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Abstract

AIM: To determine hepatic expression of apurinic/apy-
rimidinic endonuclease 1 (APE-1) and 8-hydroxydeoxy-
guanosine (8-OHdG) in patients with chronic hepatitis
B and C.

METHODS: Liver biopsies were obtained from 27
patients with chronic hepatitis B virus (HBV), 30 with
chronic hepatitis C virus (HCV), 6 with autoimmune
hepatitis (AIH), and 6 with primary biliary cirrhosis
(PBC). Normal liver tissue was obtained from surgical
resection specimens of four patients. Hepatic APE-1
protein and mRNA expression were assayed by West-
ern blot and by real-time polymerase chain reaction,
respectively. Hepatocellular APE-1 and 8-OHdG expres-
sion were determined by immunohistochemistry.

RESULTS: The staining intensity of hepatocellular
nuclear APE-1 was lower in the HBV group than in the
other groups (P < 0.05). Hepatic APE-1 protein levels
were reduced in the HBV group relative to the other
groups. Hepatic APE-1 mRNA levels were also lower
in the HBV group. The proportion of hepatocytes with
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8-OHdG-positive nuclei was increased in the HCV, AIH
and PBC groups (P < 0.05), but not in the HBV group.
Hepatocellular nuclear APE-1 levels were positively cor-
related with hepatocellular 8-OHdG levels in both the
HBV and HCV groups (HBV, r = 0.34, P < 0.05; HCV, r
= 0.54, P < 0.01).

CONCLUSION: An imbalance between oxidative DNA
damage and APE-1 expression may contribute to hepa-
tocarcinogenesis in chronic viral hepatitis.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION

Reactive oxygen species (ROS) generated by chronic in-
flammation are closely linked to hepatocellular oxidative
DNA damage and may be involved in hepatocarcinogen-
esis''. During oxidative stress, ROS attack DNA leading
to oxidative DNA damage such as 8-hydroxydeoxy-
guanosine (8-OHdG). Cellular DNA damage can lead
to mutation induction and subsequent carcinogenesis
if DNA repair processes are not completely effective'.
Recently, enhanced oxidative DNA damage has been
reported in the livers of patients with chronic hepatitis
B virus (HBV) or chronic hepatitis C virus (HCV) infec-
tion™. This raises the possibility that oxidative DNA
damage participates in the pathogenesis of hepatocar-
cinogenesis during chronic HBV or HCV infection.
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Oxidative DNA damage can generate apurinic/
apyrimidinic (AP) sites resulting from loss of bases in
DNA, cither spontaneously through free radical attack
or by the action of DNA glycosylases that remove bases
modified by ROS. AP sites must be repaired efficiently
because of their potential mutagenicity; AP sites result
in base substitution mutations and loss of genetic integ-
rity"”. Human AP endonuclease 1 (APE-1) (also desig-
nated reduction-oxidation factor-1) is a key enzyme of
DNA repair that is distributed in a wide range of normal
tissues including the liver. This enzyme catalyzes the
initial step in AP site repair by rapidly introducing DNA
strand breaks on the 5’ side of the AP site. APE-1 is also
known to be a potent reduction-oxidation (redox) factor,
regulating the DN A-binding activity of several transcrip-
tion factors involved in cell differentiation, proliferation
and apoptosis [e.g. activator protein-1, nuclear factor-
kB (NF-kB) and p53], independently of its DNA repair
function'”. ROS mediate and enhance APE-1 expression
and activity, while APE-1 controls intracellular ROS pro-
duction by negatively regulating the activity of the ROS-
related guanosine triphosphate hydrolase.

In view of its role in DNA repair and redox regula-
tion, APE-1 is likely to protect DNA and transcription
factors from oxidative damage and to repair damaged
DNA in hepatocytes under conditions of enhanced oxi-
dative stress in chronic viral hepatitis. Thus APE-1 may
play an important role in the prevention of hepatocar-
cinogenesis. The aim of the present study was to com-
pare hepatic APE-1 and 8-OHdG expression among
patients with chronic HBV or HCV infection, patients
with autoimmune liver diseases and normal controls,
in whom hepatocellular carcinoma (HCC) is rarely en-
countered. This is a first step toward understanding the
possible role of APE-1 in the pathogenesis of hepato-
carcinogenesis in chronic viral hepatitis.

