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Abstract 

Expression of Oncogenes and Changes of the 
Liver and Bile Ducts in Cholangiocarcinoma of 
Syrian Golden Hamsters Induced by Clonorchis 

sinensis and N-Nitrosodimethylamine 

 

Md. Hafiz Uddin 

Parasitology and Tropical Medicine 

The Graduate School 

Seoul National University 

 

Clonorchis sinensis has been reclassified as group-I bio-carcinogen for 

cholangiocarcinoma (CCA) in humans by IARC in 2009, however, the 

mechanism of carcinogenesis is little known. The present study investigated 

CCA mechanism in hamster model by means of imaging, histopathology, 

immunohistochemical analysis, and expression of oncogenesis related genes. 

The experimental animals were divided into 4 groups: uninfected control 

(Ctrl.), C. sinensis (Cs), N-Nitrosodimethylamine (NDMA), and C. sinensis 

with NDMA (Cs+NDMA). The body weight of hamsters in every week and 

liver and spleen weight at necropsy were measured. Abdominal 

ultrasonography (USG) of all hamsters and magnetic resonance imaging 

(MRI) of randomly selected hamsters were performed at every 2 weeks up to 

16th week of infection. After 4, 8, 12, and 16 weeks animals were sacrificed 

and investigated. USG detected first mass-forming lesion (MFL) in the 
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Cs+NDMA group at 6th week and 77.3% of overall prevalence at 16th week of 

infection. The MFLs were consistent and increased in size during the follow-

up examination. MRI recognized same MFLs with USG, but recovered a cyst 

in the Cs+NDMA group at the 6th week. Findings by both USG and MRI of 

the Ctrl. and NDMA groups were non-specific throughout the experiment. 

The Cs+NDMA group hamsters underwent significant loss of body weight 

(24.8%) and gain of the liver (88.6%) and spleen (255.2%) weight. Thin 

slicing of the liver confirmed 100% prevalence of MFLs in the Cs+NDMA 

group with an intensity of 10.92 ± 5.76. Semiquantitative histopathology (as 

% of total tissue area) revealed severe inflammation (34.3% ± 3.6%), 

proliferation of bile ducts (11.4% ± 2.1%), periductal fibrosis (11.2% ± 

1.9%), and abscess (8.7% ± 3.13 %) in the Cs group. In the Cs+NDMA group 

the above histopathological findings were present moderately but showed 

intrahepatic CCA of well (21.8% ± 1.5 %), moderate (13.3% ± 1.3%), and 

poorly (10.8% ± 1.3%) differentiated types. The CCA mass was packed with 

collagen fibers, mainly of type I.  Immunohistochemisty against proliferative 

cell nuclear antigen (PCNA) found strong positive reaction in the Cs+NDMA 

group. The metaplastic changes of bile duct epithelial cell to mucin secreting 

cell was 7 times higher and mitotic figures were significantly increased in the 

Cs+NDMA group. Real-time PCR and western blot analysis showed 

dysregulation of a number of genes/proteins. A novel oncogene for CCA 

called gankyrin was upregulated, CDK4 and p16INK4 genes were 

overexpressed but, p53 gene and RB protein were downregulated in the tumor 
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tissue. In conclusion, CCA in hamsters may develop in hamster model after 6 

weeks of infection with weight loss and hepato-splenomegaly. The mass can 

be monitored by USG and MRI. Upregulation of oncogene gankyrin, CDK4, 

and downregulation of p53 gene and RB protein may play an important role 

in the process of carcinogenesis of CCA in the C. sinensis-NDMA mediated 

hamster model. Excessive mRNA expression of p16INK4 and increased 

PCNA may be marker candidates for CCA in clonorchiasis.  

 

Key words: Cholangiocarcinoma, Clonorchis sinensis, N-

Nitrosodimethylamine, Hamster, Histopathology, Gene expression 

Student number: 2009-30777 
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Introduction 

In a worldwide population of 6 billion, in the year 2000, approximately 10 

million cancers were diagnosed, and there were an estimation of 6.2 million 

cancer deaths (Schottenfeld et al., 2005). About 13% of all human deaths in 

2007 was due to cancer (World Health Organization: WHO, 2006) and 

estimated as 7.6 million (American Cancer Society, 2007), which was 1.4 

million more than that of the year 2000. Cancer affects people at all ages and 

its risk increases with age (Cancer Research UK, 2007). Cancer mortality has 

a proportionate cause of 12% global deaths. The three cancer sites 

contributing to the highest proportions of cancer deaths are the lungs (17.8%), 

stomach (10.4%), and liver (8.8%) (Ferlay et al., 2001; Parkin, 2001; Pisani et 

al., 2002; Pisani et al., 1999; Shin et al., 1996).  

Liver cancer is one of the most common cancers in Southeast Asia and 

the death rate among Koreans has been reported as one of the highest in the 

world (Jemal et al., 2010). In the etiology of primary liver cancer, three major 

types (hepatocellular carcinoma, cholangiocarcinoma (CCA), miscellaneous 

tumors) may be considered (Shin et al., 1996). Among primary liver cancer, 

CCA accounts for more than 20% of liver cancer in Busan, Korea (Jung et al., 

1993). CCA is known to be associated with heavy infestation by liver fluke, 

Opisthorchis viverrini and Clonorchis sinensis (Watanapa and Watanapa, 

2002). The liver fluke, C. sinensis is widely distributed in East Asia with 

some heavily endemic zones such as China, Taiwan, Vietnam, and the 
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Republic of Korea and recently included in the control programs of neglected 

tropical diseases by WHO (Hong and Fang, 2012). C. sinensis, also known as 

oriental or Chinese liver fluke, causes clonorchiasis, which is characterized by 

hyperplasia and metaplasia in the intrahepatic bile duct epithelium. The 

incidence of CCA is also correlated to the prevalence of C. sinensis infection 

(Shin et al., 2005). CCA is a highly lethal malignant tumor arising from the 

biliary tract epithelium (Olnes and Erlich, 2004) and notoriously difficult to 

diagnose.  It is usually fatal because of its typically late clinical presentation 

and the lack of effective non-surgical therapeutic modalities (Ishak et al., 

1994). In 2009, based on different epidemiological data C. sinensis was 

defined as group-I biocarcinogen to human for CCA by International Agency 

for Research on Cancer (IARC) (Bouvard et al., 2009; Shin et al., 2010). 

Although a large and compelling body of evidence links clonorchiasis and 

CCA, the mechanism involves in this process is little known (Kim et al., 

2008). 

Few studies have been carried out to understand the mechanism of 

oncogenesis in C. sinensis. The array of mechanisms under which the 

organism becomes oncogenic can be categorized within four general 

processes: direct effects on signal transduction pathways in host cells, chronic 

inflammation, changes in host physiology, and effects on other organism 

(Watanapa and Watanapa, 2002). The second process, chronic inflammation 

can cause by the presence of liver flukes which promotes neoplasia by 
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increasing probability of mutagenic events (a simplified mechanism showed 

in Fig. 1). Genotoxic effects of reactive oxygen and nitrogen species (ROS, 

RNS) plays an important role in the process of carcinogenesis (Butel, 2000; 

Oliviera, 2007; Blaser and Atherton, 2004).  

