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Abstract. The adaptive response of the genome protection 
mechanism occurs in cells when exposed to genotoxic stress 
due to the overproduction of free radicals via inflammation 
and infection. In such circumstances, cells attempt to maintain 
health via several genome protection mechanisms. However, 
evidence is increasing that this adaptive response may have 
deleterious effect; a reduction of antioxidant enzymes and/or 
imbalance in the DNA repair system generates microsatellite 
instability (MSI), which has procarcinogenic implications. 
Therefore, the present study hypothesized that MSI caused by 
imbalanced responses of antioxidant enzymes and/or DNA 
repair enzymes as a result of oxidative/nitrative stress arising 
from the inflammatory response is involved in liver fluke‑asso-
ciated cholangiocarcinogenesis. The present study investigated 
this hypothesis by identifying the expression patterns of anti-
oxidant enzymes, including superoxide dismutase 2 (SOD2) 
and catalase (CAT), and DNA repair enzymes, including 
alkyladenine DNA glycosylase (AAG), apurinic endonuclease 
(APE) and DNA polymerase β (DNA pol β). In addition, the 
activities of the antioxidant enzymes, SOD2 and CAT, were 
examined in human cholangiocarcinoma (CCA) tissues using 
immunohistochemical staining. MSI was also analyzed in 
human CCA tissues. The resulting data demonstrated that the 
expression levels of the SOD2 and CAT enzymes decreased. 
The activities of SOD2 and CAT decreased significantly in the 
CCA tissues, compared with the hepatic tissue of cadaveric 
donors. In the DNA repairing enzymes, it was found that the 

expression levels of AAG and DNA pol β enzymes increased, 
whereas the expression of APE decreased. In addition, it was 
found that MSI‑high was present in 69% of patients, whereas 
MSI‑low was present in 31% of patients, with no patients 
classified as having microsatellite stability. In the patients, a 
MSI‑high was correlated with poor prognosis, indicated by a 
shorter survival rate. These results indicated that the reduction 
of antioxidant enzymes and adaptive imbalance of base exci-
sion repair enzymes in human CCA caused MSI, and may be 
associated with the progression of cancer.

Introduction

Cholangiocarcinoma (CCA) is a malignant tumor arising from 
bile duct epithelial cells, which is the most common form of 
cancer in Thailand and a major public health problem in the 
northeast region (1). Several epidemiological and experimental 
studies have provided support that liver fluke (Opisthorchis 
viverrini; Ov) infection is the etiological factor underlying 
the development of CCA (2-4). The mechanistic link between 
host‑parasite interaction and CCA carcinogenesis has been 
reviewed previously (5). Our previous studies in a hamster 
animal model revealed that chronic inflammation induced by 
repeated Ov infection was a risk factor for CCA. Increased 
frequency Ov infections can induce the accumulation of induc-
ible nitric oxide synthase (iNOS) in inflammatory cells and in 
the epithelium of bile ducts, and subsequently causes nitrative 
and oxidative damage to nucleic acids. In addition, NO may be 
involved in carcinogenesis through heme oxygenase‑1‑derived 
iron accumulation, which may be involved in the enhance-
ment of oxidative DNA damage in the epithelium of small bile 
ducts (6-9). It can be concluded that repeated infection with 
Ov mediates oxidative and nitrative DNA damage, and may 
be involved in the initiation and/or promotion of CCA carci-
nogenesis through chronic inflammation. Inflammatory cell 
infiltration triggered by repeated infections has been shown to 
occur earlier than in single infections, and is associated with 
alterations in liver enzymes and the severity of periductal 
fibrosis (7). Furthermore, Thanan et al (10) reported that humans 
infected with Ov had an accumulation of urinary 8‑oxo‑7, 
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8‑dihydro‑2'‑deoxyguanosine, which was positively associated 
with plasma levels of nitrate/nitrite and aspartate transaminase, 
indicating that Ov infection can induce oxidative and nitra-
tive stress via the production of reactive oxygen and reactive 
nitrogen species during liver injury in humans. In addition, 
DNA damage due to Ov infection‑mediated lipid peroxida-
tion has been reported in animal and human studies (11-13). 
Several cellular proteins in CCA tissue have been found to 
exist in carbonylated forms via oxidative damage and subse-
quent dysfunction, leading to the progression of CCA (14). The 
evidence to date suggests an association between Ov infection, 
chronic inflammation and subsequent CCA development.

