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Abstract. Background/Aim: The effects of oxidative stress on
various carcinomas were reported in previous studies, but those
in intrahepatic cholangiocarcinoma (ICC) have not been fully
elucidated. The purpose of this study was, thus, to reveal the
effects of oxidative DNA damage and repair enzymes on ICC.
Materials and Methods: The levels of 8-hydroxydeoxyguanosine
(8-OHdG) and 8-OHdG DNA glycosylase (OGGI) were
immunohistochemically evaluated in specimens resected from 63
patients with ICC. Results: Low OGGI expression was related
to tumour depth T4 (p=0.04), venous invasion (p=0.0005),
lymphatic vessel invasion (p=0.03), and perineural invasion
(p=0.03). Compared to the high-OGGI-expression group,
patients with low OGGI expression had a significantly poorer
prognosis (overall survival: p=0.04, recurrence-free survival:
p=0.02). Unlike for OGG1, the expression levels of 8-OHdG
showed no association with prognosis. Conclusion: Oxidative
DNA damage and DNA repair enzymes may be closely related
to ICC progression.

Cholangiocarcinomas are diverse biliary epithelial tumours
involving the intrahepatic perihilar and distal biliary tree (1).
Next to hepatocellular carcinoma (HCC), intrahepatic
cholangiocarcinoma (ICC) is the second most common
primary hepatic malignancy, accounting for 10-20% of
diagnosed liver cancers, and the overall incidence of ICC has
increased progressively worldwide over the last few decades
(2-5). The long-term survival of ICC patients is worse than
that of HCC patients, which may be related to the high
propensity for regional and distant metastases, and lack of
effective therapy (6). Risk factors for ICC, such as
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inflammation and bile duct injury have been identified, but
the mechanism behind ICC development is still not clear.

Free radicals have been widely documented to play an
important role in the development of different diseases (7, 8).
Besides having specific cell functions, they are toxic to the
cells that produce them, as well as to neighbouring cells.
Reactive oxygen species (ROS) are inevitable by-products of
the process of oxidative phosphorylation in aerobic
metabolism and originate in the electron transport chain of
mitochondria. An imbalance between the generation and
ablation of ROS leads to oxidative stress and results in tissue
damage by oxidizing vital cellular macromolecules such as
DNA, proteins and lipids (9, 10). Cancers have been attributed
to the direct or indirect effect of free-radical-induced oxidative
stress (11, 12). DNA bases are readily oxidized or methylated
by oxidative stress, which leads to genomic instability, in turn
having serious phenotypic consequences (13). 8-
Hydroxydeoxyguanosine (8-OHdG) is an oxidized form of
deoxyguanosine nucleoside (14). Guanine is more sensitive to
oxidative stress than other nucleic acids, being readily
mutated; therefore, it is used as an indicator of such stress.

Oxidative DNA damage is mainly repaired by the
enzymes of the base excision repair pathway. 8-OHdG
glycosylase (OGG1), the major DNA glycosylase, causes the
removal of 8-OHdG from damaged DNA bases (15). OGG1
has seven subtypes, which are localized in the nucleus or the
cytoplasm. Nuclear OGG1 repairs nuclear DNA, while
cytoplasmic OGG1 repairs mitochondrial DNA (mtDNA)
(16). Through 8-OHdG-mediated DNA damage and Ras
activation, OGG1 deficiency in mammals has been shown to
result in transcriptional mutagenesis (17).

In previous studies, Kubo et al. showed a high rate of
8-OHdG accumulation and infrequent nuclear OGG1 expression
in oesophageal squamous cell carcinomas, while Karihtala et al.
showed an association between an absence of OGG1 expression
and advanced breast cancer (18, 19). However, to the best of our
knowledge, no reports have been published on the association
between OGG1 and ICC. The aim of this study was to clarify
the effects of oxidative stress and the DNA repair system on
ICC, with a focus on 8-OHdG and OGGI.
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Materials and Methods

Patients. We analysed 63 consecutive patients with ICC who
underwent surgical resection without any presurgical radiation from
1993 to 2015 at Kyushu University Hospital. Six patients were
treated with neoadjuvant chemotherapy (GFP, GEM, GEM+CDDP,
GEM+S-1). The samples consisted of resected liver specimens from
these patients. Permission to use the excised tissue for research was
obtained. Due to the retrospective design of the study using archival
records, a notification of the study has been published on the
webpage of our department. The study was approved by the ethics
committee of our hospital, in accordance with ethical guidelines of
the Japanese Government (approval number: 27-294).