MATERIALS AND METHODS

Patients

This study included 27 consecutive patients with chronic
HBYV infection, 30 with chronic HCV infection, 6 with
autoimmune hepatitis (AIH), 6 with primary biliary cit-
rhosis (PBC), who were evaluated and underwent liver
biopsies at the University Hospital of Hamamatsu Uni-
versity School of Medicine. Inclusion of the 69 patients
in this study was dependent upon the availability of suf-
ficient biopsy material for histological and immunohisto-
chemical assessment. Diagnosis of chronic HBV or HCV
infection was based on elevated serum transaminase

levels over at least 6 mo in the presence of HBV surface
antigen or anti-HCV antibodies in serum. The sera of all
27 HBV and 30 HCV patients were HBV DNA-positive
or HCV RNA-positive by polymerase chain reaction
(PCR), respectively. Diagnosis of AIH or PBC was based
on clinical, laboratory and histological findings. The sera
of all six AIH patients were positive for anti-nuclear an-
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tibodies, and all 6 PBC patients had anti-mitochondrial
antibodies in their serum. HBV surface antigen or anti-
HCV antibodies were not detected in the sera of AIH
and PBC patients. None of the patients received any spe-
cific treatment prior to liver biopsy. Normal liver tissue
was obtained from surgical resection specimens of four
patients who underwent hepatectomy for liver metastasis
of colon cancer. The study protocol conformed to the
ethical guidelines of the 1975 Declaration of Helsinki
(6" revision, 2008) as reflected in a ptiori approval by the
institution’s human research committee.

Liver biopsies

Liver tissue was obtained by percutaneous needle biopsy
in all 69 cases. All liver biopsy specimens were fixed in
formalin and paraffin-embedded for hematoxylin and
cosin, and Azan-Mallory staining, and for subsequent
immunohistochemical analysis. A portion of each sam-
ple from 50 patients (HBV, 21; HCV, 23; AIH, 3; PBC,
3) was immediately frozen in liquid nitrogen and stored
at -80 C until use for protein or RNA extraction. Histo-
logical characteristics of chronic viral hepatitis and AIH
were evaluated using the standard criteria proposed by
Desmet"”. PBC liver specimens were staged according to
the method proposed by Ludwig e# a/®.

Immunohistochemical analysis

Immunohistochemical detection of APE-1 protein and
8-OHdG were performed using a streptavidin-biotin com-
plex peroxidase kit according to the manufacturer’s instruc-
tions (Nichirei, Tokyo, Japan). Briefly, deparaffinized
sections (4 mm thick) were subjected to autoclave heat-
ing treatment in 10 mmol/L citrate buffer (pH = 6.0)
for antigen retrieval. Endogenous peroxidase activity was
blocked with 0.3% hydrogen peroxide in methanol. The
sections were treated with 10% normal goat serum to
block nonspecific binding of antibodies, and incubated
with rabbit polyclonal anti-APE-1 (Santa Cruz Biotech-
nology, Santa Cruz, CA; dilution 1:100) or mouse mono-
clonal anti-8-OHdG (Santa Cruz Biotechnology; dilution
1:50) antibodies at 4 C overnight. After the incubation,
biotinylated secondary antibody, and streptavidin conju-
gated with peroxidase were added sequentially, followed
by color development with 3,3’-diaminobenzidine tetra-
hydrochloride and hydrogen peroxide. Nuclear staining
was carried out with Mayer’s hematoxylin. The specificity
of APE-1 staining was confirmed by preincubating the
antibody with an excess of specific antigen peptide. As
shown in Figure 1, the intensity of hepatocytic nuclear
APE-1 immunoreactivity was graded into four categories
(none, faint, weak, or strong staining). This evaluation
assessed the mean signal intensity of the entire slide.

For semi-quantitative assessment of 8-OHdG ex-
pression, the number of nuclei positive for 8-OHdG
among 300 hepatocytes was counted in each section, and
the percentage of positive cells was calculated.
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Figure 1 Immunohistochemical detection of hepatic apurinic/apyrimidinic endonuclease 1 protein in patients with chronic liver disease. The intensity of
hepatocytic nuclear apurinic/apyrimidinic endonuclease 1 immunoreactivity was classified into four grades.

