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Characteristic expression pattern of oxidative stress in
livers with cryptogenic hepatocellular carcinoma
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Abstract. The mechanism responsible for the development
of hepatocellular carcinoma (HCC) in the setting of oxida-
tive stress has yet to be clearly defined. We studied the
role of oxidative stress in hepatocarcinogenesis in subjects
without underlying chronic viral hepatitis. The subjects were
24 patients negative for serum hepatitis B surface antigen
and hepatitis C antibody tests, who underwent hepatic
resection for HCC (Group N). Subjects were excluded
if diagnosed with liver disease predisposing to HCC.
Immunohistochemical staining for oxidative stress-related
markers was performed on non-cancerous liver regions.
Resected liver tissues adjacent to HCC from 24 patients with
chronic hepatitis B (Group B) and 21 patients with chronic
hepatitis C (Group C) were also examined. The percentage
of 8-hydroxydeoxyguanosine-positive hepatocytes in Group
N was significantly lower than that in Group B and that in
the combined population of Groups B and C. The percentage
of the area positive for 4-hydroxynonenal in Group N was
significantly higher than that in Groups B or C. Meanwhile,
the percentage of the area positive for manganese superoxide
dismutase in Group N was not different from that in Groups
B and C. In conclusion, the mechanism of hepatocarcino-
genesis through oxidative stress for patients without known
liver disease predisposing to HCC may differ from that for
patients with chronic viral hepatitis.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most common
types of cancers worldwide, particularly in Southeast Asia (1).
Japan has one of the highest incidence rates of HCC among
developed countries (2,3). Worldwide and also in Japan,
HCC is mainly caused by chronic hepatitis B virus (HBV)
and hepatitis C virus (HCV) infection (4,5). Nearly 90% of
patients with HCC in Japan are chronically infected with HBV
or HCV. Meanwhile, other patients with HCC in Japan have no
confirmed chronic viral hepatitis, and the percentage of these
patients is reportedly much higher in Western countries (6-8).
Lately, the incidence of HCC without an underlying hepatitis
virus infection is increasing (9,10). HCC cases without chronic
viral hepatitis include patients who suffer from other chronic
liver diseases predisposing to HCC, such as alcoholic liver
disease (11), hemochromatosis (12), Budd-Chiari syndrome
(13) and non-alcoholic steatohepatitis (NASH) (14). In addi-
tion, there is a subpopulation of patients with HCC that
develops from normal liver or liver tissue damaged from an
unknown cause at a constant rate.

Many recent reports suggest a close correlation of oxida-
tive stress and the carcinogenicity of HCC. Reactive oxygen
species are known to damage DNA and membranes, induce
nucleotide mutation and apoptosis, and are thought to induce
carcinoma (15). Oxidative stress is likely to be a key compo-
nent in the induction of HCC.

8-Hydroxydeoxyguanosine (8-OHdG) is a DNA base-
modified product generated by reactive oxygen species and is
a mutation prone to induce a G-C to T-A transversion during
DNA replication (16). Previous studies have demonstrated that
8-OHdG is implicated in carcinogenesis (17,18) and hepato-
carcinogenesis (19). 8-OHdG is induced during liver DNA
damage (19) and expressed in livers with chronic hepatitis C
(CH-C) (20) and chronic hepatitis B (CH-B) (21). 8-OHdG,
a good marker of oxidative DNA damage, is thought to be
involved in hepatocarcinogenesis in the setting of chronic
viral hepatitis.
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Free radical-mediated damage to cellular membranes results
in lipid peroxidation and generates a variety of DNA-reactive
aldehydes, including 4-hydroxynonenal (4-HNE). 4-HNE
interacts with proteins or DNA, yielding etheno (¢)-modified
DNA bases (22), and was reported to form DNA adducts in the
human p53 gene at a unique mutational hot spot in HCC (23).