Oncogenesis is a multi-step process in which alternation of cell-cycle, 

apoptosis, oncogene expression, tumor suppressor and angiogenesis related 

genes are involved. Boonmars et al. (2008) showed changes in apoptosis 

related genes in hamster opisthorchiasis model. Boonmars et al. (2009) 

showed an alternation of genes expression of retinoblastoma protein (RB) 

pathway in same opisthorchiasis model. Angiogenesis related gene expression 

was studied by Yang et al. (2009) in 7,12-Dimethylbenz(a)anthracene 

(DMBA)-induced oral carcinogenesis in hamsters. There are a few works 

have done regarding synergistic effect of C. sinensis and N-

nitrosodimethylamine (NDMA) for development of CCA in hamster model. 

A number of studies showed that animals infected with C. sinensis alone did 

not develop CCA (Wykoff, 1958; Bhamarapravati et al., 1978; Lee et al., 

1978a,b; Min and Han, 1985). However, CCA was successfully introduced in 

Syrian golden hamsters by C. sinensis with a hepatocarcinogen, NDMA at 

sub carcinogenic level (Lee et al., 1997). This is the only established CCA 

animal model for C. sinensis. NDMA can be found in diverse consumable 

items  of   human   specially fermented  or  cured meat, fish, beers, and 

tobacco smoke (Najm et al., 2001). Thus humans infected with C. sinensis are 
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Fig. 1. Proposed etiopathogenetic mechanism of cholangiocarcinogenesis 

showing interactions between etiological agents and cholangiocyte response 

to injury (Sandhu et al., 2007).  
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always at risk of developing CCA. Therefore it is a crying need to find out the 

impact of C. sinensis and NDMA at molecular level to reveal the mechanism 

of oncogenesis.   

The present study was investigated the development of CCA by imaging, 

histopathological and immunohistochemical observation in infected hamsters. 

The cell proliferation, cell-cycle, apoptosis, tumor suppressor and 

angiogenesis related genes or proteins expression were analyzed to 

understand the mechanism of oncogenesis in C. sinensis and NDMA 

mediated CCA in Syrian golden hamster. 
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Materials and Methods 

1. Collection of metacercariae  

Metacercariae were collected from naturally infected freshwater fish 

Pseudorasbora parva. The fish flesh was digested in a 0.5% pepsin solution 

with HCl and C. sinensis metacercariae were isolated under a 

stereomicroscopic identification (Choi et al., 2004).  

2. Experimental design  

A total of 70 male Syrian golden hamsters (Mesocricetus auratus) of 4-5 

weeks old were divided randomly into 4 groups. Group I (Ctrl.) included 15 

hamsters as uninfected control, Group II (Cs) included 15 hamsters which 

received 30 metacercariae of C. sinensis, Group III (NDMA) included 15 

hamsters which were allowed to drink NDMA in drinking water, and Group 

IV (Cs+NDMA) included 25 hamsters which received both metacercariae and 

NDMA. The hamsters of the respective groups were infected with 

metacercariae by intra-gastric intubation and received NDMA at a 

concentration of 12.5 ppm in drinking water for 8 weeks ad libitum. The 

hamsters were subjected to abdominal ultrasonography (USG) at every 2 

weeks from baseline to the 16th week of infection and MRI done from 2nd-16th 

weeks of infection in randomly selected hamsters. After 4, 8, 12 and 16 weeks, 

the hamsters were sacrificed and investigated for the pathological and 
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molecular changes. The grouping and experimental design are summarized in 

Table 1 and Fig. 2. 

3. Measurement of weight 

Body weights of all hamsters were measured in every week and weight of the 

liver and spleen were measured at necropsy with an electronic balance 

(Sartorius, Germany). 

4. Ultrasonographic examination  

All hamsters were subjected to high resolution abdominal ultrasonography 

(USG; iU22, Philips Healthcare, Aandover, USA) with L15-7io linear 

transducer probe (7-15 MHz) after every 2 weeks from baseline to the 16th 

week of infection under general anesthesia throughout the study period to see 

the development of any mass-forming lesion (MFL) in the liver. A mixture of 

xylazine (10mg/kg; Bayer, Korea) and zoletil-50 (30mg/kg, Virbac, France) 

were used for anesthesia. The anesthetic solution was injected into the thigh 

muscle. 

5. Magnetic resonance imaging  

Randomly selected hamsters from different groups were subjected to 

abdominal magnetic resonance imaging (MRI; Magnetom Trio (3T) Siemens) 

at every alternate week from 2-16 weeks after infection under general 

anesthesia for better observation of MFL in the liver. Contrast solution (Primo  
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 Table 1. Groups and numbers of hamsters  

 

Groups No. of hamsters 

I. Uninfected control (Ctrl.) 15 

II. C. sinensis (Cs) 15 

III. N-Nitrosodimethylamine (NDMA) 15 

IV. C. sinensis with NDMA (Cs+NDMA) 25 
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Fig. 2. Experimental design for  the development of cholangiocarcinoma in 

Syrian golden hamsters  in association with C. sinensis (Cs) and N-

Nitrosodimethylamine (NDMA).  The hamster received NDMA with drinking 

water (Mc: metacercariae of C. sinensis).  
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-vist, Bayer, Korea, 1.3 ml/kg) was injected directly to the heart 

(intraventricular bolus injection) using 26 gauze needle with ultrasonographic 

guidance. A mixture of xylazine and zoletil-50 were used for anesthesia as 

used in USG. Axial T1-weighted image (volumetric interpolated breath-hold 

examination (VIBE); matrix size 256×123; slice thickness 0.7 mm), T2-

weighted image (respiratory triggered turbo spine echo (TSE); matrix size 

256×177; slice thickness 0.7 mm), were performed to detect any anatomical 

or pathological changes in the liver, GB and bile duct. 

6. Gross observation at necropsy 

The livers of hamsters from all groups were observed grossly for the presence 

of any MFLs. After external observation and keeping the sample (about 100 

mg) for RNA from the hilar region, rest of the liver was kept in neutral 

buffered formalin (10%) for the hardening of the tissues. The fixed and 

hardened tissues were subjected to 2-4 mm manual slicing for the presence of 

any MFL inside the liver. Mean intensity or intensity of MFLs was calculated 

as mean number of MFLs in the positive liver as below. 

Intensity = 
Total No. of MFLs

No. of hamsters positive for MFL
 

7. Histopathology 

A portion of the hilar tissues from the left, median and right lobes of each 

liver after fixation in neutral buffered formalin (buffered 10% formaldehyde, 

pH: 7.2) were prepared for histopathological analysis. Paraffin sections of 4 
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µm thickness were processed for routine hematoxylin and eosine (H&E) 

staining. For semiquantitative analysis, histopathological findings were 

expressed as percentage of total histological section area.  

