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Abstract 

Genomic copy number alterations in Korean bile duct 

cancer in comparison with normal healthy Korean 

 

Mee Joo Kang 

Department of Surgery, College of Medicine 

The Graduate School 

Seoul National University 

 

Background: The cytogenetic pathogenesis of bile duct cancer is poorly understood. 

This study investigated changes in gene copy number in Korean bile duct cancers 

and compared them with that of normal healthy Koreans. Furthermore, we explored 

the correlation of copy number variation with the disease free survival of bile duct 

cancer patients. 

Methods: Array comparative genomic hybridization was performed on 24 Korean 

bile duct cancer specimens and 10 normal healthy Koreans. The results were 

validated by the disease free survival of bile duct cancer patients.  

Results: A total of 984 copy number variations (CNVs) in 306 CNV regions 

(CNVRs) were distributed throughout all 22 chromosomes in Korean bile duct 

cancer patients. Korean bile duct cancer patients had a mean of 21.8 gains and 19.2 
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losses and the average number of CNVR was 35.9 per patient. Frequent sites of 

gains were located at 22q11.22, 2p11.2-p.11.1, 14q32.33 and 17q12. Frequent site 

of losses were located at 19q12-q13.43. When comparing 10 normal healthy Korean 

controls with the 24 Korean bile duct cancer patients, a total of 7,825 CNVs and 

2,081 CNVRs were identified. Twenty significant CNVRs showed significant 

differences between the normal healthy Koreans and the Korean bile duct cancer 

patients. Significant gains of copy number were observed in 2p11.2, 5p15.33, 

22q11.21, 22q11.22, 22q11.23, 22q12.2, 22q12.3, 22q13.1, 22q13.31 and 22q13.33. 

Significant losses of copy number were observed in 8q11.21, 10q26.3, 11p15.4, 

18q21.31 and 18q23. Copy number gains in 5p15.33 and 22q13.33 were correlated 

with early systemic recurrence in the Korean bile duct cancer patients.  

Conclusion: This study defined regions of the genome associated with changes in 

DNA copy number in Korean bile duct cancer. Copy number gain in 22q11-q13 was 

the most frequent in Korean bile duct cancer and was correlated to poor disease free 

survival. The findings have implications for identifying therapeutic targets, 

screening, and prognostication. 

----------------------------------------------------------------------------------------------------- 

Keywords: Copy number variation, bile duct cancer, Diagnosis, Biomarker, 

Prognosis, Survival analysis 

Student Number: 2010-30492   
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1. Introduction 

1.1 Prognosis and prognostic factors of bile duct cancer 

Biliary tract cancer is the 8th most common cancer in Korea.1 

Although the incidence of bile duct cancer is low, its incidence in 

Southeast Asia is higher than in Europe and North America. Radical 

resection of the tumor with grossly and microscopic negative resection 

margin is essential for the long-term survival of bile duct cancer 

patients. The bile duct is located in the vicinity of the hepatic artery and 

the portal vein which enables early invasion of tumors into these vital 

structures. However, the lack of early symptoms, the aggressive nature, 

and the limited treatment modalities of bile duct cancers contribute to a 

poor survival outcome. Most patients are not candidates for surgery, 

leaving palliative treatment as the only feasible option. Even patients 

who undergo successful resection usually experience tumor recurrence 

within the first several years. Bile duct cancer is refractory to 

conventional chemotherapy and radiation treatment. The actual 5-year 

survival rate of the bile duct cancer after resection is reported to range 

from 28 to 33%.2, 3 

Suggested prognostic factors of bile duct cancer are depth of tumor 

invasion into the bile duct, lymph node metastasis, perineural invasion, 

histologic differentiation, resection margin status, tumor location, etc. 

At present, the prognosis and treatment plan for patients are determined 

according to these prognostic factors and AJCC tumor staging.4 
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However, patients with the same AJCC staging have various clinical 

courses and prognoses, and their responses to chemotherapy vary 

widely. Moreover, patients with positive resection margin or lymph 

node metastasis may often have long-term survival over 5 years despite 

the presence of these poor prognostic factors. On the contrary, it is not 

uncommon for patients without any of these poor prognostic factors to 

experience early systemic recurrence. The variation in clinical course is 

difficult to predict accurately with the current AJCC staging or other 

pathologic prognostic factors, and clinicians have difficulty in 

establishing a treatment plan and in predicting the prognosis with the 

current evidence. 

 

1.2 Copy number variation and disease susceptibility 

There are various genomic aberrations such as single nucleotide 

polymorphisms (SNPs), variable number of tandem repeats (VNTRs), 

transposable elements, and chromosomal structural variations (deletion, 

duplication, inversion). Since 2004, structural alterations of the genome 

throughout the whole chromosome have been known to be a 

phenomenon that occurs frequently, and it is called copy number 

variation (CNV).5, 6 CNV is a kind of chromosomal structural variation 

in which a DNA fragment larger than 1kb has a copy number alteration 

compared to a reference sequence. The widespread presence of CNV 

along the human genome has gained interest in the medical field, and 
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the reported length of CNV exceeds more than 33.9% of the whole 

genome.7 Copy number variation could have an effect on the 

transcription or translation steps; therefore, it will play an important 

role in susceptibility to various diseases.8 CNV could have an effect on 

gene expression and phenotypic traits by directly involving regions 

with multiple genes, by being located entirely within a region that 

varies in copy number, by harbouring a risk allele with decreased or 

increased number of copies, by affecting the regulatory elements or 

promoter regions with its gains or losses, and by involving either the 

loss of an element in transcriptional regulation or a loss/gain that 

changes the structural properties of the DNA inhibiting the enhancer 

interaction, the chromatin structure or the access of transcription 

factors to their binding sites.  

Redon et al.9 reported that more than 10% of the 30,000 human 

genes have copy number variation, and 285 OMIM genes were 

identified in these regions, and this suggests that CNVs are associated 

with genetic diseases. According to a study by Kim et al.10 with 30 

normal Asians, each individual had an average of 670 CNVs, and 2,913 

genes were affected by the CNVs. Recently, HIV infection, Crohn’s 

disease, Parkinson’s disease, and autism are being actively researched 

for their correlation with CNV.  
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1.3 Copy number variation and cancer 

As expected, carcinogenesis, tumor growth, and differentiation may 

be affected by sporadic CNV as well as inherited CNV. To date, tumor-

related genes observed in chromosomal loci with known CNV 

comprise more than 40% of the overall tumor-related genes. Recent 

advances in genome sequencing, genome-wide association studies, and 

high-throughput technology have stimulated research in genomics 

associated with various diseases including cancer. Furthermore, 

increased cytogenetic knowledge has made it possible to apply targeted 

therapy to several solid tumors clinically, and treatment response and 

prognosis prediction are performed based on the cytogenetic 

characteristics of the patients. For example, gefitinib is used for non-

small cell lung cancer in cases with EGFR mutation;11 anti-EGFR 

antibody is used for patients with KRAS mutation, and multi-panel 

prognosis prediction is widely performed for breast cancer.12  

Moreover, the International HapMap Project revealed population 

clustering from CNV genotypes.9 Kim et al.10 reported on more than 

3,500 Asian specific CNVs which were not reported before confirming 

genetic polymorphisms between populations. These data suggest that 

tumorigenesis and chemoresponsiveness should be researched based on 

the characteristics of each population.  
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1.4 Previous studies of copy number variation in bile duct cancer 

The proposed genetic alterations associated with bile duct cancer are 

the codon 12 point mutation of KRAS and the inactivation of tumor 

suppressor genes including TP53, p16INK4/CDKN2, 

p15INK4B/MTS2, DPC4, or MKK4.13-15 However, although there has 

been progress in understanding the genetic alterations that are 

important in tumorigenesis and progression, research on bile duct 

cancer has been constrained by the limited number of studies on this 

relatively rare neoplasm. Cytogenetic studies for the carcinogenesis 

and prognosis prediction of bile duct cancer have been extremely 

limited in both numbers and quality (table 1).16-21 Biomarkers for early 

diagnosis and detection of recurrence and markers for prediction of 

treatment response have not been well studied. Moreover, molecular 

genetic approaches used in these studies were restricted to the analysis 

of single genes and could not assess other genetic changes elsewhere in 

the tumor genome.   

In the early days, karyotyping and chromosomal comparative 

genomic hybridization (CGH) was used to explore chromosomal 

aberrations in bile duct cancer. However, the resolutions of those 

technologies were very low and it was difficult to focus on specific 

chromosomal aberrations to find candidate genes associated with 

tumorigenesis or with the prognosis of bile duct cancer.  
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1.5 Array CGH technology as a tool for detection of copy number 

variation 

Array comparative genomic hybridization (aCGH) is a technique to 

detect genomic copy number variations at a higher resolution level than 

chromosome-based comparative genomic hybridization (figure 1).22 A 

global overview of genomic changes can be obtained using cytogenetic 

analysis with CGH analysis providing quantitative information about 

genomic gains or losses. 

