be affected by both translational (downregulation) and post-
translational (upregulation) mechanisms.

InCHC,decreased specific C4 activity without C3 consump-
tion suggests complement activation leading to the N-terminal
cleavage of C4 with the production of C4a (20). Another study
demonstrated increased C4a levels in CHC patients without a
significant increase in the levels of C3a (23). Avirutnan ef al
reported that flaviviruses, such as dengue virus, use their non-
structural protein, NS1, to attenuate complement activation by
directly interacting with C4, leading to viral persistence (24).
Although the mechanisms responsible for HCV persistence or
PNALT in HCV carriers are not well understood, the interac-
tions between HCV and the host immune system are thought to
play a pivotal role in patients with HCV infection.

The majority of individuals with PNALT have minimal
or mild inflammation and absent or minimal fibrosis, and
follow-up studies have shown disease stability with minimal
fibrosis progression over the years, leading to a favorable prog-
nosis. However, cirrhosis and HCC are occasionally observed
in HCV carriers with normal ALT levels (25). In addition,
some patients with PNALT may develop ALT elevation over
time (4), and these individuals may be at increased risk of the
significant progression of fibrosis. Long-term observation or
liver biopsy has not always been performed; serum C4a levels
may be a diagnostic marker for advanced fibrosis or a predictor
for ALT elevation in PNALT. These issues should be subject
to further analysis.

It has been reported that in HCV carriers with PNALT
or normal ALT levels, IFN-based therapy is safe and effica-
cious (26,27). However, the decision whether or not to treat
HCYV carriers should be made with the specific clinical setting
in mind (28). In addition, it is recommended that serum ALT
levels be kept <30 IU/1 to prevent the occurrence of HCC (29).
If serum C4a levels are an indicator of disease prognosis, HCV
carriers with low serum C4a levels may have to be treated
despite ALT elevation. More significantly, elucidating the
mechanism underlying the association between serum C4a
and ALT levels should lead to new approaches to the treatment
of HCV carriers with PNALT.

In conclusion, host factors such as C4a differ between
HCYV carriers with PNALT and CHC patients with elevated
ALT levels. Proteomic approaches could greatly contribute to
elucidate the host factor in PNALT patients as more differ-
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ences are discovered. Identification of these and other proteins
will help clarify the mechanism and may improve clinical
outcomes of HCV carriers.
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Hepatitis C virus (HCV) infection causes chronic hepatitis, which frequently leads to he-
patic fibrosis and hepatocellular carcinoma (HCC). Alanine aminotransferase (ALT) is a
biomarker of hepatocyte injury and is associated with the progression of hepatic fibro-
sis. Advanced hepatic fibrosis also predisposes HCV carriers to a risk of HCC. In contrast,
some cases with persistent HCV infection have normal ALT levels that persist for a long
time, and these HCV carriers have no or mild hepatitis and hepatic fibrosis. These HCV
carriers are defined as persistent normal ALT (PNALT) cases and their risk of HCC is low
compared to HCV carriers with abnormal ALT. However, there are various definitions of
normal ALT and PNALT, and advanced hepatic fibrosis may be missed without a liver bi-
opsy. In addition, there is also a risk of ALT elevation in HCV carriers with PNALT, which
increases the risk of progression to hepatic fibrosis and HCC. Most HCV carriers with
PNALT have asymptomatic or nonspecific symptoms. HCV carriers with PNALT are also
considered to be responsive to interferon-based treatment. Thus, assessment of hepatic
fibrosis is important in HCV carriers, and the eradication of HCV infection is more likely
in HCV carriers with evidence of hepatic fibrosis, regardless of their ALT levels.

Copyright © 2012 Kowsar M. P. Co. All rights reserved.

» Implication for health policy/practice/research/medical education:

Epidemiological studies have suggested a linkage between alanine aminotransferase (ALT) levels and hepatic fibrosis or hepato-
cellularcarcinoma (HCC) in hepatitis C virus (HCV) carriers. However, clinical features of HCV carriers with persistent normal ALT
levels (PNALT) are not fully elucidated. This review focuses on the PNALT in HCV carriers and clinical significance of hepatic fibrosis

in these carriers in order to bring out some common opinions on how to manage such HCV carriers with PNALT.
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1. Context

Hepatitis C virus (HCV) causes chronic hepatitis, liver
cirrhosis, and hepatocellular carcinoma (HCC) at high
rates (1-3). However, some cases remain asymptomatic
with normal levels of alanine aminotransferase (ALT) af-
ter HCV infection and detection of the infection in these
cases may only occur through screening, such as with
an anti-HCV antibody test. The ALT level usually rises in
hepatitis (4), but it is normal in approximately 20-30%
of HCV carriers (5, 6). Previous studies have shown that
elevated ALT levels predict an increased rate of HCV-
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associated HCC in a community-based population and
that serial measurements to identify persistent ALT ab-
normality may be useful in determining the HCC risk (7,
8). Thus, HCV carriers with normal ALT levels were previ-
ously not indicated for antiviral therapy. In contrast, it
has been shown that hepatic inflammation and fibrosis
are histologically present in many HCV carriers, even
though their ALT level is normal, and these HCV carriers
are candidates for antiviral therapy. These conflicting is-
sues may arise from ambiguity around the definition of
normal ALT and with the natural course of HCV carriers
with persistent normal ALT (PNALT). In this review, which
is based on a search for articles using terms such as per-
sistent ALT, normal ALT, and HCV, we describe the charac-
teristics, natural course, and treatment in HCV carriers
with PNALT.
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2. Evidence Acquisition
2.1. Epidemiologic Features of HCV Carriers

Many HCV carriers are asymptomatic. According to
American Association for the Study of Liver Diseases
(AASLD) practice guidelines, drug users, patients with a
high risk for HCV infection (patients with HIV infection
or hemophilia treated with coagulation factor prepara-
tions before 1987, and patients with hemodialysis or ALT
abnormality), patients who received blood transfusion
or organ transplantation before July 1992, children born
to HCV-infected mothers, medical workers exposed to
needles used for HCV-infected patients or to the mucosa
of HCV-infected patients, and people who have had a sex-
ual relationship with an HCV carrier should be screened
for a HCV infection (9). More than 170 million people
worldwide are thought to be infected with the HCV. HCV
infection progresses to a chronic state in 60-85% of infect-
ed people and may develop into liver cirrhosis and HCC
after 20-35 years (3, 10). Poynard et al. reported that 33%
of patients with a HCV infection had an expected median
time to cirrhosis of less than 20 years without treatment
(11). Other studies have also shown a rate of progression
to cirrhosis of between 1.5 and 16 years following blood
transfusion in approximately 20% of cases (12). The rate
of progression to HCC was reported to be approximately
2% per year (13, 14). In addition, about 1.4 million people
(approximately 1% of HCV carriers) are estimated to die
annually due to liver cirrhosis or HCC (1, 3). We previous-
ly reported that 70 out of 758 HCV carriers died due to a
liver-related cause over an average of 8.2 years of follow-
up (a rate of 1% per year) (8). The important point is that
those rates may be mainly due to the diversity in the de-
sign of the studies themselves. Host factors and environ-
mental factors affect the progression of hepatic inflam-
mation and fibrosis. Host factors include; advanced age
at the time of infection, male gender, excess alcohol con-
sumption, excess iron intake, cigarette smoking, obesity,
complications with diabetes, fatty liver and metabolic
syndrome, and coinfection with human immunodefi-
ciency virus (HIV), hepatitis B virus (HBV), and Schistoso-
miasis (3, 15). In addition, hepatic fibrosis in liver grafts
shows rapid progression after liver transplantation in
hepatitis C patients (16, 17), although the mechanism for
this remains unclear. In contrast, the progression of he-
patic fibrosis may not be associated with HCV genotype
or viral load (11, 18).

