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ABSTRACT 
 Cholangiocarcinoma (CCA) is a cancer of bile duct epithelial cells.  Chronic inflammation induced 
oxidative stress via liver fluke (Opisthrochris viverrini) infection is the major cause of CCA in Thailand. We focused 
on Early B cell factor 1 (EBF1), which play roles in cell differentiations and tumor suppression. The expression 
profiles of EBF1 and its related proteins including PAX5 (EBF1 downstream) and ZFP521 (EBF1 inhibitor) in 
animal model of O. viverrini-induced CCA were detected using immunohistochemical analysis. Our results 
demonstrated that EBF1 and PAX5 expressions were down-regulated during CCA development whereas ZFP521 
expression was up-regulated along the carcinogenesis. Therefore, down-regulation of EBF1 may play the synergistic 
role in O. viverrini-driven CCA carcinogenesis. 
 

บทคดัย่อ 
 มะเร็งท่อนํ้าดี เป็นมะเร็งของเซลลเ์ยือ่บุผนงัของทางเดินท่อนํ้าดี สาเหตุหลกัในประเทศไทยนั้นเกิดจากการติด
พยาธิใบไมต้บัซ่ึงทาํให้เกิดสภาวะความเครียดออกซิเดชัน่จากการอกัเสบแบบเร้ือรัง โดยยนี Early B cell factor 1 หรือ 
EBF1 นั้นมีการรายงานพบว่าทาํหน้าท่ีในกระบวนการ cell differentiation ไดห้ลายทางและยงัทาํหน้าท่ีเป็นยีนตา้น
มะเร็งอีกดว้ย การศึกษาคร้ังน้ีไดท้าํการศึกษารูปแบบการแสดงออกของ EBF1 และโปรตีนท่ีเก่ียวขอ้งกบั EBF1 คือ 
PAX5 (ภายใต้การควบ คุมของ  EBF1) และ  ZFP521 (ตัวย ับย ั้ งของ  EBF1) โดยวิ ธี  immunohistochemistry ใน
สัตวท์ดลองท่ีเหน่ียวนาํให้เป็นมะเร็งท่อนํ้ าดีดว้ยการติดพยาธิใบไมต้บั ผลการศึกษาพบวา่เกิดการยบัย ั้งการแสดงออก
ของ EBF1 และ PAX5 แต่เพ่ิมการแสดงออกของ ZFP521 ในขณะท่ีมีการพฒันาของมะเร็งท่อนํ้ าดี แสดงให้เห็นวา่การ
ยบัย ั้ง EBF1 อาจจะนาํไปสู่การพฒันาของมะเร็งท่อนํ้าดีได ้
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Introduction 
Cholangiocarcinoma ( CCA)  is a cancer of 

epithelial cells in bile duct.  The incidence of CCA is 
increasing worldwide and accounts for 3% of all 
gastrointestinal cancers (Khan et al. 2005). The 
established risk factors for CCA in western countries 
include primary sclerosing cholangitis, Caroli’s 
disease and congenital choledochal cysts (Khan et al. 
2002). Hepatitis C virus is the major risk of CCA in 
Japanese cases (Tyson et al. 2011). In contrast, CCA 
is highly found in Thailand, particularly among 
people in the northeastern region, where is an 
endemic area of liver fluke (Opisthorchis viverrini) 
infection. CCA incidence in Khon Kaen province is 
remarkably high with age-standardized incidence rate 
( ASRs)  of 89.7 per 100,000 in males and 67.2 per 
100,000 in females (Vatanasapt et al. 2002). Our 
previous studies strongly supported that chronic 
inflammation induced by O. viverrini infection is a 
major cause of CCA development through oxidative 
stress in animal and human models  (Yongvanit et al. 2012).  