 

1.6 Purpose of this study 

In this study, chromosomal aberrations in 24 Korean bile duct cancer 

samples were analyzed using the aCGH technique. The purpose of this 

study was to determine the genomic copy number variations in Korean 

bile duct cancer with aCGH technology and to explore the correlation 

of copy number variation with early systemic recurrence of bile duct 

cancer. Moreover, by comparing genomic copy number variation of 

Korean bile duct cancer with normal healthy Korean controls, bile duct 

cancer specific copy number variations were investigated. Based on 

these results, candidate genes of bile duct cancer were proposed which 

were correlated with disease free survival.  
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2.1 Patients 

2.1.1 Korean biliary tract cancer  

  From 2005 to 2009, patients with curatively resected bile 

duct cancer with pathologic diagnosis of adenocarcinoma were selected. 

Inclusion criteria of the study subjects were as follows; 

- Patients with a follow-up of at least 1 year postoperatively 

- Patients with available clinicopathological information including 

age, sex, TNM staging, postoperative adjuvant chemoradiation therapy 

- Patients without distant metastasis who achieved curative resection 

of the primary tumor with R0 resection 

- Patients without synchronous or metachronous cancer in other 

organs 

- Patients with fresh frozen tissue and an acceptable quality of DNA 

extracted from the tissue.  

 

 To control for confounding factors, age, sex, T or N stage, perineural 

invasion, and histologic differentiation were matched for 2 patient 

groups which were an early recurrence group who had systemic 

recurrence before 12 months after the operation and those without 

evidence of disease after 12 months of the operation.  

 



8 

 

2.1.2 Normal healthy Korean controls 

  For normal healthy Korean controls, the database of Total 

Integrated Archive of Short-Read and Array (TIARA; 

http://tiara.gmi.ac.kr) was used. The TIARA database contains data 

retrieved from massive parallel sequencing and high-resolution 

comparative genomic hybridization using the Next Generation 

Sequencing technique and high resolution Agilent 24M chip of 

anonymized Korean female blood samples. 

 

2.2 Tissue collection and DNA extraction 

2.2.1 Tissue collection 

After the operation, 5 x 5 mm sized tumor tissues were immediately 

collected from surgical specimens and stored in a -70°C liquid 

nitrogen tank until DNA extraction. Routinely processed 4-um thick 

paraffin-embedded sections from the same lesion were stained with 

hematoxylin and eosin and submitted for histologic examination.  

 

2.2.2 DNA extraction 

 The DNA of the tumor tissue was extracted with the 

QIAamp® Mini kit (QIAGEN Sciences, Germantown, USA). 

① 5 x 5 mm sized tumor tissue was placed in liquid nitrogen and 

ground thoroughly with a pestle. Tissue powder and liquid 
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nitrogen were decanted into a 1.5 ml microcentrifuge tube and 

liquid nitrogen was allowed to evaporate without thawing the 

tissue. 

② 20 ul of proteinase K was added and mixed by vortexing, and the 

tissue was incubated at 56°C until the tissue was completely 

lysed.  

③ 200 ul of buffer AL was added to the sample and mixed by pulse-

vortexing for 15 seconds followed by 2 minutes of incubation at 

room temperature. 

④ 200 ul of buffer AL was added to the sample and mixed by pulse-

vortexing for 15 seconds, and the sample was incubated at 70°C 

for 10 minutes.  

⑤ 200 ul of 100% ethanol was added to the sample with pulse-

vortexing for 15 seconds.  

⑥ The sample mixture was applied to the QIAamp Mini spin 

column and was centrifuged at 600 g for 1 minute. The QIAamp 

Mini spin column was placed in a clean 2 ml collection tube, and 

the tube containing the filtrate was discarded.  

⑦ 500 ul of buffer AW1 was added to the collection tube, and the 

mixture was centrifuged at 6000 g for 1 minute. The QIAamp 

Mini spin column was placed in a clean 2 ml collection tube, and 

the collection tube containing the filtrate was discarded.  
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⑧ 500 ml of buffer AW2 was added to the QIAamp Mini spin 

column and centrifuged at 20000 g for 3 minutes.  

⑨ 200 ul of buffer AE was added to the QIAamp Mini spin column, 

incubated at room temperature for 1 minute, and centrifuged at 

6000 g for 1 minute. This step was repeated twice to increase the 

DNA yield.  

⑩ Concentration of the DNA was calculated with 

spectrophotometer, and the DNA purity and integrity were 

evaluated by OD 260/280 ratio and by 1% agarose gel 

electrophoresis for quality control (figure 3). 

 

2.3 Array CGH experiment 

2.3.1 Array CGH chip 

The oligonucleotide aCGH chip used in this study was the 

NimbleGen Human CGH 12x135K Whole-Genome Tiling Array 

(Roche NimbleGen, Inc. Madison, WI, USA, figure 2). The total 

number of probes on this chip was 135,000 and the number of 

probes within a segment was 10. Median probe spacing was 21.5 kb 

and the effective resolution was 250 kb. The spotting area was 8.9 x 

6.5mm. The characteristics of the NimbleGen Human CGH 

12x135K Whole-Genome Tiling Array are summarized in table 2. 
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2.3.2 DNA labeling for array CGH 

  Test samples were labeled with Cy3 and reference samples 

with Cy5 using Nimblegen Dual-Color DNA Labeling Kit. NA10851 

blood (Coriell cell repository) from the International HapMap project 

was used as the reference DNA.  

① The test (gDNA 1ug + Cy3-random nonamers 40 ul + LHC-1 2 

ul + nuclease-free water = 80 ul) and reference (gDNA 1 ug + 

Cy5-random nonamers 40 ul + LHC-2 2 ul + nuclease-free water 

samples = 80 ul) samples were assembled in separate 0.2 ml thin-

walled PCR tubes.  

② The samples were heat-denatured in a thermocycler at 98°C for 

10 minutes followed by quick-chill in an ice-water bath for 2 

minutes.  

③ 20 ul of the dNTP/Klenow master mix (10 mM dNTP mix 10 ul 

+ nuclease-free water 8 ul + Klenow fragment 50 U/ul 2 ul) was 

added to each of the denatured samples and were incubated for 2 

hours at 37°C in a thermocycler, protected from light.  

④ The reaction was stopped by adding 10 ul of the Stop Solution.  

⑤ 11.5 ul of 5M NaCl and 110 ul of isopropanol were added to each 

tube and incubated for 10 minutes at room temperature, protected 

from light.  

⑥ The sample was centrifuged at 12000 g for 10 minutes. The 



12 

 

supernatant was removed and the pellet was rinsed with 500 ul of 

80% ice-cold ethanol.  

⑦  The sample was centrifuged at 12000 g for 2 minutes. The 

supernatant was removed. 

⑧ The pellet was rehydrated in 25 ul nuclease-free water and the 

concentration of each sample was calculated. 20 ug of the sample 

was needed for the 12x135K array.  

 

2.3.3 Array hybridization, imaging and data analysis  

① The dried sample was resuspended with Sample Tracking Control 

into 3.3 ul of resuspension solution. 

② 8.7 ul of hybridization solution (master mix; 2X Hybridization 

buffer 88.5 ul + Hybridization component A 35.4 ul + Alignment 

Oligo 3.6 ul) was added and the samples were incubated at 95°C 

for 5 minutes followed by incubation at 42°C for 5 minutes, 

protected from light.  

③ 6 ul of the samples were loaded into the Mixer and hybridized at 

42°C for 72 hours.  

④ The slide was washed with washing buffer 3 times (VWR water 

243 ml, 10X wash buffer I, II, III 27 ml 1M DTT solution 27 ul). 

Afterwards, the slide was dried and scanned with MS 200 
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Microarray Scanner (Roche NimbleGen Inc., Madison, WI, USA) 

set at 532 nm and 635 nm with a resolution of 2 um to produce 

images in TIFF format according to the manufacturer's 

instructions, and the image was obtained with MS 200 Data 

Collection Software (Roche NimbleGen Inc., Madison, WI, USA). 

Array data export processing and analysis were performed with 

NimbleScan v2.5. 

 

2.4 Basic analysis of array CGH 

2.4.1 Data analysis for Korean bile duct cancer samples 

① The quality of hybridization and overall chip performance were 

monitored by visual inspection of both internal quality control 

checks and the raw scanned data. Raw data extraction and 

normalization were performed with the segMNT algorithm in 

NimbleScan v2.5 (Roche NimbleGen Inc., Madison, WI, USA). 

Rearrangement breakpoints were determined by automated 

segmentation analysis of the data sets after normalization of the 

signal intensities. The test versus the reference log 2 ratios were 

averaged at window sizes corresponding to 1X and 10X the 

median probe spacing. Normalized log2 ratio was calculated as 

follows: Log2 ratio = log2(cy3)-log2(cy5). CNV segments that 

have more than 10 probes and logR ratio≥ ±0.3 were defined as 

CNV call.  
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② CNV region (CNVR) was defined as overlap over 30% of the CNV 

in each individual.  

③ The frequency of gain and loss of each CNVR was explored. 

④ The Log 2 ratio was compared between the early systemic 

recurrence and non-recurrence group with multiple comparison test 

and FDR correction; the permutation t-test and gain/loss of each 

individual were tested with χ 2-test.   

 

2.4.2 Analysis between normal healthy Korean controls and Korean bile 

duct cancer patients 

① The CNV calls of 10 Korean normal samples that were generated 

by the Agilent 24M whole genome chip in TIARA database 

(http://tiara.gmi.ac.kr/)23 were downloaded. 

② The absolute calls for each sample versus reference sample of 

NA10851 were calculated to compare the CNVR between 10 

normal Koreans24 and 24 bile duct cancer samples using the 

CARA S/W software (http://cara.gmi.ac.kr/).25  

③ The copy number value threshold was set as ±0.3.  