2.2. The Concept of ALT Normality and Definition for
PNALT

Since ALT is released into the blood when the hepato-
cyte membrane is impaired or hepatocytes are destroyed,
elevation of the serum ALT level is a useful marker indi-
cating hepatocellular impairment (15). According to Up-
ToDate ver. 19.3 (UpToDate, Inc. Waltham, MA), HCV infec-
tion with a normal ALT level is defined by the following
(5); detectable HCV RNA and serum ALT concentration
that is persistently within the normal range. The defini-
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tion of PNALT includes the idea of “persistence”, indicat-
ing maintenance of an ALT level that is below the upper
limit of the normal value over a long period of time (e.g.,
over a six-month period). However, this definition has
varied among the many reports on PNALT, which have
used different periods of observation and upper limits of
normal ALT that are often set at the highest value of the
measurement instrument. Moreover, the ALT level varies
depending on; age, gender, race, and body mass index
(BMI) (9). Prati et al. investigated 6,835 blood donors with
ALT levels within the standard range (male: < 40 1U/], fe-
male: < 30 IUJ1) who were negative for infections (HBY,
HCV, and HIV), had no history of medication, with blood
glucose, cholesterol, and triglyceride levels lower than
the upper limits of the standard ranges, and had a BMI <
25 kg/m? The findings showed that 30 and 19 IU/l were ap-
propriate as the upper limits of the normal ALT range in
males and females, respectively (20). However, according
to the AASLD Practice guidelines, PNALT is present when
ALT is measured 2-3 times over 1-6 months and all values
are < 40 U/l (9). Thus, the standard ALT level is unclear
and the criteria for PNALT vary among the different re-
ports. Therefore, it is important to pay attention to the
definition of a normal ALT leve] in order to evaluate the
natural course of HCV carriers with PNALT.

2.3. Clinical Manifestations in HCV Carriers With PNALT

Most HCV carriers with PNALT are discovered inciden-
tally when anti-HCV antibodies are found following a
blood donation. Most of these patients have asymptom-
atic disease or nonspecific symptoms including; fatigue,
weakness, and upper right quadrant pain (20). The fre-
quency and severity of these symptoms have been re-
ported to be similar among anti-HCV positive patients
with normal serum ALT, mildly elevated values (<2 times
normal), and more marked elevation (> 2 times normal)
(21). In contrast, Jamal et al. have suggested that there is
a trend towards depression being more common in HCV
carriers with abnormal ALT compared to those with nor-
mal ALT, although they found that there was no statisti-
cally significant difference in depressive symptoms (20).
Therefore, depression, though nonspecific, might be an
important clinical marker of a more severe disease.

2.4. Epidemiology, Clinical Course and Management in
HCV Carriers With PNALT

The ALT level is within the normal range in about 30%
of HCV carriers and lower than 2-fold the normal upper
limit in 40% (5, 6), although what constitutes a normal
ALTvalue is not completely clear. The frequency of PNALT
is reported to be higher in HCV genotype 2 carriers and
females (6, 22). Inflammation and fibrosis were shown to
be histologically mild in approximately 70% of PNALT cas-
es (23); however, fibrosis of stage 2 (F2) or more severe fi-
brosis was noted in 22% of histologically evaluated PNALT
cases in another report (22). Therefore, severe fibrosis
can be present in some cases in which their ALT level is

Hepat Mon. 2012:12(2):77-84
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normal. This may be because ALT levels occasionally nor-
malize in patients with liver cirrhosis. The rate of pro-
gression of hepatic fibrosis in patients with chronic hep-
atitis C is reported to be 0.1-0.13 units/year (11, 24). PNALT
cases have been found to show only a slight histological
progression over a 10-year follow-up period (25), with a
reported rate of progression of fibrosis of 0.05 units per
year (26, 27). These results suggest that fibrosis progress-
es more slowly in PNALT cases. During the long-term fol-
low-up of patients with PNALT, ALT levels rose in 21.5% of
cases 3-18 months after PNALT was judged to be present
(6). Platelet count is thought to be a simple marker for
hepatic fibrosis, and PNALT patients with severe fibrosis
can be identified using the criterion of a platelet count <
150,000/uL. In patients selected using this criterion and
an ALT level of <30 1UJL for 5 years, Okanoue et al. showed
that ALT <30 IU/L was maintained in only 14% of patients
(28). In our study, 101 HCV carriers with PNALT (defined
as ALT < 34 IU[1) were surveyed between 1993 and 2000,
and ALT levels rose in 31.8% of these patients over a 5-year
observation period (29). Thus, there is a risk of ALT eleva-
tion in HCV carriers with PNALT, even if the ALT level has
been continuously normal over several years and if the
definition of PNALT includes the platelet count, in addi-
tion to the ALT level. Furthermore, we found that an ALT
level of 20-34 [U/l [odds ratio (OR): 5.6}, a serurn ferritin
level of > 90 ng/ml (OR: 3.1), and a minor allele of the
HFE gene (H63D, OR: 4.8) were independent risk factors
for ALT elevation (29). Shiffman et al. found that the ALT
level was maintained at about 20 IU/L in PNALT cases (30).
Therefore, when the ALT level is <19 IU[L, it is unlikely to
rise, and this suggests that 19 IU/L may be an appropriate
upper limit for ALT in the definition of PNALT.

2.5.ALT levels in HCV Carriers with End Stage Renal Fail-
ure or HIV Coinfection
The population of patients with fibrosis progression,

despite having ALT levels within the normal range, typi-
cally includes dialysis patients with HCV infection and
HCV carriers with HIV coinfection. Dialysis patients are
a high-risk group for HCV infection, with an HCV preva-
lence of about 13.5% among these patients (31). Dialysis
patients also generally have a low ALT level, and we also
found low mean ALT levels of 13.2 and 18.5 1U/l in 238
HCV-negative and HCV-positive dialysis patients (32). A
comparison of ALT levels with histologically severe in-
flammation and fibrosis showed that the ALT levels were
lower in patients with end-stage renal failure who were
under dialysis, compared to patients with normal renal
function (33). However, the cause of the low ALT level in
end-stage renal failure patients is unclear. Among HIV-
infected patients, 25% are reported to be infected with
HCV (34), and the incidence of fibrosis progression in
PNALT cases is nearly 2 times higher in patients with HIV-
HCV coinfection than in those with a HCV infection alone
(35). Thus, although histological progression is generally
mild in HCV carriers with PNALT, hepatic fibrosis is more
progressive in those patients with end-stage renal failure
or an HIV coinfection.