Western blot analysis

Frozen liver tissue from each patient (HBV, 16; HCV,
18; AIH, 3; PBC, 3; normal, 4) was homogenized in a
radioimmunoreactive protein extraction assay lysis buf-
fer (Santa Cruz Biotechnology, Santa Cruz, CA, United
States) containing a complete protease inhibitor cocktail
(Roche Diagnostics, Mannheim, Germany). The lysates
were diluted 1:1 with X2 Laemmli sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
sample buffer. Protein concentration of samples in SDS
sample buffer was determined using Peterson’s modifica-
tion of the micro-Lowry method. The protein extracts
were subjected to SDS-PAGE on 12.5% polyacrylamide
gels. The resolved proteins were electrophoretically
transferred to polyvinylidene difluoride membranes. The
blots were blocked overnight at 4 ‘C with TBS-T buf-
fer (20 mmol/L Tris-HC, pH 7.6, 137 mmol/L NaCl,
0.5% Tween 20) containing 10% nonfat dry milk, and
were probed with rabbit polyclonal anti-APE-1 (1:100
dilution) or anti-glyceraldehyde-3-phosphate dehydroge-
nase (G3PDH) antibodies (Trevigen, Gaithersburg, MD,
United States). Bound primary antibody was detected
using anti-rabbit IgG horseradish peroxidase-conjugate
(Santa Cruz Biotechnology; 1:5000 dilution) and the
blots were visualized by chemiluminescence. Band signal
intensities were determined with a densitometer. The
levels of APE-1 were normalized to those of G3PDH.

Quantitative real-time PCR analysis

Total RNA was extracted from liver biopsy samples
(HBYV, 5; HCV, 5) using TRIzol reagent (Invitrogen,
Carlsbad, CA, United States), according to the manufac-
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turer’s instructions. A total of 1 pug of RNA was reverse-
transcribed per reaction using a Transcriptor First Strand
cDNA Synthesis Kit (Roche Diagnostics, Mannheim,
Germany). SYBR green-based quantitative real-time
PCR was performed in a LightCycler (Roche Diagnostics
GmbH, Mannheim, Germany) and the optimal reaction
conditions were determined for each template. The cDNA
for the human APE-7 gene was amplified with the for-
ward primer, 5-AGTTTCTTACGGCATAGGCG-3’ and
the reverse primer 5-ACTTCGAAAGGCTTCATCC-3
to generate a 161 bp product. B-actin cDNA was ampli-
fied with the forward primer 5-CAGGGCGTGATG-
GTGGGCATG-3 and the reverse primer 5-GGCGAC-
GTAGCACAGCTTCTCC-3’ (540 bp product) as an
internal control.

Statistical analysis

Data are presented as mean = SE unless otherwise stat-
ed. Comparisons of mean values between groups were
performed using Mann-Whitney U tests. Comparisons
between the frequencies of observations were performed
using Fisher’s exact test. The correlations between vari-
ous parameters were calculated by univariate linear re-
gression analysis and expressed as Pearson’s correlation
coefficients. A P value of < 0.05 was considered to indi-
cate significance.

RESULTS

Clinical characteristics of patients
The clinical characteristics of 27 patients with chronic
HBYV infection, 30 with chronic HCV infection, 6 with
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Table 1 Clinical characteristics in patients with chronic liver disease

Characteristics HCV (n = 30) HBV (7 = 27) AlH (7 = 6) PBC (n = 6) HCV vs HBV
Gender (male/female) 18/12 18/9 0/6 1/5 NS

Age (yr) 56.8£9.1 (39-73) 52.6 £12.9 (22-69) 58.5+12.2 (47-74) 56.3 + 7.0 (44-64) NS
Platelet count (x 10°/mm’) 15.7 £5.9 (9.3-32.3) 14.6 + 6.2 (8.2-28.4) 149+7.6 (12.7-26.0) 16.0+4.4 (13.4-23.6) NS

AST (IU/L) 55 + 36 (13-191) 135 + 84 (59-341) 118 + 32 (47-120) 32+ 6 (21-35) P <0.001
ALT (IU/L) 71 % 60 (16-307) 180 + 153 (79-554) 138 + 37 (54-144) 45 +18 (11-53) P <0.001
yGTP (IU/L) 45 £ 36 (14-175) 84 + 43 (41-135) 147 + 53 (35-228) 114 + 63 (23-179) P<0.01
Viral load > 500 KIU/mL (1 = 16)

100-500 KIU/mL (n=4) > 7.6 log copies/mL (n =11)
<100 KIU/mL (n =10) < 7.6 log copies/mL (n =16)

Liver histopathology Ludwig’s stage
Necroinflammation 5/20/5 7/15/5 2/3/1 Portal stage (1 = 2) NS
(mild/moderate/severe) Periportal stage (n = 4)

Fibrosis (none/mild/moderate/ 0/17/8/4/1 3/10/8/4/2 1/4/1/0/0 Septal stage (1 = 0)
severe/ cirrhosis) Cirrhotic stage (n = 0) NS