Superoxide dismutase (SOD) is a metalloenzyme and
catalyzes the dismutation of superoxide anions into molecular
oxygen and hydrogen peroxide. Thus, SOD plays an impor-
tant role in defending cells against oxygen radical toxicity.
Hepatocytes contain abundant mitochondria, and reactive
oxygen species in hepatocytes are mainly generated in the
mitochondria. Manganese SOD (MnSOD) is induced in the
mitochondria by oxidative stress as well as by various stimuli,
such as viral infections (24,25). Therefore, MnSOD is thought
to be a reliable marker of oxidative stress in hepatocytes.

In the present study, the expression levels of 8-OHdG,
4-HNE and MnSOD were measured in non-tumor liver tissue
of HCC patients without diagnosed disease predisposing
to HCC, and these indices were compared to those of HCC
patients with CH-B or CH-C. From these results, we propose
the existence of different mechanisms of carcinogenesis
through oxidative stress between normal livers or livers
damaged by unknown etiologies and livers with chronic viral
hepatitis.

Materials and methods

Patients. Resected HCC and non-tumor liver tissues adjacent
to HCC were obtained from 24 patients negative for anti-HCV
antibodies (HCV-Ab) and hepatitis B surface antigen (HBsAg)
in serum (Group N). Patients diagnosed with chronic liver
diseases, such as alcoholic liver disease and NASH, were
excluded from Group N. In Group N, 11 patients were positive
for the antibody to hepatitis B core antigen (HBcAb) in serum,
11 were negative and 2 were unknown. Tissue samples were
also obtained from 21 patients positive for HCV-Ab, negative
for HBsAg and HBcAb (Group C), and 24 patients negative
for HCV-Ab and positive for HBsAg (Group B). Non-tumor
liver tissues were also obtained from 3 patients with meta-
static hepatic tumors (colon, gastric and maxillary sinus
cancer) and negative for HCV-Ab and HBsAg in serum. All
patients, including 3 controls, underwent partial hepatectomy
at the Department of Surgery, Kurume University School of
Medicine, from January 1995 to September 2004. All patients
fulfilled the following conditions. i) Primary tumors, except
for 3 metastatic tumors; ii) initial therapy for hepatic tumors;
iii) patients who abused alcohol (daily intake >60 g of ethanol
for male, >40 g for female) were excluded; iv) patients with
co-existing liver disease diagnosed by clinical and histological
examination, such as alcoholic liver disease, NASH, hemo-
chromatosis, Wilson disease, autoimmune hepatitis, primary
biliary cirrhosis, Budd-Chiari syndrome and Schistosomiasis
Jjaponica, were excluded. Surgically resected liver tissues
were fixed in formalin and embedded in paraffin, and serial
sections (4-um thick) were prepared. Informed consent was
obtained from each patient, and the study was approved by
the Ethics Committee of Kurume University. The study was
carried out according to the ethical guidelines of the 1975
Declaration of Helsinki.
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Clinical data and histological assessment. Baseline data
included the following characteristics: age, gender, diagnosis of
diabetes mellitus (DM), body mass index (BMI), serum levels
of aspartate aminotransferase (AST), alanine aspartate amin-
otransferase (ALT), total bilirubin, albumin and a-fetoprotein,
prothrombin time, platelet count and indocyanine green
retention (ICG R15). BMI was calculated as weight in kilo-
grams/height in meters squared. Hepatic function before the
resection was evaluated using the Child-Pugh classification
(26) and the liver damage grade of the Liver Cancer Study
Group of Japan (27). Histopathological features of tumors at
the time of surgery, including maximal tumor diameter, tumor
number and tumor differentiation (28), were also assessed.
Tumor staging of HCC was determined using the tumor node
metastasis (TMN) classification (29).