2.6. Immunopathogenesis of HCV Carriers With PNALT

The mechanism for ALT elevation in HCV carriers is not
yet fully elucidated, but may be associated with func-
tional abnormalities of the immune cells, such as acti-
vated lymphocytes and NK cells in patients with chronic
hepatitis C (36, 37). Dendritic cells (DCs) play a central
role in the activation of immunocytes, and the numbers
of myeloid DCs (mDCs) and plasmacytaid DCs (pDCs)
are smaller in patients with chronic hepatitis C than in
subjects withouta HCV infection. A comparison of PNALT
cases and chronic hepatitis C patients showed no differ-
ence in the number of mDCs or pDCs, but a reduced DC
function was associated with a higher ALT level (38). In
contrast, many immunosuppressive regulatory T cells

Table 1. Diagnostic Accuracy of the Models for Predicting Liver Fibrosis Using Examination of Peripheral Blood and Serum Chemistry

Model Name (Reference) _ Vari

e Cutoffvalues AU

Ishak score:: '

@ Abbreviations: 12-MC, «2-macroglobulin; ALT, alanine aminotransferase; AUROC, area under receiver operating characteristic curve; AST, aspartate ami-
notransferase APRI, AST-platelet ratio index; GGT, gamma-glutamyltransferase;HA, hyaluronic acid; Plt, platelet
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Table 2. Diagnostic Accuracy for Predicting Liver Fibrosis Using Transient Elastography or Acoustic Radiation Force Impulse

Technique  (Reference)  Etiology

_ Fibrosis Stage

 Cutoffvalues AU

Hepatitis C virus; TE, transient elastography

(Treg) are present in HCV carriers and the inhibitory
activity is stronger in PNALT cases than in patients with
active hepatitis (39). These results indicate that therapy
to regulate the functional abnormalities of immune
cells may be valuable in patients with chronic hepatitis
C in order to reduce the ALT level or hepatic inflamma-
tion. In addition, the frequency of DR13 in HCV-infected
patients with a normal ALT level was significantly higher
than that of HCV-infected patients with elevated ALT (42%
vs. 4%, Pc < 0.003) (40). Thus, immunological analysis in
HCV carriers with PNALT may lead to new therapies for
patients with chronic hepatitis C.

2.7. Noninvasive Evaluation of Fibrosis in HCV Carriers
With PNALT

In HCV carriers, the risk of HCC increases with the pro-
gression of hepatic fibrosis (41). Liver biopsy is the stan-
dard test for hepatic fibrosis, but it is invasive and causes
complications at a rate of 1-3% and has a mortality rate of
1/10000-12000 (42). Moreover, sampling errors leading to
the underestimation of liver cirrhosis have been report-
ed in 14.5% of cases (43). Noninvasive tests for the evalua-
tion of fibrosis have also been described, these include;
combinations of peripheral blood and serum chemistry
tests (44-48) and fibrosis markers (49, 50) (Table 1); elas-
tography using transient elastography (TE FibroScan®)
and acoustic radiation force impulse (ARFI) (51-57) (Table
2).Accuracy increases when several tests are used in com-

80

bination, but the utility of these tests for the evaluation
of hepatic fibrosis in PNALT cases remains uncertain.

2.8. PNALT and the Risk for HCC in HCV Carriers

Tanaka et al. investigated HCC development in 1,927
HCV antibody-positive blood donors and found that
the incidence of HCC was lower in subjects with a low
ALT level compared to those with a high ALT level (58).
In our study, subjects were followed for an average of 8
years before HCC development, and a strong association
between the ALT level and HCC development was found,
with a significant association between a 20 IU/L higher
ALT level and the subsequent incidence of HCC being ob-
served [hazard ratio (HR) =1.2] (7). The HCC risk was also
much lower in the PNALT cases than in subjects with a
persistent abnormal ALT level. Among 551 subjects with
at least 4 repeated measurements of ALT, those with per-
sistently abnormal ALT levels (n =118) had a significantly
increased rate of HCC compared to those with persis-
tently normal ALT levels (n =296) (HR=23.2) (7). Kumada
et al. also found that a high ALT level and low platelet
count were strongly associated with HCC development
(59). When a low ALT level persists for a prolonged period
and the platelet count does not decrease, the HCC com-
plication rate may be very low despite the persistence of
a HCV infection. Collectively, these results show that the
risk for HCC in subjects with PNALT is low among HCV
carriers, including patients with chronic hepatitis and
liver cirrhosis.

Hepat Mon. 2012;12(2):77-84

- 638 -



Clinical Features of Hepatitis C Virus

UtoHet al.

2.9. Insulin Resistance and Fatty Liver in HCV Carriers

In liver cirrhosis, insulin sensitivity decreases in pe-

ripheral tissue, for which pancreatic g cells compensate -

through the secretion of excess insulin, inducing hy-
perinsulinemia. Allison et al. found that the rate of dia-
betes complications was higher in liver cirrhosis associ-
ated with a HCV infection, than in that induced by other
causes (60). The homeostasis model assessment-insulin
resistance (HOMA-IR) value, which is an index of insulin
resistance, was found to be significantly higherin stage 0
or 1 chronic hepatitis C patients with mild hepatic fibro-
sis than in healthy subjects, and HOMA-IR served as a pre-
dictor of the progression of hepatic fibrosis (61). Animal
studies also suggest that the HCV core protein acts on the
insulin signal transmission pathway and induces insulin
resistance (62). However, it is unclear whether insulin re-
sistance is present in PNALT cases without hepatic fibro-
sis. A high rate of fat deposition in the liver is caused by
HCV infection (63), and fatty changes in the liver and in-
sulin resistance are induced in transgenic mice express-
ing the HCV core protein (64). Castera et al. performed a
liver biopsy at mean intervals of 48 months and observed
that; male gender, histological stage, and the presence of
advanced fatty changes were significant risk factors in
promoting hepatic fibrosis, and that fatty change in the
liver was an independent risk factor in multivariate anal-
ysis (65). Fatty change in the liver is particularly marked
with genotype 3 viruses {66), and fatty change in the liver
and insulin resistance have also been associated with the
negative effects of interferon (IFN)-based therapy (67).
Thus, insulin resistance and fat deposition in the liver,
which are associated with hepatic fibrosis, should be less
severe in PNALT cases compared to HCV patients with
abnormal ALT, and this may produce a more favorable
outcome for IFN-based treatment. However, the antiviral
effect of IFN-based therapy in patients with normal ALT
is comparable to that for patients with abnormal ALT, re-
gardless of their background advantages (68, 69). There-
fore, further studies of insulin resistance and fat deposi-
tion in the liver are needed in PNALT cases.

3.Results
3.1. Improved Outcomes With Antiviral Treatment for
HCV Carriers

Treatment for HCV carriers has improved markedly in
recent years. Combination therapy with pegylated (PEG)
interferon (IFN) plus ribavirin achieves a sustained viral
response (SVR) in approximately 50% of the most intrac-
table genotype 1 patients and high viral load cases. The
therapeutic effect is determined by; host, viral, and drug
factors, and host factors include; age, gender, severity
of hepatic fibrosis, fatty liver changes, and insulin resis-
tance. In 2009, a study performed to identify single nu-
cleotide polymorphisms (SNPs) that determine the effect
of IFN-based therapy in chronic hepatitis C patients re-
vealed the importance of a SNP near the IL28B gene (70).