④ CNVR was defined as a CNV segment with an overlapping ratio 

of over 90% for each individual. 

⑤ Mapping of CNVR, which could be matched in both normal 

Koreans and Korean bile duct cancer samples, was performed.  
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⑥ Quantile normalization to correct for differences between the 

Agilent and NimbleGen platform was done. 

 

2.4.3 Gene symbol matching for each CNV 

 For gene symbol annotation, DGV matching was performed for each 

CNV and CNVR (Database of Genomic Variants: 

http://projects.tcag.ca/variation/). 

 

2.4.4 Hierarchical clustering 

 Unsupervised hierarchical cluster analysis was performed using 

complete linkage and euclidean distance as a measure of similarity by 

R environment Version 2.13.0 (The R Foundation for Statistical 

Computing, Vienna, Austria). 

 

2.5 Selection of significant clones and genes 

2.5.1 Permutation test 

The permutation t-test was performed with R environment Version 

2.13.0 (The R Foundation for Statistical Computing, Vienna, Austria). 

The log 2 ratio between the early systemic recurrence and non-

recurrence groups was compared according to sex, tumor location, 

tumor gross morphology, histologic grade, depth of invasion, lymph 
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node metastasis and perineural invasion in Korean bile duct cancer 

patients.  

 To compare normal healthy Korean controls with Korean bile duct 

cancer patients, the log 2 ratio was compared between the two groups 

with the permutation t-test. A p value of less than 0.001 was considered 

significant. 

 

2.5.2 χ 2-test 

  χ 2-test was performed using R environment Version 2.13.0 

(The R Foundation for Statistical Computing, Vienna, Austria). The 

frequency of gains and losses between early systemic recurrence and 

non-recurrence group was compared according to sex, tumor location, 

tumor gross morphology, histologic grade, depth of invasion, lymph 

node metastasis and perineural invasion in Korean bile duct cancer 

patients.  

 To compare normal healthy Korean controls with Korean bile duct 

cancer patients, the frequency of gain and loss between the two groups 

was compared with the χ 2-test. A p value of less than 0.001 was 

considered significant. 
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2.5.3 Kaplan-Meier test 

The Kaplan-Meier analysis was performed with log-rank test using 

IBM SPSS Statistics version 19.0 (IBM Corp., Somers, NY, USA). 

Disease-free survival was compared for each CNVR in Korean bile 

duct cancer patients. A p value of less than 0.05 was considered 

significant. 

 

2.5.4 Data mining 

  According to the CNVRs which were considered significant 

from the permutation t-test and χ 2-test, gene functional classification, 

gene function and pathway annotation, and data mining to explore 

disease association with each gene were performed. The DAVID 

database was used (http://david.abcc.ncifcrf.gov/home.jsp) for gene 

functional classification. For gene function and pathway annotation, 

the PANTHER database (http://www.pantherdb.org) was used. For data 

mining to explore disease association with each gene, COSMIC 

(http://www.sanger.ac.uk/genetics/CGP/cosmic), i-hop 

(http://www.ihop-net.org), OMIM (http://www.ncbi.nlm.nih.gov/omim), 

and oncomine (https://www.oncomine.org/) database were used. For 

pathway analysis, the GENEGO database 

(http://www.genego.com/metacore.php) was used. 
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2.5.5 Selection of candidate genes  

 For the CNVR selected through these steps, NCBI Map Viewer 

(http://www.ncbi.nlm.nih.gov/mapview) and UCSC genome browser 

(http://genome.ucsc.edu/cgi-bin/hgTracks?org=human) were used to 

visualize the chromosomal locus of significant candidate CNVR. 

CNVs throughout the chromosomes were visualized with progenetix 

software (http://progenetix.org). 

 

2.6 Expression analysis of selected genes 

2.6.1 Immunohistochemistry 

Immunohistochemical staining was done for OSM (NBP1-47904, 

Novus biologicals, Littleton, CO, USA, 1:20), LIF(sc-1336, Santa Cruz 

Biotechnology Inc., Santa Cruz, CA, USA, 1:500), and COMT (sc-

25844, Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA, 1:2500). 

For immunohistochemical staining, the UltraVIEW universal DAB kit 

(Ventana BenchMark XT Staining systems Inc., Tucson, AZ, USA) was 

used as follows: 

① The unstained slide was deparaffinized and hydrated.  

② For antigen retrieval, pH 9.0 cell conditioning 1 (CC1) buffer was 

added at 100℃ for 30 minutes  

③ The primary antibody was incubated at 37℃ for 32 minutes  



19 

 

④ After ultra wash, the slide was incubated with hematoxylin for 4 

minutes for counterstaining. 

⑤ After counterstaining, bluing reagent was added and incubated for 

4 minutes. 

Immunohistochemical staining results were reviewed by a biliary-

pancreas specialized pathologist. The intensity of staining was 

evaluated as a score of 0 to 2+ for no staining, weak staining, and 

strong staining, respectively.   
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3. Results 

3.1 Clinicopathological characteristics of the study subjects 

The clinicopathologic characteristics of the 24 Korean bile duct 

cancer patients are listed in table 3. The mean age of the study subjects 

was 62.0 years and the male to female ratio was 5 to 1. Fifteen patients 

(62.5%) had proximal bile duct cancer, and 3 patients had tumors 

confined to the bile duct (12.5%). Lymph node metastases were 

identified in 5 patients (20.9%), and perineural invasion was present in 

17 patients (70.8%). Adjuvant treatment was performed in 16 patients 

(66.7%). The median follow-up of the study subjects was 22.8 months 

and all of the patients were alive at the end of the follow up. Twelve 

patients experienced early systemic recurrence before 12 months after 

the operation, and the other 12 patients had no evidence of disease at 

the last out-patient follow up. The characteristics of the patients 

according to early systemic recurrence are presented in table 4. Sex, 

tumor location, gross morphology, histologic grade, depth of tumor 

invasion, lymph node metastasis, and adjuvant treatment were well-

matched between the two groups. Patients with early systemic 

recurrence had more frequent perineural invasion (p=0.069). 

All of the normal healthy Korean controls were female patients.23 

Other demographic findings were unavailable because the data of the 

female patients were anonymized.  
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3.2 Personal frequency, size of CNV of 24 Korean bile duct cancer 

patients 

3.2.1 Frequency and size of CNV of each individual 

The frequency of gains or losses, number of CNVs or CNVRs, and 

size of the CNVs are listed in table 5. The average size of a CNV was 

3,143 kb and the median size of a CNV was 379 kb. The size 

distribution of the CNVs was most common around 10-500 kb (n=465, 

47.3%), followed by 1-10 M (n=223, 22.7%) and 500 kb to 1 M 

(n=132, 13.4%, figure 4). The average CNV size in the early recurrence 

group was 842 kb and that of the non-recurrence group was 227 kb 

(figure 4). 

 

3.2.2  Summary of mutations in Korean bile duct cancer 

A total of 984 CNVs in 306 CNVRs were distributed throughout all 

22 chromosomes (figure 5, table 6). All 24 bile duct cancer patients had 

a mean of 21.8 gains and 19.2 losses (total of 41.0 CNV) and the 

average number of CNVRs was 35.9. Among the 984 CNVs detected 

in the 24 patients, a total of 523 gains were observed in 213 loci and 

461 losses were observed in 258 loci (figure 6). Frequent sites of gains 

that occurred in more than 50% of the study subjects were 22q11.22 

(chr22:20831139-21558296, n=24, 100%), 2p11.2-p.11.1 
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(chr2:88915873-91308671, n=23, 95.8%), 14q32.33 

(chr14:105190948-106342076, n=21, 87.5%), and 17q12 

(chr17:31455585-31887302, n=19, 79.2%). A frequent site of losses 

that occurred in more than 50% of the study subjects was 19q12-

q13.43 (chr19:36595464-63782889, n=13, 54.2%) (table 7). 

 

3.3 Selection of candidate genes for prediction of recurrence in 

Korean bile duct cancer 

3.3.1 Mean comparison for log 2 ratio of bile duct cancer patients 

Multiple comparison test with FDR correction was performed for the 

24 bile duct cancer patients and it revealed 24 significant CNVRs 

associated with early systemic recurrence. The significant CNVRs 

were located at 1p12, 1q21.1, 2q14.1, 2q23.3, 2q32.3, 2q35, 5q31.1-32, 

6p21.2, 6p12.1-p11, 6p11.1-q11, 6q12, 7p21.3-p21.1, 7p12.3, 7q21.11-

q21.3, 8p23.1, 9p24.3-p23, 9p22.3, 9p22.3-p21.3, 11p14.1, 11p11.12, 

19p13.3-p12, 20p13, and 20p12.3-p12.1. 

 Permutation t-test and χ 2-test were performed for the bile duct 

cancer patients. There was no significant CNVR according to the 

permutation t-test for the mean comparison of the log 2 ratio or chi-

square test for frequency comparison of gains or losses in the patients. 

Age, sex, tumor location, gross morphology, histologic differentiation, 

depth of invasion, lymph node metastasis, and perineural invasion also 
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revealed no significant CNVR for the permutation t-test or χ 2- test. 

Therefore, a subgroup analysis for the bile duct cancer patients could 

not proceed. 