The adaptive response of the genome protection mechanism 
occurs in cells exposed to stress due to the overproduction of 
free radicals via the inflammatory process and infection. In 
such circumstances, cells maintain health via several genome 
protection mechanisms. However, there is increasing evidence 
that this adaptive response may have deleterious effects, for 
example if there is a reduction of antioxidant enzymes and/
or imbalance in the DNA repair system, as this generates 
microsatellite instability (MSI), which has procarcinogenic 
implications. Evidence to support these effects have been 
shown in studies by Guner et al (15) and Hofseth et al (16). 
These studies reported that low levels of antioxidant enzymes 
in cancerous tissues were in the carcinogenic process and 
that the adaptive imbalance in basal levels of excision‑repair 
enzymes generates MSI in chronic inflammation. Our previous 
study (17) revealed impairment of antioxidant enzyme activity 
and increased expression of DNA repair enzymes in hamster 
liver tissues, which were associated with the development of 
cholangiocarcinoma in a hamster model.

Therefore, the present study hypothesized that MSI, 
caused by imbalanced responses of antioxidant enzymes 
and/or DNA repair enzymes due to oxidative/nitrative stress 
from the inflammatory response, is involved in Ov‑associated 
cholangiocarcinogenesis. To confirm this hypothesis, the 
present study aimed to identify the expression patterns of the 
antioxidant enzymes, superoxide dismutase type 2 (SOD2) and 
catalase (CAT), and the DNA repair enzymes, alkyladenine 
DNA glycosylase (AAG), apurinic endonuclease (APE) and 
DNA polymerase β (DNA pol β), in addition to determining 
the activites of the SOD2 and CAT antioxidant enzymes in 
human and hamster CCA tissues. MSI was investigated in 
human CCA tissues only. The results may provide additional 
knowledge to explain the procarcinogenic effect of cholangio-
carcinoma caused by OV infection.

Materials and methods

White blood cells (WBCs) and cholangiocarcinoma tissues. 
A total of 13  surgically resected liver specimens of CCA 
patients and their WBCs were selected from the tissue bank of 
the Liver Fluke and Cholangiocarcinoma Research Center at 
Khon Kaen University (Khon Kaen, Thailand). Of the 13 CCA 
patients studied, 69% were male, resulting in a male to female 
ratio of 2.25:1. The mean age was 53.9±8.9  years (range, 
37‑64 years). The control group (n=5) comprised liver tissue 
obtained from cadaveric donors who had succumbed to a car 
accident, and their kidneys were harvested for transplantation.  
Informed consent was obtained from individual patients and 

donors' relatives. The protocols for collection and experiments 
were approved by the Ethics Committee for Human Research, 
Khon Kaen University (approval no. HE571283).

Antibodies. The antibodies used for immunohistochemical 
staining were as follows: Rabbit anti-SOD2 polyclonal anti-
body (dilution, 1:200; EMD Millipore, Billerica, MA, USA), 
rabbit anti-CAT polyclonal antibody (dilution, 1:1,000; Abcam, 
Cambridge, MA, USA), goat anti-AAG polyclonal antibody 
(dilution 1:100; Abcam), rabbit anti-DNA pol β antibody (dilu-
tion 1:50; Abcam) and mouse anti-APE1 monoclonal antibody 
(dilution 1:50, Santa Cruz Biotechnology, Inc., Dallas, TX, 
USA).