Early B cell factor 1 ( EBF1)  is a 
transcription factor which is essential for the 
differentiation of several cell lineages including B 
lymphocyte development (Liao 2009), bone 
development and adipogenesis (Stephens 2012).  
EBF1 binds to DNA as a dimer in solution which can 
interact with p300/CBP is likely to underlie EBF-
mediated gene activates many B cell regulator genes 
such as PAX5. In contrast, ZFP423 or ZFP521 can 
bind to EBF1 which will recruit the Mi-2/NuRD 
(nucleosome remodeling and deacetylase) complex 
for repression B cell regulator genes. However, 
down-regulation of EBF1 was investigated in 
leukemia and solid cancers via mutation and genetic 
instability suggesting its function as tumor 

suppressor. For example, genomics loss at 
chromosome 5q34 which encode EBF1 was found in 
breast cancer (Neve et al. 2006) and somatic missense 
mutation causes the amino acid substitution of 
arginine for glutamine at position 242 at DNA 
binding domain of EBF was detected in pancreatic 
ductal adenocarcinoma (Jones et al. 2008). In 
addition, several studies reported that overexpression 
of EBF1 inhibitors were found in many kinds of 
cancers such as ZFP521 in leukemia (Bond et al. 
2004) and medulloblastoma (Bond et al. 2008). 
Furthermore, ZFP423 is also highly expressed in 
leukemia and nasopharyngeal carcinoma  (Chung et 
al. 2013). These suggest that down-regulation of 
EBF1 and up-regulation of EBF1 inhibitors play 
critical roles in tumor promotion and progression. 

Here, we hypothesized that oxidative stress 
induced by O. viverrini infection may suppress the 
expression of EBF1 consequently to suppress PAX5 
(EBF1 downstream regulation) and induce the 
expression of ZFP521 (EBF1 inhibitor) which may 
involve in liver fluke-associated cholangiocarcinoma 
development. 
 
Objective of this study 

The aim of this study was to determine the 
expression profiles of EBF1, PAX5 ( downstream 
protein of EBF1) and ZFP521 (inhibitor of EBF1) in 
hamster’s liver tissues of O. viverrini-induced CCA 
model. 

 
Methodology 

Preparation of metacercaria 
Opisthorchris viverrini metacercariaes were 

extracted from the naturally infected cyprinoid fish by 
artificial pepsin digestion as previously described 
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(Pinlaor et al. 2013).  Cyprinoid fish was purchased 
from the market in Northeastern part of Thailand.  
Fishes were chopped into small pieces by an electrical 
motor.  Then, they were minced; using an electrical 
blender, with freshly prepared of 0.25% pepsin 
solution and incubated at 37 °C in a shaking water 
bath for 1 hour to activate the digestion of the fish-
muscle by the pepsin enzyme.  After digestion, the 
digested content was filtered and washed several 
times. The metacercariaes of O. viverrini were 
collected and identified under a dissecting 
microscope.  Fifty viable active cysts were fed to 
Syrian golden hamsters for O. viverrini-infected (OV) 
and O. viverrini-infected plus NDMA-treated 
(OV+NDMA) groups. 

Animal model 
The protocol of collection and study were 

approved by Animals Ethic Committee, Faculty of 
Medicine, Khon Kaen University ( approval number 
AEKKU 23/2555) . The conditions of treatment 
groups were defined in Table 1. The animals were 
sacrificed on days 21, 60, 90, and 180 post infections 
(n=3 per time point). For tissue sections, excised liver 
specimens were cut and fixed in 10% buffered-
formalin for 24 h. The fixed tissues were embedded in 
paraffin and then serially dissected into 4 μm thick 
slides. 

 

Table 1 Treatment conditions of hamsters. 
Group Treatment 

(A) Untreated untreated 
(B) OV 50 infective metacercariaes 
(C) NDMA 12.5 ppm in drinking water 
(D) OV+NDMA* (B)+(C) treatments 
*CCA carcinogenic group. 
 

Immunohistochemistry analysis 
Immunohistochemical method was performed to 

determine the expression profiles of EBF1, PAX5 and 
ZFP521 in hamster tissues. In brief, 4 μm thick of 
liver sections were deparaffinized and rehydrated 
with xylene and stepwise decreasing concentration of 
ethanol. Antigen retrieval was performed by 
microwave ( Sharp Microwave Oven, R-219, 
Bangkok, Thailand)  treatment in 10 mM sodium 
citrate buffer with 0.5% tween pH 6.0 at low power 
setting for 10 minutes then sections were immersed 
for 30 minutes in 3% (v/v) hydrogen peroxide in PBS 
for endogenous hydrogen peroxide activity blocking. 
Non-specific binding was blocked by 10% skim milk 
in PBS for 30 min. After that, sections were washed 
in PBS with 0.1% tween 20 (3 times) and incubated 
with primary antibody at 4°C overnight. The 
conditions of each primary antibodies were showed in 
Table 2. Then the sections were washed 3 times by 
PBS with 0.1% tween 20, and 
 

Table 2 Listed of primary antibodies and their     
             conditions for immunohistochemical analysis. 