 

3.3.2 Hierarchical clustering  

Unsupervised hierarchical clustering revealed that early systemic 

recurrence and non-recurrence were relatively well clustered according 

to the 24 suggested CNVRs. However, 2 patients in each group were 

misclassified into the opposite group. (figure 7) 

 

3.4 Selection of candidate genes for prediction of bile duct cancer 

in comparison with normal healthy Korean controls 

3.4.1 Comparison of Korean bile duct cancer patients with normal 

healthy Korean controls 

Comparing 10 normal healthy Korean controls with 24 Korean bile 

duct cancer patients, a total of 7,825 CNVs and 2,081 CNVRs were 

identified. Among the 2,081 CNVRs, 585 CNVRs had a corresponding 

log 2 ratio value for both the normal healthy Korean controls and 

Korean bile duct cancer patients. Further analysis was performed for 

these 585 CNVRs. Figure 8 shows the gains and losses of the Korean 

bile duct cancer patients compared with the normal healthy Korean 

controls. A total of 290 CNVRs had a higher log 2 ratio in the bile duct 
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cancer, and 295 CNVRs had a lower log 2 ratio in bile duct cancer. 

 

3.4.2 Permutation test and χ 2-test 

Permutation t-test and χ 2-test were performed for bile duct cancer 

and normal healthy control patients. There were 20 significant CNVRs 

from both the permutation t-test for a mean comparison of the log 2 

ratio and the χ 2-test for the frequency comparison of gains or losses of 

the patients (table 8). A significantly increased copy number was 

observed in 15 CNVRs (figure 9), and 5 CNVRs had a significantly 

decreased copy number (figure 10) in Korean bile duct cancer 

compared to the normal healthy Korean controls. A total of 153 genes 

were included in these regions. 

 

3.4.3 Hierarchical clustering  

Unsupervised hierarchical clustering revealed that bile duct cancer 

and normal healthy controls were very well clustered according to the 

20 suggested CNVRs (figure 11). 

3.4.4 Functional gene annotation, pathway map 

Functional annotation of the suggested gene set was performed with 

the PANTHER database. Among the 153 gene list, the PANTHER 

database identified 81 genes associated with molecular functions, 



25 

 

biological processes, cellular components, protein classes and 

pathways. For molecular functions, binding (n=32, 39.5%), catalytic 

activity (n=25, 30.9%), and transporter activity (n=8, 9.9%) were the 

most frequent. For biological processes, metabolic process (n=34, 

42.0%), cellular process (n=27, 33.3%), and cell communication (n=17, 

21.0%) were the most frequent processes. For protein classes, enzyme 

modulators (n=10, 12.3%), nucleic acid binding proteins (n=10, 12.3%), 

and transferases (n=9, 11.1%) were the most common. Thirteen genes 

were annotated with pathway information (table 9). Of these 13 genes, 

the cancer associated genes were COMT, MYH9, IL2RB, RAC2, 

SSTR3, and WNT7B.  

For pathway analysis, the GENEGO database was used. With the 

153 suggested gene list from 20 significant CNVRs, the immune 

response oncostatin M signaling via the JAK Stat pathway or MAPK 

pathway was the most relevant pathway (figure 12). 

 

3.4.5  Disease-free survival analysis 

Disease free survival was analyzed for the gain or loss status of the 

20 suggested CNVRs. Two CNVRs had a significant association with 

disease-free survival. Patients with the chromosome 5:739174-810625 

gain (median disease free survival 10.6 months vs. (-), p=0.043) and 

chromosome 22:49226165-49274930 gain (median disease free 
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survival 6.3 vs. 13.3 months, p=0.016) had early systemic recurrence 

compared to patients with a normal copy number. 

 

3.5 Expression analysis with immunohistochemical stainin 

3.5.1 Selected gene expression analysis 

Immunohistochemical staining was done for 19 bile duct cancer 

patients who had available tissue for the experiment. Oncostatin M was 

overexpressed in bile duct cancer in 4 patients (21.1%) and 

underexpressed in 1 patient (5.3%) compared with normal biliary gland. 

LIF was not overexpressed in bile duct cancer. COMT was 

overexpressed in bile duct cancer in 9 patients (47.4%) and no patient 

had underexpression of COMT in bile duct cancer (Figure 14). 
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4. Discussion 

Generic abnormalities reported in biliary tract carcinoma include 

activating point mutations at codon 12 of the KRAS oncogene26 as 

well as inactivation of several tumor suppressor genes, including TP53, 

p16INK4/CDKN2, p15INK4B/MTS2, DPC4, and MKK4.13-15 

However, this study showed the tremendous genetic variability of 

bile duct cancer and the large number of changes per tumor, supporting 

the idea that accumulation of genetic changes is important for tumor 

progression, just as it occurs in the colon27 and the pancreas.28 Most 

of the genetic aberrations found in this study have not been described 

previously in bile duct cancers. 

 

There are few studies in the literature regarding the genetic changes 

in biliary tract cancer. Comparing the previous data of bile duct cancer, 

Rijken et al.19 reported the loss of 6q, 18q and the gain of 12p, 19q, 

20q in distal bile duct cancer. In this study, 6q loss in 5 loci (6q13-q15, 

6q15, 6q21-q22.31, 6q22.31-q23.2, 6q23.2-q25.1, 8 aberrations in 3 

patients), 18q loss in 5 loci (18q12.1-q23, 18q22.1-q22.3, 18q22.3-q23, 

18q23, 17 aberrations in 8 patients), 12p gain in 1 locus (12p13.1-

p13.33, 11 aberrations in 10 patients), 19q gain in 6 loci (19q12, 

19q12-q13.11, 19q12-q13.43, 19q13.2, 19q13.33-q13.43, 19q13.42, 26 

aberrations in 11 patients), and 20q gain in 1 locus (20q11.21, 1 
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aberration in 1 patients) were observed, and these results defined a 

more delicate locus of gains compared to previous reports. Previously, 

KRAS2 (12p12.3) was the most commonly mutated oncogene in bile 

duct cancer26, 29, 30 but aberrations seen in 12p in this study were 

close but not the locus of KRAS2. Miller et al.21 reported copy 

number loss in 1p, 3p, 6q, 8p, 9p, and 14q and gain in 1q, 3q, 5p, 7p, 

7q, 8q, and 20q. In this study, the following were observed: 1p loss in 8 

loci (1p36.33-p35.2, 1p36.22-p34.3, 1p36.12-p36.11, 1p36.11, 1p34.1-

p32.3, 1p31.3, 1p22.1, 1p13.3, 12 aberrations in 7 patients), 3p loss in 

6 loci (3p26.3-p26.1, 3p26.1-p25.2, 3p22.2, 3p21.31-p14.1, 3p14.1, 

3p13, 19 aberrations in 9 patients), 8p loss in 9 loci (8p23.3, 8p23.3-

p23.2, 8p23.3-p23.1, 8p23.2-p23.1, 8p23.1, 8p23.1-p12, 8p12, 8p12-

p11.23, 8p11.23-p11.21, 8p11.21-q11.22, 37 aberrations in 14 patients), 

9p loss in 10 loci (9p24.3-p23, 9p24.1-p13.3, 9p22.3, 9p22.3-p21.3, 

9p21.1, 9p21.1-p12, 9p13.2-p13.1, 9p13.1, 9p12, 9p11.2, 9p11.2-q12, 

45 aberrations in 14 patients), 14q loss in 5 loci (14q11.1-q12, 14q11.2-

q24.2, 14q31.1, 14q32.31-q32.33, 14q32.33, 19 aberrations in 15 

patients) and 1q gain in 8 loci (1q21.1, 1q21.1-q21.2, 1q31.3, 1q32.1, 

1q41-q42.12, 1q42.2-q42.3, 1q42.3-q44, 1q44, 47 aberrations in 23 

patients), 3q gain in 4 loci (3q12.3-q13.31, 3q13.31-q26.1, 3q23, 

3q26.1-q29, 4 aberrations in 4 patients), 5p gain in 5 loci (5p15.33, 

5p15.33-p15.1, 5p15.1-p13.3, 5p14.3, 5p13.3-q31.1, 20 aberrations in 

11 patients), 7p gain in 5 loci (7p22.3-p21.3, 7p21.3-p21.1, 7p21.1-
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p11.2, 7p13, 7p12.3, 10 aberrations in 7 patients), 7q gain in 12 loci 

(7q11.21, 7q11.21-q11.22, 7q11.22-q11.23, 7q21.11-q21.3, 7q22.1, 

7q22.1-q22.2, 7q31.1-q32.1, 7q32.1-q33, 7q33, 7q33-q35, 7q35, 7q35-

q36.3, 40 aberrations in 19 patients) and 8q gain in 9 loci (8q11.21-

q11.22, 8q13.3-q21.11, 8q21.11, 8q21.11-q22.1, 8q22.1-q22.3, 8q22.3-

q24.13, 8q24.13-q24.23, 8q24.23, 8q24.23-q24.3, 18 aberrations in 8 

patients), and these results suggest a more precise locus of losses 

compared to the previous report. Compared a study by Saito et al.20 

which had results from a bile duct cancer cell line, the gain in 7p21.1 (2 

patients in this study), 7p21.2 (2 patients in this study), and the loss in 

1p36.21 (1 patient in this study), 4q25 (1 patient in this study), 

18q21.31 (1 patient in this study) were in agreement with our results 

but the gain in 17q23.2, 20q13.2 or the loss in 6q16.1, 18q21.33 was 

not found in this study.  