Immunohistochemical investigation of antioxidant and DNA 
repair enzymes. An immunohistochemical method was used to 
determine the expression patterns of antioxidant enzymes and 
DNA repair enzymes in human CCA tissues. Sections (size, 
1.5x2 cm; thickness, 4 µm) of human liver tissues were deparaf-
finized and rehydrated in a stepwise manner with decreasing 
concentrations of ethanol. Antigen retrieval was performed via 
microwave treatment in 10 mM citrate buffer (pH 6.0) at high 
power for 10 min, following which the sections were immersed 
for 20 min in 3% (v/v) hydrogen peroxide in PBS to inhibit 
endogenous hydrogen peroxide activity. Nonspecific binding 
was blocked by skim milk in PBS for 30 min. The sections were 
incubated with the primary antibodies in a moisture chamber for 
1 h at room temperature and at 4˚C overnight. Subsequently, the 
sections were washed in PBS and incubated with peroxidase-
conjugated Envision™ secondary antibody (Dako, Glostrup, 
Denmark) in a moisture chamber for 1 hat room temperature. 
Following washing in PBS, the color was developed using 
a 3, 3'diaminobenzidine tetrahydrochloride substrate kit for 
5 min and then counterstained with Mayer's haematoxylin. The 
sections were rehydrated in a stepwise‑manner with increasing 
concentrations of ethanol, cleared with xylene and mounted 
with permount. The stained sections were viewed under a 
microscope (Axio Scope.A1; Carl Zeiss AG, Oberkochen, 
Germany). The protein expression levels were graded by calcu-
lating the total immunostaining index as the product of the 
frequency and intensity scores. The frequency score represented 
the estimated fraction of positively‑stained tumor cells (0=0%; 
1=1‑25%; 2=26‑50%; 3=>50%). The intensity score represented 
the estimated staining intensity (0, negative staining; 1, weak; 2, 
moderate; 3, strong). The immunohistochemical index ranged 
between 0 and 9. Negative, low, moderate and high expression 
levels of SOD2 and CAT were defined as immunohistochemical 
indices 0, 1‑2, 3‑4 and >4, respectively. Omission of the primary 
antibody served as a negative control.

Investigation of enzymatic reactions of antioxidant enzymes. 
To examine the activity of SOD2, the frozen human CCA tissue 
was washed with PBS (pH 7.4) to remove any red blood cells 
and clots. The tissue was homogenized in 1 ml of cold 20 mM 
HEPES buffer (pH 7.2), which consisted of 1 mM EGTA, 
210 mM mannitol and 70 mM sucrose. The homogenate was 
centrifuged at 1,500 x g for 5 min at 4˚C and the supernatant 
was removed to assess total SOD activity (cytosolic and mito-
chondrial). To separate the two compartments of the enzymes, 
1,500 x g supernatant was centrifuged at 10,000 x g for 15 min 
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at 4˚C, the supernatant contained cytosolic SOD and the pellet 
contained mitochondrial SOD. The mitochondrial pellet was 
homogenized in HEPES buffer to determine mitochondrial 
SOD2 activity.

To determine the activity of CAT, the frozen human CCA 
tissue was washed with PBS (pH 7.4) to remove any red blood 
cells and clots. The tissue was homogenized in 1 ml of 50 mM 
potassium phosphate (pH 7.0), containing 1 mM EDTA, and 
the homogenate was centrifuged at 10,000 x g for 15 min at 
4˚C to extract proteins. The supernatant was used to assess the 
activity of CAT.