Values represent mean # SE unless otherwise stated. HCV: Hepatitis C virus; HBV: Hepatitis B virus; AIH: Autoimmune hepatitis; PBC: Primary biliary cir-
rhosis; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; yGTP: y glutamyl transpeptidase.
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Figure 2 Quantitation of hepatocyte nuclear apurinic/apyrimidinic endonuclease 1 protein immunostaining. A: The percentage of positive hepatocellular nu-
clei throughout the slide was consistently 80%-100%, regardless of the etiology of chronic liver disease, while the staining intensity was lower in hepatitis B virus (HBV)
group than in hepatitis C virus (HCV), autoimmune hepatitis (AIH)/primary biliary cirrhosis (PBC) and normal groups (P < 0.05 vs HCV, °P < 0.01 vs AIH/PBC, °P < 0.05
vs normal); B: The staining intensity of hepatocytic nuclear apurinic/apyrimidinic endonuclease 1 (APE-1) protein was positively correlated with serum alanine amino-
transferase (ALT) levels in the HBV (r = 0.42, P < 0.05) and HCV groups (r = 0.38, P < 0.05).

AIH and 6 with PBC are shown in Table 1. There were 2A). With regard to hepatocellular cytoplasmic staining,

no significant differences in gender or mean age among the staining pattern was uniform within individual cells,
the chronic liver disease groups. Serum alanine ami- and homogeneous throughout slides in most specimens;
notransferase (ALT), aspartate aminotransferase and vy no significant differences in staining intensity were ob-
glutamyl transpeptidase levels were significantly higher served among the four groups of patients. In addition,
in the HBV group than in the HCV group (P < 0.001), the staining intensity of hepatocytic nuclear APE-1 pro-
but there was no significant difference in the degree of tein was positively correlated with serum ALT levels in
hepatic necroinflaimmation between these groups. HBV (r= 0.42, P < 0.05) and HCV (» = 0.38, P < 0.05)
groups (Figure 2B); there were no other correlations be-
Hepatic APE-1 protein and mRNA expression tween laboratory values and histological findings.
In liver specimens from patients with chronic liver dis- Western blot analysis showed that APE-1 protein lev-
ease, positive staining for APE-1 protein was detected els were lower in HBV livers compared with normal liv-
preferentially in hepatocytes and bile duct cells, and ers, while there were no significant differences in APE-1
occasionally in sinusoidal cells and portal inflamma- protein levels among HCV, PBC/AIH, and normal livers

tory cells. In hepatocytes, the nucleus was preferentially (Figure 3A and B). Hepatic APE-1 protein levels were
stained in a mottled pattern. When nuclear staining  reduced by 64% in the HBV group compared with the

was evaluated, the percentage of positive hepatocel- HCV group. There was a positive correlation between
lular nuclei throughout the slide was fairly constant at ~ APE-1 protein levels by Western blot analysis and by
80%-100%, regardless of the etiology of chronic liver immunohistochemistry in the livers of patients with
disease, while the staining intensity was lower in HBV chronic liver disease (Figure 3C).

than in HCV, ATH/PBC, or normal samples (Figure Real-time PCR analysis showed that APE-1 mRNA
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Quantitation of hepatocyte nuclear APE-1 protein immunostaining

Figure 3 Hepatic apurinic/apyrimidinic endonuclease 1 protein expression
in patients with chronic liver disease. A, B: Western blot analysis showed
that apurinic/apyrimidinic endonuclease 1 (APE-1) protein levels were reduced
in HBV livers compared with normal and HCV livers; HCV livers showed no
significant difference in APE-1 protein level compared with normal livers (°P <
0.05 vs HCV, °P < 0.05 vs normal); C: Correlation between hepatocytic APE-1
protein determined by Western blot and immunohistochemistry in patients with
chronic hepatitis. G3PDH: Anti-glyceraldehyde-3-phosphate dehydrogenase.

levels were 58% lower in HBV livers than in HCV livers
(Figure 4).