Primary 
antibody 

Final 
Conc. 

(μg/ml) 
Company 

1) Rabbit anti-EBF1 
polyclonal antibody 

2 μg/ml Sigma 
chemical, USA 

2) Mouse anti-PAX5 
monoclonal antibody 

2 μg/ml Sigma 
chemical, USA 

3) Rabbit anti-
ZFP521 polyclonal 
antibody 

3.33 
μg/ml 

Sigma 
chemical, USA 

 incubated with Dako EnVision antibody  (Dako An 
Agilent Technologies Company, USA) for 1 h then 
the brown color was developed with DAB (3, 
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3’diaminobenzidine tetrahydrochloride) substrate kit 
(Vector Laboratories, Inc., Burlingame, USA) for 5 
min. Mayer’s haematoxylin was used for nuclear 
counterstaining. The sections were dehydrated with 

stepwise increasing concentration of ethanol and 
xylene. Finally, the stained sections were mounted 
with permount solution and reviewed under a 
microscope. 

 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
Figure 1 Immunohistochemical staining of EBF1 expression in liver sections of untreated controls (A),  

OV-infected (B),  NDMA administration  ( C)  and OV+NDMA treated (D) hamsters. EBF1 and nucleus 
immunostainings were represented in brown and blue respectively. Black arrow heads represent normal bile 
ducts.  BD=normal bile ducts, HD=hyperplasia bile ducts, H=hepatocytes, and OV= O. viverrini 

 
Immunohistochemical grading 
 We defined immunohistochemical grading 
based on intensity and frequency derived from the 
staining results. The staining intensity was scored as 
negative ( 0) , weak ( + 1) , moderate ( + 2) , or strong 
( + 3) . Frequency of positive cells in the section was 
scored as negative (0) , less than 25% (+ 1) , 25-50% 
(+2), 51-75% (+3), or more than 75% (+4). IHC score 
(0-12) was assigned by multiplying the intensity score 
by the frequency score. Statistical analysis was 
analyzed using SPSS 13.0 software. 
 
 

Results 
Expression pattern of EBF1 in animal of  
O. viverrini-induced CCA carcinogenesis 

Immunohistochemical staining of EBF1 in 
liver tissues of O.viverrini-induced CCA 
carcinogenesis of hamsters is shown in Figure 1. 
EBF1 was strongly localized at cytoplasm and 
nucleus of normal bile duct epitherium cells  and 
hepatocytes in the livers of hamsters which were 
untreated control and NDMA treated groups (Figure 
1A and 1C). In OV group (Figure 1B), 
immunoreactivity of EBF1 was decreased in 
hyperplasia bile ducts at 90 and 180 days after 
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treatment. In OV+NDMA group (Figure 1D), EBF1 
expression was decreased in hyperplasia bile ducts at 
21 days after treament. The EBF1 down-regulation 
was also detected at precancerous and CCA tumor 
areas at 90 and 180 days after treatments, 
respectively. 
Expression pattern of PAX5 in animal of O. 
viverrini-induced CCA carcinogenesis 

Figure 2. shows immunostaining of PAX5 
(downstream of EBF1) in bile ducts and hepatocyte 
during carcinogenesis. PAX5 was localized in cytosol 
and nucleus of normal bile ducts and hepatocytes of 
untreated control and NDMA treated groups as shown 
in Figure 2A and 2C. PAX5 expression was 

decreased in hyperplasia bile ducts at 180 days after 
O. viverrini infection as shown in Figure 2B. The 
expression of PAX5 was slightly decreased during 
CCA carcinogenesis as shown in Figure 2D. 
Expression pattern of ZFP521 in animal of O. 
viverrini-induced CCA carcinogenesis 

ZFP521 expression is shown in Figure 3. 
The localization of ZFP521 was highly detected in 
cytosol and nucleus of hepatocytes and hyperplasia 
bile ducts and the cancer cells of CCA in OV and 
OV+NDMA treated groups as shown in Figure 3B 
and 3D. It was slightly detected at cytosol and 
nucleus of normal bile ducts in untreated control and 
NDMA treated groups as shown in Figure 3A and 3C.