Hepat Mon. 2012,12(2):77-84

1128B (also called IFNA3) is thought to induce antiviral ac-
tivity via the JAK-STAT pathway through phosphorylation
of STAT1/STAT2 and the subsequent induction of the IFN-
stimulating gene (ISG) (71). In addition to the genotype
and viral load of HCV RNA, mutations of amino acids in
the core (72) and the interferon sensitivity-determining
region (ISDR) (73) have been reported as viral factors
that determine the effect of [FN-based therapy. In multi-
variate analysis of host and viral factors, a high platelet
count with mild hepatic fibrosis (F0-1), = 2 ISDR muta-
tions, and the 1L28B SNP as the major allele were identi-
fied as factors associated with SVR (74). A lower yGTP lev-
el, and milder inflammation, fibrosis, and fatty changes
were found in patients with the IL-28B SNP as the major
allele, compared to those with this SNP as the minor al-
lele (74). This suggests that the IL-28B SNP is involved in
the progression of hepatitis C pathology, as well as in
the therapeutic effect. These results indicate that SVR is
likely in PNALT cases. However, there has been no report
of an IL-28B SNP associated with PNALT. Drug factors that
influence the therapeutic effect include; the type of IFN
and the dose and duration of administration of IFN or
ribavirin. Novel druggs, such as protease and polymerase
inhibitors, will soon become available. In combination
therapy with PEG-IFN, ribavirin and protease inhibitor,
the overall SVR rate should increase to more than 60% in
patients with genotype 1b and a high viral load. In addi-
tion, SVR was achieved in 84% of cases with I1L-28B SNP as
the major allele and glutamine or histidine at position
70 in the core protein, and in 50% of cases with IL-28B SNP
as the minor allele and arginine at position 70 (75). These
viral factors and host factors require further investiga-
tion in HCV carriers with PNALT.

3.2. Antiviral Treatment in HCV Carriers With PNALT

The treatment of chronic hepatitis C has improved
significantly over the last few years. Detailed analysis
of host factors including the 1L28B SNP and viral factors
may improve the accuracy of predicting IFN-based thera-
py effects. For example, this may be based on a prediction
of the therapeutic effects using data mining of the blood
test results (74, 76). Establishment of tailor-made thera-
pies may be possible with further investigation of SNPs
and other data for prediction of IFN-based treatments,
including those for PNALT cases. Antiviral therapy for
PNALT cases has been estimated to reduce the prevalence
of liver cirrhosis and complications by 22% and 16%, re-
spectively, and to decrease the mortality rate by 14% (77).
The AASLD practice guidelines suggest that a decision to
use PEG-IFN plus ribavirin therapy should be made based
on; a histological evaluation, the possibility of adverse ef-
fects, prediction of therapeutic effects, and the presence
of complications, regardless of the ALT level (9). In ad-
dition, Okanoue et al. reported that the combination of
ALT and platelet counts is useful for evaluating the fibro-
sis stage in HCV carriers with normal serum ALT levels,
and that most patients with platelet counts < 150000/
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uL are candidates for antiviral therapy, especially those
with ALT levels > 31 U/L when the focus is placed on the
inhibition of HCC development (27). Puoti et al. have also
found that a rapid virological response was a predictor
of sustained response in HCV carriers with PNALT (69).
Thus, although further studies are required to determine
whether antiviral therapy should be given in all PNALT
cases, it seems likely that many HCV carriers with PNALT
should be treated with IFN-based therapy. Tailor-made
therapies may also be possible based on the accumula-
tion of data for the prediction of IFN-based treatment ef-
ficacy in PNALT cases.

4. Conclusion

In this review, we have described the clinical character-
istics of HCV carriers with PNALT. For HCV carriers, it is
important to minimize complications such as liver cir-
rhosis and HCC through careful observation and treat-
mentat the appropriate time. For PNALT cases, the course
and prognosis should also be monitored and treatment
should be considered at an early stage.
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Abstract

AIM: To evaluate the clinical significance of oxidative
stress markers in patients with hepatitis C virus (HCV)-
related hepatocellular carcinoma (HCC).

METHODS: Sixty-four consecutive patients who were
admitted to Kagoshima University Medical and Dental
Hospital were enrolled in this retrospective study. All
patients had chronic liver disease (CLD) due to infec-
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tion with HCV. Thirty patients with HCV-related HCC,
34 with HCV-related CLD without HCC (non-HCC), and
20 healthy volunteers (HVs) were enrolled. Possible
associations between serum manganese superoxide
dismutase (MnSOD) and thioredoxin (TRX) levels and
clinical parameters or patient prognosis were analyzed
over a mean follow-up period of 31.7 mo.

RESULTS: The serum MnSOD levels were significantly
higher in patients with HCV-related HCC than in pa-
tients without HCC (P = 0.03) or HVs (P < 0.001). Sim-
ilarly, serum TRX levels were also significantly higher in
patients with HCV-related HCC than in patients without
HCC (P = 0.04) or HVs (P < 0.01). However, serum
levels of MnSOD and TRX were not correlated in pa-
tients with HCC. Among patients with HCC, the overall
survival rate (OSR) was lower in patients with MnSOD
levels = 110 ng/mL than in patients with levels < 110
ng/mL (P = 0.01), and the OSR tended to be lower in
patients with TRX levels < 80 ng/mL (P = 0.05). In ad-
dition, patient prognosis with HCC was poorest with se-
rum MnSOD levels = 110 ng/mL and serum TRX levels
< 80 ng/mL. Furthermore, a multivariate analysis using
a Cox proportional hazard model and serum levels of
five factors (MnSOD, prothrombin time, serum albumin,
serum a-fetoprotein (AFP), and serum des-y-carboxy
prothrombin) revealed that MnSOD levels = 110 ng/mL
(risk ratio: 4.12, 95% confidential interval: 1.22-13.88,
P = 0.02) and AFP levels = 40 ng/mL (risk ratio: 6.75;
95% confidential interval: 1.70-26.85, £ < 0.01) were
independent risk factors associated with a poor patient
prognosis.

CONCLUSION: Serum MnSOD and TRX levels are po-
tential clinical biomarkers that predict patient prognosis
in HCV-related HCC.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

As a significant cause of global cancer morbidity and mot-
tality, hepatocellular carcinoma (HCC) is the fifth- and
seventh-most frequently diagnosed cancer worldwide
in men and women, respectively, and is the second- and
sixth-most frequent cause of cancer deaths in men and
women, respectively’l. HCC is most frequently caused
by persistent infection with hepatitis C or B virus. Early
HCC diagnosis and better treatments have helped to im-
prove the prognosis for patients with HCC. Also, interfer-
on (IFN)-based treatments not only eliminate hepatitis C
virus (HCV) infection, but also ll:arevent HCC in patients
with chronic hepatitis C (CHC)”. However, IFN-based
therapies do not always effectively eliminate HCV infec-
tion or prevent HCC. Thus, biomarkers that are indicative
of HCC pathological condition would have many clinical
benefits, including aiding in the selection of the most ap-
propriate treatment for a patient’s disease.

Oxidative stress results from an imbalance in the pro-
duction of reactive oxygen species (ROS) and the antioxi-
datve defenses that maintain a cellular redox state. ROS
include superoxide anions, hydrogen peroxide, hydroxyl
radicals and nitric oxide, all of which are indispensable el-
ements in many biochemical processes”™. ROS are mainly
derived from Kupffer and inflammatory cells in the liver,
and upon exposure to other cells are thought to induce
apoptosis, necrosis, inflammation, immune responses, fi-
brosis and tissue regeneration”. In liver disease, there is
an overproduction of ROS from endogenous sources
such as the mitochondria, peroxisomes, and activated
inflammatory cells. In particular, ROS of mitochondrial
origin were recently reported to be elevated in patients
with alcoholic liver disease, non-alcoholic steatohepatitis
(NASH)™*" and HCV-related chronic liver disease (CLD)".
Conversely, cells are protected from oxidative stress by
intracellular antioxidants such as glutathione (GSH) and
thioredoxin (TRX) and by various antioxidant enzymes
such as superoxide dismutase (SOD), GSH peroxidase,
catalase, and heme oxygenase-1”"". Collectively, the rela-
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tive expression levels of these molecules may serve as

biomarkers for various liver diseases, including HCV-
related HCC.