Hepatic oxidative DNA damage in patients with chronic
liver disease

In liver specimens from patients with chronic liver dis-
ease, positive staining for 8-OHdG was detected prefer-
entially in the nuclei of hepatocytes, bile duct cells, and
portal inflammatory cells, and occasionally in the nuclei
of sinusoidal cells. As shown in Figure 5A, hepatocytic
8-OHdG labeling index was increased in HCV, AIH,
and PBC groups (HCV, AIH or PBC »s normal; 64%,
64% or 68% vs 35%, respectively, P < 0.05). This was
not seen in the HBV group, and the labeling index was
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Figure 4 Hepatic apurinic/apyrimidinic endonuclease 1 mRNA expression
in patients with chronic liver disease. Real-time polymerase chain reaction
(PCR) analysis showed that apurinic/apyrimidinic endonuclease 1 (APE-1)
mRNA levels were reduced by 58% in HBV livers compared with HCV livers (°P
<0.05 vs HCV).

lower in HBV than in HCV samples (HBV »s HCV; 41%
vs 64%, respectively, P < 0.001). In both the HBV and
HCV groups, the labeling index was positively correlated
with the staining intensity of hepatocytic nuclear APE-1
protein (HBV, »= 0.34, P < 0.05; HCV, » = 0.54, P < 0.01)
(Figure 5B and C).

DISCUSSION

HCC is frequently encountered in chronic HBV or HCV
infection. Hepatocarcinogenesis is most often a multistep
process in which a number of genetic alterations accu-
mulate in the hepatocytem. In the case of HCC due to
hepatitis virus infection, oncogenesis may be related to
viral-induced chronic inflammation. Due to enhanced
cell turnover, the repair of damaged DNA may be
compromised, rendering the cells more susceptible to
spontaneous or mutagen-induced alterations. In addi-
tion, with HBV, integration of viral DNA into the host
cell genomic DNA may induce transformation. A third
possible mechanism involves viral proteins [hepatitis
B virus x (HBx) or HCV core] that may act as trans-
activators of cellular genes, or may induce cellular stress
or oxidative stress leading to DNA damage. However,
the mechanisms responsible for hepatocarcinogenesis
have not been fully clarified. Therefore, we have focused
on investigating hepatic expression of 8-OHdG, a use-
ful marker of oxidative DNA damage, and APE-1, a
rate-limiting enzyme in the repair of oxidative DNA
damage'"”| in patients with chronic HBV or HCV infec-
tion. Our findings can be summarized as follows: (1) he-
patocellular nuclear APE-1 staining and hepatic APE-1
expression at the protein and mRNA levels are reduced
in HBV patients, but not in HCV patients; and (2) the
number of hepatocytes with 8-OHdG-positive nuclei is
increased among HCV patients, but not HBV patients.
Our data suggest that hepatocellular nuclear expres-
sion of APE-1 protein was downregulated in patients
with chronic HBV infection compared with normal
controls. The downregulation of nuclear APE-1 may be
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Figure 5 Hepatocytic 8-hydroxydeoxyguanosine expression in patients
with chronic liver disease. A: Hepatocytic 8-hydroxydeoxyguanosine labeling
index was increased in the hepatitis C virus (HCV), autoimmune hepatitis (AlH),
and primary biliary cirrhosis (PBC) groups (HCV, AIH or PBC vs normal; 64%,
64% or 68% vs 35%, respectively, P < 0.05 vs normal), but not in the hepatitis
B virus (HBV) group, and the labeling index was lower in the HBV than in the
HCV group (HBV vs HCV: 41% vs 64%, respectively, °P < 0.001 vs HCV); B, C:
The labeling indices of HBV and HCV samples were positively correlated with
the staining intensity of hepatocytic nuclear apurinic/apyrimidinic endonuclease
1 (APE-1) protein (HBV, r=0.34, P < 0.05; HCV, r=0.54, P < 0.01).

due to altered subcellular translocation, decreased pro-
tein synthesis, and/or increased protein degradation of
APE-1. The nuclear import of APE-1 is mediated by its
nuclear localization signal with the involvement of an
importin system'", while the nuclear export of APE-1 is
controlled by S-nitrosation of its nuclear export signal?,
In addition, the interaction with specific nuclear proteins
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such as GADD45a appears to maintain APE-1 within
the nucleus'”. Decreased nuclear import, increased
nuclear export of APE-1 and/ot teduced stability of
nuclear APE-1 may downregulate nuclear expression of
the protein in HBV-infected hepatocytes, given the inter-
action of HBx protein with the Crm1-dependent nuclear
export pathwaym. APE-1 induction can be reduced at
the transcriptional level. The activation of negative cal-
cium response elements in the promoter region of the
APE-1 gene represses APE-1 transcription“sj. In addi-
tion, activation of p53 downregulates APE-1 expression,
interfering with Sp1 binding to the APE-1 promoter'"”
Similar mechanisms may be involved in the reduction
of hepatic APE-1 mRNA levels in HBV-infected livers,
since HBx can modify the transcriptional machinery!”.
The reduction of hepatocellular nuclear APE-1 expres-
sion may also be due to APE-1 degradation. APE-1
undergoes proteolysis by granzymes A and K, leading
to enhanced cell death"®"). This may explain our ob-
servation that patients with chronic HBV infection had
higher levels of serum transaminase and lower levels of
hepatocellular nuclear APE-1 expression than those with
chronic HCV infection. In addition, HBx may promote
ubiquitin-mediated proteasomal degradation of APE-1,
as it does of B—catenin[zol, since ubiquitination of APE-1
by MDM2 leads to cytoplasmic translocation and pro-
teasomal degradation of APE-1%,

