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Introduction

Hepatocellular carcinoma (HCC) is a common malignant
tumor characterized by insidious onset, diverse etiology,
and high mortality [1, 2]. HCC risk is particularly high

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

Abstract

This study aims to clarify the relationship and mechanism between expression of
autophagy-related protein P62 and prognosis of patients with hepatocellular car-
cinoma (HCC) involving chronic hepatitis B virus (HBV) infection and aflatoxin
Bl (AFB1) exposure. HCC patients who underwent resection were divided into
three groups: HBV(+)/AFB1(+) (n = 26), HBV(+)/AFB1(-) (n = 68), and
HBV(—)/AFB1(—) (n = 14). The groups were compared in terms of mRNA
and protein levels of P62, disease-free survival (DFS), and overall survival (OS)
and the expression of NRF2, Nqol, and AKR7A3 in P62 high-expression and
low-expression group. HBV(+)/AFB1(+) group has lower DFS and OS, and higher
P62 expression than in the other two groups. P62 expression generally correlated
with elevated NRF2 and Nqol expression, and reduced AKR7A3 expression. Patients
expressing high levels of P62 showed significantly lower DFS and OS rates than
patients expressing low levels. HCC involving HBV infection and AFB1 exposure
is associated with relatively high risk of tumor recurrence, and this poor prognosis
may relate to high P62 expression. High P62 expression activates the NRF2 path-
way, promotes tumor recurrence. The downregulation of AKR7A3 also reduced
liver detoxification of aflatoxin B1.

in China, which accounts for approximately 55% of cases
worldwide; incidence is particularly high along the south-
eastern coast [3]. Several environmental factors contribute
to HCC development [4, 5]: more than 70% of HCC
patients in Japan and the United States are chronically
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infected with hepatitis C virus (HCV) [6], while many
patients in southern China and sub-Saharan Africa have
consumed aflatoxin B1 (AFB1) in their diet and are chroni-
cally infected with hepatitis B virus (HBV) [7]. Chronic
HBYV infection and AFB1 exposure play a key role in the
development of HCC in developing countries. It is reported
that 5-28% of global HCC cases may be due to AFBI
exposure [8]. Vandel studies have shown that chronic HBV
infection is associated with AFB1 exposure in some countries
with high HCC rates; infection and toxin consumption are
two major causes of risk factors for liver cancer and further
health problems in incident areas [9, 10] The Guangxi
region in southwestern China has high prevalence of HBV
[11, 12]. Because of the warm and humid climate, many
crops, especially maize and peanut, are easily polluted by
AFBI. The study shows that people living in the area may
have liver risk of injury induced by HBV and AFB1 [6].

HBV and AFB1 are thought to promote HCC via similar
pathways. AFB1 is the most abundant of the aflatoxins,
produced by Aspergillus flavus and Aspergillus parasiticus
[13, 14]. AFB1 exposure induces DNA damage and mutagen-
esis in liver tissue [15], and AFB1 exposure and chronic
HBV infection cause liver damage. All these processes
increase risk of HCC [8, 16, 17]. For example, AFB1-induced
DNA damage can result in an Arg-to-Ser mutation at codon
249 in p53 in more than 50% of HCC patients exposed
to AFB1 [18-20], which increases risk of HCC [21, 22].
HBV, for its part, has been linked to HCC pathogenesis
via several molecular pathways involving RB1, methylation
of pl6INK4a, and amplification of cyclin D1 [23]. HBV
can induce AFB1 to AFB1-8,9-epoxide by direct and indirect
manner through specific enzyme CP450. HBV originates
from chronic hepatitis or the virus itself may promote
sensitization of hepatocytes during AFB1 toxicity [9].
Metabolites have a damaging effect on DNA, and viral
DNA can be more easily integrated into the host genome
by acute toxicity of binding proteins. The direct effects of
AFBI and HBV may cause these effects [24]. The synergistic
effect between AFB1 and HBV is observed by clinical stud-
ies of HBV transgenic mice. There is a consistent mechanism
to reveal the interaction of HBV infection, which changes
the expression of aflatoxin metabolic enzymes [9].

Another factor that may contribute to HCC is P62,
which regulates the transcription of genes involved in the
cell cycle, cellular proliferation, and apoptosis [25]. P62
is also a multifunctional signaling hub and autophagy
adaptor that promotes the autophagic degradation of ubiq-
uitinated proteins. P62 accumulates in several liver diseases,
including nonalcoholic steatohepatitis and HCC, where it
occurs in Mallory-Denk bodies and intracellular hyaline
bodies. Chronic P62 elevation contributes to HCC devel-
opment by enhancing the proliferation of cancer-initiating
cells and inhibiting their senescence and death.
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Here, we analyzed whether P62 expression correlates
with prognosis of patients from southern China with HCC
involving chronic HBV infection and AFB1 exposure. This
may help clarify whether P62 may be involved in HCC
pathogenesis in such patients, and whether P62 expression
may be a useful prognostic marker. As a secondary aim,
we also systematically compared prognosis between patients
with or without HBV infection and AFB1 exposure.

Methods

Patients and tissue samples

This retrospective study involved a consecutive series of
HCC patients who underwent curative liver resection at
the Affiliated Tumor Hospital of Guangxi Medical University
between February 2013 and February 2014. Curative hepa-
tectomy was defined as complete resection of visible tumors
at surgical margins based on histological examination [11,
12, 26].

Fresh HCC tissues were from the Tumor Tissue Bank
of the Affiliated Tumor Hospital of Guangxi Medical
University. Control tissue samples were taken from patients
with histology-confirmed hepatic hemangioma who under-
went liver resection at the Affiliated Tumor Hospital and
who were not infected with HBV or HCV.

The study protocol was approved by the Guangxi Medical
University Affiliated Cancer Hospital Ethics Committee,
and procedures were carried out according to the
Declaration of Helsinki (2013 version). Written informed
consent was obtained from all patients.

Patient classification

Tumor stage was determined according to the Barcelona
Clinic Liver Cancer (BCLC) staging system. Patients were
classified as HBV(+) if their serum contained >1000 copies
of HBV DNA and if they were positive for HBsAg, HbeAb
(or HbeAg), and anti-HBc antibody. Patients were defined
as HBV(-) if they were negative for HBsAg, HBeAg, and
anti-HBc antibody. Patients were classified as AFB1(+) if
they possessed the Arg-to-Ser mutation at codon 249 of
the p53 gene and if their HCC tissue stained positive for
A. flavus DNA. Patients negative for both of these markers
were defined as AFB1(—). Patients positive for one marker
but negative for the other were excluded from the study.

Follow-up

All patients underwent periodic follow-up after liver resec-
tion. At 1 month after hepatectomy and every 3 months
thereafter, the following tests were performed: serum assay
of alpha-fetoprotein (AFP), chest X-ray, abdominal
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computed tomography or magnetic resonance imaging,
and abdominal ultrasonography. The last follow-up was
conducted in February 2017.