H&E staining was performed for the histological diag-
nosis. Assessment of liver fibrosis and inflammation was made
according to the classification of Desmet er al (30). Hepatic
steatosis was also graded according to Brunt et al (31). In short,
steatosis observed in up to 33, 33-66 and >66% of the liver
histology was determined as grade 1, 2 and 3, respectively.
Hepatic steatosis, if not observed, was graded as grade 0. The
histological quantification of hepatic iron was carried out
according to Deugnier et al (32) using liver samples stained
with Berlin blue instead of Perl's Prussian blue. The total iron
score (TIS, 0-60) calculated by this scoring system was shown
to correlate highly with the biochemical hepatic iron index and
hepatic iron concentration as measured by atomic absorption
spectrophotometry in patients with chronic liver disease.

Immunohistochemistry. Each paraffin section was first depar-
affinized. For immunohistochemical staining of 8-OHdG,
sections were heated in 10 mM sodium citrate buffer (pH 6.0)
at 121°C for 10 min in an autoclave and then treated with
0.3% hydrogen peroxide in methanol for 15 min. After the
sections were washed three times with phosphate-buffered
saline (PBS), they were incubated with Protein Block (Dako
Japan Inc., Kyoto, Japan) for 1 h at room temperature and
sequentially reacted with mouse monoclonal antibody against
8-OHdG (1:50 dilution; Japan Institute for the Control of
Aging, Shizuoka, Japan) overnight at 4°C. After the sections
were rinsed in PBS three times, they were incubated with a
biotinylated secondary antibody conjugated with avidin-
biotin-horseradish peroxidase (Dako Japan Inc.) and reacted
with 3,3-diaminobenzidine (DAB), and subsequently the
sections were counterstained with Mayer's hematoxylin for
1 min. For immunohistochemical staining of 4-HNE, sections
were heated in 10 mM sodium citrate buffer (pH 6.0) at 100°C
for 5 min in a microwave and reacted with mouse monoclonal
antibody against 4-HNE (1:160 dilution; Japan Institute for the
Control of Aging) overnight at 4°C. For immunohistochemical
staining of MnSOD, sections were reacted with rabbit poly-
clonal antibody against MnSOD (1:1,600 dilution; Abcam
Inc., Cambridge, MA, USA) overnight at 4°C. For the detec-
tion of the staining of 4-HNE and MnSOD, the ChemMate
Envision method (Dako Japan Inc.) was used with DAB as the
chromagen.

Hepatocytes that stained positively for 8-OHdG were
counted in at least five different random fields at a x400
magnification, and the number of positive cells per 1,000
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Table I. Comparison of clinical characteristics among the groups based on viral markers.

Group N* Group B* Group C* p-value®

N-B N-C B-C
Age (years)* 67.1+10.1 549+11.6 65.2+8.2 <0.001 NS 0.003
Gender (male/female) 20/4 16/8 16/5 NS NS NS
Body mass index® 22.6+£3.30 22.9+3.0 23.4+£2.6 NS NS NS
DM (-/+) 12/8 21/0 18/1 0.001 0.020 NS
AST (1U/1) 41.5+21.2 78.8+£149.1 559+32.8 NS NS NS
ALT (IU/1) 33.6+49.6 46.6+£33.0 64.5+46.5 NS 0.001 NS
Total bilirubin (mg/dl)° 0.85+0.41 1.15+0.55 0.88+0.29 0.041 NS NS
Albumin (g/dl) 3.8+0.3 3.9+0.5 3.8+04 NS NS NS
Prothrombin time (%)° 93.4+£15.8 86.6+11.7 89.1+£10.3 NS NS NS
ICG(15) (%)° 14.0£6.20 11.8+9.8 20.0+12.1 NS NS 0.010
Platelet (x10*/ml)* 19.9+10.3 15.5+5.8 12.7+4.40 NS 0.003 NS
a-fetoprotein (ng/ml)? 58.3 36.2 339 NS NS NS

(1.5-12,850) (2.4-559,791) (3.0-42,568)