Masson’s trichrome staining was also performed in randomly selected 

slides for the visualization of collagen fiber. Briefly, formalin fixed tissue 

section was refixed in Bouin’s solution for 1 h at 56ºc after deparaffinization 

and rehydration. Slides were stained with weigert’s iron hematoxylin solution 

and Biebrich scarlet-acid fuchsin solution for about 10 minutes followed by 

phosphomolybdic-phosphotungstic acid solution and aniline blue staining. 

After differentiation in 1% acetic acid slides were mounted through 

dehydration steps. 

For better visualization of type I collagen fiber randomly selected sections 

were subjected to Sirius red staining. In brief, rehydrated slides were stained 

for 8 minutes with haematoxyline and putted under running tap water for 10 

minutes. Then Sirius red Solution A was applied for 1 hour followed by 

washing with 0.5% acidic water. Red stained fibers were counted as collagen 

fibers. 

8. Immunohistochemistry 

To detect the proliferative cell nuclear antigen, immunohistochemisty 

procedure was carried out using Histomouse MAX kit (Zymed laboratories, 

Invitrogen immunodetection). The antigen was retrieved through incubation 
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with citrate buffer (pH = 6) at 100°C in a water bath for about 1 hour. At 

primary antibody application step, PCNA monoclonal antibody (Clone IPO-

38, Cat#10004805, Cayman Chemical) was used. The 3-amino-9-

ethylcarbazole (AEC) was utilized for the production of red colour with HRP 

conjugated secondary antibody. 

9. RNA extraction and cDNA preparation  

A portion of the liver tissue from the hilar region of the livers of all hamsters 

groups were snap frozen in liquid nitrogen and stored in it for the extraction 

of RNA. Total RNA was isolated using RNeasy plus mini kit (Cat# 74134, 

Qiagen, Germany) according to the manufacturer instructions. Reverse 

transcription of 3 µg of total RNA were done by Maxim RT premix (Korea) 

cDNA synthesis kit. The cDNAs were kept at -70ºC until use.  

10. Analysis of gene expression by Real-Time PCR Assay 

The primer pairs for gankyrin was self designed using primer BLAST of 

NCBI and the following genes Akt/PKB, BAX, RB1, p53, p16INK4, and 

CDK4 as well as housekeeping gene glyceraldehydes-3-phosphate 

dehydrogenase (GAPDH) were used based on the published sequence in the 

Gene Bank and published journal articles showed in Table 2 (Boonmars et al., 

2008; Boonmars et al., 2009; Boonmars et al., 2010; Yang et al., 2009; 

Kitahashi et al., 2004). SYBR Green I (Applied Biosystem) DNA binding dye 

was  used  as  fluorophore. After  PCR  amplification  melting  curve  analysis 
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Table 2. Oncogenesis related genes targeted primer pairs for real-time PCR 

 

Genes Sequences 

Upper line: forward primer 5’-3’ 

Bottom line: reverse primer 5’-3’ 

Gene Bank 

accession 

Gankyrin TGTCTAAGGTCTGCAACCTGGCCT 

AGCATGCCCAGTGTAATGCTGTTC 

       - 

Akt/PKB CCCTTCTACAACCAGGACCA 

ATACACATCCTGCCACACGA 

M94355.1 

BAX AGCTGCAGAGGATGATTGCT  

CTCTCGGAGGAAGTCCAGTG 

AJ582075.1 

RB1 CAGATGGTGTGTAATAGTGACCGA 

TTTTTCAGGGGCTTGGGAG 

GQ246228 

p53 AAGGCGATAGTTTGGCTCCT  

CTGGGGTCTTCCAGTGTGAT 

Y08900 

p16INK4 

 

GCAACACCCAAGTAGCCAGAC 

CGCCAGAGTTTCCAAGAAGCC 

AF292567 

CDK4 CACCCTCGTGTTTGAGCATA  

GTTTTCTGGTTTCAGGTCTCGG 

GQ246229 

GAPDH GACATCAAGAAGGTGGTGAAGCA  

CATCAAAGGTGGAAGAGTGGGA 

U10983 
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were performed to verify the PCR product. The standard curve was prepared 

for the determination of PCR efficiency. Before real-time PCR, all of the 

reactions were confirmed as single band in agarose gel electrophoresis by 

conventional PCR. Single band was also observed after real-time PCR as 

well. Gene expressions were calculated using 2-ΔΔCT (Livak) method. 

11. Western blot analysis 

To determine the oncogenesis related protein levels in the hamster tissue, 

proteins were extracted according to the conventional method. Briefly, about 

100 mg of the tissue was taken from each sample and grounded to a powdery 

preparation with liquid nitrogen. Needle homogenization was performed. The 

samples then underwent a process of 10 minutes homogenization and/or 

sonication in the presence of tissue protein extracting solution (lysis buffer 

containing 50 mmol/L Tris-Cl (pH 8.0), 150 mmol/L NaCl, 0.1% SDS, 100 

μg/ml PMSF, 2 μg/ml aprotinin, 2 μg/ml leupeptin, and 1% NP40), cooling on 

ice for 30 minutes, and centrifugation at 14,000 g for 5 minute at 4°C and the 

supernatant fluid were collected.  

Proteins were separated (80 µg/lane) by sodium dodecyl sulfate-

polyacrylamide gel electrophoresis (10% SDS-PAGE). The sample 

concentration of proteins were determined previously by BCA protein assay 

(Pierce, Thermo Scientific) using Nanodrop-1000 (Thermo Scientific) 

according to manufacturer instruction. After electrophoresis, the proteins 



-15- 
 

were electro-transferred to polyvinylidene fluride (PVDF) membranes, 

blocked in 5% non-fat milk for 1 h at room temperature (RT) and washed 

with PBST (PBS with 0.1% Tween), and probed with following primary 

antibodies: CDK4 (C-22: SC-260, Santa Cruz Biotechnology Inc.), Akt1 (C-

20: SC-1618, Santa Cruz), p53 (FL-393: SC-6243, Santa Cruz), RB (C-15: 

SC-50, Santa Cruz), VEGF (A-20: SC-152, Santa Cruz), and E2F1 (C-20: 

SC-193, Santa Cruz). Actin (I-19: SC-1616, Santa Cruz) and GAPDH (V-18, 

SC-20357, Santa Cruz) used as control. The membranes were then incubated 

with horseradish peroxidase-conjugated 1:4000 dilution of anti-rabbit (81-

6120, Zymax) or 1:2000 dilution of  anti-goat (P-0449, Dako) secondary 

antibody and the blot were treated with enhanced chemiluminescence reagent 

(WEST-ZOL Plus Kit, iNtRON Biotechnology) and exposed to X-ray film. 

The images were obtained by transmission scanner with the internal control of 

the actin and GAPDH protein levels and relative quantitative analysis was 

carried out based on the photo density ratio with ImageJ software of NIH. 

11. Data analysis and statistics 

Data obtained from the experiment were analyzed by Microsoft Excel (Ed. 