Subsequently, the extracted SOD2 and CAT proteins 
were used for enzymatic reactions. SOD and CAT assay kits 
were purchased from Cayman Chemical Company (Ann 
Arbor, MI, USA. The principle of the SOD assay kit is that 
it utilizes a tetrazolium salt for the detection of superoxide 
radicals generated by xanthine oxidase and hypoxanthine. The 
absorbance was measured at 440‑460 nm on an ELISA reader 
(Tecan, Männedorf, Switzerland). An SOD level of 1 unit was 
considered the quantity of enzyme required to exhibit 50% 
dismutation of the superoxide radical. The CAT assay kit 
utilizes the peroxidatic function of CAT to determine enzyme 
activity. The method is based on the reaction of the enzyme 
with methanol, in the presence of an optimal concentration 
of H2O2. The formaldehyde produced is measured spectro-
photometrically with 4‑amino‑3‑hydrazino‑5‑mercapto‑1, 2, 
4‑trizazole as the chromogen. The absorbance was read at 
540 nm using an ELISA reader (Tecan). The activity of SOD 
is presented as U/ml/mg protein, whereas the activity of CAT 
activity is presented as µM/min/mg protein.

DNA extraction. The paraffinized sections of CCA tissue were 
deparaffinized twice in xylene for 5 min to remove the paraffin 
wax. Following deparaffinization, the slide was hydrated 
in decreasing concentrations of ethanol (absolute alcohol 
for 3 min; 70% alcohol for 3 min) and rinsed in tap water. 
Following hydration, the slide was stained with hematoxylin 
for 5 min, washed in running tap water for 2 min, destained in 
acid alcohol (1% acid in 70% alcohol), washed in running tap 
water again, and dehydrated (70% alcohol for 2 min; absolute 
alcohol for 2 min) twice. Successful staining of the nuclei was 
indicated by a blue color. Following visualization under an 
Axio Scope.A1 microscope (Carl Zeiss AG) and separation of 
tumorous and non‑tumorous tissues, extraction was performed 
using a QIAamp DNA formalin‑fixed paraffin‑embedded 
tissue kit (Qiagen, Inc., Valencia, CA, USA). Matched WBCs 
were prepared for DNA extraction by digestion in 1 ml of 
lysis buffer, 0.2 µl of 10 mg/ml RNase and 10 µl of 17 mg/ml 
proteinase K at 50˚C for 30 min. Protein was precipitated by 
adding 300 µl of NaI solution. Isopropanol was added to the 
supernatant in order to precipitate DNA. The DNA pellet was 
then resuspended in TE buffer (pH 8.0).

MSI analysis. The DNA extracted from tumor tissues, 
non‑tumor tissues of the adjacent area and WBCs of the 
same patient were analyzed for MSI using five microsatellite 
markers: BAT25, BAT26, D5S346, D2S123 and D17S250 (18). 
Oligonucleotide forward primers were fluorescent‑5'‑labeled. 
Polymerase chain reaction (PCR) analysis was performed 
in a 20 ml reaction mixture with 10‑100 ng genomic DNA, 

0.2 mM of each dNTP, 1X high fidelity PCR buffer, 0.2 µM 
of each primer and 1 unit Taq DNA polymerase high fidelity 
(Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA). The sequences of each primer are shown in Table I. 
The amplification conditions for BAT25, BAT26 and D17S250 
were as follows: 5 min initial denaturation at 94˚C, followed by 
30 cycles of 30 sec at 94˚C, 30 sec at 50˚C and 1 min at 68˚C, 
with a final extension of 10 min at 68˚C. The amplification 
conditions for D2S123 and D5S346 were as follows: 5 min 
initial denaturation at 94˚C, followed by 30 cycles of 30 sec at 
94˚C, 30 sec at 55˚C and 1 min at 68˚C, with a final extension 
of 10 min at 72˚C. The MSI was then analyzed in an ABI Prism 
3130 genetic analyzer (Applied Biosystems; Thermo Fisher 
Scientific, Inc.) using GeneScan Analysis v3.2.1 software 
(Applied Biosystems; Thermo Fisher Scientific, Inc). MSI was 
indicated as alterations in the densities of bands observed in 
the tumor tissue and non‑tumor of adjacent area, which were 
not present in the normal control WBCs from the same patient. 
Tumors exhibiting MSI at two or more markers were defined 
as MSI‑high (MSI‑H). Tumors showing instability at only one 
marker were defined as MSI‑low (MSI‑L). Tumors in which no 
markers exhibited MSI were considered to show microsatellite 
stability (MSS).