 

Interestingly, pancreatic cancers and bile duct cancers share a 

number of genetic alterations. Griffin et al.31 reported loss of portions 

of 6q in adenocarcinoma of the pancreas which were seen as 8 

aberrations in 3 patients in this study. Hruban et al.32 reported KRAS2 

(12p12.3) was the most commonly mutated oncogene in pancreatic 

carcinoma which is likely to be an early event in the development. 

Rijken at al.19 also reported 12p gain in bile duct cancer, but our study 

revealed that the locus of the 12p gain in bile duct cancer was close to 
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but not the locus of KRAS2. Rozenblum et al.28 showed that the tumor 

suppressor genes DPC4 and DCC, located on 18q, were frequently 

inactivated in pancreatic cancer. Hahn et al.14 identified the 

homozygous deletion of DPC4 in common bile duct tumors, and 

Rijken at al.19 also reported 18q loss in bile duct cancer, but our study 

revealed that the locus of 18q loss in bile duct cancer was close to but 

not the locus of DPC4 (18q21.1). Cheng et al.33 reported that the 

AKT2 gene, at 19q13.1–q13.2, was amplified and overexpressed in 10% 

of pancreatic cancers. Rijken at al.19 also reported 19q gain in bile duct 

cancers, but in this study, 19q gain in 6 locus was close to but not the 

locus of AKT2 (19q13.1-1q13.2). Fukushige et al.34 reported that 

pancreatic cancer harbors gains in 20q. In this study, 20q gain in 1 

locus was identified in agreement with the previous report by Rijken et 

al.19  

 

Because of the difference in tumor location, extrahepatic bile duct 

cancer is considered to have a different biology compared with 

intrahepatic cholangiocarcinoma. For intrahepatic cholangiocarcinoma, 

Uhm et al.35 reported gain of 5p, 7p, 8q, 13q, 15q, 17q, 20q, and loss 

of 1p36, 3p, 4q, 6q, 9p, 16q, 17p, 18q. However, all of these loci 

showed aberrations in this study; however, because the aforementioned 

report did not use a high resolution chip for locus definition, it was 

difficult to compare the exact similarities and differences in 
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chromosomal aberrations observed in extrahepatic bile duct cancers 

and intrahepatic bile duct cancers.   

 

As a member of biliary tract cancer, chromosomal aberrations 

observed in gallbladder cancer can be concerned compared with bile 

duct cancer. Saito et al.20 reported gain in 6p21.32 and loss in 3p22.3, 

3p14.2, 3p14.3, 4q13.1, 22q11.21, and 22q11.23 for gallbladder cancer 

cell lines. In this study, gains in 6p21.31 and loss in 3p22.2, 3p14.1, 

4q13.1, and 22q11.21 were observed, which suggests similar copy 

number aberrations in gallbladder and bile duct cancer.  

 

In this study, a 135 K whole genome tiling array was used to 

determine the copy number variations in bile duct cancer. In contrast, 

most of the previous studies16-20 on bile duct cancer used the 

chromosomal CGH technique or low resolution BAC clone chips; 

therefore, the suggested chromosomal aberrations were vague and the 

locus of the copy number alteration was not focused to a precise 

location. Previously, only 1 report used high resolution array CGH 

technology to investigate the copy number variations in bile duct 

cancer. According to Miller et al.,21 extrahepatic bile duct cancers had 

an average of 43.8 chromosomal alterations with an average of 22.5 

deletions and 21.4 amplifications. In this study, a mean of 41.0 copy 
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number variations was found in each patient with 21.8 gains and 19.2 

losses, which were comparable to a previous report. By using a high 

resolution chip to investigate copy number alterations, more candidate 

genes were identified in this study than in those of previous reports. In 

this study, a total of 16,897 genes were identified to have copy number 

alterations. Among these gene lists, candidate genes associated with 

early systemic recurrence were explored. Mean comparison with 

adjusted p-value was performed for the 24 bile duct cancer patients and 

24 significant CNVRs were associated with early systemic recurrence. 

Unsupervised hierarchical clustering showed that these 24 CNVRs 

were grouped into the early systemic recurrence and non-recurrence 

groups well. However, there were no significant CNVRs following the 

permutation t-test for mean comparison of the log 2 ratio or χ 2-test for 

frequency comparison of gain or loss in the patients. Age, sex, tumor 

location, gross morphology, histologic differentiation, depth of 

invasion, lymph node metastasis, and perineural invasion also had no 

significant CNVR for permutation t-test or chi-square test. Therefore, a 

subgroup analysis for bile duct cancer patients was not done.  

Instead, the data of normal healthy Korean controls were compared 

with 24 Korean bile duct cancer samples to identify bile duct cancer 

specific chromosomal aberrations. With the permutation t-test for mean 

comparison of the log 2 ratio and the chi-square test for comparison of 

the frequency of gains or losses in the patients, 20 CNVRs were 
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identified as significantly different chromosomal aberrations found 

between normal healthy Korean controls and Korean bile duct cancer 

patients. These CNVRs were novel regions which were not reported 

before as chromosomal aberrations in bile duct cancer. Functional 

annotation and pathway analysis showed these CNVRs were not 

limited to a specific pathway or function, but 65% of the CNVRs were 

located at 22q11-q13. Moreover, copy number gain in 5p15.33 and 

22q13.33 showed a significant correlation with early systemic 

recurrence. Thus, copy number alterations in these loci and 

chromosomal aberrations of 22q11-q13 can be used for not only 

diagnosis of bile duct cancer but also as prognostic markers of bile duct 

cancer.  

 

In this study, NA10851 blood from the International HapMap project 

was used for the reference DNA. To define the threshold between 

normal copy number, gains or losses, a normal reference using matched 

normal DNA can be used. However, a matched normal bile duct sample 

for each bile duct cancer is difficult to obtain due to the surgical 

specimens which have a very small portion of the normal bile duct. 

Therefore, a pooled reference DNA sample was used. NA10851 is the 

most commonly used reference sample for aCGH experiments. 

Moreover, because the detection of absolute CNVs independent of 

genomic variants of an arbitrary reference sample has been a critical 
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issue in CGH array experiments, the CGH array reference-free 

algorithm (CARA)25, which can determine reference-unbiased 

absolute CNVs from any CGH array platform, was used in this study. 

The algorithm enables the removal of false positive and false negative 

CNVs, which appear due to the effects of genomic variants in the 

reference sample in raw CGH array experiments.25 The absolute CNV 

extracted with this algorithm was used to compare the CNVs of bile 

duct cancer patients and normal Koreans.  

 

In summary, a total of 984 CNVs in 306 CNVRs were distributed 

throughout all 22 chromosomes in Korean bile duct cancer patients. 

Korean bile duct cancer patients had a mean of 21.8 gains and 19.2 

losses and the average number of CNVRs was 35.9 per patient. 

Frequent sites of gains were located at 22q11.22, 2p11.2-p.11.1, 

14q32.33 and 17q12. Frequent site of losses were located at 19q12-

q13.43. Comparing 10 normal healthy Korean controls with 24 Korean 

bile duct cancer patients, a total of 7,825 CNVs and 2,081 CNVRs 

were identified. There were 20 significant CNVRs which showed 

significant differences between normal healthy Koreans and Korean 

bile duct cancer patients. Significant gains of copy number were 

observed in 2p11.2, 5p15.33, 22q11.21, 22q11.22, 22q11.23, 22q12.2, 

22q12.3, 22q13.1, 22q13.31 and 22q13.33. Significant losses of copy 

number were observed in 8q11.21, 10q26.3, 11p15.4, 18q21.31 and 
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18q23. Of these 20 CNVRs, increased copy number in 5p15.33 and 

22q13.33 had a significant impact on early systemic recurrence of bile 

duct cancer. Immune response oncostatin M signaling via JAK Stat 

pathway or MAPK pathway was the most relevant pathway in Korean 

bile duct cancer patients and OSM and LIF included in this pathway 

were overexpressed in bile duct cancer compared with normal biliary 

glands. 22q11-13 was the hot spot which differentiated normal healthy 

Koreans from Korean bile duct cancer patients, and the increased copy 

number in these loci were correlated with disease free survival. A 

focused array of these loci may be needed to determine the candidate 

genes which play an important role in the carcinogenesis of bile duct 

cancer.  
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6. 약( 문 록) 

경  적: 담도암  포 전학적 생 전에 한 연  결과는 

아직 지 드물다. 본 연 에 는 한  담도암 환 에  나타나는 

전체 복제 수 변  규 하고  정상 한 과 비 하고  

한다. 나아가, 담도암 특 적  전체 복제 수 변 가 담도암 환

에  무병생존에 미치는 향  알아보고  한다. 

: 24  한  담도암 환  상 로 array comparative 

genomic hybridization  사 하여 전체 복제 수 변  살

펴보고  정상 한  10   비  하 다.  결

과는 담도암 환 에  무병 생존  함 로써 생물학적 타당

 평가하 다. 