2007, USA), GraphPad Prism 5 and SPSS-19 statistical software. 

Comparisons of results were performed using a Student’s t-test. P values 

<0.05 were considered as significant. P values <0.05 indicated as asterisk and 

<0.01 as dagger in the figures.  
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Results 

1. Monitoring the progression of CCA 

 (1) Abdominal ultrasonography (USG)  

In USG, all hamsters of the control group showed normal shape, size and 

echogenicity of the liver and gallbladder (GB). Hamsters in the Cs and 

Cs+NDMA groups had enlarged liver with cirrhotic change and intrahepatic 

bile duct dilatation. GB wall thickening and echogenic debris were commonly 

observed in both groups. The cirrhotic appearances of the liver were more 

prominent in Cs+NDMA group. First mass-forming lesion (MFL) appeared as 

early as the 6th week of infection in the Cs+NDMA group (Fig. 3). The MFLs 

in the liver were observed in 77.3% hamsters of the Cs+NDMA group after 

16th week of infection as revealed by USG (Table 3). The MFLs were 

consistent or increased in size and number among USG evaluations in the 

Cs+NDMA group. Fig. 3 showed mass-forming lesions in different lobes of 

the hamster liver in the Cs+NDMA group starting from the 6th week upto 16th 

week.  In the NDMA group, most of the hamsters showed coarse echogenicity 

of the liver parenchyma but no bile duct dilatation. There were no distinctive 

differences observed after 16 weeks compared to control group.  

Hepatomegaly and GB wall thickening were observed almost equally in 

both Cs (90% and 40% respectively) and Cs+NDMA group (100% and 37.5% 

respectively). However, echogenic debris, cystic changes and GB inner 
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echogenic debris were more prevalent in the Cs+NDMA group (100%, 91.7% 

and 62.5% respectively) (Table 3). 

(2) Abdominal MRI  

MRI of randomly selected hamsters from different groups showed normal 

liver in the control group. In the Cs group, extensive dilatation of bile ducts 

was observed but there were no MFL observed by contrast enhanced scans 

(Fig. 4). In the NDMA group, MRI did not show any definite abnormalities 

compared to control. On the contrary extensive dilatation of the bile duct was 

noted in all of the liver lobes and multiple T2 high signal intensity area in the 

Cs+NDMA group. Many of them were eventually enhanced when contrast 

media was administered (Fig. 4). MRI also confirmed the first MFL and a 

complicated cyst at the 6th week of infection in the Cs+NDMA group. The Cs 

group restricted to ductal dilatation even after 16 weeks of infection (Fig. 4). 

2.  Gross findings at necropsy 

(1) Body weight measurement 

Significant reduction (26.8%) of body weight was observed in the Cs+NDMA 

group (120.27 ± 8.2; P < 0.001) compared to the control group (160.54 ± 

13.83) after 16 weeks of the study. The Cs group also showed significant 

weight   loss   (21.6%)   (128.65 ± 13.08;  P < 0.001)  whereas  no  significant 

difference  was  observed  in  the  NDMA  group  (149.32 ± 9.79;  P = 0.081)   
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Table 3. Qualitative histopathological findings of the liver and GB by USG 
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relative to the control (Fig. 5A).  

(2) Measurements of the liver and spleen 

The liver weight in the control group measured 5.97 ± 0.86 gm whereas the 

Cs group showed an average of 8.04 ± 1.45 gm. The NDMA group showed 

similar weight (6.79 ± 1.27 gm) of the liver as the control. The highest liver 

weight was observed in the Cs+NDMA group (11.32 ± 1.53 gm) which was 

highly significant as well (Fig. 5B). Liver weight in the control group was 

3.69% ± 0.54% of the body weight in average. However, it was 6.79% ± 

1.37%, 4.41% ± 0.69% and 11.32% ± 0.86% in the Cs, NDMA and 

Cs+NDMA groups respectively (Fig. 5C). The liver weight increased about 2 

times in the Cs group and 3 times in the Cs+NDMA group compared to the 

body weight suggesting hepatomegaly in the Cs and Cs+NDMA groups. The 

weight gain of the liver was 88.6% in Cs+NDMA group. Increase of the liver 

weight in NDMA group was insignificant. Spleen weight difference between 

the control and the Cs groups as well as the control and the Cs+NDMA 

groups were highly significant (P < 0.001). The heaviest spleen weight (0.52 

± 0.22 g) was observed in the Cs+NDMA group suggesting splenomegaly 

(Fig. 5D). The spleen weight percentages to the body weight were also 

increased in the Cs and Cs+NDMA groups about 2 and 4 times respectively 

(Fig. 5E). The spleen was gained about 255.2% weight in Cs+NDMA group. 

Average spleen length in the control group was 34.67 ± 0.99 mm where as it 

was 47.28 ± 1.29 mm in the Cs+NDMA group (Fig. 5F). Thus the increase of 
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length was 21.9%. Gross view of the spleen is displayed in Fig. 5G for visual 

comparison. 

(3) Mass-forming lesions (MFLs) in the liver  

The prevalence of MFL in the Cs group was 33.3% and in the NDMA group 

23.1%, but all hamsters (100%) of the Cs+NDMA group showed single or 

multiple MFLs. The intensity of MFLs in the Cs group was 1.0 ± 0, NDMA 

group 1.33 ± 0.58 whereas in the Cs+NDMA group it was 10.92 ± 5.76 

distributed among the lobes of the liver (left lobe: 3.71 ± 2.31; median lobe: 

3.46 ± 1.93; right lobe: 2.58 ± 2.24 and caudate lobe: 1.17 ± 1.37) (Fig. 6A, 

6B). At necropsy all of the livers were photographed and representative livers 

are summarized in Fig. 6C. The livers of the control and the NDMA groups 

were normal in gross appearance. However, the livers of the Cs and 

Cs+NDMA groups showed dilated biliary tree, blackish coloration and 

cirrhotic appearance. Fig. 6D showed 2-4 mm sections of the formalin fixed 

liver. Ultrasonographic monitoring helped to find out some tumors which 

were not visible in the liver externally at necropsy (Fig. 6E). 

3. Histopathological findings 

(1) H&E staining of histopathological slides 

The histopathology of the control group showed normal appearance of 

hepatocytes, cholangiocytes and hepatic triad. No inflammatory cells were 

accumulated in the control group. However, severe inflammation, bile duct 
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proliferation, periductal fibrosis were common in the Cs group. The NDMA 

group showed almost normal appearance. Bile duct proliferation, 

cholangiofibrosis, metaplasia and different grades of adenocarcinoma were 

evident in the Cs+NDMA group. Representative H&E stained histological 

features from 4-16 weeks are presented in Fig. 7.   

 (2) Collagen staining 

The Masson’s trichrome staining recognized dense collagen fibers around the 

bile ducts in the Cs and Cs+NDMA groups. Trace amount of collagen was 

found in the control and NDMA group around the biliary triad (Fig. 8). Sirius 

red staining showed traces of type I collagen around the blood vessel and bile 

duct, periductal and bridging collagen in the Cs group and dense fibers around 

the bile ducts in the Cs+NDMA group forming fibrous stroma of CCA tissues 

(Fig. 8). 