Quantitation of P62 mRNA levels

Total RNA was extracted from tissues using Trizol reagent
(Invitrogen, Grand Island, NY). Complementary DNA was
generated using the PrimeScript™ reverse transcription
reagent kit (TAKARA, Japan) according to the manufac-
turer’s instructions, then amplified by PCR using the SYBR
Premix Ex Taq" Kit (TAKARA) and the P62-specific
primers 5'-ACCTGAACCCTCTCGTG-3" (forward) and
5'-GTGATGGCTCCCCTTAC-3" (reverse). Results were
analyzed using the ABI StepOne Plus System (Applied
Biosystems, Foster City, CA), and P62 mRNA levels were
normalized to those of f-Actin, which was amplified using
the primers 5-AAGGCCAACCGCGAGAA-3" (forward)
and 5'-ATGGGGGAGGGCATACC-3’ (reverse). All prim-
ers were synthesized by Hebei Bohai Biological Processing
Development Co., Ltd. (Hebei, China).

Quantitation of P62 protein levels

Tissues were lysed in RIPA buffer (Solarbio, Beijing, China)
containing 1 mmol/l PMSF (Solarbio, Beijing, China), and
proteins were collected by centrifugation at 12,000g at 4°C
for 10 min. Protein concentrations were determined using
the BCA protein assay kit (Beyotime, Shanghai, China).
Equal amounts of protein (20 ug) were separated by 10%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
and then transferred to polyvinylidene difluoride mem-
branes (Millipore, MA). Membranes were blocked for 2 h
with 5% skim milk in phosphate-buffered saline (PBS)
containing Tween-20 (PBST), and then incubated overnight
at 4°C with rabbit monoclonal antibody against P62 (1:1000;
Abcam, Cambridge). Actin was also detected as an internal
control. After three washes in PBST for 5 min each, mem-
branes were incubated for 2 h at room temperature with
goat anti-rabbit horseradish peroxidase-conjugated antibody
(1:5000; Abcam). Bands were visualized using an Enhanced
Chemiluminescence kit (Beyotime, Shanghai, China). All
experiments were carried out three times.

Immunohistochemistry of P62 in tissue
sections

Tissues were fixed with 10% formalin, embedded in paraf-
fin, and sections (3 mm) were cut. Sections were depar-
affinized in xylene, then rehydrated in a descending ethanol
gradient. Antigen retrieval was carried out using pressure
cooking in Tris/EDTA (pH 9.0), followed by incubation
with 3% hydrogen peroxide for 15 min to block endogenous
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peroxidase activity. Sections were washed three times with
PBS for 3 min each, then incubated at room temperature
for 2 h with rabbit monoclonal antibody against P62 (1:800;
Abcam). Sections were again washed three times with PBS,
incubated at room temperature for 20 min with biotin-
conjugated goat anti-rabbit secondary antibody (ZSGB,
Beijing, China), then stained with 3,3-diaminobenzidine
tetrahydrochloride. P62 protein expression was quantitated
based on mean and integrated optical density of antibody
staining.

Statistical analysis

All statistical analyses were performed using SPSS 16.0
(Chicago, IL) and a significance threshold of P < 0.05.
Continuous data were expressed as mean = SD and com-
pared between groups using Student’s ¢ test. Categorical
data were analyzed using a two-sided chi-squared test or
Fisher’s exact test, as appropriate. Disease-free survival
(DES) and overall survival (OS) were analyzed using the
Kaplan—Meier method, and the results for different patient
groups were compared using the log-rank test. Univariate
analysis and multivariate analysis based on Cox propor-
tional hazards regression was used to identify independent
predictors of DES or OS. To reduce bias, researchers
analyzing P62 mRNA and protein levels, P62 immuno-
histochemistry, recurrence, and survival were blinded to
the HBV and AFBI1 status of the patients.

Results

Study population

During the study period, 264 HCC patients underwent
curative liver resection at our hospital, but 156 (59.0%)
had to be excluded because they were infected with HCV
(n =7, 2.6%), they had received other anti-tumor treat-
ments before liver resection (n = 60, 22.7%), no fresh
tissue samples were available for them (n = 56, 21.2%)
or they were lost to follow-up (n = 23, 8.7%). The remain-
ing 108 patients were included in the study (Fig. 1).
Another 10 samples of normal liver tissue were collected
as controls.

Clinicopathological characteristics

Baseline demographic and clinicopathological data for the
108 patients are shown in Table 1. The patient popula-
tion consisted of 91 men and 17 women, with a mean
age of 49 = 11 years. Most patients (79.6%) had liver
cirrhosis, and all had Child-Pugh A liver function. BCLC
stage was A for 54.6% of patients, B for 27.8%, and C
for 17.6%. The patients were subdivided into three groups
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Figure 1. Flowchart of patient selection.

according to HBV infection and AFB1 exposure status:
HBV(+)/AFB1(+) (n = 26), HBV(+)/AFBI1(—-) (n = 68),
and HBV(—)/AFB1(-) (n = 14). Most clinicopathological
characteristics were similar among the three groups at
baseline.

Disease-free survival

A total of 56 (51.8%) patients experienced tumor recur-
rence within 3 years after liver resection, including 16
(61.5%) patients in the HBV(+)/AFB1(+) group, 34 (50%)
in the HBV(+)/AFB1(—) group, and 6 (42.8%) in the
HBV(-)/AFB1(—) group. Among all patients, median DFS
was 14 months, and DFS rates were 52.4% at 1 year,
38.7% at 2 years, and 30.4% at 3 years. The HBV(+)/
AFB1(+) group showed significantly worse DFS rates than
the other two groups at 1 year (36.2% vs. 54.1%, 63.5%),
2 years (21.7% vs. 40.7%, 50.8%), and 3 years (21.7%
vs. 30.5%, 50.8%) (Fig. 2A). Median DFS was 10 months
in the HBV(+)/AFB1(+) group, 14 months in the HBV(+)/
AFB1(—) group, and 16 months in the HBV(—)/AFB1(-)
group. The HBV(+)/AFB1(—) group showed a significantly
lower DFS rate than the HBV(—)/AFB1(—) group at 1 year
(54.1% vs. 63.5%), 2 years (40.7% vs. 50.8%), and 3 years
(30.5% vs. 50.8%) (Fig. 2A). Median survival time in the
two groups was 10 and 14 months. Uni- and multivariate
analyses identified the following independent predictors
of early HCC recurrence: BCLC stage C, >2 tumors, and
macrovascular invasion (Table 3).