Statistical analysis. Statistical analysis was performed using 
GraphPad Prism version 5 (GraphPad Software Inc., La Jolla, 
CA, USA). The Mann‑Whitney U test was used to compare 
differences between the cadaveric donor and human CCA. 
Clinicopathological characteristics and MSI (low and high) in 
human CCA tissues were compared using Fisher's exact prob-
ability test. The Kaplan‑Meier method was used to calculate 
the survival curves, and the Log‑rank test was performed to 
compare differences in the survival rates of patients who were 
subjected to curative surgery. P<0.05 was considered to indi-
cate a statistically significant difference.

Results

Protein expression of antioxidant enzymes and DNA repair 
enzymes in human CCA tissues. Immunohistochemical anal-
ysis was performed to detect the expression levels of SOD2 
and CAT in human CCA tissues. The results demonstrated 
that SOD2 and CAT were expressed in the cytosolic bile duct 
CCA tissues. The majority of the normal bile duct epithelia 
in the tissues adjacent to the tumor sections stained positively 
for SOD2 and CAT. The expression of SOD2 and CAT were 
also observed in hepatocytes. The numbers of samples with 
SOD2 at low, moderate and high levels of expression were 
15 (55%), eight (30%) and four (15%), respectively, whereas 
the number of samples with CAT at negative, low, moderate 
and high levels of expression were four (15%), 11 (40%), eight 
(30%) and four (15%), respectively. The representative results 
of SOD2 and CAT staining in the CCA tissue are shown in 
Fig. 1A-D.

The present study also examined the expression levels 
of AAG, APE and DNA pol β in human CCA tissues using 
immunohistochemistry. The results showed that AAG, APE 
and DNA pol β were expressed in the nuclei of bile duct CCA 
tissues. In the normal bile duct epithelia residing in tissue 
adjacent to the tumor sections, weak staining for AAG, APE 
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and DNA pol β were observed. In the hepatocytes, positive 
staining was observed for AAG and DNA pol β, but not for 
APE (Fig. 1). The numbers of samples with low, moderate and 
high expression levels of AAG were four (15%), eight (30%) 

and 15 (55%), respectively; numbers of samples with negative, 
low, moderate and high expression levels of APE were five 
(19%), 15 (55%), five (19%) and two (7%), respectively. The 
number of samples with DNA pol β with moderate and high 

Table I. Specific primers for microsatellite polymerase chain reaction analysis.

Primer	 Linked gene	 Sequence

BAT25	 c‑kit	 Forward 5'‑TCG CCT CCA AGA ATG TAA GT‑3'
		  Reverse 5'‑TCT GCA TTT TAA CTA TGG CTC‑3'
BAT26	 hMSH2	 Forward 5'‑TGA CTA CTT TTG ACT TCA GCC‑3'
		  Reverse 5'‑AAC CAT TCA ACA TTT TTA ACC C‑3'
D2S123	 hMSH2	 Forward 5'‑ACA TTG CTG GAA GTT CTG GC‑3'
		  Reverse 5'‑CCT TTC TGA CTT GGA TAC CA‑3'
D5S346	 APC	 Forward 5'‑ACT CAC TCT AGT GAT AAA TCG G‑3'
		  Reverse 5'‑GTT TCC ATT GTA GCA TCT TGA C‑3'
D17S250	 p53	 Forward 5'‑GCT GGC CAT ATA TAT ATT TAA ACC‑3'
		  Reverse 5'‑GGA AGA ATC AAA TAG ACA AT‑3'

MSH2, MutS omolog 2; APC, Adenomatous Polyposis Coli.