(3) Immunohistochemistry against proliferative cell nuclear antigen 

(PCNA) 

Among 4 groups of hamsters, only the Cs+NDMA group showed strong 

positive reaction with PCNA antibody. Proliferative cell nuclear antigen 

(PCNA) was mostly accumulated in and around the MFL which was 

confirmed as cholangiocarcinoma by histopathology (Fig. 8). 
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(4) Semiquantitative histopathological findings in different groups 

No measurable histopathological changes were observed in the control group. 

The Cs group showed significantly higher level of inflammation (34.3% ± 

3.6% tissue area), bile duct hyperplasia (11.4% ± 2.1% tissue area), periductal 

fibrosis (11.2% ± 1.9% tissue area), abscess (8.68 ± 3.1% tissue area), 

however, no neoplastic change was observed. In the NDMA group, very low 

quantity of inflammation (2.3% ± 0.8%), bile duct hyperplasia (1.0% ± 0.3%), 

cholangiofibrosis (1.4% ± 1.3%) were observed (Fig. 9). Inflammation was 

significantly higher in the Cs group than that in the Cs+NDMA group (Fig. 

9A). Higher level of bile duct hyperplasia, periductal fibrosis, and abscess 

were also observed in the Cs group than in the Cs+NDMA group (Fig. 9B, 

9C, 9E respectively). Egg granuloma and cholangiofibrosis did not show any 

significant difference between the Cs and Cs+NDMA groups (Fig. 9D, 9F 

respectively).  

(5) Grading of CCA 

CCAs originated in the Cs+NDMA group were categorized in well, 

moderately, and poorly differentiated types (Fig. 10). In average, CCA was 

found in about 46.0% of total tissue area of the Cs+NDMA group. Among 

CCAs, well differentiated CCA (WDC) was most prevalent and observed in 

21.8% ± 1.5% of total tissue area. Moderately differentiated CCA (MDC) was 

found in 13.3% ± 1.3% of total tissue area and poorly differentiated CCA 
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(PDC) was detected in 10.8% ± 1.3% of tissues (Fig. 10A). Beside this, one 

hamster of the NDMA group showed well and moderately differentiated CCA 

restricted in a very limited area (0.5% ± 0.5% and 0.03% ± 0.3% 

respectively).  

 (6) Histopathological changes at cellular level 

The metaplastic conversion of bile duct epithelial cells to mucin secreting 

cells was not observed in the control group. The Cs and NDMA groups 

showed 8.4 ± 3.1 and 9.6 ± 5.6 metaplastic cells respectively while the 

Cs+NDMA group showed 56.4 ± 7.9 metaplastic cells per histological tissue 

section (Fig. 11A, 11B). Mitotic figures observed in the Cs, NDMA, and 

Cs+NDMA groups were 4.3 ± 1.3, 0.3 ± 0.1 and 22.9 ± 2.3 per histological 

section respectively (Fig. 11C, 11D). Hepatic cell nuclear/glycogen inclusion 

was rare in the normal (2 ± 0.2) and Cs (1.7 ± 0.5) groups, however, it was 

15.8 ± 1.4 in the NDMA and 5.2 ± 0.5 in the Cs+NDMA group when 

observed in 10 high power fields (HPF) (Fig. 11E, 11F). Bile cell nuclear 

inclusion frequently appeared in the Cs+NDMA group (1.7 ± 0.7) compared 

to the Cs (0.5 ± 0.3) and NDMA groups (0.03 ± 0.03) (Fig. 11G, 11H). 

4. Oncogenesis related genes/proteins expression  

Relative expression of mRNA by real-time PCR (Fig. 12) showed that 

gankyrin, CDK4, BAX and RB1 genes were overexpressed in the Cs+NDMA 

hamster’s liver tumor tissues. Gene p53 was downregulated both in tumor 
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(Cs+NDMA-T) and adjacent normal tissues (Cs+NDMA-N) but upregulated 

in the NDMA, and remained same in the Cs group. CDK4 inhibitor gene 

p16INK4 also showed upregulation in the tumor and adjacent normal tissues 

as well as in the Cs group but remained same in the NDMA group. Increase 

of p16INK4 in Cs+NDMA group was almost 40 folds which was highly 

significant (P < 0.001). Though Akt/PKB showed slight upregulation but it 

was not significant (Fig. 13).  

In western blot analysis, goat actin, GAPDH, Akt1 and rabbit CDK4, p53, 

RB, VEGF and E2F1 primary antibodies cross-reacted with hamster 

counterparts (Fig. 14). Both p53 and RB proteins were found underexpressed 

in the Cs+NDMA group, however, CDK4 and Akt1 increased. The increase 

of CDK4 and decrease of p53 and RB were statistically significant. No 

significant changes were observed in E2F1 or VEGF (Fig. 14). Upregulated, 

downregulated, and unchanged genes/proteins listed in Fig. 15A. A simplified 

signal transduction pathway introduced the interaction of genes/proteins in 

Fig. 15B. The present study found that several interactions between proteins 

have affected indicated as dotted lines in the diagram (Fig. 15B). 



Fig. 3. Abdominal ultrasonography (USG) from 0-16 weeks of infection at every 

2 weeks interval. First mass-forming lesion (arrows) found to appear after 6 

weeks of infection in Cs+NDMA group. Gall bladder (GB) frequently showed 

worms (asterisk). Arrow head indicates complicated cyst and chevron indicates 

ductal dilatation.  
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Fig. 4. Abdominal magnetic resonance imaging (MRI) from 2-16 weeks of 

infection at every 2 weeks interval in randomly selected hamsters of different 

groups. MRI also detected mass-forming lesion (arrows) and cyst as early as 6 

weeks after infection. GB indicates gall bladder; arrow head, cysts and 

chevron, ductal dilatations. 
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Fig. 5. Weight and length of different organs of hamster at necropsy. A, Body 

weight; B, Liver weight; C, Percentage of liver weight to body weight; D, 

Spleen weight; E, Percentage of spleen weight to body weight; F, Spleen 

length; and G, Gross spleen (1-4 represents 4 hamster groups respectively; Bar 

= 10 mm). 
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Fig. 6. Mass-forming lesion’s (MFL) prevalence, intensity and  gross view. A, 

Prevalence; B, Intensity; C, Gross view of liver after 16 weeks of infection (1-

4 represents 4 hamster groups respectively); D, Serial section (2-4 mm) of 

10% formalin fixed liver showing MFL (arrows); E, MFL observed after 

sectioning gross liver which was not visible  from outside (Bar = 5 mm). 
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Fig. 7. H&E staining of the liver sections in different groups of hamsters 