Overall survival

During the follow-up period, 15 patients (57.7%) died
in the HBV(+)/AFB1(+) group, 17 (25.0%) in the HBV(+)/
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AFBI(-) group, and 6 (42.8%) in the HBV(~)/AFB1(-)
group. Among all patients, OS rates were 87.7% at 1 year,
68.0% at 2 years, and 48.6% at 3 years; median survival
time was 29 months. The HBV(+)/AFB1(+) group showed
a significantly lower OS rate than the two other groups
at 1 year (71.5% vs. 85.7%, 92.3%), 2 years (50.1% vs.
64.3%, 86.2%), and 3 years (42.5% vs. 49.3%, 77.7%)
(Fig. 2B). Median survival time was 20 months in the
HBV(+)/AFB1(+) group, 27 months in the HBV(+)/
AFBI1(—) group, and 31 months in the HBV(-)/AFBI1(—)
group. The HBV(+)/AFB1(-) group showed a significantly
lower OS rate than the HBV(—)/AFB1(—) group at 1 year
(85.7% vs. 92.3%), 2 years (64.3% vs. 76.2%), and 3 years
(49.3% vs. 67.7%) (Fig. 2B). Median survival time in the
two groups was 27 and 31 months. Uni- and multivariate
analyses identified >2 tumors and macrovascular invasion
as independent predictors of OS (Table 4).

P62 expression in HCC tissues

We analyzed P62 expression in HCC samples from all 108
patients, as well as 10 samples from normal liver tissue as
negative controls. Expression was assessed at the mRNA
level using quantitative reverse transcription-PCR and at
the protein level using western blotting and immunohis-
tochemistry. The mean level of P62 mRNA was significantly
higher in HBV(+)/AFB1(+) tumor tissues (10.39 + 1.81)
than in HBV(+)/AFB1(-) tissues (8.78 £ 2.19; P < 0.001)
and HBV(-)/AFBI1(—) tissues (7.62 + 1.83; P < 0.001;
Fig. 3). In addition, the level in the HBV(+)/AFB1(—) group
was significantly higher than the levels in the HBV(-)/
AFB1(-) group (P = 0.020) and in the normal liver
control samples (3.70 £ 1.12, P < 0.001; Fig. 3). Similar
results were obtained based on measurement of P62 protein
levels (Fig. 4A and B): the level was significantly higher
in the HBV(+)/AFB1(+) group than in the other two
groups, and it was significantly higher in the HBV(+)/
AFB1(—) group than in the HBV(—)/AFB1(-) group or
normal liver.

Paraffin-embedded tissue blocks were available for 90
of the 108 patients, so P62 protein expression was quan-
titated based on immunohistochemistry. Expression was
higher in the HBV(+)/AFB1(+) group than in the other
groups, and expression was higher in the HBV(+)/AFB1(-)
group than in the HBV(-)/AFB1(—) group or normal
liver samples (Fig. 5).

P62 activates NRF2 signaling pathway

Next, we examined the expression of NRF2, Nqo1l, AKR7A3
in P62 high- expression group and low-expression group.
P62 in high-expression group increased the expression of
NRF2 and Nqol, reduced expression of AKR7A3. P62 in

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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Table 1. Baseline characteristics of patients with hepatocellular carcinoma who underwent liver resection.

Variable Total HBV(+)/AFB1(+) HBV(+)/AFB1(-) HBV(=)/AFB1(-) P
N 108 26 68 14
Gender 0.016
Male 91 (84.2) 24 (92.3) 59 (86.7) 8 (57.1)
Female 17 (15.8) 2(7.7) 9(13.3) 6 (42.9)
Age, years 49 + 11 42 £10 48 + 11 54 +8 0.146
Tumor size, cm 8+45 85+5 7.7+4 7.3+35 0.623
Tumor number 0.833
Single 71 (65.7) 17 (65.3) 46 (67.6) 8 (57.1)
Multiple 37 (34.3) 9(34.7) 22 (32.4) 6(42.9)
Cirrhosis 0.767
Absent 86 (79.6) 20 (76.9) 54 (79.4) 12 (85.7)
Present 22 (20.4) 6(23.1) 14 (20.6) 2(14.3)
HBsAg, +/— 94/14 26/0 68/0 0/14 <0.001
AFP, ng/mL
>400 55 (50.9) 16 (61.5) 33(48.5) 6 (42.9)
<400 53 (49.1) 10 (38.5) 35(51.5) 8(57.1)
Macrovascular invasion 0.407
Yes 19(17.6) 4(15.4) 14 (20.6) 1(7.1)
No 89 (82.4) 22 (84.6) 54 (79.4) 13(92.9)
BCLC stage 0.041
A 59 (54.6) 15(57.7) 39 (57.4) 5(35.7)
B 30(27.8) 7 (26.9) 15(22.0) 8(57.2)
C 19(17.6) 4(15.4) 14 (20.6) 1(7.1)
ALB, g/L 423 +4.2 41 +£45 426 +4.6 42 4.7 0.204
PT, sec 133+1.3 13612 13.2+1.4 129+0.8 0.273
ALT, IU/L 457 +34.5 42.8 +28.8 46.1 +27.8 34 +33.3 0.334
Direct bilirubin, mg/dL 59+238 59+23 58+27 6.1+3.0 0.677
Total bilirubin, mg/dL 12.1+£53 142 +53 12.1+4.9 106 +£6.4 0.120
Platelet count, u/L 205 + 91 205 + 105 203 + 87 216 + 95 0.880

Values are n or n (%) or mean = SD. ALB, albumin; ALT, alanine aminotransferase; PT, prothrombin time.

>

B '°7 ) HBV(+VAFBI(+) (n = 26)
_r HBV(+)/AFBI(+) (n = 26) L | 1 HBV(+)YAFBI{-) (n = 68)
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Figure 2. Disease-free survival and overall survival curves for patients with hepatocellular carcinoma involving chronic hepatitis B virus infection and/
or aflatoxin B1 exposure.
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Figure 3. Levels of P62 mRNA based on quantitative reverse
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low-expression group reduced the expression of NRF2
and Nqol, increased the expression of AKR7A3 (Figs. 6
and 7).

P62 expression and DFS

Next, we examined whether P62 expression correlated with
prognosis for patients with HCC associated with HBV
and AFBI1 exposure. Of all 108 patients, 57 (47.8%) were
defined as showing high P62 expression and 51 (65.1%)
as showing low P62 expression (Table 2). Patients with
high-expressing of P62 showed significantly lower DFS
rates than those with low-expressing at 1 year (33.8% vs.
66.2%), 2 years (23.1% vs. 47.2%), and 3 years (23.1%
vs., 47.2%) (Fig. 8A). Median DFS was 7 months among
high-expressing patients and 12 months among low-
expressing patients. Uni- and multivariate analyses identi-
fied the following independent predictors of HCC
recurrence (Table 3): high P62 expression, BCLC stage
C, tumor size >10 cm, >2 tumors, and macrovascular
invasion.