 

 
Figure 2  Immunohistochemical staining of Pax5 expression in liver sections of untreated controls (A),  

OV-infected (B), NDMA administration ( C)  and OV+NDMA treated (D) hamsters. Pax5 and nucleus 
immunostainings were represented in brown and in blue respectively. Black arrow heads represent normal 
bile ducts. BD=normal bile duct, HD=hyperplasia bile duct, H=hepatocyte, and OV= O. viverrini 
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Figure 3  Immunohistochemical staining of ZFP521 expression in liver sections of untreated controls (A),  

OV-infected (B),  NDMA administration  (C) and OV+NDMA treated (D) hamsters. ZFP521 and nucleus 
immunostainings were represented in brown and in blue respectively. Black arrow heads represent normal 
bile ducts. BD=normal bile duct, HD=hyperplasia bile duct, H=hepatocyte, and OV= O. viverrini 

 
Statistical analysis 
 Statistical analysis by Mann-Whitney U test 
is shown in Figure 4. EBF1 and PAX5 were 
significantly decreased in hyperplasia bile ducts, 
precancerous and the cancer cells of OV and 
OV+NDMA treated groups at 21, 90 and 180 days 
after treatments when compared with untreated 
control group ( Figure 4A and 4B) . At 90 and 180 
days after OV+NDMA treatment, EBF1 was also 
significantly decreased when compared with NDMA 
treated group (Figure 4A). ZFP521 was significantly 
increased in hyperplasia bile ducts, precancerous and 
the cancer cells of OV+NDMA treated groups at 21, 
90 and 180 days after treatments when compared with 
untreated control group ( Figure 4C) . At 90 and 180 
days after OV and OV+NDMA treatments, ZFP521 

expression was also significantly increased when 
compared with NDMA treated group. 
 
Discussion and Conclusion 

Our results demonstrated that EBF1 and 
PAX5 expressions were decreased in hyperplasia bile 
ducts and CCA cancer cells when compared to 
normal bile duct cells and they were decreased along 
OV + NDMA treatment, suggesting that EBF1 was 
down-regulated during CCA development. Thus, 
down-regulation of EBF1 during CCA carcinogenesis 
may play significant role in CCA development. 
Moreover, EBF1 was found to suppress in other kinds 
of solid cancers for instance breast cancer and 
pancreatic ductal adenocarcinoma in different ways 
via genetic instability and point mutation, suggesting 
its function as a tumor suppressor (Neve, Chin et al. 
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2006Jones, Zhang et al. 2008Liao 2009).  Complete 
deletions of EBF1 gene in tumor cells was also found 
in the mono-allelic B cell progenitor acute 

lymphoblastic leukemia (ALL) (Mullighan et al. 
2007). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4  IHC score of EBF1 (A), PAX5 (B) and ZFP521 (C). IHC scores were calculated from normal bile  

ducts of untreated and NDMA treated groups whereas they were calculated from hyperplasia bile ducts of 
OV and OV+NDMA (21D and 60D) treated groups. At 90D and 180D after treated with OV+NDMA, the 
scores were calculated from precancerous and cancer cells, respectively. Statistical analysis was analyzed 
by Mann-Whitney U test. U= untreated control group, O= OV-infected group, N= NDMA treated group, 
ON=   OV+NDMA treated group, * = p<0.05 compared with untreated control group ( U) , # = p<0.05 
compared with NDMA treated group (N). 
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Stem cells are cells that have the ability to 
unlimitedly self-renewal and to generate mature cells 
of a particular tissue by differentiation (Reya et al. 
2001). EBF1 play roles in hematopoietic stem cells 
differentiate into mature B-cells (Kikuchi et al. 2012). 
It was also involved in mesenchymal stem cell (MSC) 
differentiation which induces MSC differentiation 
into adipocytes whereas suppressed differentiation 
into osteocytes is occured (Stephens 2012).  
According to a liver development, bipotential liver  
stem cells could differentiate into cholangiocytes (bile 
ducts) and hepatocytes (Roskams 2006). Recently, 
Thanan et al. proposed the mechanism that CCA 
might differentiate from bipotential liver stem cells 
lining at canal of Hering, biliary ductules, bile duct or 
progenitor cells from bone marrow-derived 
circulating cells during tissues repairing process 
under oxidative stress induced by O. viverrini-chronic 
inflammation (Thanan et al. 2013). The present 
results indicated that EBF1 was highly detected in 
nucleus of normal bile duct and hepatocyte cells, 
suggesting that EBF1 may play roles in bipotential 
liver stem cell differentiation into cholangiocytes and 
hepatocytes. Therefore, we hypothesized that down-
regulation of EBF1 during CCA carcinogenesis may 
play significant role in CCA development via the 
inhibition of bipotential liver stem cells 
differentiation into mature cholangiocytes and 
hepatocytes leading to increase stem cell property of 
the tumor initiating cells. 