Immunohistochemistry against 8-OHdG. Samples were obtained
from the most invasive areas of the cancer. The specimens were
fixed in 10% formalin solution, embedded in paraffin, and cut into
4-um-thick sections. The 4-um-thick sections were deparaffinized
in xylene and rehydrated in a graded series of ethanols. The sections
were incubated with 2% skim milk with 5% bovine serum albumin
in phosphate-buffered saline to block nonspecific binding of the
immunoreagents. Subsequently, they were reacted for 1 h at room
temperature with a monoclonal anti-8-OHdG antibody (1:100; Japan
Institute for the Control of Aging, Shizuoka, Japan) as the primary
antibody. Then, they were treated with 0.3% H,O, to inhibit the
activity of endogenous peroxidase for 30 min, and were subjected
to the labelled streptavidin-biotin technique. Colour was developed
with 3,3’-diaminobenzidine (DAB) as chromogen (18, 20).

Immunohistochemistry against OGGI. The specimens were prepared
as described above for 8-OHdG immunohistochemistry. The prepared
specimens consisted of serial sections used for the detection of 8-
OHAG, so the evaluation of the 8OHdG and OGG1 was made on
adjacent sections. After deparaffinization and rehydration, the sections
were heated (121°C) in citrate buffer (pH 6.0) for 15 min. Then, they
were incubated with 10% normal goat serum to block any nonspecific
binding of the immunoreagents and treated with 3% H,0, with
methanol. Incubation at 4°C overnight with the primary OGG1
antibody (EPR4664 (2), 1:100; Abcam, Cambridge, MA, USA was
carried out, followed by incubation with the secondary antibody. The
sections were then subjected to the labelled streptavidin-biotin
technique. DAB chromogen was used as described above.

Histological evaluation. 8-OHdG and OGG1 immunoreactivity
grading was performed based on the German Immunoreactive Score
(20). First, staining intensity was rated on a scale from O to 3, with
0, 1, 2 or 3 indicating no, weak, moderate or strong staining,
respectively. Then, the percentage of positive cells was scored as
follows: no staining as 0, 1-25% as 1, 26-50% as 2, 51-75% as 3
and 76-100% as 4. The final score was calculated by multiplying
the score obtained with the staining intensity by that derived from
the percentage of positive cells, with possible results ranging from
0 to 12. To compare the intensity score with clinicopathological
factors, a final score of 0-5 was regarded as low expression and 6-
12 as high expression of OGG1. The final multiplied score equated
0 as low and 1-12 as high for 8-OHdG (21). Histological and
immunohistochemical evaluations were performed independently by
two observers (KS and TI) who did not know the clinical
characteristics of the patients. In case of low interobserver
agreement, the evaluations were made by an extra observer.
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Statistical analysis. All statistical analyses were performed using
SAS software (JMP 13.0; SAS Institute Inc., Cary, NC, USA).
Continuous variables were expressed as means+standard deviations.
Univariate and multivariate analyses of risk factors for overall death
as well as for liver-related and malignancy-related death were
performed using Cox proportional hazard’s model. Incidence of
death by cause was determined using an extension of the Kaplan-
Meier method accounting for these competing risks of death.

Results

Clinicopathological findings. The ICC patients were 41 men
and 22 women, ranging in age from 33 to 82 years
(mean=61.9). There was a high proportion of ICC cases
graded as poorly differentiated (well-differentiated, n=11,
17.5%; moderately differentiated, n=19, 30.2%; poorly
differentiated, n=32, 50.8%). According to the 6th edition of
the General Rules for the Clinical and Pathological Study of
Primary Liver Cancer, 24 patients were classified as being at
an advanced stage (pT4).