Figure 1. Immunohistochemical analysis of antioxidant enzymes and DNA repair enzyme in normal bile duct and cancer cells of human cholangiocarcinoma 
tissues. Enzymes included superoxide dismutase 2 in the (A) normal bile duct and (B) cancer cells, catalase in the (C) normal bile duct and (D) cancer cells, 
alkyladenine DNA glycosylase in the (E) normal bile duct and (F) cancer cells, apurinic endonuclease in the (G) normal bile duct and (H) cancer cells, and 
DNA polymerase β in the (I) normal bile duct and (J) cancer cells. The original magnification was 100x for normal bile duct and 400x for cancer cells.

  A   B   C   D

  E   F   G   H

  I   J
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levels of expression were eight (30%) and 19 (70%), respec-
tively. The representative results of AAG, APE and DNA pol β 
in the patients with CCA are shown in Fig. 1E-J.

Activities of antioxidant enzymes in human CCA tissues. 
The activities of SOD2 and CAT were examined in human 
CCA tissues. The results showed that the activities of SOD2 
and CAT were significantly decreased in the CCA tissues, 
compared with the tissues from the cadaveric donors (P=0.04 
and P=0.004, respectively), as shown in Fig. 2.

MSI analysis in human CCA tissues. The present study exam-
ined MSI in 13 patients with CCA using five microsatellite 
markers (18). MSI was indicated by altered band density in 
the tumor tissue and adjacent non‑tumor tissue, which was 
not present in normal control WBCs from the same patient. 
The results are presented in Table II. Of the 13 CCA samples, 
four (31%) were identified as MSI‑low and nine (69%) were 
identified as MSI‑high. None of the cases exhibited MSS. A 

representative electropherograms from the assessment of MSI 
are shown in Fig. 3A-C.

The present study compared the clinical and histological 
tumor characteristics of the MSI‑high tumors with those of the 
MSI‑low tumors. No differences were observed in age, gender, 
histological type or metastasis. In comparing the patients with 
MSI‑low and patients with MSI‑high, the 5‑year survival rate 
of the patients in the MSI‑low (n=4) group was 31%, whereas 
that of the patients in the MSI‑high (n=9) group was 69%, indi-
cating that the survival rate was higher in the MSI‑low group, 
as shown in Fig. 4. However, no significant difference between 
these two groups was found (P=0.14). Of note, the expression 
of APE showed a significant negative correlation with MSI 
status (Spearman's rank correlation test, ‑0.639; P=0.019).

Discussion

Impairment of the antioxidant system may favor the accumula-
tion of free radicals, as it has been found that low levels of 

Table II. Microsatellite marker analysis and MSI status.

	 Microsatellite marker
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Patient ID	 BAT25	 BAT26	 D2S123	 D5S346	 D17S250	 MSI diagnosis

R23	 +	‑	  +	‑	  +	 MSI‑high
R26	 +	‑	  +	‑	  +	 MSI‑high
R49	 +	‑	‑	‑	‑	     MSI‑low
R52	 +	‑	‑	‑	‑	     MSI‑low
R81	‑	‑	‑	    +	 +	 MSI‑high
R100	 +	‑	  +	 +	‑	  MSI‑high
R101	 +	‑	‑	   +	‑	  MSI‑high
R103	‑	‑	‑	    +	‑	  MSI‑low
R104	‑	‑	   +	 +	 +	 MSI‑high
R118	‑	‑	   +	 +	‑	  MSI‑high
R123	 +	‑	  +	 +	‑	  MSI‑high
R134	‑	‑	‑	    +	‑	  MSI‑low
R149	 +	‑	  +	‑	‑	   MSI‑high

MSI, microsatellite instability.