P62 expression and OS

High-expressing patients showed significantly lower OS
rates than low-expressing patients at 1 year (84.1% vs.
90.7%), 2 years (59.7% vs. 80.9%) and 3 years (38.5%
vs. 56.1%) (Fig. 8B). Median OS was 26 months in the
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Figure 4. Levels of P62 protein based on western blotting.
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high-expressing group and 31 months in the low-expressing
group. Uni- and multivariate analyses identified the fol-
lowing independent predictors of OS: high P62 expression,
tumor size >10 c¢m, 22 tumors, and macrovascular inva-
sion (Table 4).

Discussion

HBV infection and AFBI exposure may contribute to
more than 80% of HCC cases in the Guangxi area of
southern China [6]. We found that among HCC patients,
chronic HBV infection was associated with significantly
shorter DFS and OS, which were even shorter among
patients with chronic HBV infection as well as prior AFBI
exposure. We also found that among HCC patients, P62
expression was significantly higher in the presence of
chronic HBV infection and even higher in the presence
of HBV infection as well as prior AFBI exposure. These
findings highlight the prognostic impact of the well-known
HCC risk factors of HBV and AFBI, and they provide
strong evidence that P62 expression may be a novel prog-
nostic indicator for HCC patients who have undergone
hepatic resection.

Our findings suggest that chronic HBV infection and
AFBI exposure can affect prognosis of HCC patients, and
that the two risk factors can synergize. Both HBV and
AFBI act primarily through pathways involved in detoxi-
fication, drug metabolism, antigen processing, glycolysis,
and anti-apoptosis [27]. HBV infection causes oxidative
stress and chronic inflammation in liver cells, leading to
accumulation of reactive oxygen species (ROS) [8]. HBV
infection may also downregulate detoxification-related pro-
teins [28], making HBV-infected liver cells more susceptible
to carcinogens such as AFB1. The increased risk of HCC
from AFBI1 exposure in HVB-infected patients can increase
cell turnover allowing replication of AFB1-DNA adducted
cells. Increased cell turnover can result in selection of cell
populations with increased expression of oncogenes-like
p62 or mutated tumor suppressor genes such as TP53
[29]. Second, AFB1 metabolism results in two damaging

-
]
]

-
(=]
1

Nomal liver

HBV(+)/AFB1(+) HBV(+)/AFB1(-) HBV(-/AFB1(-)
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Figure 5. Representative micrographs showing anti-P62 immunohistochemical staining in cancerous and normal liver tissue. 0D, integrated optical

density; MOD, mean optical density (C).
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Figure 6. Levels of NRF2, Ngo1, AKR7A3 protein in high or low P62
expression of tumor tissue and para-tumor tissue.

species epoxides which can form DNA adducts and alde-
hydes that can lead to excess reactive oxygen species (ROS)
leading to indirect damage of DNA and other cellular
biomolecules [30]. AKR7A3 is important for AFB1 detoxi-
cation and downregulation of AKR7A3 could be contribu-
tory to HCC but it should be noted that epoxide
dehydrogenases and GSTs (glutathione S-transferases) are
also central to AFB1 metabolite detoxication [31].

We found high P62 expression to be associated with
significantly higher risk of recurrence and death in HCC
patients following hepatectomy. P62 is a major component
of intracellular hyaline bodies, Mallory-Denk bodies, and
hybrid inclusions [32], which are hallmarks of chronic
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Figure 7. Levels of NRF2, Ngo1, AKR7A3 mRNA in high or low P62
expression of tumor tissue.

liver diseases that substantially increase risk of HCC [33].
In fact, studies suggest that P62 accumulation is required
for progression from premalignancy to malignancy, most
likely because it prevents HCC-initiating cells from dying
under oxidative stress. As a result, such cells can accu-
mulate multiple oncogenic mutations [34, 35]. These studies
point to a role for P62 in HCC initiation and progression,
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Table 2. Baseline characteristics of patients with hepatocellular carcinoma after liver resection (P62 high-expression versus low-expression).

Variable Total P62 high expression P62 low expression P
N 108 57 51
Gender 0.054
Male 91 (84.2) 52 (91.2) 39 (76.4)
Female 17 (15.8) 5(8.8) 12 (23.6)
Age, years 49 £ 11 489 +10.3 49.0+10.9 0.408
Tumor size, cm 8+4.5 8446 75+39 0.542
Tumor number 0.066
Single 71 (65.7) 42 (73.6) 29 (56.8)
Multiple 37 (34.3) 15 (26.4) 22 (43.2)
Cirrhosis 0.002
Absent 86 (79.6) 52 (91.2) 34 (66.6)
Present 22 (20.4) 5(8.8) 17 (33.4)
HBsAg, +/— 94/14 55/2 39/12 <0.001
AFP, ng/mL 0.692
>400 55 (50.9) 28(49.1) 27 (52.9)
<400 53 (49.1) 29 (50.9) 24 (47.1)
Macrovascular invasion 0.989
Yes 19(17.6) 10(17.5) 9(17.6)
No 89 (82.4) 47 (82.5) 42 (82.4)
BCLC stage 0.601
A 59 (54.6) 25(43.8) 34 (69.7)
B 30(27.8) 23 (40.4) 7(13.7)
C 19(17.6) 9(15.8) 10(19.6)
ALB, g/dL 423 +4.2 419+4.6 423+44 0.981
PT, sec 13.3+1.3 13.5+1.3 134 +£1.2 0.342
ALT, IU/L 45.7 +34.5 48.7 +38.5 43.6 +30.7 0.753
Total bilirubin, mg/dL 12.1+5.3 1212 £4.6 125+6.0 0.132
Direct bilirubin, mg/dL 59+238 59+25 6.0+3.0 0.165
Platelet count, p/L 205 + 91 205.8+92.8 1939+ 84.6 0.515

Values are n or n (%) or mean = SD. ALB, albumin; ALT, alanine aminotransferase; PT, prothrombin time.

which is consistent with our results on the prognostic
impact of P62 expression. HCC is not the only neoplasia
associated with P62 accumulation: the protein has also
been implicated in renal cell carcinoma [36, 37], endo-
metrial cancer [38], and benign adenomas in autophagy-
deficient livers [39].

In this study, we focused on the Arg-to-Ser mutation at
codon 249 in the p53 coding sequence because this muta-
tion has been found in more than 50% of HCC patients
living in regions where AFB1 exposure is high [20, 21, 40].
Nevertheless, the profile of p53 mutations associated with
AFBL1 exposure can vary across HCC populations, reflecting
differences not only in AFB1 exposure but also in the spe-
cific mutations triggered by AFB1 metabolism [41-44]. A
study of 397 HCC patients from the same Guangxi area
as this study, for example, found that while codon 249 was
a mutational hotspot, mutations in exons 4, 5, 6, 7, 8, and
9 were detected [45]. Thus, while our results should be
considered reliable for this particular subtype of AFBI-
exposed HCC patient, they may not be generalizable to
other patient subtypes. Future work should look at patients
with a broader range of AFBl-induced mutations.