There were 38 (60.3%) cases of serosal invasion, 19
(30.2%) of portal vein invasion, 30 (47.6%) of venous
invasion, 25 (39.7%) of lymphatic vessel invasion, and 37
(57.8%) of perineural invasion. Moreover, 17 (27.0%) patients
had lymph node metastasis, while no patients exhibited arterial
invasion. The levels of OGGl and 8-OHdG in ICC are
presented in Figure 1. The staining of OGG1 and 8-OHdG
was observed in both the nucleus and the cytoplasm.

Expression of OGGI and 8-OHdG. High expression of OGGl1
was observed in 17 patients (27.0%), while low in 46 (73.0%).
In cancer cells, the expression of OGG1 was observed in both
the nucleus and the cytoplasm. Concerning 8-OHdG staining,
31 patients (49.2%) showed high and 32 patients (50.8%) low
expression, while cancer cells, the expression of 8-OHdG
positive staining was localized mainly in the nucleus.

OGGI and 8-OHdG expression and clinicopathological
factors in patients with ICC. We evaluated the relationship
among the OGGIl level, 8-OHdG level and
clinicopathological factors in patients with ICC. There were
no statistically significant differences in clinical background
among the groups based on OGG1 and 8-OHdG expression
levels. OGG1 expression and clinicopathological factors in
patients with ICC are presented in Table I. Low OGG1 was
frequently observed in more advanced tumours, such as those
with greater depth (T4; p=0.04), venous invasion (p=0.0005),
lymphatic vessel invasion (p=0.03) and perineural invasion
(p=0.03). In addition, the low-OGG1-expression group had
significantly poorer prognosis (overall survival: p=0.04,
recurrence-free survival: p=0.02; Figure 2). Table II shows
8-OHdG expression and clinicopathological factors in
patients with ICC. The high-8-OHdG-expression group had
poorer differentiation (p=0.02) and more venous invasion
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Figure 1. Typical staining intensity of OGGI (A) and 8-hydroxydeoxyguanosine (8-OHdG) (B) in intrahepatic cholangiocarcinoma (ICC). OGGI
staining in ICC tissues was classified as +0, +1, +2 and +3 (magnification, x200) and 8-OHdG staining in ICC was classified as +0, +1, +2 and

+3 (magnification, x200).

(p=0.008). Unlike for OGG1, prognosis was not associated
with the expression level of 8-OHdG (Figure 3).

Localization of OGGI1 and 8-OHdG. Among 17 OGGI-positive
cases, 13 were 8-OHdG-negative. Among the other 4 cases, the
expression of 8-OHdAG was low at the site of high OGGl1
expression in 3 cases. In contrast, there was low expression of
OGG1 in the area with high 8-OHdG expression (Figure 4). In
addition, the score for 8-OHdG was significantly low in the
group with high OGG1 expression (p=0.01) (Figure 5).

Discussion
To the best of our knowledge, this is the first report to reveal

an association between high OGG1 expression and better
prognosis in ICC patients. 8-OHdG is one of the main

oxidized forms of deoxyguanosine nucleosides and can be
readily detected by immunohistochemical analysis (22). 8-
OHdG has promutagenic potential by mispairing with A
residues, thus resulting in an increased frequency of
spontaneous G:C to T:A transversion mutations (23, 24).
These mutations can be frequently observed in mutated
proto-oncogenes and tumour suppressor genes (25). Elevated
levels of 8-OHdG have been reported in various types of
human tumour (26-28). Kubo et al. showed that, in
oesophageal epithelium, 8-OHdG leads to OGG1 activation
in normal cells, but 8-OHdG accumulation was shown to
occur as a result of OGG1 functional disorder in cancer cells
(18). In addition, Cao et al. reported a correlation between
the expression of 8-OHdG and tumour depth in lung cancer
(29). In this study, 8-OHdG did not influence the prognosis
of ICC patients. However, in the group with high 8-OHdG
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Table I. OGG1 expression and clinicopathological factors in patients
with intrahepatic cholangiocarcinoma.

Table II. 8-OHdG expression and clinicopathological factors in patients
with intrahepatic cholangiocarcinoma.