(x100). Normal hepatic cells and biliary triad observed in control group, 

proliferated bile duct, periductal fibrosis, inflammatory cells observed in Cs 

group, NDMA group showed normal biliary triad where as Cs+NDMA group 

showed highly proliferated bile cells in a fibrous stroma leading to CCA.  
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Fig. 8. Masson’s trichrome, Sirius red and proliferative cell nuclear antigen 

(PCNA) staining of liver in different groups of hamsters after 16 weeks of 

infection (x100). Control and NDMA liver showed traces of collagen fibers 

(blue and red for Masson’s trichrome and Sirius red staining respectively) 

around the biliary triad artery, C. sinensis infected group showed collagen 

fibers around the bile duct, however, dense collagen fibers observed in 

Cs+NDMA group. PCNA was strongly positive for Cs+NDMA group.  
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Fig. 9. Semiquantitative non-neoplastic histopathological changes in different 

groups of hamsters. A, inflammation; B, bile duct hyperplasia; C, periductal 

fibrosis; D, egg granuloma; E, abscess; F, cholangiofibrosis. Significantly 

higher level of inflammation, bile duct hyperplasia, periductal fibrosis, and 

abscess observed in Cs group compared to NDMA and  Cs+NDMA groups. 
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Fig. 10. Semiquantitative neoplastic histopathological changes in different 

groups of hamsters (A). WDC, well differentiated CCA; MDC, moderately 

differentiated CCA; and  PDC, poorly differentiated CCA. All forms of 

CCA observed in Cs+NDMA group. Histopathological views of CCA 

(x400): B, WDC; C, MDC; and D, PDC. Nuclear polymorphism of bile 

cells noted in Fig. B. 
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Fig. 11. Cellular changes among the groups of hamsters. A-B, Mucin secreting 

cell metaplasia; C-D, mitotic figures; E-F, hepatic cell nuclear/glycogen 

inclusion; G-H, bile cell nuclear/glycogen inclusion (histological section’s 

original magnification x400). Significant increase of mucin secreting cells and 

mitotic figures are noted in Cs+NDMA group. HPF = high power field. 
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Fig. 12. Real-time PCR using SYBR Green I DNA binding dye. A, 

amplification curve with negative RT product; B, melting peak chart of same 

amplified sample; and C, agarose gel electrophoresis of same PCR product for 

the confirmation of single bands (M = 100 bp molecular DNA marker, N = -

RT negative control, 1-7 samples). 
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Fig. 13. Relative expression of oncogenesis related genes by real-time PCR. 

Significant changes in the expression of gankyrin, p16INK4, CDK4, p53 

genes  observed in the tumor tissues (Cs+NDMA-T). 

0 

1 

2 

3 

0 

10 

20 

30 

40 

50 

0 

5 

10 

15 

20 

0 

1 

2 

3 

Gankyrin p16INK4 

CDK4 p53 

* 

* 
* 

† 

* 

* 

* * * 

* 

0 

1 

2 

3 

4 

0 

2 

4 

6 

8 

0 

1 

2 

3 

4 

BAX Akt/PKB 

RB1 

* 
* 

* 

* 

Fo
ld

 c
ha

ng
es

 o
f m

RN
A

 e
xp

re
ss

io
n 

re
la

ti
ve

 t
o 

G
A

PD
H

 

-35- 



Fig. 14. Relative expression of oncogenesis related proteins by western blot 

analysis. To determine the band density  NIH ImageJ software were used. Top 

left figure showed the western blot (WB) bands of representative proteins. 
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Fig. 15. Relative expression of oncogenesis related genes/proteins by real-time 

PCR and/or western blot analysis (A). B, Simplified signal transduction 

pathway  showing the interaction of  proteins (dotted lines has been affected  

in the present study). 
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Discussion 

CCA is a malignant disease of the biliary system which is difficult to 

diagnose and mechanism little understood. In the present study, USG detected 

MFLs as early as the 6th week of infection, which is novel in the CCA animal 

model and showed a prevalence rate of 77.3% after 16 weeks. Enhanced MRI 

supported the findings of USG. C. sinensis infection with or without NDMA 

treatment caused significant weight loss in the animals accompanied with 

hepatomegaly and splenomegaly. Whole liver examination through 2-4 mm 

slicing detected CCA in all animals of the Cs+NDMA group thus the 

prevalence reached as high as 100% which is also a novel finding. 

Histopathology observed different kinds of non-neoplastic changes frequently 

in the Cs and rarely in the NDMA group. On the other hand, different grades 

of CCA were observed in the Cs+NDMA group, and well developed type 

composed about 22% of total tissue area. CCA stroma largely consisted of 

dense collagen fibers and abundant proliferative cell nuclear antigen (PCNA) 

detected by immunohistochemistry. Gene expression analysis revealed a 

newly upregulated oncogene gankyrin for CCA. Beside this, downregulation 

of p53 gene, RB protein with the upregulation of CDK4 were also evident 

from the current study.  

In the present study, USG was able to distinguish the Cs and Cs+NDMA 

groups from the control just after 2 weeks. After 4 weeks, all of the groups 

were identifiable. The 1st MFL appeared at the 6th week in the Cs+NDMA 
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group which was confirmed as CCA at the 8th week by histopathology. At 16th 

week single or multiple MFLs was observed in 77.3% hamsters of the Cs+ 

NDMA group. There were no studies in the present moment which detected 

the CCA mass as early as the 6th week. A slightly similar study done only by 

Plengsuriyakarn et al. (2012) using O. viverrini-NDMA mediated hamster 

CCA model. They observed the hamsters after 20 weeks of infection by USG 

and found sediments in GB, thickening of GB wall, and hypoechogenicity of 

liver parenchyma cells in O. viverrini+NDMA group but MFLs was not 

described. Consistently increased size of MFLs (Fig. 3) from the 6th week to 

onward suggests the usefulness of USG for the diagnosis, prognosis and 

monitoring of CCA. This finding also agrees with the study of Bloom et al. 

(1999) which suggested USG for hepatocellular diseases and CCA. Other 

findings like thickening and/or sedimentation of the gall bladder (GB) and 

dilatation of bile duct were observed both in the Cs and Cs+NDMA groups. 

These were more intense in the Cs+NDMA group which agreed with those of 

Hong et al. (1994) and Plengsuriyakarn et al. (2012). Moreover, echogenic 

debris and cystic changes frequently occurred in the Cs+NDMA group. Thus 

USG is useful to determine the synergistic effect of Cs and NDMA in hamster 

model. 

MRI was used to monitor the progression of CCA and liver cancer both in 

humans and animals (Ustundag and Bayraktar, 2008; Manfredi et al., 2004; 

Vanderveen and Hussain, 2004; Petre et al., 1996). The current study used 

MRI for the better visualization of the MFL and found in agreement with 
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USG. MRI detected MFL at the same 6th week, moreover, it has detected a 

cyst in the Cs+NDMA group in addition. As time progressed the MFLs took 

the lobulated shape which was observed by a number of studies previously 

done on humans (Hwang et al., 2012; Maetani et al., 2001; Vilgrain et al., 

1997; Choi et al., 1995). As the CCA grew along the intrahepatic bile duct it 

had a tendency to form satellite tumors resulting lobulated shape (Lim, 2003). 