2364

HBYV infection can induce autophagosome formation by
inhibiting the fusion between autophagosomes and lys-
osomes to promote autophagy. HBx is to maintain infection
and replication essential virus protein [46]. HBx can induce
autophagic liver cell lines by upregulating the expression
of Beclinl [47]. HBx can trigger autophagy by direct inter-
action with type III phosphatidylinositol 3-kinase (PtdIns3K),
which is beneficial to viral replication. These pathways may
activate the P62 protein located downstream of the
autophagic pathway [48]. In addition, p62 is a stress-
inducible protein that may be induced by some inflam-
matory factors that are released by AFBI infection, and
its expression is regulated by Nrf2 [34]. p62 overproduction
is sufficient to phosphorylate p62 Keapl, resulting in a
positive feedback loop activation of accelerated Nrf2. Thus,
autologous maturation in HCC patients with persistent
inflammation of HBV and AFB1 will result in phospho-
rylation of p62 and subsequent activation of Nrf2 [49].

NREF2 is regulated by translation after E3 ubiquitin ligase
Keapl, which induces NRF2 ubiquitination and protea-
some degradation. After activation of activated oxygen or
electrophiles, Keapl is oxidized and cannot bind to the

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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Figure 8. Disease-free survival and overall survival curves for patients with hepatocellular carcinoma involving chronic hepatitis B virus infection and/

or aflatoxin B1 exposure, stratified by high or low P62 expression.

newly translated NRF2, which stabilizes and enters the
nucleus to activate the gene containing the antioxidant
response element [49]. NRF2 is the primary activator of
P62 transcriptional regulation and posttranscriptional regu-
lation in malignant liver tissue is activated during chronic
liver inflammation and oxidative stress. In turn, p62 can
activate NRF2, constituting two self-amplifying autoregula-
tory loops [50]. Ohta et al’s study [51] showed that
KEAP1 inactivation mutations occur in lung cancer and

HCC, and activation of genes that inhibit NRF2 inhibi-
tion of Keapl in lung, Skin, and liver cancer [52]. Schulze
et al’s study found that NRF2 and KEAP1 mutations
occurred in 14% of HCC specimens and were thought
to be driving mutations [53]. There is growing evidence
that the Keapl-Nrf2 pathway is one of the major cellular
defense mechanisms of antioxidant and electrophilic stress
[34, 49]. When cytotoxic ubiquitination components such
as mitochondrial damage and invasive microbes occur,

Table 3. Uni- and multivariate analyses to identify factors influencing tumor recurrence after liver resection in patients with hepatocellular

carcinoma.
Variable Univariate Multivariate
Hazard ratio 95% Cl P Hazard Ratio 95% Cl P
Age > 60 years 2.551 1.047-6.218 0.039
Male gender 0.521 0.238-1.142 0.104
Tumor > 10 cm 2141 1.087-4.218 0.028 2.311 1.183-4.314 0.031
Multiple tumors 1.859 1.001-3.453 0.050 2.032 1.312-3.642 0.043
AST > 40 U/L 1.370 0.649-2.893 0.409
Serum AFP > 400 ng/mL 0.904 0.500-1.635 0.739
ALT > 40 U/L 0.821 0.406-1.662 0.584
Total bilirubin > 12 mg/dL 0.510 0.129-2.008 0.335
Direct bilirubin > 7 mg/dL 1.494 0.763-2.924 0.242
ALB > 40 g/L 0.623 0.337-1.151 0.131
Platelets > 100 /L 0.486 0.216-1.095 0.082
PT >13 sec 1.014 0.536-1.916 0.967
Macrovascular invasion 2.277 1.226-4.230 0.009 2.373 1.026-4.421 0.011
BCLC stage C 2.304 1.109-4.785 0.025 2.122 1.012-4.594 0.032
High P62 expression 3.682 1.522-5.511 <0.001 3.731 1.586-5.574 <0.001

AFP, alpha-fetoprotein; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate transaminase; BCLC, Barcelona Clinic Liver Cancer; PT, pro-

thrombin time; 95% Cl, 95% confidence interval.

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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Table 4. Uni- and multivariate analyses to identify factors influencing overall survival after liver resection in patients with hepatocellular carcinoma.

Variable Univariate Multivariate
Hazard ratio 95% Cl P Hazard Ratio 95% Cl P

Age > 60 years 1.412 0.549-3.634 0.475

Male gender 1.029 0.434-2.440 0.947

Tumor size > 10 cm 1.395 0.614-3.168 0.427

Multiple tumors 1.468 1.254-2.524 0.046 1.631 1.185-2.803 0.028
AST >40 U/L 1.887 0.768-4.638 0.166

Serum AFP > 400 ng/mL 1.207 0.613-2.375 0.586

ALT > 40 U/L 0.441 0.180-1.081 0.073

Total bilirubin >20 mg/dL 0.239 0.052-1.105 0.067

Direct bilirubin >7 mg/dL 1.503 0.687-3.292 0.308

ALB >40 g/L 0.831 0.426-1.620 0.586

Platelets > 100 p/L 1.307 0.550-3.105 0.544

PT > 13 sec 1.024 0.483-2.174 0.950

Macrovascular invasion 1.664 2.305-4.042 0.047 1.618 2.264-4.033 0.041
BCLC stage C 1.499 0.711-3.160 0.288

High P62 expression 1.491 1.254-3.947 0.024 1.447 1.242-3.965 0.021

AFP, alpha-fetoprotein; ALB, aloumin; ALT, alanine aminotransferase; AST, aspartate transaminase; BCLC, Barcelona Clinic Liver Cancer; PT, pro-

thrombin time; 95% Cl, 95% confidence interval.

phosphorylated p62 binds to Keapl with high affinity
and NRf2 ubiquitin ligase complexes [54]. This binding
inhibits Keapl-driven ubiquitination of Nrf2, which in
turn leads to the stabilization of Nrf2, which is then
transferred to the nucleus and induces the transcription
of many cytoprotective genes encoding antibody proteins,
detoxification enzymes, and multidrug transporters. The
ubiquitinated structure and phosphorylated p62 and Keapl
complexes are autophagically degraded, leading to the
elimination of cytotoxic components, thereby protecting
the tumor cells [55].