Manganese SOD (MnSOD) is an antioxidant enzyme
that catalyzes the dismutation of the highly reactive super-
oxide anion to Oz and to the less reactive species H2O2. We
have previously demonstrated that MnSOD expression
was induced in primary cultured hepatocytes that were
loaded with hydrogen peroxide ## witro and that serum
MnSOD levels can be used to distinguish between NASH
and simple steatosis in patients with nonalcoholic fatty
liver disease”. However, the clinical significance of serum
MnSOD levels in HCV-telated CLD has not been fully
investigated.

TRX was originally discovered in Escherichia coli as
a proton donor for ribonucleotide reductase’. Subse-
quently, the human TRX gene was cloned as an adult
T-cell leukemia-derived factor and was originally de-
scribed as an interleukin-2 receptor inducer present in the
cell culture supernatant of human T-lymphotropic virus
type-1 -transformed cells’™”. TRX expression is induced
by various oxidative stressors in patients with acquired
immunodeficiency syndrome!™, Sjégren’s syndrome!™,
theumatoid arthritis"®, and malignant neoplasms™'®. Pre-
vious studies have reported that serum TRX is an oxida-
tive stress marker and that serum TRX levels increase in
patients with HCV-related CLD during liver fibrosis pro-
gression!"”. In addition, serum TRX levels are reported to
be elevated in patients with NASH compared to patients
with simple steatosis””. However, the clinical significance
of elevated TRX levels among patients infected with
HCV in relation to HCC diagnosis and prognosis has not
been elucidated.

In this study, we aimed to clarify the clinical signifi-
cance of serum levels of MnSOD and TRX in patients
with HCV-related CLD, and in particular among patients
with HCC.

MATERIALS AND METHODS

Patients

Sixty-four consecutive patients who were admitted to Ka-
goshima University Medical and Dental Hospital between
December 2006 and November 2008 were enrolled in
this retrospective study. All patients had CLD due to an
HCV infection and were diagnosed with HCC (30 pa-
tients; HCC group) or without HCC (34 patients; non-
HCC group). Twenty healthy volunteers (HVs) were also
enrolled in this study.

In this study, HCC was diagnosed based on findings
from abdominal ultrasound, abdominal computed tomog-
raphy, and serum levels of o-fetoprotein (AFP) and des-
y-carboxy prothrombin (DCP, also known as PIVKA-
II). Padents were excluded from this study if they were
positive for hepatitis B surface antigen; other types of
hepatitis, including autoimmune hepatitis and alcoholic
liver disease; or other malignancies.

The study endpoint was patient death, the available
follow-up date, or December 31, 2010. Patient follow-up
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periods ranged from 5.1 to 44.6 mo, with a mean obser-
vation time of 31.7 mo. Informed consent was obtained
from all study patients and healthy controls. This study was
approved by the ethical committees of Kagoshima Univer-
sity Graduate School of Medical and Dental Sciences and
Kagoshima University Medical and Dental Hospital.

Laboratory markers

The clinical laboratory parameters assessed included pla-
telet count (Plt), prothrombin time (PT), albumin (Alb),
total bilirubin (T-Bil), alanine aminotransferase (ALT),
y-glutamyl transpeptidase (y-GTP), AFP and DCP. The
serologically defined HCV genotype (HCV serotype) was
determined using a serological genotyping assay kit (Im-
munocheck F-HCV Grouping; International Reagents
Co., Tokyo, Japan). If the HCV serotype could not be
determined, the HCV genotype was evaluated using the
HCV Core Genotype assay (SRL, Tokyo, Japan). HCV
genotype 1b was included with serotype I, while geno-
types 2a and 2b were included with serotype II. No other
HCV genotype was detected in this study population.
HCV RNA titers were quantified using either quantita-
tive RT-PCR (Amplicor monitor version 2, Roche, Tokyo,
Japan) or the Cobas TagMan PCR assay (Roche, Tokyo,
Japan). Patients were categorized as having a high viral
load if their values were 100 KIU/mL or greater based
on quanttative RT-PCR analysis, or 5 log IU/mL or mote
based on the Cobas TagMan PCR assay.

Evaluation of clinical stage

Hepatic function was assessed in the HCC group using
Child-Pugh staging based on both clinical (ascites and en-
cephalopathy) and laboratory (Alb, T-Bil, and PT) param-
eters. HCC clinical stage was assessed based on a patient’s
Cancer of the Liver Italian Program (CLIP) score, which
was calculated by adding points for the following four
variables: Child-Pugh stage, tamor morphology, AFP val-
ue, and portal venous invasion . The Japan Integrated
Staging (JIS) system™%, developed by the Liver Cancer
Study Group of Japan and based on a combination of
Child-Pugh stage and HCC TNM classification, was used
to clinically stage HCC.

Serum MnSOD and TRX levels

Serum was obtained from peripheral blood samples by
centrifugation at 4000 g for 5 min at room temperature.
Serum samples were frozen at -80 'C until further use.
Serum MnSOD or TRX levels were measured using the
Human Superoxide Dismutase 2 (AbFRONTIER, Seoul,
Korea) and human thioredoxin (Redox Bio Science, Kyo-
to, Japan) ELISAs, respectively.

Statistical analysis

Results are expressed as the mean and standard devia-
tion. P values less than 0.05 were regarded as statistically
significant. Statistical analyses were performed using the
Fischer’s exact test or the Mann-Whitney U test, as appro-
priate. The area under the curve (AUC) was calculated for
the receiver operating characteristic (ROC) curve in order
to measure the overall accuracy of the test. The sensitiv-
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1

Characteristics Non-HCC gfouli HCC group P value

(n=34) (= 30)

Age (yr) 623 +11.0 722475 <0001
Sex (male/ female) 10/24 o 21/9 <0.01
Plt (% 10°/pL) 17055 ©103+52 " <0.001
PT (%) 99.7£133 . 776+118  <0.001
Alb(g/dL) 43%04 36£06 <0001
T-Bil (mg/dL) 08+03 15+08 <0001
ALT (IU/L) 448+302 520+282 . 012
¥GTIP(U/L) 3134161 5624443 <001
AFP (ng/mlL) 72+228 85941976 <0001
DCP (mAU/mL) 282147 4855+19826 0,001
HCV serotype group (1/2) - 18/10 (n=28) 21/3 (n =24) 0.06

HCV RNA level (high/low) © 28/5(1=33) = 21/4(n=25) = 099

Data are shown as the mean + SD. n: Number of patients or the number of
samples analyzed. 'Differences between mean values were evaluated using
either the Fischer’s exact test or the Mann-Whitney U test, as appropriate.
Plt: Platelet count; PT: Prothrombin time; Alb: Albumin; T-Bil: Total bili-
rubin; ALT: Alanine aminotransferase; y-GTP: y-glutamyl transpeptidase;
AFP: alpha-fetoprotein; DCP: des-y-carboxy prothrombin; HCV: Hepatitis C
virus; RNA: Ribonucleic acid.

ity, specificity, positive predictive value, negative predictive
value and accuracy of diagnostic test were additionally
determined according to the protocol described previ-
ously™. Differences among the three groups were evalu-
ated using the Kruskal-Wallis test followed by Dunn’s
multiple comparison tests. Correlation coefficients were
calculated using Spearman’s rank correlation analysis. The
Kaplan-Meier method was used to estimate death for
each parameter that had been identified at enrollment,
and the death distribution curves were compared using
the log-rank test. Univariate and multivariate analyses of
patient outcome risk ratios were performed using Cox’s
proportional hazards regression analyses. All statistical
analyses were conducted using PASW Statistics v. 18 (SPSS
Inc., Chicago, IL).