Liver damage (A/B.C) 18/4 16/7 16/4 NS NS NS
Child-Pugh (score 5/6) 15/9 16/7 17/4 NS NS NS
Tumor size (mm)<® 69.8+49.6 61.0+43.0 34.0+19.9 NS 0.001 0.009
No. of tumors (single/multiple) 13/11 18/6 13/8 NS NS NS
Tumor stage (III/IILIV) 717 10/14 9/10 NS NS NS

Only patients with available data for all of the characteristics listed above were included. *Group N, 24 patients with HCC negative for HCVAb
and HBsAg; Group B, 24 patients with HCC and CH-B; Group C, 21 patients with HCC and CH-C. ®*Comparison between Group N and
Group B (N-B), between Group N and Group C (N-C) and between Group B and Group C (B-C). p-values were calculated with the Chi-square
test, Fisher's exact probability test or Mann-Whitney U test. “Means + standard deviation. ‘Median (range). ‘Maximal tumor diameter. DM, type
2 diabetes mellitus; AST, aspartate aminotransferase; ALT, alanine aspartate aminotransferase; ICG(15), indocyanine green retention; NS, not

significant. Values in bold indicate statistical significance.

hepatocytes was calculated. Quantitation of 4-HNE-protein
adducts and MnSOD was performed using image analysis
software (WinROOF; Mitani Corp., Fukui, Japan) by evalu-
ating five different random fields (magnification x400) for
positively stained hepatocytes and expressed as a percentage
of the total area. Stained inflammatory, Kupffer and bile duct
cells were eliminated before quantitation for 4-HNE-protein
adducts and MnSOD using image analysis software.

Statistics. Statistical analysis was performed using SPSS 12.0J
(SPSS Inc., Chicago, IL, USA). The Chi-square test or Fisher's
exact probability test was used to compare categorical data.
Differences between two groups were evaluated using the
Mann-Whitney U test. A relationship between different contin-
uous variables was investigated by linear regression analysis.
A p-value <0.05 was considered statistically significant.

Results

Clinical characteristics. Comparison of the clinical charac-
teristics among the three groups is summarized in Table I.
Patients in Group B were significantly younger than patients
in Group C (p=0.003) and Group N (p<0.001). In Group N,
8 patients were diagnosed with DM and 12 were not, and 1
patient was unknown. The proportion of patients with DM
in Group N was significantly higher than that in Group B

(p=0.001) or Group C (p=0.020). Serum levels of ALT in
Group N were significantly lower than those in Group C
(p=0.001). Total bilirubin in Group N was significantly
lower than that in Group B (p=0.041), and platelet counts in
Group N were significantly higher than those in Group C
(p=0.003). Tumor size was significantly smaller in Group C
than in Groups B or N (p=0.009 and 0.001, respectively).
Gender, BMI, serum levels of AST, albumin, o-fetoprotein,
prothrombin time, ICG R15 and number of tumors in Group N
were not different from those in the other two groups. There
were no significant differences in Child-Pugh classification,
liver damage grade or tumor staging among the three groups.

Histological features. Table II shows the histological features
of the study population. There were 4 patients in Group N with
grade O for histological hepatic inflammatory activity, as well
as stage O for hepatic fibrosis. When the patients with grades
of hepatic inflammation were divided into AO-1 and A2-3, the
grades of histological inflammatory activity in Group C were
significantly higher than those in Group B (p=0.006) and
Group N (p<0.001). When the stages of hepatic fibrosis were
divided into FO-2 and F3-4, the histological fibrotic stages
in Group N were significantly lower than those in Group B
(p=0.008) and Group C (p=0.029). There was no patient with
hepatic steatosis assessed as grade 3 in this study and, when
divided into grade O and grade 1-2, there were no significant
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Table II. Comparison of the histological characteristics of background liver tissue among the groups based on viral markers.