AKR7A3, which locates on chromosome 1p36, belongs
to the AKRs superfamily,whose function is responsible for
the detoxification of aflatoxin B1—a potent hepatocarcino-
gen [29]. These enzymes were also reported to play important
roles in nuclear receptor signaling, cellular metabolism,
inflammatory responses, osmoregulation, endobiotic and
xenobiotic detoxification, and hormone synthesis [32]. Chow
et al. reported that AKR7A3 is frequently downregulated
in HCC, associating with poor overall survival rate, elevated
AFP, and poor differentiation of HCC [56]. Jin et al.
reported that AKR1 and AKR?7 are involved in the devel-
opment of cancers such as breast, lung, liver, colorectal,
and prostate cancers [33]. Hlava et al. reported that in
breast cancer, high expression level of AKR7A3 significantly
associates with longer disease-free survival [34].

We found that macrovascular invasion and multinodular
tumors were associated with poorer prognosis after hepa-
tectomy. This is consistent with other studies [57, 58].
Macrovascular invasion increases risk of HCC recurrence,
which is the primary cause of death among HCC patients
after hepatic resection [59-61]. Multinodularity has been
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associated with earlier tumor recurrence and worse prog-
nosis [62—64]. We did not find serum AFP level or diabetes
mellitus to be independent predictors of survival, which
contrasts with previous studies [65-68].

The analyses in this study were possible because of our
ability to recruit HCC patients who could be rigorously
verified as having HBV infection and/or AFB1 exposure.
Despite this advantage over other studies in the literature,
our work does have some important limitations. First,
all the patients came from a single center, and our center
is a referral hospital, so most patients have moderate or
advanced liver cancer. These factors may increase the risk
of selection bias. In addition, our sample was fairly small
and we did not have a HBV(—)/AFB1(+) group for com-
parison. Larger, preferably multisite studies on P62 expres-
sion and prognosis are needed.

In conclusion, our results suggest that chronic HBV
infection and AFBI1 exposure significantly worsen prognosis
of HCC patients after hepatic resection, and our results
implicate P62 in this worsened prognosis. It may be that
HCC patients with at least one of the three risk factors
of chronic HBV infection, AFB1 exposure, or high P62
expression would benefit from more extensive resection,
postoperative active adjuvant therapy, and more frequent
follow-up.

Acknowledgments

The authors are grateful to the department of hepatobiliary
surgery, Tumor Hospital Affiliated of Guangxi Medical
University for the help with this paper. All authors reviewed
the paper and approved the final version.

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.



X. Xiang et al.

Conflicts of Interest

The authors have declared that no competing interests
exist.

References

1. European Association for the Study of the Liver.
2012. EASL-EORTC clinical practice guidelines:
management of hepatocellular carcinoma. J. Hepatol.
56:908-943.

2. Bruix, J., and M. Sherman. 2011. Management of
hepatocellular carcinoma: an update. Hepatology
53:1020-1022.

3. Chen, W., R. Zheng, P. D. Baade, S. Zhang, H. Zeng,
F. Bray, et al. 2016. Cancer statistics in China, 2015.
CA Cancer J. Clin. 66:115-132.

4. Gao, J., L. Xie, W. S. Yang, W. Zhang, S. Gao, J.
Wang, et al. 2012. Risk factors of hepatocellular
carcinoma—current status and perspectives. Asian Pac. J.
Cancer Prev. 13:743-752.

5. Cabibbo, G., and A. Craxi. 2010. Epidemiology, risk
factors and surveillance of hepatocellular carcinoma.
Eur. Rev. Med. Pharmacol. Sci. 14:352-355.

6. Yeh, F. S., M. C. Yu, C. C. Mo, S. Luo, M. J. Tong,
and B. E. Henderson. 1989. Hepatitis B virus, aflatoxins,
and hepatocellular carcinoma in southern Guangxi,
China. Cancer Res. 49:2506-2509.

7. Jackson, P. E., and J. D. Groopman. 1999. Aflatoxin
and liver cancer. Baillieres Best Pract. Res. Clin.
Gastroenterol. 13:545-555.

8. Liu, Z. M., L. Q. Li, M. H. Peng, T. W. Liu, Z. Qin,
Y. Guo, et al. 2008. Hepatitis B virus infection
contributes to oxidative stress in a population exposed
to aflatoxin Bl and high-risk for hepatocellular
carcinoma. Cancer Lett. 263:212-222.

9. Kucukcakan, B., and Z. Hayrulai-Musliu. 2015.
Challenging role of dietary aflatoxin Bl exposure and
hepatitis B infection on risk of hepatocellular
carcinoma. Open Access Maced. J. Med. Sci. 3:363.

10. Chu, Y. J, H. I. Yang, H. C. Wu, L. Y. Wang, S. N.
Lu, M. H. Lee, et al. 2017. Aflatoxin Bl exposure
increases the risk of cirrhosis and hepatocellular
carcinoma in chronic hepatitis B virus carriers. Int. J.
Cancer. 141:711-720.

11. Zhu, S. L., Y. Ke, Y. C. Peng, L. Ma, H. Li, L. Q. Lj,
et al. 2014. Comparison of long-term survival of
patients with solitary large hepatocellular carcinoma of
BCLC stage A after liver resection or transarterial
chemoembolization: a propensity score analysis. PLoS
ONE 9:e115834.

12. Zhong, J. H., Y. Ke, W. F. Gong, B. D. Xiang,

L. Ma, X. P. Ye, et al. 2014. Hepatic resection
associated with good survival for selected patients

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

P62 in HCC with HBV and Aflatoxin B1

with intermediate and advanced-stage hepatocellular
carcinoma. Ann. Surg. 260:329-340.

Liu, Y., and F. Wu. 2010. Global burden of aflatoxin-
induced hepatocellular carcinoma: a risk assessment.
Environ. Health Perspect. 118:818-824.

Hamid, A. S., I. G. Tesfamariam, Y. Zhang, and Z. G.
Zhang. 2013. Aflatoxin Bl-induced hepatocellular
carcinoma in developing countries: geographical
distribution, mechanism of action and prevention.
Oncol. Lett. 5:1087-1092.

Bedard, L. L., and T. E. Massey. 2006. Aflatoxin
Bl-induced DNA damage and its repair. Cancer Lett.
241:174-183.

Smela, M. E., S. S. Currier, E. A. Bailey, and J. M.
Essigmann. 2001. The chemistry and biology of aflatoxin
B(1): from mutational spectrometry to carcinogenesis.
Carcinogenesis 22:535-545.

Groopman, J. D., and T. W. Kensler. 2005. Role of
metabolism and viruses in aflatoxin-induced liver
cancer. Toxicol. Appl. Pharmacol. 206:131-137.

Katiyar, S., B. C. Dash, V. Thakur, R. C. Guptan, S. K.
Sarin, and B. C. Das. 2000. P53 tumor suppressor gene
mutations in hepatocellular carcinoma patients in India.
Cancer 88:1565-1573.

Su, Q., C. H. Schroder, G. Otto, and P. Bannasch.
2000. Overexpression of p53 protein is not directly
related to hepatitis B x protein expression and is
associated with neoplastic progression in hepatocellular
carcinomas rather than hepatic preneoplasia. Mutat. Res.
462:365-380.