RESULTS

Patient characteristics and classification according to
the presence of hepatocellular carcinoma

Table 1 summarizes the baseline clinical characteristics
of the 64 patients who were classified based on the pres-
ence or absence of HCC. Age, sex, and clinical laboratory
parameters, including Plt, PT, Alb, T-Bil, y-GTP, AFP
and DCP, were significantly different between these two
groups.

Serum MnSOD and TRX levels in hepatocellular
carcinoma patients

Serum MnSOD levels were significantly higher in patients
with HCC compared to patients without HCC (P = 0.03)
and HVs (P < 0.001) (Figure 1A). The serum TRX levels
were also significantly higher in the HCC group compared
to the non-HCC group (P = 0.04) and HV group (P < 0.01)
(Figure 1B). However, there was no correlation between
these two matkers in the HCC group (P = 0.28, r = 0.20)

(Figure 1C).
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Figure 1 Serum levels of manganese superoxide dismutase and thioredoxin in the hepatocellular carcinoma, non-hepatocellular carcinoma and healthy
volunteer groups. A: Serum manganese superoxide dismutase (MnSOD) levels were significantly higher in the hepatocellular carcinoma (HCC) group than in either
the non-HCC group (P = 0.03) or the healthy volunteers (HV) group (P < 0.001); B: Serum thioredoxin (TRX) levels were also significantly higher in the HCC group
than in either the non-HCC group (P = 0.04) or the HV group (P < 0.01); C: No significant correlation was detected between serum MnSOD and TRX levels in the

HCC group.

Factors ’ : : Sénsitivity Specificity PPV NPV Accdraty‘
MnSOD (= 110ng/mL) . 26.7 i 971, - 889 600 641
AFP(Z40ng/mly - 333 971 @ 909 623 672
Combination® 47 941 875 667 719

'MnSOD = 110 ng/mL and/or AFP = 40 ng/mL. PPV: Positive predic-
tive value; NPV: Negative predictive value; MnSOD: Manganese superox-
ide dismutase; AFP: a-fetoprotein.

Factors ~ HCC group.(n = 30)

: ‘ . Serum MnSOD levels Serum TRX levels
Correlation  Pvalue  Correlation 2 value
coefficient o coefficient - :

Age(yr): . 097 . o061 011 0.55

CPIE(x10%/pL) o0 003 . 089 066 <0.001

CPT(%) S 036 0.05 012 053

Alb (g/dL) " 063 <0001 019 033

T-Bil (mg/dL) 025 018 005 0.79

ALT (IU/L): 012 052 015 0.42

-GTP (IU/L) 030 o1t 028 013

AFP(ng/mL) . 038 004 011 057

DCP (mAU/mLy -~~~ 057 0001 - 012 0.52

P values were assessed by Spearman’s rank correlation analysis. MnSOD:
Manganese superoxide dismutase; TRX: Thioredoxin; HCC: Hepatocel-
lular carcinoma; Plt: Platelet count; PT: Prothrombin time; Alb: Albumin;
T-Bil: Total bilirubin; ALT: Alanine aminotransferase; y-GTP: y-glutamyl
transpeptidase; AFP: a-fetoprotein; DCP: des-y-carboxy prothrombin.

Diagnostic value of serum MnSOD and TRX levels for
patients with hepatocellular carcinoma and hepatitis C
virus infection

Serum AFP and DCP concentrations are established di-
agnostic markers for HCC. To evaluate the utlity of Mn-

(44

3.;‘.1::.,.9@ WIJG | www.wjgnet.com

SOD and TRX for the diagnosis of HCC, we measured
AFP and DCP expression in addition to MaSOD and
TRX expression. In an AUC-ROC analysis, AFP was the
strongest diagnostic matker for HCC (AUC-ROC, 0.90).
AUC-ROC:s for MnSOD, TRX and DCP wete 0.73, 0.77
and 0.77, respectively. Additional analyses showed that the
accuracy of AFP (2 40 ng/mlL) for diagnosis of HCC
was higher than that of MnSOD (= 110 ng/mL) (Table 2),
while the combination of AFP and MnSOD was a more
accurate marker of HCC than either marker alone.

Association of serum MnSOD or TRX levels with
laboratory data in the HCC group

Serum MnSOD levels for the 30 patients in the HCC
group were positively correlated with serum AFP and
DCP levels and were negatively correlated with serum
Alb levels (Table 3). Serum MnSOD levels were also
significantly higher in patients with two or more HCC
tumors than in patients with a single HCC tumor [average
+ SD (ng/mL), 125.4 £ 50.9 us 87.4 £ 48.8, P = 0.008],
although HCC tumor size was not associated with serum
MnSOD levels. In addition, HCC patient serum MnSOD
levels increased in parallel with the Child-Pugh stage,
CLIP score and JIS score (Figure 2A-C). In contrast, se-
rum TRX levels were only associated with platelet counts
(Table 3). Serum TRX levels were not associated with
HCC tumor number or size. Furthermore, there were no
significant correlations between serum TRX levels for
various scores (Figure 2D-F).

Overall survival rate based on serum MnSOD or TRX
levels in the HCC group

In the HCC group, the overall patient survival rate was
significantly lower (P = 0.01) in patients with MnSOD
levels 2 110 ng/mL compared to padents with levels <
110 ng/mL (Figure 3A). In additon, the overall survival
rate tended to be lower (P = 0.05) in patents with TRX
levels < 80 ng/mL compared to those with levels = 80
ng/mL (Figure 3B). Furthermore, among all HCC groups,
patients who had both serum MnSOD levels = 110
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Figure 2 Clinical significance of serum manganese superoxide dismutase and thioredoxin levels in hepatocellular carcinoma. In the hepatocellular carcino-
ma (HCC) group, differences in serum manganese superoxide dismutase (MnSOD) and thioredoxin (TRX) levels were evaluated based on Child-Pugh stage, cancer
of the liver italian program (CLIP) score and Japan integrated staging (JIS) score. A: Serum MnSOD levels were significantly higher in patients with Child-Pugh B or
C compared to those with Child-Pugh A (P < 0.001); B: Serum MnSOD levels in patients with a CLIP score of 2 or greater were significantly higher compared to levels
in patients with a CLIP score of 0 or 1 (P = 0.001); C: In addition, serum MnSOD levels tended to be higher in patients with a JIS score of 2 or greater compared to
patients with a JIS score of 0 or 1 (P = 0.05); D-F: In contrast, serum TRX levels were not significantly different based on Child-Pugh stage, CLIP score or JIS score.

ng/mL and TRX levels < 80 ng/mL had a significantly
poorer prognosis. Conversely, patients with a serum TRX
level = 80 ng/mL had a favorable prognosis, regardless
of their serum MnSOD level (Figure 3C).