Group N Group B Group C p-value?
N-B N-C B-C
Grading A0/1/2/3 5/19/0/0 1/19/4/0 0/9/12/0 NS <0.001 0.006
Staging F0/1/2/3/4 8/9/5/1/1 1/11/1/6/5 0/6/7/5/3 0.008 0.029 NS
Fatty deposit grade 0/1/2/3 8/16/0/0 9/14/1/0 3/17/1/0 NS NS NS
Iron deposit (total iron score)® 11.3+7.7 10.2+£7.0 7.7+£7.1 NS NS NS

Each group was compared after partitioning to AO-1 and A2-3 for hepatic inflammation (grading), to FO-2 and F3-4 for hepatic fibrosis (staging)
and to grade 0 and grade 1-2 for hepatic steatosis. *Comparison between Group N and Group B (N-B), between Group N and Group C (N-C)
and between Group B and Group C (B-C). p-values were calculated with the Chi-square test, Fisher's exact probability test or Mann-Whitney U
test. "The histological quantification of hepatic iron was carried out according to Deugnier et al (32) and was represented as the mean + standard
deviation. NS, not significant. Values in bold indicate statistical significance.

differences between groups. There was also no difference in
the TIS score reflecting hepatic iron deposition between each

group.

Immunohistochemical staining. Fig. 1 is a representative
image of staining for 8-OHdG (A), 4-HNE (B) and Mn-SOD
(C) in the non-cancerous liver tissues. Table III and Fig. 2 show
the results of the immunohistochemical analysis for 8-OHdG,
4-HNE and MnSOD. Immunohistochemical staining revealed
that the number of 8-OHdG-positive hepatocytes per 1,000
cells in Group N (median 1.4, range 0-235.6) was significantly
lower than that in Group B (median 15.2, range 0-403.1)

Figure 1. Representative image of immunohistochemical staining in non-
cancerous liver tissue from patients. (A) Staining for 8-OHdG in a patient
with HCC negative for HCVAb and HBsAg (Group N). Many 8-OHdG-pos-
itive cells with a brown-stained nucleus were present in the section. Apart
from hepatocytes, 8-OHdG-positive cells, such as Kupffer and infiltrative
lymphocyte cells, were eliminated from the counting. Staining for 4-HNE
(B) and Mn-SOD (C) in a patient with HCC negative for HCVADb and posi-
tive for HBsAg (Group B). Many 4-HNE- and Mn-SOD-positive cells were
present in the section. Positive cells for both, except hepatocytes, were elimi-
nated before quantitation.

(p=0.014) and that in the combined Groups B and C (median
5.75, range 0-403.1) (p=0.016). The number of 8-OHdG-posi-
tive cells in the three controls with metastatic hepatic tumors
(0, 0 and 26.1) was not significantly different from that in the
other three groups. Meanwhile, the ratio of 4-HNE-positive
cells to total area in Group N (median 1.96, range 0.06-26.46)
was significantly higher than that in Group B (median 0.62,
range 0.07-4.68) (p<0.001) and that in Group C (median 0.36,
range 0.01-8.50) (p<0.001). Additionally, the ratio of 4-HNE-
positive cells to total area in the three controls (0.6, 1.0 and
2.2) was not significantly different from that in the other three
groups. The ratio of MnSOD-positive cells to total area in
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Figure 2. Values for the ratios of the number of 8-OHdG-positive hepato-
cytes per 1,000 cells (A) and 4-HNE- (B) and Mn-SOD-positive cells (C)
to the total area for each case in the three groups. Group N represents 24
patients with HCC negative for HCVAb and HBsAg, Group B represents 24
patients with HCC negative for HCVAD and positive for HBsAg, and Group
C represents 21 patients with HCC positive for HCVADb, negative for HBsAg
and antibody to hepatitis B core antigen in the serum.
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Group N (median 34.6; range 1.3-71.4) was not different from
that in Group B (median 25.8, range 3.8-69.0) or Group C
(median 31.5, range 9.0-54.6). The ratio of MnSOD-positive
cells to total area in the three controls (26.2, 31.0 and 44.5)
was not significantly different from that in the other groups.
There was no significant difference in 8-OHdG, 4-HNE and
MnSOD between the patients positive and negative for HBcAb
in Group N.