Besaratinia, A., S. I. Kim, P. Hainaut, and G. P. Pfeifer.
2009. In vitro recapitulating of TP53 mutagenesis in
hepatocellular carcinoma associated with dietary
aflatoxin B1 exposure. Gastroenterology

137:1127-1137.

Gouas, D., H. Shi, and P. Hainaut. 2009. The aflatoxin-
induced TP53 mutation at codon 249 (R249S):
biomarker of exposure, early detection and target for
therapy. Cancer Lett. 286:29-37.

Staib, F., S. P. Hussain, L. J. Hofseth, X. W. Wang,
and C. C. Harris. 2003. TP53 and liver carcinogenesis.
Hum. Mutat. 21:201-216.

Xue, K. X. 2005. [Molecular genetic and epigenetic
mechanisms of hepatocarcinogenesis]. Ai Zheng
24:757-768.

Kew, M. C. 2003. Synergistic interaction between
aflatoxin Bl and hepatitis B virus in
hepatocarcinogenesis. Liver. Int. 23:405-409.

Luscher, B. 2001. Function and regulation of the
transcription factors of the Myc/Max/Mad network.
Gene 277:1-14.

Zhong, J. H., B. D. Xiang, W. F. Gong, Y. Ke, Q. G.
Mo, L. Ma, et al. 2013. Comparison of long-term

2367



P62 in HCC with HBV and Aflatoxin B1

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

survival of patients with BCLC stage B hepatocellular
carcinoma after liver resection or transarterial
chemoembolization. PLoS ONE 8:68193.

Chen, C. J., M. W. Yu, and Y. F. Liaw. 1997.
Epidemiological characteristics and risk factors of
hepatocellular carcinoma. J. Gastroenterol. Hepatol.
12:5294-S308.

Zhou, T., A. A. Evans, W. T. London, X. Xia, H. Zou,
F. Shen, et al. 1997. Glutathione S-transferase expression
in hepatitis B virus-associated human hepatocellular
carcinogenesis. Cancer. Res. 57:2749-2753.

Groopman, J. D., J. Q. Zhu, P. R. Donahue, A. Pikul,
L. S. Zhang, J. S. Chen, et al. 1992. Molecular
dosimetry of urinary aflatoxin-DNA adducts in people
living in Guangxi autonomous region, People’s Republic
of China. Cancer Res. 52:45-52.

Johnson, N. M., P. A. Egner, V. K. Baxter, M. B.
Sporn, R. S. Wible, T. R. Sutter, et al. 2014. Complete
protection against aflatoxin B(1)-induced liver cancer
with a triterpenoid: DNA adduct dosimetry, molecular
signature, and genotoxicity threshold. Cancer Prev. Res.
7:658—665.

Bahari, A., J. Mehrzad, M. Mahmoudi, M. R. Bassami,
and H. Dehghani. 2015. GST-M1 is transcribed moreso
than AKR7A2 in AFB(1)-exposed human monocytes and
lymphocytes. J. Immunotoxicol. 12:194-198.

Denk, H., C. Stumptner, A. Fuchsbichler, T. Miiller,

G. H. Farr, W. Miiller, et al. 2006. Are the Mallory
bodies and intracellular hyaline bodies in neoplastic and
non-neoplastic hepatocytes related?

J. Pathol. 208:653-661.

Zatloukal, K., S. W. French, C. Stumptner, P. Strnad,
M. Harada, D. M. Toivola, et al. 2007. From Mallory
to Mallory-Denk bodies: what, how and why? Exp. Cell
Res. 313:2033-2049.

Ichimura, Y., S. Waguri, Y. S. Sou, S. Kageyama,

J. Hasegawa, R. Ishimura, et al. 2013. Phosphorylation
of p62 activates the Keapl-Nrf2 pathway during
selective autophagy. Mol. Cell 51:618-631.

Inami, Y., S. Waguri, A. Sakamoto, T. Kouno,

K. Nakada, O. Hino, et al. 2011. Persistent activation of
Nrf2 through p62 in hepatocellular carcinoma cells.

J. Cell Biol. 193:275-284.

Li, L., C. Shen, E. Nakamura, K. Ando, S. Signoretti,
R. Beroukhim, et al. 2013. SQSTM1 is a pathogenic
target of 5q copy number gains in kidney cancer.
Cancer Cell 24:738-750.

Mathew, R., C. M. Karp, B. Beaudoin, N. Vuong,

G. Chen, H. Y. Chen, et al. 2009. Autophagy suppresses
tumorigenesis through elimination of p62. Cell
137:1062-1075.

Iwadate, R., J. Inoue, H. Tsuda, M. Takano, K. Furuya,
A. Hirasawa, et al. 2015. High expression of p62
protein is associated with poor prognosis and aggressive

2368

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

X. Xiang et al.

phenotypes in endometrial cancer. Am. J. Pathol.
185:2523-2533.

Takamura, A., M. Komatsu, T. Hara, A. Sakamoto,
C. Kishi, S. Waguri, et al. 2011. Autophagy-deficient
mice develop multiple liver tumors. Genes Dev.
25:795-800.

Pineau, P., A. Marchio, C. Battiston, E. Cordina,

A. Russo, B. Terris, et al. 2008. Chromosome instability
in human hepatocellular carcinoma depends on p53
status and aflatoxin exposure. Mutat. Res. 653:6-13.
Kress, S., U. R. Jahn, A. Buchmann, P. Bannasch, and
M. Schwarz. 1992. p53 Mutations in human
hepatocellular carcinomas from Germany. Cancer Res.
52:3220-3223.

Oda, T., H. Tsuda, A. Scarpa, M. Sakamoto, and

S. Hirohashi. 1992. p53 gene mutation spectrum in
hepatocellular carcinoma. Cancer Res. 52:6358—-6364.
Ozdemir, F. T., A. Tiftikci, S. Sancak, F. Eren,

V. Tahan, H. Akin, et al. 2010. The prevalence of the
mutation in codon 249 of the P53 gene in patients
with hepatocellular carcinoma (HCC) in Turkey. J.
Gastrointest. Cancer 41:185-189.

Shirabe, K., T. Toshima, A. Taketomi, K. Taguchi,

T. Yoshizumi, H. Uchiyama, et al. 2011. Hepatic aflatoxin
B1-DNA adducts and TP53 mutations in patients with
hepatocellular carcinoma despite low exposure to aflatoxin
Bl in southern Japan. Liver Int. 31:1366—1372.

Qi, L. N, T. Bai, Z. S. Chen, F. X. Wu, Y. Y. Chen,
B. D. Xiang, et al. 2015. The p53 mutation spectrum in
hepatocellular carcinoma from Guangxi, China: role of
chronic hepatitis B virus infection and aflatoxin Bl
exposure. Liver Int. 35:999-1009.