Factors OGG]1 expression Factors 8-OHdG expression
High Low  p-Value High Low  p-Value
(n=17) (n=46) (n=31) (n=32)

Clinical factors Clinical factors
Gender, male 12 (70.6) 29 (63.0) 0.58 Gender, male 9 (29.0) 13 (40.6) 0.33
Age in decades 65.5+£8.7 60.5+11.7 0.13 Age in decades 589+12.1 64.849.3 0.08
NAC, yes (%) 3(17.7) 3(6.5) 0.18 NAC, yes (%) 2 (6.5) 4(12.5) 041
HBsAg, positive (%) 2 (11.8) 6(194) 0.50 HBsAg, positive (%) 6 (20.7) 4(12.5) 0.0
HCVAD, positive (%) 2 (11.8) 2(65) 052 HCVAD, positive (%) 3(10.3) 2(63) 0.56
Alb, g/dl 42405 40+04 0.06 Alb, g/dl 4.0+04 4104 052
Plt, /103 mm3 202+102 227+71 0.14 Plt, /103 mm3 225+80 216+82 0.56
T.Bil, mg/dl 0.7£0.3 1.1+13 0.20 T.Bil, mg/dl 1.2+1.5 0.7£0.2 0.18
AST, U/l 36.8+16.8 38.8+26.1 0.75 AST, U/l 41.8+30.0 349+15.8 0.73
CEA, g/ml 3.5+2.8 6.2+179 042 CEA, g/ml 7.1£21.7 39+4.1 0.15
CA19-9, U/ml 217748533 5192+17134 0.17 CA19-9, U/ml 7343+20909 1388+4198 0.91

Pathological factors Pathological factors
Cellular differentiation, poor (%) 8(47.1) 24 (53.3) 0.66 Cellular differentiation, poor (%) 20 (66.7) 12 (37.5) 0.02
Tumor size, cm 4,624 49+20 0.31 Tumor size, cm 5.1+2.1 4622 028
Tumor invasive depth, T4 (%) 3(17.7) 21457 0.04 Tumor invasive depth, T4 (%) 12 (38.7) 12(37.5) 092
Lymph node metastasis, N1 (%) 3(17.7) 14 (304) 0.30 Lymph node metastasis, N1 (%) 10 (32.3) 7 (219) 035
Serosal invasion, positive (%) 12 (70.6) 26 (56.5) 0.31 Serosal invasion, positive (%) 17 (54.8) 21(65.6) 0.38
Portal vein invasion, positive (%) 5(294) 14 (30.4) 0.93 Portal vein invasion, positive (%) 9(29.0) 10 (31.3) 0.85
Venous invasion, positive (%) 2(11.8) 28 (60.9) 0.0005 Venous invasion, positive (%) 20 (64.5) 10 (31.3) 0.008
Artery invasion, positive (%) 0 (0.0) 0(0.0) - Artery invasion, positive (%) 0 (0.0) 0.0 -
Lymphatic vessel invasion, positive (%) 3 (17.7) 22 (47.8) 0.03 Lymphatic vessel invasion, positive (%) 14 (45.2) 11 (344) 038
Perineural invasion, positive (%) 6(353) 31(674) 0.02 Perineural invasion, positive (%) 19 (61.3) 18 (56.3) 0.68
Intrahepatic metastasis (%) 5(294) 23 (50.0) 0.14 Intrahepatic metastasis (%) 15(484) 13(40.6) 0.54

NAC, Neoadjuvant chemotherapy; HBsAg, hepatitis B surface antigen;
HCVab, hepatitis C virus antibody; Alb, albumin; Plt, platelet count; T.Bil,
total bilirubin; AST, aspartate transaminase; CEA, carcinoembryonic
antigen; CA19-9, carbohydrate antigen 19-9. Statistically significant
values are shown in bold.

expression, there were poorer cellular differentiation and a
higher rate of venous invasion than in the low-8-OHdG-
expression group. This may have been due to 8-OHdG
contributing to malignant transformation.