Figure 2. Activities of SOD2 and CAT in CCA and cadaveric donor tissues. A Mann‑Whitney U test was used to analyze the statistical significance between 
the CCA and cadaveric donor samples. Data are presented as the mean + standard deviation. *P<0.05 between CCA and cadaveric donor. CCA, cholangiocar-
cinoma; SOD2, superoxide dismutase 2; CAT, catalase.
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essential antioxidants are associated with an increased risk of 
cancer (19). The results of the present study demonstrated a 
significant decrease in the expression levels of the SOD2 and 
CAT enzymes in human CCA tissue. This result was consistent 
with a previous observation in prostatic adenocarcinoma (20), 
which demonstrated that the expression levels of SOD2 and 

CAT were significantly lower in cancer tissue, compared with 
than that in normal tissue. In addition, the present study found 
that the activities of SOD2 and CAT in human CCA were 
significantly decreased, compared with those in the cadaveric 
donor. Decreased activities of SOD and CAT, and an increase 
in DNA lesions have been suggested to be caused by free 
radicals in lung cancer tissues in humans (21). In conjunction 
with these results, Guner et al (15) found lower total activities 
of SOD and CAT in lung carcinoma tissue. It has also been 
demonstrated that levels of lipid peroxidation products and 
nitric oxide products are significantly elevated, whereas the 
levels of SOD and CAT enzymes are significantly lower 
in patients with oral cancer, compared with normal healthy 
subjects (22).

The induction of an oxidant‑generating system and reduc-
tion of an antioxidant system are well‑recognized causes of 
oxidative stress. Oxidant‑generating enzymes, including 
inducible iNOS and cyclooxygenase 2 have been found to be 
upregulated in animals with Ov‑induced CCA, in vitro cell 
lines and clinical samples of CCA (23-25). Plasma levels of 
nitrate/nitrite, which are by‑products of reactive nitrogen 
species, are significantly increased in Ov‑infected subjects and 
patients with Ov‑associated CCA, compared with uninfected 
healthy subjects  (10). In addition, inflammatory cytokines 
induce the formation of NO, and suppress the redox ratios 
of glutathione and glutathione disulfide in CCA cells (26). 
Previously, a significant decrease in the protein expression 
of manganese‑SOD was reported in the cancer cells of CCA 
tissues, compared with individual normal bile duct cells located 
in regions adjacent to the tumor (14). Furthermore, the results 
of our previous study showed that the decreased gene expres-
sion of CAT in the peripheral blood leukocytes of patients with 

Figure 3. Representative electropherogram for the assessment of MSI. Size in 
bp is shown on the x‑axis at the top of the figure and the peak heights in fluo-
rescence are shown on the y‑axis on the left. The upper trace shows alleles 
of the WBCs, the middle trace shows alleles of the non‑tumor tissue and the 
lower trace shows those of the corresponding tumor tissue. Examples of a 
(A) microsatellite stability case, (B) MSI‑insertion case and (C) MSI‑deletion 
case are shown. The arrow indicates abnormal allelic shifts. MSI, microsatel-
lite instability; WBC, white blood cell.

Figure 4. Five‑year survival curve of MSI. The Kaplan‑Meier method was 
used to establish the five‑year survival curve. Patients with MSI‑low had 
higher survival rates, compared with those with MSI‑high cholangiocarci-
noma (P=0.14). MSI, microsatellite instability.

  A

  B

  C
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opisthorchiasis is induced by Ov antigen (27). Additionally 
CAT was found to be downregulated in an animal model of 
opisthorchaiasis‑associated CCA, detected via kinetic analysis 
using the cDNA microarray technique (28).

These results are in agreement with those on an associated 
liver fluke, Fasciola hepatica, in which antioxidant potential 
was also shown to decrease in rat livers following infection (29). 
This reduction of antioxidant systems may increase oxidative 
damage to a wide range of biomolecules, including DNA, lipids, 
carbohydrates and proteins. The oxidation of lipids by excess 
levels of reactive oxygen species/reactive nitrogen species 
generates by‑products including trans‑4‑hydroxy‑2‑ nonenal, 
malondialdehyde and crotonaldehyde, which can react with 
DNA bases to form a variety of exocyclic DNA adducts (30-32). 
An increase in the formation of 1,N(6)‑etheno‑2'‑deoxy-
adenosine and 3,N(4)‑etheno‑2'‑deoxycytidine in CCA tissues 
has been revealed (11,12). These etheno modified DNA bases 
are miscoding lesions, which are considered to contribute to the 
initiation of carcinogenesis through the induction of specific 
point mutations in DNA. Therefore, base excision repair (BER) 
is a key pathway used in the protection of free radical attack 
on DNA (33). The present study revealed increased expres-
sion levels of the AAG and DNA pol β enzymes, whereas the 
expression of APE decreased.