For the total patients with HCC, including Groups B, C
and N, the number of 8-OHdG-positive cells, the ratio of
4-HNE-positive cells and the ratio of MnSOD-positive cells
did not correlate with each other. The number of 8-OHdG-
positive cells and the ratio of MnSOD-positive cells were not
correlated with hepatic inflammatory activity grade, fibrotic
stage, grade of steatosis, TIS score reflecting iron deposition,
BMI or age. The percentage of 4-HNE-positive cells showed
a weak negative correlation with inflammatory activity grade
(p=0.006, r=-0.329), fibrotic stage (p=0.010, r=-0.308) and
grade of fatty deposition (p=0.025, r=-0.270).

Discussion

Previous reports have noted the high expression of 8-OHdG
in the livers of chronic viral hepatitis patients (20,21), and our
results are consistent with these reports. Recent studies have
shown that high expression of 8-OHdG in livers with CH-C
predicted the development of primary HCC (33,34) and also
postoperative recurrence (35,36), suggesting the association of
8-OHdG and carcinogenesis in livers with CH-C. However,
the expression levels of 8-OHdG in the livers of Group N were
low, suggesting that abundant expression of 8-OHdG is not
essential for developing HCC. Recent studies have demon-
strated that 8-OHdG is correlated with hepatic inflammation
and fibrosis in non-cancerous liver tissue of patients with
HCV and HCC (33-35). The lower expression of 8-OHdG in
Group N may reflect a lower grade of inflammation or a lower
stage of fibrosis in the livers of these patients compared to the
livers of patients with CH-B and CH-C.

The expression level of 4-HNE in livers of patients with
hepatitis is controversial. 4-HNE was reported to be a good
biomarker for predicting disease-free survival in patients
with HCC and CH-C; however, a weaker association with
disease outcome when compared to 8-OHdG was noted (36).
Maki et al reported high expression of 4-HNE in livers with
CH-C and HCC compared to controls (36), while in another
study, 4-HNE protein adducts were detected in only a few
hepatocytes in livers with CH-C (37). The expression level
of 4-HNE protein adducts in livers with CH-B was found
to be lower than that in livers with CH-C (38). In this study,
the expression levels of 4-HNE in the livers of Group N
subjects were higher than those in Groups B and C. Although
the number of controls was quite small, the average of the
expression levels of 4-HNE in the controls (0.61, 1.03 and
2.20) was 1.28, and the expression levels of 4-HNE of 19
cases out of 24 in Group N were higher than the average
level in the controls. These results suggest the possibility that
4-HNE plays a crucial role in hepatocarcinogenesis in normal
livers or cryptogenic liver damage. Meanwhile, Coleman et al
showed that 4-HNE is an agonist of nuclear receptor
peroxisome proliferator-activated receptors (PPARs) and
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Table III. Comparison of the expression levels for oxidative stress markers on liver tissue adjacent to hepatocellular carcinoma

among the groups based on viral markers.

Group N Group B Group C p-value?
N-B N-C B-C
8-OHdG 1.40 (0-235.60) 15.20 (0-403.10) 2.99 (0-176.19) 0.014 0.097 0.217
4-HNE 1.96 (0.06-26.46) 0.62 (0.07-4.68) 0.36 (0.01-8.50) <0.001 <0.001 0.139
MnSOD 34.60 (1.3-71.40) 25.80 (3.8-69.0) 31.50 (5.7-100.0) 0.433 0.733 0453

Data are shown as the median value (range). *Comparison between Group N and Group B (N-B), between Group N and Group C (N-C) and
between Group B and Group C (B-C). p-values were calculated with the Mann-Whitney U test. NS, not significant. Values in bold indicate

statistical significance.

suggested that 4-HNE decreases oxidative stress-associated
liver damage through the activation of PPARs (39). Lower
expression of 4-HNE in Groups B and C compared to Group
N may suggest the suppression of PPARs, and subsequently
less attenuation of oxidative damage in the livers of chronic
viral hepatitis subjects. If so, oxidative stress may be involved
to a lesser extent in hepatocarcinogenesis in normal livers
or livers damaged by unknown etiologies. A weak negative
correlation of the expression levels of 4-HNE with the grade
of hepatic inflammatory activity, fibrotic stage and grade of
fatty deposition in our study might reflect the role of 4-HNE
against liver damage.