ZFP521 and ZFP423 are known as EBF1 
inhibitors.  In normal B cells, ZFP521 was expressed 
at low levels and ZFP423 was not expressed (Liao 
2009). Interestingly, Hentges K.E. et al. reported that 
when ZFP521 and ZFP423 were overexpressed in 
normal B cells, it was found that these proteins can 

inhibit EBF1 activity leading to leukemia development 
(Hentges et al. 2005). Recently, Chung and coworkers 
studied the  role of EBF1 inhibitor ZFP423 in EBV-
associated nasopharyngeal carcinoma (NPCs) and 
their results suggested that expression of the EBF1 
inhibitor protein might contribute to the 
transformation of NPCs (Chung, Lung et al. 2013). 
Thus, previous literatures suggesting that 
tumorigenesis can be induced by ZFP521 and 
ZFP423 expressions. 

Interestingly, the present results 
demonstrated that ZFP521 expression was increased 
in hyperplasia bile ducts and CCA cancer cells of O. 
viverrini-induced CCA. Therefore, up-regulation of 
the EBF1 inhibitor (ZFP521) may also play role in 
CCA development. Chronic inflammation mediated 
by infection is a major risk factor causing 
carcinogenesis. Chronic O. viverrini infection can 
induce oxidative stress via reactive oxygen (ROS) 
and reactive nitrogen species (RNS) (Yongvanit, 
Pinlaor et al. 2012). ROS and RNS produced by 
oxidative stress can damage to all biomolecules such 
as DNA, protein and lipid.  Pinlaor S. and coworkers 
demonstrated that 8-oxo-7,8-dihydro-2’-deoxyguanosine ( 8-
oxodG)   and 8-nitroguanine, biomarkers for DNA 
damage were highly formation in the liver of O. 
viverrini-infected hamster (Pinlaor et al. 2004). 
Moreover, Thanan R. and coworkers have reported 
that the highly formation of 8-oxodG level can be 
observed in O. viverrini-infected subjects and CCA 
patients (Thanan et al. 2008). Besides, oxidative 
stress can also mediate lipid peroxidation, 
consequently leading to etheno DNA adduct 
formations, which has been reported in both hamster 
and human models (Dechakhamphu et al. 2008).  
These indicate that oxidative damage to biomolecules 
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plays critical roles in CCA carcinogenesis. In 
addition, oxidative stress was also reported to induce 
the alteration of gene expressions via the inductions 
of mutation, genetic instability and epigenetic 
changes (Murata et al. 2012).  Taken together, the 
present report and our previous studies suggested that 
oxidative stress which induced by O. viverrini 
infection not only induced oxidative damage to 
biomolecules but also may suppress the expression of 
EBF1 and inhibit EBF1 activity via the induction of 
ZFP521 expression as shown in Figure 5.  Therefore, 
down-regulation of EBF1 may play synergistic role to 
O. viverrini-driven CCA carcinogenesis. 
 
 
 
 
 
 
 
 
 
 
 
 
Acknowledgements 

We thank for all staffs in Liver Fluke and 
Cholangiocarcinoma Research Center, Faculty of 
Medicine, Khon Kaen University, Thailand for their 
kindly supports. This study was financially supported 
by Thailand Research Fund (TRG5680039) to RT  
and Invitation Research Fund (IN58140) from Faculty 
of Medicine, Khon Kaen University, Thailand to NA. 
 
 
 

References 
Bond, H. M., M. Mesuraca, N. Amodio, T. Mega, V. 