In addidon to serum MnSOD and TRX levels, other
possible prognostic factors were also investigated in the
HCC group. A univatiate analysis (log-rank test) revealed
that the survival rate was significandy different between
patients with high and low levels of MnSOD, PT, Alb,
AFP and DCP, but not other factors such as TRX (Table 4).
A multivariate analysis using a Cox proportional hazard
model and five markers (MnSOD, PT, Alb, AFP and
DCP) selected based on the results of the univariate anal-
ysis revealed that MnSOD levels 2 110 ng/mL and AFP
levels = 40 ng/mL were independent risk factors that
were associated with a poor patient prognosis (Table 5).
In addition, similar results were obtained from a similar
multivatiate analysis using the same five factors and TRX,
supporting the finding that TRX is not an independent
risk factor associated with HCC prognosis. Furthermore,
patient Child-Pugh stage, CLIP score and JIS score, which
were calculated based on several factors including clini-
cal symptoms and laboratory data, were also prognostic
factors for patents with HCC (Table 4). A multivariate
analysis using the three markers of MnSOD, Child-Pugh
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stage and CLIP score indicated that Child-Pugh stage was
also a significant prognostic factor (risk ratio: 6.19, 95%
confidential interval: 1.33-28.95, P = 0.02).

DISCUSSION

HCV infection is the most important known contributor
to the etiology of HCC. An increasing incidence of HCC
has been largely attributed to a rise in HCV infections in
the general population during the last 50 to 60 years®".
During HCV infection, ROS production increases and
petsists throughout the infection. In addition, ROS are
thought to play a major role in the pathogenesis of chron-
ic inflammatory changes in the liver, leading to increased
hepatic fibrosis and decreased hepatic function. In this
study, we have shown that both serum MnSOD and TRX
levels are elevated in patdents with HCV-related HCC,
with no correlation between these two markers. In addi-
ton, serum MnSOD and TRX levels were a useful predic-
tor of overall patient survival. Serum MnSOD and TRX
levels are reported to be biomarkers of oxidative stress in
several diseases, including liver disease”*'"** %, There
were a small number of enrolled patients in this study and
other contributors to liver diseases such as chronic hepati-
tis B infection should be further evaluated. However, our
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Figure 3 Overall hepatocellular carcinoma patient survival based on serum
levels of manganese superoxide dismutase or thioredoxin. Overall survival
was plotted using the Kaplan-Meier method after separation into two or three
groups defined as follows: A: Manganese superoxide dismutase (MnSOD) < 110
ng/mL or = 110 ng/mL; B: Thioredoxin (TRX) < 80 ng/mL or = 80 ng/mL; TRX
= 80 ng/mL, TRX < 80 ng/mL; C: MnSOD < 110 ng/mL, or TRX < 80 ng/mL and
MnSOD = 110 ng/mL. The overall survival rate was lower in patients with Mn-
SOD levels = 110 ng/mL (P = 0.01) (A). Also, cumulative patient survival rate
tended to be lower in patients with TRX levels < 80 ng/mL (P = 0.05) (B). Among
these groups, patients with serum TRX levels < 80 ng/mL and serum MnSOD
levels 2 110 ng/mL had the poorest prognosis (C).

study has clearly demonstrated the clinical significance of
these markers in patients with HCV-related HCC.

Serum MnSOD and TRX levels should both reflect
hepatic oxidative stress. The results of the current study
showed that both of these markers were increased in the
HCC group relative to levels in the non-HCC group and
the HV group (Figure 1A and B). However, there was
no correlation between these two markers in the HCC
group (Figure 1C). MnSOD is primarily localized to the
mitochondrial matrix™ and abnormal mitochondrial mor-
phologies are frequently observed in CHCY, Therefore,
MnSOD may be an indicator of mitochondrial disorders
that are induced by oxidative stress. On the other hand,
there are two TRX proteins, cytoplasmic TRX1 and mito-
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Factors Category Number = P value'
Single marker : s S L
* MnSOD (ng/mL) <110/=110 22/8 S 001
TRX (ng/mL) <80/= 80 24/6 005
Age (y1) - <70/ 70 112/18 0.23
* Plt(x 10°/pL) <10/ 10 19/11 - 038
PT (%) <80/ = 80 15/15 0.02
Alb(g/dL) <35/235 15/15 0.02
T-Bil (mg/dL) <15/215 18/12 0.34
ALT (IU/L) <40/ 400 11/190 058
y-GTP (IU/L) <50/ 250 17/13 0.98
AFP (ng/mL) <40/ 40 20/10 <001
DCP (mAU/mL) <40/ 40 - 16/14 0.02
Staging system ; G :
* Child-Pugh stage . A/ZB - 16/14 .<0.01
CLIP score 0-1/=2 22/8 ©0.01
- JISscore. 0122 14/16 041

'P values were assessed using the log-rank test. MnSOD: Manganese su-
peroxide dismutase; TRX: Thioredoxin; Plt: Platelet count; PT: Prothrombin
time; Alb: Albumin; T-Bil: Total bilirubin; ALT: Alanine aminotransferase;
y-GTP: y-glutamy] transpeptidase; AFP: Alpha-fetoprotein; DCP: Serum
des-y-carboxy prothrombin; CLIP: Cancer of the Liver Italian Program; JIS:
Japan Integrated Staging.

Factors ; Riskratio 95% Cl £ value
- MnSOD (= 110 ng/mL)- a1 1221388 002
AFP(> 40ng/ml) 675 1702685 <001

95% CI: 95% confidence interval; MnSOD: Manganese superoxide dis-
mutase; AFP: q-fetoprotein.

chondrial TRX2™, TRX1 negatively regulates the apop-
tosis signal-regulating kinase 1 (ASK1)-c-Jun N-terminal
kinase/P38 apoptotic pathway by binding to and inhibit-
ing the kinase activity of ASK1, which plays an important
role in ROS-induced cellular responses®’. TRX2 is an
essential regulator of mitochondrial ROS levels that has
been associated with mitochondtial outer membrane pet-
meability®. In the present study, we examined the serum
levels of TRX1, but not TRX2, using a sandwich ELISA.
Thus, the MnSOD and TRX proteins that were examined
in this study have different origins in the mitochondria
and cytoplasm, respectively, which could contribute to the
lack of correlation between these two markers.

Several studies have shown that the HCV core pro-
tein ditectly inhibits the electron transport system and
modulates apoptosis, transcription, and cell signa]jng[33].
Abdalla et a/™ reported that expression of not only the
HCV core protein but also the HCV NS proteins in-
creases ROS and further showed that the presence of
these proteins can increase endogenous expression levels
of antioxidant enzymes and prooxidants such as MnSOD.
Several reports have shown that serum MnSOD levels in
patients with HCV-related CLD"**" are associated with
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various clinical findings, such as fibrosis and hepatic oxi-
dative stress. However, the significance of serum MaSOD
levels has not been fully examined in patients with HCC.
We previously reported that serum MnSOD levels may
be correlated with fibrosis in patients with NAFLD". In
addition, serum MnSOD levels decreased in patients with
CHC after administration of an interferon-based treat-
ment (data not shown). These results indicate that serum
MnSOD levels are likely associated with hepatic fibrosis
or oxidative stress in patients with CHC. In the present
study, however, MnSOD levels were not associated with
platelet counts, which is a simple predictor of hepatic
fibrosis in this patient population™. Thus, advanced he-
patic fibrosis or oxidative stress may be one reason why
serum MnSOD levels have diagnostic and prognostic
utility with HCC, but other mechanisms should also be
considered.