Feitelson, M. A., B. Bonamassa, and A. Arzumanyan.
2014. The roles of hepatitis B virus-encoded X protein
in virus replication and the pathogenesis of chronic
liver disease. Expert Opin. Ther. Targets 18:293-306.
Tang, H., L. Da, Y. Mao, Y. Li, D. Li, Z. Xu, et al.
2009. Hepatitis B virus X protein sensitizes cells to
starvation-induced autophagy via up-regulation of beclin
1 expression. Hepatology 49:60-71.

Sir, D., Y. Tian, W. L. Chen, D. K. Ann, T. S. Yen,
and J. H. Ou. 2010. The early autophagic pathway is
activated by hepatitis B virus and required for viral
DNA replication. Proc. Natl Acad. Sci. USA
107:4383-4388.

Jain, A., T. Lamark, E. Sjottem, K. B. Larsen, J. A.
Awuh, A. Overvatn, et al. 2010. p62/SQSTMI is a
target gene for transcription factor NRF2 and creates a
positive feedback loop by inducing antioxidant response
element-driven gene transcription. J. Biol. Chem.
285:22576-22591.

Ling, J., Y. Kang, R. Zhao, Q. Xia, D. F. Lee,

Z. Chang, et al. 2012. KrasG12D-induced IKK2/beta/
NF-kappaB activation by IL-lalpha and p62 feedforward

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.



X. Xiang et al.

51.

52.

53.

54.

55.

56.

57.

58.

59.

loops is required for development of pancreatic ductal
adenocarcinoma. Cancer Cell 21:105-120.

Ohta, T., K. Tijima, M. Miyamoto, I. Nakahara,

H. Tanaka, M. Ohtsuji, et al. 2008. Loss of Keapl
function activates Nrf2 and provides advantages for lung
cancer cell growth. Cancer Res.

68:1303-1309.

Guichard, C., G. Amaddeo, S. Imbeaud, Y. Ladeiro,

L. Pelletier, I. B. Maad, et al. 2012. Integrated analysis
of somatic mutations and focal copy-number changes
identifies key genes and pathways in hepatocellular
carcinoma. Nat. Genet. 44:694-698.

Schulze, K., S. Imbeaud, E. Letouze, and L. B.
Alexandrov. 2015. Exome sequencing of hepatocellular
carcinomas identifies new mutational signatures

and potential therapeutic targets.. Nat. Genet 47:505-511.
Taguchi, K., H. Motohashi, and M. Yamamoto. 2011.
Molecular mechanisms of the Keapl-Nrf2 pathway in
stress response and cancer evolution. Genes Cells
16:123-140.

Jaramillo, M. C., and D. D. Zhang. 2013. The emerging
role of the Nrf2-Keapl signaling pathway in cancer.
Genes Dev. 27:2179-2191.

Chow, R. K., S. T. Sin, M. Liu, Y. Li, T. M. Chan,

Y. Y. Song, et al. 2016. AKR7A3 suppresses
tumorigenicity and chemoresistance in hepatocellular
carcinoma through attenuation of ERK, c-Jun and
NEF-kappaB signaling pathways. Oncotarget [Epub ahead
of print].

Pawlik, T. M., R. T. Poon, E. K. Abdalla, D. Zorzi,

L. Tkai, S. A. Curley, et al. 2005. Critical appraisal of
the clinical and pathologic predictors of survival after
resection of large hepatocellular carcinoma. Arch. Surg.
140:450—457; discussion 457-458.

Ng, K. K., J. N. Vauthey, T. M. Pawlik, G. Y. Lauwers,
J. M. Regimbeau, J. Belghiti, et al. 2005. Is hepatic
resection for large or multinodular hepatocellular
carcinoma justified? Results from a multi-institutional
database. Ann. Surg. Oncol. 12:364-373.

Yamashita, Y., A. Taketomi, K. Shirabe, S. Aishima,

E. Tsuijita, K. Morita, et al. 2011. Outcomes of hepatic
resection for huge hepatocellular carcinoma (= 10 cm
in diameter). J. Surg. Oncol. 104:292-298.

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

60.

61.

62.

63.

64.

65.

66.

67.

68.

P62 in HCC with HBV and Aflatoxin B1

Capussotti, L., A. Ferrero, L. Vigano, A. Muratore,

R. Polastri, and H. Bouzari. 2006. Portal hypertension:
contraindication to liver surgery? World J. Surg.
30:992-999.

Zhong, J. H., A. C. Rodriguez, Y. Ke, Y. Y. Wang,

L. Wang, and L. Q. Li. 2015. Hepatic resection as a
safe and effective treatment for hepatocellular carcinoma
involving a single large tumor, multiple tumors, or
macrovascular invasion. Medicine 94:e396.

Chang, W. T., W. Y. Kao, G. Y. Chau, C. W. Su, H. J.
Lei, J. C. Wu, et al. 2012. Hepatic resection can
provide long-term survival of patients with non-early-
stage hepatocellular carcinoma: extending the indication
for resection? Surgery 152:809-820.

Ishizawa, T., K. Hasegawa, T. Aoki, M. Takahashi,

Y. Inoue, K. Sano, et al. 2008. Neither multiple tumors
nor portal hypertension are surgical contraindications
for hepatocellular carcinoma. Gastroenterology
134:1908-1916.

Zhong, J. H., X. M. You, S. D. Lu, Y. Y. Wang, B. D.
Xiang, L. Ma, et al. 2015. Historical comparison of
overall survival after hepatic resection for patients with
large and/or multinodular hepatocellular carcinoma.
Medicine 94:e1426.

Witjes, C. D., W. G. Polak, C. Verhoef, F. A. Eskens,
R. S. Dwarkasing, J. Verheij, et al. 2012. Increased
alpha-fetoprotein serum level is predictive for survival
and recurrence of hepatocellular carcinoma in non-
cirrhotic livers. Dig. Surg. 29:522-528.

Tamura, Y., T. Suda, S. Arii, M. Sata, F. Moriyasu,
H. Imamura, et al. 2013. Value of highly sensitive
fucosylated fraction of alpha-fetoprotein for prediction
of hepatocellular carcinoma recurrence after curative
treatment. Dig. Dis. Sci. 58:2406-2412.

Shau, W. Y., Y. Y. Shao, Y. C. Yeh, Z. Z. Lin, R. Kuo,
C. H. Hsu, et al. 2012. Diabetes mellitus is associated with
increased mortality in patients receiving curative therapy
for hepatocellular carcinoma. Oncologist 17:856-862.

Yang, W. S., P. Va, F. Bray, S. Gao, J. Gao, H. L. Li,
et al. 2011. The role of pre-existing diabetes mellitus on
hepatocellular carcinoma occurrence and prognosis: a
meta-analysis of prospective cohort studies. PLoS ONE
6:€27326.

2369