결과: 한  담도암 환 에   984개  전체 복제 수 변

(CNV)  306개 전체 복제 수 변  역(CNVR)  견 었고 

는 22개 전체 전체에 걸쳐 고루 포하 다. 한  담도암 환

는 평균 21.8개  CNV 획득, 19.2개  CNV 결  갖고 었  

환 당 평균 CNVR  35.9개 다. CNV 획득  빈 한 좌 는 

22q11.22, 2p11.2-p.11.1, 14q32.33  17q12 고, 결  한 

좌 는 19q12-q13.43 었다. 10  정상 한   비 하

 ,  7,825개  CNV  2,081 CNVR  확 었다. 정상 한

과 한  담도암 환 는 20개  한 CNVR에  전체 복

제 수 변  보 다. 한  담도암 환 는 2p11.2, 5p15.33, 
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22q11.21, 22q11.22, 22q11.23, 22q12.2, 22q12.3, 22q13.1, 

22q13.31  22q13.33에  전체 복제 수 획득  보 고, 

8q11.21, 10q26.3, 11p15.4, 18q21.31  18q23 에  결  보

다. 5p15.33  22q13.33  전체 복제 수 변 는 한  담도암 

환  무병 생존과 한 계  나타내었다.  

결론: 본 연 는 한  담도암 환 에  나타나는 전체 복제 수 

변  조사하고  정상 한 과 비 하여 한  담도암 환

에  특 적 로 나타나는 전체 복제 수 변  규 하 다. 

22q11-q13  한  담도암 환 에  가  빈 한 전체 복제 수 

획득  보   좌  전체 복제 수 획득  는 경우 무병 

생존  낮았다.  탕 로 담도암 조  견  지  적 

치료제 개 , 후 측   전  할 수 다.   

 

-------------------------------------------------- 

주 어: 전체 복제수 변 , 담도암, 진단, 마커, 후, 생존

 

학 : 2010-30492  
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Table 1. Previous reports of copy number variation in bile duct cancer 

 

Reports N 
Disease CGH 

platform 
Stage Findings 

IHD HC EHD GB 

Shirashi, 

1999 

18 2 3 7 6 Kallioniemi’s 

method 

5 stage 

III 

13 stage 

IV 

CNV; Stage IV > 

III 

Rijken, 

1999 

8   8  Kallioniemi’s 

method 

? BTC shares genetic 

variation with 

pancreas cancer 

Shiraishi, 

2001 

50 8 9 16 17 Kallioniemi’s 

method 

5 stage I 

7 stage II 

8 stage 

III 

30 stage 

IV 

Correlation with 

distant metastasis, 

LN metastasis 

Shirashi, 

2001 

42 5 8 14 11 Kallioniemi’s 

method 

8 stage 

III 

30 stage 

IV 

Unique BTC CNV 

compared with 

pancreas cancer, 

HCC 

Uhm, 

2005 

19 19    Kallioniemi’s 

method 

? Korean intrahepatic 

cholangiocarcinoma 

CNV 

Saito, 

2006 

12   5 CL 7CL Macrogen 

MAC Array 

Karyo 1400 

? Unique BTC CNV 

compared with GB 

cancer 

Miller, 

2009 

34 13  12 9 Agilent 244K 

CGH array 

? Correlation of CGH 

results & 

expression 

 
IHD; intrahepatic duct cholangiocarcinoma 

HC; hilar cholangiocarcinoma 

EHD; extrahepatic bile duct cholangiocarcinoma 

GB; gallbladder 

CL; cell line  
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Table 2. Characteristics of aCGH chip used in this experiment 

NimbleGen Human CGH 12x135K Whole-Genome Tiling Array (Roche 

NimbleGen, Inc. Madison, WI, USA) 

Version 3.1 

Arrays per slide 12 

Probes per array 135,000 

Probe length 60mer 

Median probe spacing 12524bp 

Sequence source hg 18 (NCBI Build 36) 

Array size 8.9mm x 6.5mm 

Feature size 13um x 13um 

Slide size 25 x 75mm 
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Table 3. Clinicopathologic characteristics of 24 Korean bile duct cancer 

patients 

 

Case 

No 

Age Sex Tumor 

location 

Gross 

morphology 

Pathologic 

differentiation 

Depth of 

invasion 

LN 

mets 

Perineural 

invasion 

Adjuvant 

treatment 

Follow-up 

(months) 

Recurr

ence 

1 69 M distal flat moderate beyond no no yes 30.9 no 

2 60 M proximal nodular well beyond no no no 24.1 yes 

3 57 M proximal nodular moderate beyond no yes yes 14.9 yes 

4 58 M proximal nodular well beyond no yes no 17.5 yes 

5 68 M distal nodular moderate beyond no yes yes 6.3 yes 

6 53 F distal nodular moderate beyond no yes yes 33.6 yes 

7 47 M proximal papillary well 
confined 

to  
no no no 31.3 no 

8 56 M proximal flat moderate beyond no yes no 29.7 no 

9 72 M distal flat moderate beyond no yes no 25.4 yes 

10 65 M distal nodular moderate beyond no yes yes 25.7 no 

11 57 M distal nodular moderate beyond no no yes 25.7 no 

12 47 F proximal flat moderate beyond yes yes yes 13.4 yes 

13 76 M proximal flat moderate beyond no yes yes 9.1 yes 

14 59 M proximal flat moderate beyond no yes yes 26.0 no 

15 74 M proximal papillary well 
confined 

to  
no no yes 26.2 no 

16 49 M distal flat moderate beyond yes yes yes 26.6 yes 

17 60 M proximal flat moderate beyond no yes no 5.4 yes 

18 72 M proximal papillary moderate beyond no yes no 4.2 yes 

19 70 F proximal papillary well 
confined 

to  
no no no 25.1 no 

20 55 M distal flat moderate beyond yes yes yes 12.1 no 

21 57 M proximal flat moderate beyond no yes yes 19.1 no 

22 74 M proximal flat moderate beyond no yes yes 20.5 no 

23 75 M distal nodular poor beyond yes no yes 21.4 no 

24 59 F proximal flat moderate beyond yes yes yes 12.9 yes 
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Table 4. Clinicopathologic characteristics according to recurrence  

 
Early systemic 
recur (N=12) 

Non-recurrence 
(N=12) 

Total  
(N=24) 

P-value 

Sex (M:F) 11:1 9:3 20:4 0.590 

Location 
   

1.000 

Proximal 8 (66.7%) 7 (58.3%) 15 (62.5%) 
 

Distal 4 (33.3%) 5 (41.7%) 9 (37.5%) 
 

Gross 
   

0.592 

Papillary 1 (8.3%) 3 (25.0%) 4 (16.7%) 
 

Nodular 5 (41.7%) 3 (25.0%) 8 (33.3%) 
 

Flat 6 (50.0%) 6 (50.0%) 12 (50.0%) 
 

Histologic grade 
   

1.000 

Well differentiated 2 (16.7%) 3 (25.0%) 5 (20.8%) 
 

Moderately 
differentiated 

10 (83.3%) 8 (66.7%) 18 (75.0%) 
 

Poorly differentiated 0 1 (8.3%) 1 (4.2%) 
 

Depth of invasion 
   

0.217 

Confined to  0 3 (25.0%) 3 (12.5%) 
 

Beyond bile duct 12 (100%) 8 (75.0%) 21 (87.5%) 
 

Lymph node metastasis 3 (25.0%) 2 (16.7%) 5 (20.8%) 1.000 

Perineural invasion 11 (91.7%) 6 (50.0%) 17 (70.8%) 0.069 

Adjuvant treatment 7 (58.3%) 9 (75.0%) 16 (66.7%) 0.667 
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Table 5. Personal frequency, size of CNV of 24 Korean bile duct cancer patients 

Case No Gain Loss 
Number of 

CNV 
Number of 

CNVR 
Total size of 

CNV 
Median size of 

CNV 
Min Max 

1 18 17 35 31 12,802,438 189,798 996 3,579,243 

2 18 13 31 28 5,687,184 97,121 2,137 1,042,125 

3 13 18 31 28 26,936,353 211,670 318 18,872,998 

4 17 24 41 39 10,907,565 126,909 635 1,684,828 

5 24 12 36 32 7,192,088 107,214 318 984,909 

6 24 18 42 39 7,777,203 81,221 2,137 1,869,949 

7 21 9 30 29 9,825,467 121,443 635 1,811,211 

8 19 6 25 25 5,951,677 170,299 2,909 1,274,879 

9 14 15 29 27 7,647,634 145,429 318 1,595,273 

10 64 86 150 108 590,469,266 1,697,302 1,000 38,169,042 

11 19 7 26 25 25,464,660 262,920 
14,65

8 
14,034,983 

12 13 13 26 25 10,329,223 149,887 2,919 2,340,142 

13 26 15 41 33 21,506,191 152,185 1,141 3,619,702 

14 28 43 71 61 648,256,298 3,722,392 
20,66

3 
100,493,209 

15 9 36 45 39 356,423,091 891,517 6,427 86,712,965 

16 13 7 20 18 10,624,878 215,435 621 2,392,798 

17 17 11 28 24 5,522,733 84,724 318 1,135,130 

18 52 25 77 72 498,476,359 957,935 
78,82

3 
93,678,451 

19 14 20 34 31 316,119,161 1,719,921 2,446 69,945,354 

20 39 45 84 68 469,458,126 2,434,459 6,427 32,506,418 

21 7 6 13 13 10,123,345 507,373 
12,63

6 
2,639,384 

22 15 4 19 18 7,012,294 165,411 6,427 2,340,142 

23 21 5 26 25 13,531,685 231,600 525 2,639,384 

24 18 6 24 23 14,769,471 246,969 2,873 2,639,384 

Average 21.8 19.2 41.0 35.9 3,143,104 379,472 318 100,493,209 
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Table 6. 306 CNVR detected in bile duct cancer 

chr Gain Loss 

1 1p36.33,1p36.33-p35.2,1p36.22-p34.3,1p36.21-
p36.13,1p36.13,1p36.12-
p36.11,1p36.11,1p13.3,1p12,1p12-
p11.2,1q21.1,1q21.1-q21.2,1q31.3,1q32.1,1q41-
q42.12,1q42.2-q42.3,1q42.3-q44,1q44 