Hypointensed areas were observed in T2WI in both Cs and Cs+NDMA 

hamsters in the present study. Such hypointensed area reflected the 

complexity of fibrosis (Maetani et al., 2001). The difference of hypointensity 

may be due to the level of fibrosis around the bile ducts or tumor tissues. 

Minimal rim-enhancement of MFL agreed with findings of Hwang et al. 

(2012). Therefore the present study suggests use of both USG and MRI for 

the detection of cancerous lesions as suggested previously by Kuroki-Suzuki 

et al. (2011). 

Loss of body weight was measured as an assessment of disease 

progression. Among the 4 groups, the highest weight loss was observed 

(24.8%) in the Cs+NDMA group. Such weight loss may be related with the 

progression of CCA (Nourissat et al., 2010; Chen et al., 2010). The present 

study observed moderate hepatomegaly and splenomegaly in the Cs group 

and severe in the Cs+NDMA group. In Cs+NDMA group, 88.6% weight of 

the liver and 255.2% weight of spleen were increased. Hepatomegaly and 

splenomegaly with the infection of the liver fluke was reported in previous 

studies as well (Kaewpitoon et al., 2008; Lee et al., 1993). The hepatomegaly 
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must have been an outcome of inflammation, collagen deposition, and 

neoplasm. The splenomegaly might be caused by hepatomegaly.  

 The Syrian golden hamster is the only known model of CCA by C. 

sinensis. One previous study (Lee et al., 1994) detected CCA in about 73% 

hamsters infected with C. sinensis after 13 weeks along with NDMA 

administration, however, in present study CCA developed in all hamsters of 

Cs+NDMA group after 16 weeks. There are several reasons for this different 

finding, most importantly, the duration, dose of NDMA and number of C. 

sinensis metacercariae. Lee et al. (1994) treated hamsters for 4 weeks with a 

dose of 15 ppm NDMA instead of 8 weeks with 12.5 ppm NDMA. The 

author also used a lower dose of metacercariae. In the present investigation, 

beside higher dose of metacercariae and longer period of NDMA treatment, a 

2-4 mm slicing of the formalin fixed liver had increased the prevalence rate of 

CCA. One hamster of the NDMA group developed CCA in a tiny portion of 

the liver (0.57 % of total tissue area). Though the average area of CCA is 

negligible it suggested that there is a possibility of developing CCA in 

NDMA treated group if the 12.5 ppm dose continued for 8 weeks and the 

hamsters is kept for 16 weeks or more. The intensity of MFLs in the present 

study was 10.92 ± 5.76 in the Cs+NDMA group which was not described in 

any earlier studies (Plengsuriyakarn et al., 2012; Songserm et al., 2009; Lee et 

al., 1994; Lee et al., 1993). Thus a dose of 30 C. sinensis metacercariae and 

12.5 ppm NDMA for 8 weeks can cause 100% CCA in Syrian goldern 

hamster. 
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Histopathological findings confirmed CCA in all hamsters of Cs+NDMA 

group and 1 hamster of NDMA group. Grading of CCA in the present study 

revealed well differentiated in 21.8% ± 1.5%, moderately differentiated in 

13.3% ± 1.3%, and poorly differentiated type in 10.8% ± 1.3% of total tissue 

area of the Cs+NDMA group. The present hamster model is promising to 

develop CCA of various differentiations. In the Cs group, C. sinensis caused 

inflammation, bile duct hyperplasia, periductal fibrosis, egg granuloma, 

metaplasia and cholangiofibrosis. Those findings were compatible with 

descriptions of previous studies (Hong and Fang, 2012).  The Cs group also 

showed papillary biliary hyperplasia with no neoplastic lesion which was 

regarded as typical histological feature in C. sinensis infection of humans 

(Kim et al., 1999). Papillary biliary hyperplasia was found in 60% surgical 

cases by Jung et al. (2008). Inflammation was severe comprising 34.3% ± 

3.6% of total tissue area in the Cs group, but it was 4.9% ± 0.5% in the 

Cs+NDMA group. Other histopathological aspects such as bile duct 

hyperplasia, periductal fibrosis, egg granuloma were also found in less intense 

in the Cs+NDMA group than in the Cs group. In the NDMA group, very little 

histopathological changes occurred. A similar finding observed in case of O. 

viverrini infection with nitrosamine (Boonmars et al., 2009; Kakar and 

Burgart, 2005). At earlier stage of infection, both Cs and Cs+NDMA groups 

showed such type of pathogenicity almost equally as revealed by imaging and 

histopathology.  However, due to the synergistic effect of C. sinensis and 

NDMA, the hyperplastic and fibrotic portion around the bile duct gradually 
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changed into adenocarcinoma like appearance. This type of synergism is 

evident from nitrosamine and fluke infections (Thamavit et al., 1987, 1993; 

Lee et al., 1993; Flavel and Lucas, 1983). The immuno-suppressive behavior 

of neoplastic cells might be responsible for less inflammation around it. This 

may be a topic of further study. 

Masson’s trichrome staining was used previously to detect metastasis of 

colon carcinoma to the liver as well as myofibroma (Ichihara et al., 2010; 

Chang and Kessler, 2008). In the present study, abundant collagen fibers were 

observed in and around the CCA tissue. Among the collagen fibers, type I 

was abundant as revealed by Sirius red staining. Abundance of type I collagen 

also observed in squamous cell carcinoma and liver fibrosis (Martins et al., 

2003; Li et al., 2009). This finding suggests that the composition of CCA 

stroma largely consists of collagen fibers specially type I.  

In the present study, the number of metaplastic cells in the tissue sections 

increased about 7 times more in the Cs+NDMA group than in the Cs group 

and about 5 times more than in the NDMA group. The mitotic figure is one of 

the important characteristics of carcinogenic tissue. In the present study, 22 ± 

2.3 mitotic figures were observed per histologic section in the Cs+NDMA 

group while it was only 4.3 ± 1.4 per section in the Cs group suggesting the 

synergistic nature of Cs and NDMA. Mitotic figures suggest the abundance of 

PCNA. Present study observed a strong positive reaction against PCNA 

antibody in and around the tumor tissue. This type of strong positivity of 

PCNA was also observed in case of hamster buccal pouch cancer (Nagini et 
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al., 2009). Thus PCNA may be a candidate marker molecule of CCA in 

clonorchiasis patients. It should be evaluate further. 