In this study, no significant difference in prognosis was
identified in relation to OGG1 expression only in the nucleus
or cytoplasm, but a meaningful difference appeared for
OGG1 expression in whole cells. In the low-OGGl-
expression group, tumour depth T4, venous invasion,
lymphatic vessel invasion and perineural invasion were
frequently observed. OGGI can prevent not only mutation
of nuclear DNA, but also increase of intracellular ROS by
repairing mtDNA (30). For ICC patients, previous reports
showed that lymph node metastasis was a significant
prognostic factor (31-34), and Choi et al. reported that lymph
node metastasis was related to vascular and perineural
invasion (35). Guglielmi et al. found that microscopic
tumour type, lymph node metastasis and vascular invasion
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NAC, Neoadjuvant chemotherapy; HBsAg, hepatitis B surface antigen;
HCVab, hepatitis C virus antibody; Alb, albumin; Plt, platelet count;
T.Bil, total bilirubin; AST, aspartate transaminase; CEA,
carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9.
Statistically significant values are shown in bold.

were important predictive factors of poor survival in patients
with ICC (36). In our study, it was regarded that poor
prognosis in the group with low OGG1 expression arose
from the significant increases in venous invasion and
lymphatic vessel invasion.

The expression of 8-OHdG significantly decreased in the
group with high OGG1 expression, but, unlike OGG1, there
was no significant difference in prognosis with regard to the
expression of 8-OHdG. OGG1 deficiency caused a
significant increase in oxidative damage in mtDNA, leading
to increased caspase 1 activation, most notably in
macrophages, leading to greater IL-13 production (37).
Furthermore, it has been reported that mtDNA damage is
significantly more abundant and persists longer than nuclear
DNA damage after exposure to oxidative stress (38). In mice,
hOGG1, one of the OGG1 subtypes protecting cells from
mtDNA damage, resulted in the downregulation of HIF-1a
and attenuated the phosphorylation of Akt. This resulted in
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Figure 2. Kaplan-Meier survival curves for ICC-specific survival rates for both OGGI-positive and -negative cases. OGGI-negative cases had
significantly shorter overall survival (p=0.04) and recurrence-free survival (p=0.02).

8-OHdG expression and Prognosis

1.0
— 08
©
=
> :
5o06- 8-OHdG low expression
o | e 1
— t
2 04 . <
50
=> 8-OHdG high expression
o
0.2
p=0.33
0.0 . . -
0 2 4 6 8 10

Time (years)

1.0-

0.8

0.6

8-OHdG high expression

Recurrence-free survival

0.4
1

: L

|

0.2+ 8-OHdG low expression i
F—

p=0.79

0.0 T T T T T T 1
0 2 4 8 8 10

Time (years)

Figure 3. Kaplan-Meier survival curves for ICC-specific survival rates for both 8-OHdG-positive and -negative cases. 8-OHdG-positive cases did
not have significantly shorter overall survival (p=0.33) or recurrence-free survival (p=0.79).

breast cancer progression and metastasis in vivo (30). In our
study, the expression of 8-OHdG was only observed in the
nucleus, but the expression of OGG1 was recognized in both
nucleus and cytoplasm. It is possible that the lack of
investigation of 8-OHdG expression in mtDNA caused this
prognosis difference between with regard to the expression
of OGG1 and 8-OHdG.

There are certain limitations in this study. First, the
patients were from a single center, thus the study lacks
heterogeneity of population, and moreover, the study
population is relatively small. In addition, although

immunohistochemical staining was evaluated by trained
pathologists, results are susceptible to bias and interobserver
variability since they are based on subjective on visual
assessment. Therefore, larger, multicenter studies are needed
to elucidate the role and prognostic value of OGG1 in ICC.

In conclusion, it was suggested that high OGG1 expression
is related with decreased expression of 8-OHdG and better
prognosis in ICC patients. OGG1 was localized both in the
nucleus and cytoplasm, suggesting that OGG1-mediated repair
of not only nuclear, but also mitochondrial DNA may have a
critical role in malignant transformation of cells. This is the
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Figure 4. Typical staining of OGG1 and 8-OHdG in one ICC patient. The area with high OGG1 expression had low 8-OHdG expression, while the
area with low OGG1 expression had high 8-OHdG expression (magnification, x100).

first study to demonstrate that oxidative stress and DNA repair
enzymes play important roles in cancer progression in ICC.
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