Agosti, D. Fanello, D. Pelaggi, L. Bullinger, 
M. Grieco, M. A. Moore, S. Venuta and G. 
Morrone. Early hematopoietic zinc finger 
protein-zinc finger protein 521: a candidate 
regulator of diverse immature cells. Int J 
Biochem Cell Biol 2008; 40(5): 848-54. 

Bond, H. M., M. Mesuraca, E. Carbone, P. Bonelli, 
V. Agosti, N. Amodio, G. De Rosa, M. Di 
Nicola, A. M. Gianni, M. A. Moore, A. 
Hata, M. Grieco, G. Morrone and S. 
Venuta. Early hematopoietic zinc finger 
protein (EHZF), the human homolog to 
mouse Evi3, is highly expressed in 
primitive human hematopoietic cells. Blood 
2004; 103(6): 2062-70. 

Chung, G. T., R. W. Lung, A. B. Hui, K. Y. Yip, J. K. 
Woo, C. Chow, C. Y. Tong, S. D. Lee, J. 
W. Yuen, S. W. Lun, K. K. Tso, N. Wong, 
S. W. Tsao, T. T. Yip, P. Busson, H. Kim, J. 
S. Seo, B. O'Sullivan, F. F. Liu, K. F. To 
and K. W. Lo. Identification of a recurrent 
transforming UBR5-ZNF423 fusion gene in 
EBV-associated nasopharyngeal carcinoma. 
J Pathol 2013; 231(2): 158-67. 

Dechakhamphu, S., P. Yongvanit, J. Nair, S. Pinlaor, 
P. Sitthithaworn and H. Bartsch. High 
excretion of etheno adducts in liver fluke-
infected patients: protection by praziquantel 
against DNA damage. Cancer Epidemiol 
Biomarkers Prev 2008; 17(7): 1658-64. 

 
 
 

Figure 5 A possible suppression pathway of   
              EBF1 expression via oxidative stress. 

1122



MMP24-10 
 

Hentges, K. E., K. C. Weiser, T. Schountz, L. S. 
Woodward, H. C. Morse and M. J. Justice. 
Evi3, a zinc-finger protein related to 
EBFAZ, regulates EBF activity in B-cell 
leukemia. Oncogene 2005; 24(7): 1220-30. 

Jones, S., X. Zhang, D. W. Parsons, J. C. Lin, R. J. 
Leary, P. Angenendt, P. Mankoo, H. Carter, 
H. Kamiyama, A. Jimeno, S. M. Hong, B. 
Fu, M. T. Lin, E. S. Calhoun, M. 
Kamiyama, K. Walter, T. Nikolskaya, Y. 
Nikolsky, J. Hartigan, D. R. Smith, M. 
Hidalgo, S. D. Leach, A. P. Klein, E. M. 
Jaffee, M. Goggins, A. Maitra, C. 
Iacobuzio-Donahue, J. R. Eshleman, S. E. 
Kern, R. H. Hruban, R. Karchin, N. 
Papadopoulos, G. Parmigiani, B. 
Vogelstein, V. E. Velculescu and K. W. 
Kinzler. Core signaling pathways in human 
pancreatic cancers revealed by global 
genomic analyses. Science 2008; 
321(5897): 1801-6. 

Khan, S. A., S. D. Taylor-Robinson, M. B. Toledano, 
A. Beck, P. Elliott and H. C. Thomas. 
Changing international trends in mortality 
rates for liver, biliary and pancreatic 
tumours. J Hepatol 2002; 37(6): 806-13. 

Khan, S. A., H. C. Thomas, B. R. Davidson and S. D. 
Taylor-Robinson. Cholangiocarcinoma. 
Lancet 2005; 366(9493): 1303-14. 

Kikuchi, H., M. Nakayama, Y. Takami, F. 
Kuribayashi and T. Nakayama. EBF1 acts 
as a powerful repressor of Blimp-1 gene 
expression in immature B cells. Biochem 
Biophys Res Commun 2012; 422(4): 780-5. 

Liao, D. Emerging roles of the EBF family of 
transcription factors in tumor suppression. 
Mol Cancer Res 2009; 7(12): 1893-901. 

Mullighan, C. G., S. Goorha, I. Radtke, C. B. Miller, 
E. Coustan-Smith, J. D. Dalton, K. Girtman, 
S. Mathew, J. Ma, S. B. Pounds, X. Su, C. 
H. Pui, M. V. Relling, W. E. Evans, S. A. 
Shurtleff and J. R. Downing. Genome-wide 
analysis of genetic alterations in acute 
lymphoblastic leukaemia. Nature 2007; 
446(7137): 758-64. 