Several studies showed the involvement of several oncogenesis related 

genes in O. viverrini and NDMA mediated CCA in hamster model (Wu et al., 

2011; Boonmars et al., 2010; Boonmars et al., 2008; Loilome et al., 2006; 

Sithithaworn et al., 2002). In the present study, a novel oncogene for CCA 

named gankyrin was upregulated in the Cs+NDMA group tumor tissue, 

however, it was unchanged in adjacent normal tissue. The upregulation of 

gankyrin is evident from different type of cancer including endometrial 

carcinoma, breast cancer and colo-rectal cancer (Zhang et al., 2012; Zhen et 

al., 2012; Tang et al., 2010). Apoptosis related genes, Akt/PKB and BAX were 

found to be upregulated in early infection with O. viverrini, a closely related 

parasite of C. sinensis (Boonmars et al., 2008). However, there were no data 

regarding long term infection. The present study showed increased expression 

of BAX after 16 weeks of infection. Tumor suppressor genes, RB1 and 

p16INK4 were downregulated in earlier studies with O. viverrini (Boonmars 

et al., 2009). In contrast, both RB1 and p16INK4 were upregulated in the 

Cs+NDMA group of the present study. However, expression of RB protein 

was significantly decreased in western blot analysis, which suggested possible 

mutation in RB1 gene or break down of RB protein after expression. Such 

mutated RB gene can cause overexpression of p16INK4 (Witkiewicz et al., 

2011; Sasaki et al., 2012). Study also suggests association of gankyrin with 

the degradation of RB protein (Li et al., 2011). Overexpression of p16INK4 
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was also observed in cervical intraepithelial neoplasia (Jentschke et al., 2012). 

Gene p53 plays an important role in both tumor suppression and apoptosis. 

Previous studies found the more expression of p53 in case of early infection 

of O. viverrini (Boonmars et al., 2008; Nagini et al., 2009; Boonmars et al., 

2008). After long term infection with C. sinensis and NDMA treatment, p53 

gene was downregulated in this study. Beside p53 gene, cell cycle related 

gene CDK4 was upregulated significantly. Western blot analysis of proteins 

Akt1, CDK4 and p53 were compatible with mRNA expression by real-time 

PCR.  

At present it can be concluded that MFLs appear as early as 6 weeks 

after infection and combination of USG and MRI is helpful to monitor the 

disease progression in the hamster model. C. sinensis alone or with NDMA 

causes significant weight loss and hepato-splenomegaly. A slightly higher 

dose of C. sinensis and 2-4 mm manual slicing of fixed liver can increase the 

rate of CCA in hamster model. Non neoplastic changes caused by C. sinensis 

replaced with CCA as time progressed. The CCA stroma mostly characterized 

by the presence of collagen fibers, mucin secreting cells, mitotic figures and 

PCNA. Upregulated oncogene gankyrin and cell cycle related gene CDK4 

with dowregulated tumor suppressor gene p53 and RB protein plays an 

important role in the process of cholangiocarcinogenesis. Excessive mRNA 

expression of p16INK4 and increased PCNA may be useful marker candidates 

for diagnosis or prognosis of CCA in clonorchiasis. 
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국문 초록 

 

사람에게 감염되는 간흡충 (Clonorchis sinensis) 은 2009년 IARC

에 의해 1급 생물학적 발암 병원체(group-I biocarcinogen) 로 분

류되었다. 최근 연구에서 타이간흡충 감염과 N-

Nitrosodimethylamine (NDMA) 이 담관암 형성에 중요한 것으로 

알려졌으나 그 기전은 명확하지 않다. 이 연구에는 간흡충 감염에 

의한 담관암 형성과정과 발암 유전자의 발현을관찰하여 그 기전을 

조사하고자 하였다. 실험 동물로서 햄스터 모델을 사용하여 비침습

적 영상기법, 조직병리학적 조사, 면역화학염색법을 통한 분석과 종

양형성 유전자의 발현변화를 조사 하였다. 동물실험은 대조군 

(Ctrl), 간흡충 감염군, NDMA 처리군, 간흡충/NDMA 처리군으로 

구성하였다. 실험동물의 체중, 간 중량, 비장 중량을 매주 측정하였

고, 복부자기공명 및 초음파 검사는 각 군에서 표본을 수집하여 감

염 후 16주 째 까지 8번(1회/2주) 실시하였다. 또한 각 군에 포함

된 실험 동물의 일부를 간흡충 감염 후 4, 8, 12, 16주 시기에 희생

하여 실험하였다. 감염 후 6주 째에 초음파검사를 통해 종양

(mass-forming lesion, MFL)이 간흡충/NDMA군에서 처음으로 확

인되었다. 시간별 자기공명 및 초음파 검사 결과 대조군 및 NDMA 

처리군에서는 특이적인 조직변화가 관찰되지 않았다. 그러나 간흡충

/NDMA 처리군에서 체중, 간 중량, 비장 중량 증가율이 각각 

24.8%, 88.6%, 255.2%로 크게 증가하였다. 또한 간흡충/NDMA 처
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리군의 모든 동물의 간에서 10.92 ± 5.76 수준의 MFLs가 관찰되었

다. 간흡충 감염군에서 관찰하였을 시, 전체 조직 넓이에 대해 병변

이 확인되는 면적은 심한 염증소견이 확인되는 부분이 34.3% ± 

3.6%, 담관의 확장은 11.4% ± 2.1%, 담관주위 섬유화는 11.2% ± 

1.9%, 그리고 농양은 8.7% ± 3.13 %으로 나타났다. 이와 같은 조

직병리병변은 간흡충 감염군에 비교해 볼 때 간흡충/NDMA 처리군

에서는 상대적으로 약하게 관찰된 반면, 담관암 소견이 중증(21.8% 

± 1.5%), 중간 정도(13.3% ± 1.3%), 경증(10.8% ± 1.3%)으로 구

별되어 확인되었다. 그리고 담관암 조직내부 및 주변은 주로 1형 

콜라겐 섬유로 구성되어 있었다. Proliferative cell nuclear antigen 

(PCNA)는 간흡충/NDMA 처리군에서 강하게 발현되었다. Mucin 분

비세포의 화생 및 세포의 유사분열 징후는 간흡충/NDMA 처리군에

서 더 증가하였다. Real-time PCR 및 western blot 결과를 분석한 

결과 담관암 조직에서 상당수의 유전자 및 단백질의 비정상적 발현

이 확인되었다. 담관암에 관련된 새로운 발암 관련 유전자인 

gankyrin과 CDK4, p16INK4이 모두 과발현 되었으나 p53 및 RB의 

경우 억제된 것을 확인할 수 있었다. 결론적으로 햄스터 동물모델에

서 담관암은 감염 6주 후부터 자기공명 및 초음파 검사를 통해 관

찰될 수 있으며 이는 체중 감소 및 간-비장의 비대를 동반한다. 또

한 햄스터 모델에서 gankyrin, CDK4의 발현 증가 및 p53 및 RB 단

백질의 감소는 간흡충 감염 및 NDMA 처리를 통해 유도되는 담관

암 발생에 중요한 것으로 관찰된다. 또한 p16INK4의 mRNA 발현 



-60- 
 
 

및 PCNA 증가는 간흡충증과 연관된 담관암 표지자로 사용될 수 있

을것으로 예상된다. 

 

중요어: 담관암, 간흡충, N-나이트로소다이메틸라민, 햄스터, 조직

병변, 유전자 발현 
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