1p36.33-p35.2,1p36.22-p34.3,1p36.12-
p36.11,1p36.11,1p34.1-
p32.3,1p31.3,1p22.1,1p13.3,1q23.3,1q32.1,1q43,1q
44 

2 2p25.3-p11.2,2p11.2,2p11.2-
p11.1,2q11.2,2q14.1,2q14.2,2q23.3,2q24.2,2q32.
1,2q32.3,2q35 

2p25.3-p11.2,2p11.2,2p11.2-p11.1,2q12.1-
q13,2q13,2q14.1,2q14.3-q21.1,2q21.2-q23.1,2q33.1 

3 3p26.3-p26.1,3p26.1-p25.2,3p13,3q12.3-
q13.31,3q13.31-q26.1,3q23,3q26.1-q29 

3p26.3-p26.1,3p26.1-p25.2,3p22.2,3p21.31-
p14.1,3p14.1,3p13,3q12.3-q13.31,3q13.31-
q26.1,3q26.1-q29 

4 4p16.3,4p16.1,4p16.1-p15.31,4p15.31,4p15.31-
p15.2,4q28.3,4q32.3,4q32.3-q35.2,4q35.2 

4p12-q13.1,4q12-q13.2,4q13.1-q22.1,4q21.23-
q34.1,4q24,4q24-q26,4q26,4q26-q28.3,4q28.3-
q31.3,4q31.3-q32.1,4q32.1-q32.3,4q32.3-
q35.2,4q35.1,4q35.1-q35.2,4q35.2 

5 5p15.33,5p15.33-p15.1,5p15.1-
p13.3,5p14.3,5p13.3-q31.1,5q13.2,5q31.1-
q32,5q31.3-q34,5q34-q35.1,5q34-q35.3 

5p15.33,5p15.33-p15.1,5p13.3-
q31.1,5q13.2,5q22.3,5q31.1-q32,5q31.3-q34,5q34-
q35.3 

6 6p25.3-p22.3,6p23-p22.3,6p22.3,6p22.3-
p22.1,6p21.31,6p21.2,6p21.1,6p21.1-
p12.1,6p12.1,6p12.1-p11.2,6p11.1-
q11.1,6q12,6q13-q15,6q21-
q22.31,6q23.2,6q23.2-q25.1,6q27 

6p25.3-p22.3,6p23,6p22.3-p22.1,6p21.1,6q13-
q15,6q15,6q21-q22.31,6q22.31-q23.2,6q23.2-q25.1 

7 7p22.3-p21.3,7p21.3-p21.1,7p21.1-
p11.2,7p13,7p12.3,7q11.21,7q11.21-
q11.22,7q11.22-q11.23,7q21.11-
q21.3,7q22.1,7q22.1-q22.2,7q31.1-q32.1,7q32.1-
q33,7q33,7q33-q35,7q35,7q35-q36.3 

7p12.1-p11.2,7p11.2-q11.21,7q11.21,7q11.21-
q11.22,7q11.22-q11.23,7q22.1,7q31.33,7q32.1-
q33,7q33-q35,7q35-q36.3 

8 8p23.3-p23.1,8p23.1,8q11.21-q11.22,8q13.3-
q21.11,8q21.11,8q21.11-q22.1,8q22.1-
q22.3,8q22.3-q24.13,8q24.13-
q24.23,8q24.23,8q24.23-q24.3 

8p23.3,8p23.3-p23.2,8p23.3-p23.1,8p23.2-
p23.1,8p23.1,8p23.1-p12,8p12,8p12-
p11.23,8p11.23-p11.21,8p11.21-q11.22,8q11.21-
q11.22,8q11.22,8q11.22-q12.3,8q13.3-
q21.11,8q21.11-q22.1,8q22.1-q22.3 

9 9p21.1,9p12,9p11.2,9q12,9q13-q34.3 9p24.3-p23,9p24.1-p13.3,9p22.3,9p22.3-
p21.3,9p21.1,9p21.1-p12,9p13.2-
p13.1,9p13.1,9p12,9p11.2,9p11.2-q12,9q12,9q13-
q34.3 

10 10p15.1,10p11.21,10q24.32-q25.1,10q25.3 10p12.1,10p11.21,10q11.21-
q11.22,10q11.22,10q22.2-q22.3,10q23.2,10q25.3 

11 11p15.4,11p15.3,11p15.3-p15.1,11p14.1,11p12-
p11.2,11p11.12,11q11-q13.1,11q13.1-
q14.1,11q14.1-q14.3,11q14.3,11q14.3-
q23.3,11q24.1 

11p15.3-p15.1,11p13-p12,11p11.2,11q11-
q13.1,11q13.1-q14.1,11q14.1-q14.3,11q14.3-
q23.3,11q24.1 

12 12p13.33-p13.1,12q12,12q21.31,12q24.21-
q24.22 

12p13.1,12q13.12,12q21.32-q22 

13 13q11-q34,13q34 13q11-q34,13q12.13,13q34 

14 14q11.1-q12,14q32.33 14q11.1-q12,14q11.2-q24.2,14q31.1,14q32.31-
q32.33,14q32.33 
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15 15q11.2-q22.2,15q14,15q22.2-q26.3 15q11.2-q22.2,15q13.1,15q15.3,15q21.1,15q22.2-
q26.3 

16 16p13.3,16p13.2-p13.13,16p13.11,16p13.11-
p12.3,16p12.3,16p12.1,16p11.2 

16p13.11,16p12.1,16p11.2,16q21,16q21-
q22.1,16q22.1,16q23.1-q24.3 

17 17p13.3-p11.2,17p11.2,17q12,17q12-
q21.2,17q21.31-q21.32,17q21.32,17q21.33-
q22,17q24.2-q24.3,17q25.3 

17p13.3-p11.2,17p12,17p12-
p11.2,17p11.2,17p11.2-q11.1,17q21.31-q21.32 

18 18p11.32-q23,18q23 18p11.32-q23,18q12.1-q23,18q22.1-q22.3,18q22.3-
q23,18q23 

19 19p13.3-p12,19p13.2,19p12-
q13.33,19q12,19q12-q13.11,19q12-
q13.43,19q13.2,19q13.33-q13.43,19q13.42 

19p13.3-p12,19p13.2-p13.11,19p12-q13.33,19q12-
q13.43,19q13.2-q13.33,19q13.33,19q13.33-
q13.43,19q13.42 

20 20p12.3-p12.1,20p12.1-p11.23,20p11.23-
q11.21,20q11.21 

20p13,20p11.23-q11.21,20q13.33 

21  21q21.2,21q22.12 

22 22q11.22,22q12.3 22q11.21,22q13.1 
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Table 7. Most frequent gains and losses of Korean bile duct cancer 

Aberration Locus Chromosomal location N (%) 

Gain 22q11.22 chr22:20831139-21558296 24 (100%) 

Gain 2p11.2-p.11.1 chr2:88915873-91308671 23 (95.8%) 

Gain 14q32.33 chr14:105190948-106342076 21 (87.5%) 

Gain 17q12 chr17:31455585-31887302 19 (79.2%) 

Loss 19q12-q13.43 chr19:36595464-63782889 13 (54.2%) 
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Table 8. Twenty significant CNVR in bile duct cancer patients in comparison 

with normal healthy Korean control  

 

Locus Start Stop 
Permutation 

t-test p.value 

χ 2-test 

p.value 

Cancer vs. 

normal fold 

change 

Gene symbol 

2p11.2 89377432 89411499 0.000010  0.000004 △2.314527 abParts 

5p15.33 739174 810625 0.000010  0.000570 △1.964467 TPPP 

8q11.21 49255282 49256402 0.000080  0.000109 ▽0.698405 UBE2V2 

10q26.3 135145115 135235081 0.000010  0.000004 ▽0.582373 
CYP2E1,FLJ00268,FLJ44653,S

YCE1 

11p15.4 3163467 3305063 0.000010  0.000048 ▽0.614699 AY255583,C11orf36,MRGPRE 

18q21.31 53242240 53260582 0.000070  0.000286 ▽0.588202 ONECUT2 

18q23 74394214 74398464 0.000070  0.000286 ▽0.793314 SALL3 

22q11.21 18063555 18691988 0.000010  0.000109 △1.374567 

ARVCF,AX747596,C22orf25,C

22orf29,COMT,DGCR6L,DGC

R8,DKFZp761P1121,DKFZp78

1E0833,Em:AC006547.7,GNB1

L,GP1BB,HTF9C,KIAA1653,R

ANBP1,RTN4R,SEPT5,TBX1,

TRXR2A,TXNRD2,ZDHHC8 

22q11.22 20607124 20680308 0.000010  0.000004 △1.479771 
AK131325,PPM1F,TOP3B,TOP

3b 

22q11.22 20783565 20939395 0.000010  0.000004 △1.391983 VPREB1,abParts 

22q11.23 22644091 22658743 0.000070  0.000286 △1.571287 
CR606018,DDT,Em:AP000351.