Murata, M., R. Thanan, N. Ma and S. Kawanishi. 
Role of nitrative and oxidative DNA damage 
in inflammation-related carcinogenesis. J 
Biomed Biotechnol 2012; 2012(623019. 

Neve, R. M., K. Chin, J. Fridlyand, J. Yeh, F. L. 
Baehner, T. Fevr, L. Clark, N. Bayani, J. P. 
Coppe, F. Tong, T. Speed, P. T. Spellman, 
S. DeVries, A. Lapuk, N. J. Wang, W. L. 
Kuo, J. L. Stilwell, D. Pinkel, D. G. 
Albertson, F. M. Waldman, F. McCormick, 
R. B. Dickson, M. D. Johnson, M. Lippman, 
S. Ethier, A. Gazdar and J. W. Gray. A 
collection of breast cancer cell lines for the 
study of functionally distinct cancer 
subtypes. Cancer Cell 2006; 10(6): 515-27. 

Pinlaor, S., N. Ma, Y. Hiraku, P. Yongvanit, R. 
Semba, S. Oikawa, M. Murata, B. Sripa, P. 
Sithithaworn and S. Kawanishi. Repeated 
infection with Opisthorchis viverrini 
induces accumulation of 8-nitroguanine and 
8-oxo-7,8-dihydro-2'-deoxyguanine in the 
bile duct of hamsters via inducible nitric 
oxide synthase. Carcinogenesis 2004; 25(8): 
1535-42. 

1123



MMP24-11 
 

Pinlaor, S., S. Onsurathum, T. Boonmars, P. Pinlaor, 
N. Hongsrichan, A. Chaidee, O. Haonon, 
W. Limviroj, S. Tesana, S. Kaewkes and P. 
Sithithaworn. Distribution and abundance of 
Opisthorchis viverrini metacercariae in 
cyprinid fish in Northeastern Thailand. 
Korean J Parasitol 2013; 51(6): 703-10. 

Reya, T., S. J. Morrison, M. F. Clarke and I. L. 
Weissman. Stem cells, cancer, and cancer 
stem cells. Nature 2001; 414(6859): 105-11. 

Roskams, T. Liver stem cells and their implication in 
hepatocellular and cholangiocarcinoma. 
Oncogene 2006; 25(27): 3818-22. 

Stephens, J. M. The fat controller: adipocyte 
development. PLoS Biol 2012; 10(11): 
e1001436. 

Thanan, R., M. Murata, S. Pinlaor, P. Sithithaworn, 
N. Khuntikeo, W. Tangkanakul, Y. Hiraku, 
S. Oikawa, P. Yongvanit and S. Kawanishi. 
Urinary 8-oxo-7,8-dihydro-2'-deoxyguanosine 
in patients with parasite infection and effect 
of antiparasitic drug in relation to 
cholangiocarcinogenesis. Cancer Epidemiol 
Biomarkers Prev 2008; 17(3): 518-24. 

 
 
 
 
 
 
 
 
 
 
 

Thanan, R., C. Pairojkul, S. Pinlaor, N. Khuntikeo, C. 
Wongkham, B. Sripa, N. Ma, K. 
Vaeteewoottacharn, A. Furukawa, H. 
Kobayashi, Y. Hiraku, S. Oikawa, S. 
Kawanishi, P. Yongvanit and M. Murata. 
Inflammation-related DNA damage and 
expression of CD133 and Oct3/4 in 
cholangiocarcinoma patients with poor 
prognosis. Free Radic Biol Med 2013; 
65(1464-72. 

Tyson, G. L. and H. B. El-Serag. Risk factors for 
cholangiocarcinoma. Hepatology 2011; 
54(1): 173-84. 

Vatanasapt, V., S. Sriamporn and P. Vatanasapt. 
Cancer control in Thailand. Jpn J Clin 
Oncol 2002; 32 Suppl(S82-91. 

Yongvanit, P., S. Pinlaor and H. Bartsch. Oxidative 
and nitrative DNA damage: key events in 
opisthorchiasis-induced carcinogenesis. 
Parasitol Int 2012; 61(1): 130-5. 

 

1124