Several studies have shown that chronic hepatitis virus
infection may increase MnSOD expression and activity as
an adaptive response to increased superoxide ions (25.,40),
and the elevation of serum levels and histological expres-
sion for MnSOD was shown in patients with HCC (41-43).
Meanwhile, the association of gene polymorphisms in
MnSOD with high MnSOD activity and an increased risk
for HCC has been reported (44.,45). These findings suggest
that MnSOD is not only an enzyme induced as an adaptive
response to oxidative stress, but also a key factor in the
acceleration of tumor growth through anti-apoptotic factors
(43). In this study, the expression levels of MnSOD in all
three groups and controls were not significantly different,
which means that a specific role of MnSOD in carcinogenesis
or protection from oxidative stress in normal livers or cryp-
togenic liver damage compared to livers with chronic viral
hepatitis was not found.

Varying expression levels of oxidative markers have
been reported in liver tissue in conditions known to cause
HCC, other than CH-B and CH-C. Several studies have
found frequently increased expression of 8-OHdG and strong
staining of 4-HNE adducts in livers with hemochromatosis
and alcoholic liver disease (37). In NASH, the expression
of 8-OHdG in the liver has been frequently observed, and
4-HNE adducts were found to be localized in hepatocytes
with a predominance in zone 3 (46). Criteria for inclusion in
Group N excluded cases with these liver diseases associated
with the development of HCC. For further analysis, it is neces-
sary to compare the oxidative stress marker expression levels
in livers of Group N patients and patients with HCC with such
diagnosed chronic liver diseases.

The clinical data shown in Table I, as well as lower grades
of hepatic inflammatory activity and lower fibrotic stages in
the livers of Group N shown in Table II, are similar to results
reported previously, as features of HCC without chronic viral
infection (47-50). Significantly more patients were diagnosed
with type 2 DM in Group N than in Groups B or C. Davila et al
showed that the incidence of HCC was increased 2- to 3-fold
in patients with DM, regardless of the presence of other major
HCC risk factors, including HCV and HBV infection (10).
DM is known to be associated with NASH, and the develop-
ment of HCC from DM-related NASH has been reported (14).
Cases diagnosed as NASH by histological examination were
excluded from this study; however, one case with cirrhotic liver
tissue might possibly have been ‘burnt-out” NASH. Metabolic
disorders, including insulin resistance, may be involved in
hepatocarcinogenesis, even in livers without NASH.

In conclusion, the expression patterns of oxidative stress
markers in normal livers or livers damaged by unknown
etiologies were considerably different from those in livers
with chronic viral hepatitis at the time of resection for HCC.
8-OHdG is reported to be important in the development of
HCC in patients with CH-C and CH-B, but may not be critical
in patients without known liver disease predisposing to HCC.
4-HNE may possibly be associated with carcinogenesis in the
latter, although these cases may have various unknown risk
factors for HCC. To assess hepatocarcinogenesis resulting
from oxidative stress in detail, further study with larger
sample sizes is needed to determine the specific associations
of markers of oxidative stress and HCC in the setting of
different states of underlying hepatic disease. The number of
HCC cases with cryptogenic hepatitis and in normal livers
are expected to increase in the future. Thus, clarification of
the mechanism involved in the occurrence of HCC in normal
livers or livers damaged by unknown etiologies is critical for
establishing treatments, including vitamin C and E, which
inhibit lipid peroxidation, and for the prevention of HCC in
patients with DM.
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