The present study revealed that serum MnSOD levels
were significantly higher in the HCC group than in the
non-HCC group (Figure 1A). In the HCC group, serum
MnSOD levels were negatively correlated with serum
Alb and tended to negatively correlate with PT' (Table 3);
these results showed an association between MnSOD and
Child-Pugh stage (Figure 2A). It is known that in humans,
MnSOD activity is comparatively higher in the liver com-
pared to other tissues”™, In addition, although a previous
immunohistochemical study showed that MnSOD ex-
pression was higher in both cancerous and non-cancerous
liver tissues from patients with HCC, this positive im-
munoreactivity was strongly observed in non-cancerous
liver tissues, especially in normal hepatocytes surrounding
HCC, regenerative small hepatocytes in the tumor bound-
ary, and mononuclear inflammatory cells in necroinflam-
matory lesions®. Furthermore, ROS are overproduced by
Kupffer cells and inflammatory cells in liver disease™"”. In
the present study, serum MnSOD levels were also posi-
tvely correlated with the serum tumor markers AFP and
DCP (Table 3) and with Child-Pugh stage and CLIP score
(Figute 2). These results indicate that increased MnSOD
expression reflects hepatocyte oxidative stress and corre-
lates with decreased hepatic function, increased hepatic fi-
brosis and ROS production by inflammatory cells in liver
cirrhosis. These features comprise the main background
characteristics leading to HCC and may be associated with
the indirect effects of liver cancer progression. These as-
sociations may also explain why serum MnSOD levels
predicted the overall survival of patients with HCC.

It was previously reported that serum levels of TRX,
which is a stress-induced protein, increase relative to the
degree of hepatic fibrosis, and that high serum concentra-
tions of TRX may indicate advanced hepatic fibrosis"™*”.
In contrast, it has also been reported that a higher de-
gree of hepatic fibrosis is associated with lower platelet
counts®, Therefore, the present study may present a
conflict, since results indicated that serum TRX level
was positively correlated with platelet count. A previous
report showed that the survival rate following LPS plus
GalN-induced hepatitis was much higher in transgenic
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mice overexpressing TRX than in wild-type mice, and that
thioacetamide-induced hepatic fibrosis was suppressed
in TRX transgenic mice compared to wild-type mice!™
Although it is still unclear why TRX and platelet counts
are positively correlated, we speculate that elevated serum
TRX in patients with HCC and advanced hepatic fibrosis
potentially improves overall survival by suppressing oxi-
dative stresst™. In addition, patients with HCC, low levels
of TRX, and high levels of MnSOD, which may be in-
dicative of excessive oxidative stress without TRX attenu-
ation, have the poorest prognosis. This result supports
the hypotheses presented above. In order to better assess
these findings, future studies are needed that incorporate
sequential observations of serum TRX and MnSOD lev-
els over time in patients with chronic hepatitis, cirrhosis
and HCC.

Serum MnSOD and TRX may be useful biomarkers
for HCC diagnosis (Figure 1). AFP is also a diagnostc
matker for HCC, and the present results indicate that
AFP can be used to distinguish between patients with
and without HCC (Table 2). However, AFP is not a suf-
ficiently sensitive marker for identification of the majority
of patients with small HCCs"**, and AFP testing is not
currently included in the recommendations for HCC sut-
veillance in the updated HCC guidelines published by the
American Association for the Study of Liver Discase!*”.
Therefore, clinicians and clinical researchers should con-
sider using MnSOD and TRX as diagnostic biomarkers
for early HCC or as additional markers in a HCC surveil-
lance program using ultrasonography or AFP. In addition,
it is highly important to know whether these markers
decrease in response to HCC therapy and reductions in
tumor burden. These markers also may have utility in
patients on a transplant waiting list who are treated with
neo-adjuvant therapy for tumor downstaging,

Our study demonstrated that elevated serum AFP level
is indicative of a poor prognosis for patients with HCC
(Table 4), as was previously reported[m. The CLIP score,
which is calculated based on four factors such as the AFP
value, was also useful to predict the prognosis of HCC
patients in this study as well as in a previous report'*™.
Other markers such as the protein survivin have been
reported as poor prognostic factors for HCC™. Simi-
larly, MnSOD was an independent predictive factor for
overall survival in the HCC group (Figure 3A, Table 5).
Although TRX was not an independent predictor of
overall survival in patients with HCC (Table 4), we specu-
late that a combination assay using both MnSOD and
TRX could be used to predict overall patient survival. It
will be important to conduct further prospective evalua-
tions of each individual marker as well as a combination
of these markers using a large number of patients.

In conclusion, serum MnSOD and TRX levels incteas-
ed as HCV-related chronic liver disease progressed, espe-
cially among patients with HCC. Although thete was no
correlation between serum levels of MnSOD and TRX,
higher serum MnSOD levels and lower TRX levels in
patients with HCC trended towards an indication of poor
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patient prognosis. These results suggest that serum Mn-
SOD and TRX levels are not only a potential biomarker
for HCV-related progressed liver disease, but may also
serve as prognostic markers in HCC.
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Background

During hepatitis C virus (HCV) infection, production of reactive oxygen species
(ROS) is persistently increased throughout HCV infection. ROS are thought to
play an important role in the pathogenesis of chronic inflammatory changes in
the liver, which may lead to the development of hepatic fibrosis, decreased he-
patic function or hepatocellular carcinoma (HCC). However, there is little infor-
mation currently available regarding serum oxidative stress markers in patients
with HCV-related HCC.

Research frontiers

Cells are protected from oxidative stress by antioxidant enzymes such as su-
peroxide dismutase (SOD) and by intracellular antioxidants such as thioredoxin
(TRX). Serum manganese SOD (MnSOD) and TRX are thought to be biomark-
ers for various liver diseases, including HCV-related liver disease, but these
possibilities have not been fully investigated. In this study, the authors demon-
strated the clinical significance of serum levels of MnSOD and TRX in patients
with HCV-related HCC.

Innovations and breakthroughs

Although there was no correlation between serum levels of MnSOD and TRX,
serum levels of both markers increased as HCV-related chronic liver disease
progressed, and in particular among patients with HCC. In addition, higher
serum MnSOD levels and lower TRX levels tended to indicate a poor prognosis
among patients with HCC.

Applications

Serum MnSOD and TRX levels are not only potential biomarkers for progres-
sion of HCV-related liver disease, but they may also serve as prognostic mark-
ers for patients with HCC. Therefore, clinicians should consider using serum lev-
els of MnSOD and TRX as diagnostic biomarkers for early HCC or as additional
markers in HCC surveillance programs. In addition, it will be important to know
whether these markers change after therapy for liver disease, including HCC.
Peer review

Oxidative stress is closely associated with carcinogenesis. If oxidative stress
markers could be useful in predicting clinical outcome in chronic hepatitis C and
HCV-related HCC, they would provide us with a practical and informative tool.
However, there are some limitations of this investigation, including a relatively
small number of patients studied. Thus, the overall assessment is “good”.
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