Our findings indicate that HCV patients had en-
hanced hepatic 8-OHdG accumulation compared with
HBYV patients. This confirms the findings of previous
studies™. In addition, in both HBV and HCV patients,
the staining intensity of hepatocytic nuclear APE-1 pro-
tein was found to be positively correlated with the pro-
portion of 8-OHdG-positive hepatocytes. This suggests
that hepatocellular nuclear APE1 expression depends on
oxidative DNA damage in HBV- and HCV-infected livers,
and reflects the adaptive response of APE-1 to oxidative
stress'”. Furthermore, our data suggest an imbalance
between oxidative DNA damage and APE-1 expression.
In HBV-infected livers, APE-1 expression is reduced
without an increase in oxidatively damaged DNA. In
HCV-infected livers, APE-1 expression is not sufficiently
induced in proportion to enhanced oxidative DNA dam-
age. These imbalances between oxidative DNA damage
and APE-1 expression may lead to the accumulation of
AP sites, causing base-substitution mutations and subse-
quent hepatocarcinogenesis in chronic HBV and HCV
infection, as described in a study of ulcerative colitis™.
Recently, accumulation of AP sites and reduced APE-1
expression were reported in the livers of mice deficient
in methionine adenosyltransferase la, one of the experi-
mental animal models of HCC®. Previous experimental
studies showed enhanced spontaneous mutagenesis and
cancer predisposition in APE-1 heterozygous mice™”",

In conclusion, hepatic APE-1 expression is reduced
without enhanced accumulation of hepatic 8-OHdG in
chronic HBV infection, while enhanced accumulation of
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hepatic 8-OHdG exists without an increase in hepatic
APE-1 expression in chronic HCV infection. The imbal-
ance between oxidative DNA damage and APE-1 expres-
sion may contribute to hepatocarcinogenesis in chronic
viral hepatitis.

COMMENTS

Background

Increased production of reactive oxygen species (ROS), which cause oxidative
DNA damage, is considered to be related to hepatocarcinogenesis. Apurinic/
apyrimidinic endonuclease-1 (APE-1) and 8-hydroxydeoxyguanosine (8-OHdG)
are useful markers of DNA damage induced by oxidative stress. The aim of
the present study was to examine hepatic expression of APE-1 and 8-OHdG in
patients with chronic hepatitis.

Research frontiers

Hepatic APE-1 and 8-OHdG expression may undergo differential regulation in
chronic hepatitis B virus (HBV) and hepatitis C virus (HCV) infection. Down-
regulation of hepatic APE-1 expression may contribute to hepatocarcinogenesis
in chronic HBV infection.

Innovations and breakthroughs

Livers of patients with chronic HBV infection, but not chronic HCV infection,
showed reduced expression of hepatic APE-1 compared with normal livers and
other chronic liver diseases.

Applications

Future studies should evaluate the ROS increase generated by chronic inflam-
mation, which is closely linked to the occurrence of hepatocellular oxidative
damage and may be related to hepatocarcinogenesis.

Terminology

APE-1: APE-1 is one of the major DNA repair enzymes, and its altered expres-
sion is associated with tumorigenesis; 8-OHdG: 8-OHdG is a pro-mutagenic
DNA lesion produced by oxygen radicals, and is recognized as a useful marker
for estimation of DNA damage induced by oxidative stress.

Peer review

The authors have shown differential expression of hepatic APE-1, a DNA repair
enzyme, in chronic hepatitis. By evaluating hepatic APE-1 and 8-OHdG expres-
sion in liver disease of various etiologies, they concluded that downregulation of
hepatic expression may contribute to the development of hepatocellular carci-
noma in chronic HBV infection. This study should be of value in elucidating the
mechanisms that contribute to hepatic carcinogenesis.
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