The present study also found MSI‑low (31%) and MSI‑high 
(69%) in human CCA tissues. MSI‑high was correlated with 
poor prognosis in patients, as indicated by shorter survival 
rates, compared with the group of MSI‑low patients; however, 
this was not statistically significant, which may be due to the 
small sample size. Liengswangwong et al reported MSI‑low and 
MSS in liver fluke infection‑associated intrahepatic CCA (34). 
In addition, the prognostic and predictive impacts of MSI 
status in patients with colon cancer have been reported (35,36). 
Previously, it was demonstrated the generation of a mutator 
phenotype in yeast was caused by imbalanced BER (37). The 
data obtained suggested a mechanism by which spontaneous 
mutation rates may be modulated. An imbalance between 
apurinic/apyrimidinic (AP) endonuclease and one particular 
DNA glycosylase produced a mutator phenotype in yeast. 
Imbalance in the glycosylase to AP endonuclease ratio may 
arise by promoter mutations, which affect the expression of 
DNA repair genes. Imbalances in BER enzymes may represent 
a previously unrecognized source of increased cancer risk. 
Furthermore, imbalanced BER increases spontaneous mutation 
and alkylation sensitivity in Escherichia coli (38). In a previous 
study of human colon adenoma showing dysregulation of BER, 
a correlation was found between the expression of AAG and 
iNOS. Nitration in the AAG active site of tyrosine 162 in vitro 
was found to impair εA‑excision activity, whereas nitrosation 
of cysteine 167 increased εA‑excision activity. Therefore, the 
post‑translational modification of AAG by reactive nitrogen 
species via the overproduction of NO appears to be one mecha-
nism of BER dysregulation leading to malignancy  (39). In 
ulcerative colitis, it has been shown that the adaptive imbalance 
in BER enzymes generates MSI in chronic inflammation.

Mechanistic studies using yeast and human cell models 
overexpressing AAG and/or APE1 were associated with 
frameshift mutations and MSI, indicating that the adap-
tive imbalanced increase in BER enzymes may have 
DNA‑damaging effects and may contribute to carcinogenesis 

in chronic inflammation (16). Furthermore, studies have shown 
that the overexpression of DNA pol β may be associated with 
MSI, which can lead to malignancy. DNA pol β has a high 
level of infidelity in replicating DNA in vitro, due to the lack 
of associated proofreading activity and poor discrimination of 
nucleotides. This may be due to error‑prone features, whereas 
the expression is tightly regulated in vivo, and constant and 
low throughout the cell‑cycle (40). The overexpression of DNA 
pol β in mammalian cells has been demonstrated to signifi-
cantly increase mutation rate (41), which can consequently 
induce chromosomal instability and enhance the tumorige-
nicity of xenografts (42). Yamada and Farber (43) reported the 
induction of a low level of MSI by the overexpression of DNA 
pol β, and a mechanism was identified for the induction of 
microsatellite mutations by using a selection‑based cell culture 
system with high sensitivity to relatively small increases in 
mutation rates. These results suggested that the overexpression 
of DNA pol β may lead to increased genetic instability.

The results of the present study showed that a reduction 
in the expression of antioxidant enzymes and the adaptive 
imbalance of BER enzymes may cause MSI in human CCA. 
In addition, the results showed that patients with MSI‑low 
had improved survival rates, compared with patients with 
MSI‑high, which may increase susceptibility to tumorigenesis.
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