3,GSTT2 
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22q12.2 28928030 29373578 0.000010  0.000004 △1.321808 

EPI64,Em:AC004832.5,Em:AC

004997.11,GAL3ST1,KIAA118

6,LIF,LOC200312,LOC550631,

LOC652968,MGC20647,MTP1

8,NR_001580,OSM,PES1,SEC1

4L2,SEC14L3,SEC14L4,SF3A1

,SLC35E4,TBC1D10A,TCN2 

22q12.2 29780043 29873956 0.000010  0.000048 △1.260932 
AX747817,PIB5PA,PLA2G3,S

ELM,SMTN 

22q12.3 32205380 32219641 0.000020  0.000004 △1.486068 LARGE 

22q12.3 34998978 35417876 0.000010  0.000004 △1.385246 
AX748195,CACNG2,EIF3S7,F

OXRED2,MYH9,TRX2,TXN2 
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22q12.3-

q13.1 
35724113 36499275 0.000010  0.000004 △1.345965 

AK097787,AK097791,C1QTNF

6,C22orf33,CARD10,CARMA3

,CDC42EP1,CTRP6,DKFZp762

E117,DQ570280,DQ571088,DQ

571864,DQ572877,DQ573671,

DQ573975,DQ574091,DQ5742

42,DQ574964,DQ575042,DQ57

6223,DQ576685,DQ579076,DQ

579677,DQ580960,DQ580969,

DQ581304,DQ581393,DQ5816

25,DQ584235,DQ584694,DQ58

4932,DQ584960,DQ587429,DQ

590895,DQ592963,DQ594390,

DQ595731,DQ597635,DQ5976

97,DQ599289,DQ599403,DQ60

1317,DQ601762,DQ601807,EA

N57,FLJ00017,GGA1,IL2RB,K

CTD17,LGALS1,LGALS2,LRR

C62,MFNG,MPST,NOL12,PDX

P,PSCD4,RAC2,SH3BP1,SSTR

3,TMPRSS6,TRIOBP,TST 

22q13.1 39130177 39164203 0.000010  0.000004 △1.381856 MKL1,RUTBC3 

22q13.31 43970198 44082395 0.000010  0.000109 △1.518769 C22orf9,UPK3A 

22q13.31 44643541 44784035 0.000010  0.000109 △1.337351 WNT7B 

22q13.33 49226165 49274930 0.000010  0.000109 △1.466001 ADM2,MIOX,SAPS2,SBF1 
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Table 9.Panther DB pathway mapping of 13 genes from 20 significant CNVR 

Gene 

symbol 

Gene name Molecular function Pathway 

SEPT5 Septin-5 GTPase activity Parkinson disease->Cell division cycle-

related protein 1 

CACNG2 Voltage-dependent 

calcium channel 

gamma-2 subunit 

voltage-gated 

calcium channel 

activity 

Ionotropic glutamate receptor pathway-

>stargazin 

COMT Catechol O-

methyltransferase 

methyltransferase 

activity 

Adrenaline and noradrenaline 

biosynthesis->COMT 

GP1BB Platelet 

glycoprotein Ib beta 

chain 

 Blood coagulation->Glycoprotein 1bbeta 

Blood coagulation->Glycoprotein IX 

IL2RB Interleukin-2 

receptor subunit 

beta 

cytokine receptor 

activity 

Interleukin signaling pathway->Receptor 

subunit beta 

KIAA1653 Putative proline 

oxidase-like protein 

oxidoreductase 

activity 

Huntington disease->Proline oxidas 

MFNG Beta-1,3-N-

acetylglucosaminylt

ransferase manic 

fringe 

transferase activity Notch signaling pathway->Fringe 

MYH9 Myosin-9 motor activity Inflammation mediated by chemokine 

and cytokine signaling pathway-

>Myosin 

Nicotinic acetylcholine receptor 

signaling pathway->Myosin 

RAC2 Ras-related C3 

botulinum toxin 

substrate 2 

GTPase activity Inflammation mediated by chemokine 

and cytokine signaling pathway->Ras 

related C3 botulinum substrate 1 

Integrin signalling pathway->Rac 

p38 MAPK pathway->Rac GTPase 

SSTR3 Somatostatin 

receptor type 3 

G-protein coupled 

receptor activity 

Heterotrimeric G-protein signaling 

pathway-Gi alpha and Gs alpha 

mediated pathway->Gi protein coupled 

receptor 

TXN2, 

TRX2 

Thioredoxin, 

mitochondrial 

oxidoreductase 

activity 

Hypoxia response via HIF activation-

>thioredoxin 
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UBE2V2 Ubiquitin-

conjugating enzyme 

E2 variant 2 

ligase activity Ubiquitin proteasome pathway-

>Ubiquitin-conjugating enzyme E2 

WNT7B Protein Wnt-7b receptor binding Cadherin signaling pathway->Wingless-

type MMTV integration site family 

member 

Angiogenesis->Wingless-Type MMTV 

Integration Site Family 
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Figure 1. Array-comparative genomic hybridization 

In array-based comparative genome hybridization (array-CGH), reference and test 

DNA samples are differentially labelled with fluorescent tags (Cy5 and Cy3, 

respectively), and are then hybridized to genomic arrays. The array can be spotted 

with one of several DNA sources, including BAC clones, PCR fragments or 

oligonucleotides. After hybridization, the fluorescence ratio (Cy3:Cy5) is 

determined, which reveals copy-number differences between the two DNA samples. 

(Adapted from; Feuk L, Carson AR, Scherer SW. Structural variation in the human 

genome. Nat Rev Genet 2006; 7(2):85-97.) 
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Figure 2. NimbleGen Human CGH 12x135K Whole-Genome Tiling Array  

NimbleGen Human CGH 12x135K Whole-Genome Tiling Array (Roche 

NimbleGen, Inc. Madison, WI, USA, figure 2) had total of 135,000 probes. Median 

probe spacing was 21.5kb and effective resolution was 250kb. Spotting area was 8.9 

x 6.5mm.  
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Figure 3. Electrophoresis results of 54 candidate samples 

For quality control, 1% agarose gel electrophoresis was performed. Twenty-four 

samples among 54 candidate samples revealed adequate quality for further 

experiment. Yellow box indicates adequate quality of DNA samples without 

fragmentation.  
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Figure 4. Average size of CNVR 

Size distribution of CNV was most common around 10-500kb (n=465, 47.3%), 

followed by 1-10M (n=223, 22.7%) and 500kb-1M (n=132, 13.4%). Average CNV 

size of early recurrence group was 842kb and that of non-recurrence group was 

227kb. 
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Figure 5. Chromosomal loci of 984 CNV in Korean bile duct cancer 

Total of 984 CNV in 306 CNVR were distributed throughout all 22 chromosomes. 

Top 3 chromosomes with most abundant CNV were chromosome 17 (n=82, 8.3%), 

chromosome 9 (n=77, 7.8%), and chromosome 8 (n=71, 7.2%). Chromosome 21 

(n=3, 0.3%), chromosome 20 (n=11, 1.1%), and chromosome 13 (n=13, 1.3%) had 

least number of CNV. 
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Figure 6. Frequency of gains or losses for 984 CNV detected in 24 bile duct cancer patients 

Among 984 CNV detected in 24 patients, total of 523 gains were observed in 213 loci and 461 losses were observed in 258 loci. 

Frequent sites of gain that occurred in more than 50% of the study subjects were 22q11.22 (chr22:20831139-21558296, n=24, 

100%), 2p11.2-p.11.1 (chr2:88915873-91308671, n=23, 95.8%), 14q32.33 (chr14:105190948-106342076, n=21, 87.5%), and 

17q12 (chr17:31455585-31887302, n=19, 79.2%). Frequent site of losses that occurred in more than 50% of the study subjects 

was 19q12-q13.43 (chr19:36595464-63782889, n=13, 54.2%). 
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Figure 7. Hierarchical clustering for 24 CNVR according to early systemic 

recurrence  

Multiple comparison test with FDR correction was performed for 24 bile duct 

cancer patients which revealed 24 significant CNVR associated with early systemic 

recurrence. Unsupervised hierarchical clustering revealed that early systemic 

recurrence and non-recurrence was relatively well clustered according to the 24 

suggested CNVR, but 2 patients in each group were misclassified into the opposite 

group. 

  

R; recurrence 

N; non-recurrence
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Figure 8. Absolute CNV call from normal healthy Korean and Korean bile duct cancer 

Figure 8-1. Absolute CNV call from normal healthy Korean revealed 1800 gains and 4585 losses in 5779 CNVR. 

 
Figure 8-2. Absolute CNV call from Korean bile duct cancer patients revealed 744 gains and 696 losses in 1308 CNVR. 

  



63 

 

Figure 9. Fifteen significant CNVR which showed increased copy number in Korean bile duct cancer compared with 

normal healthy Korean.  

Significantly increased copy number was observed in 15 CNVR. These CNVR were located at 2p11.2, 5p15.33, 22q11.21, 

22q11.22, 22q11.23, 22q12.2, 22q12.3, 22q13.1, 22q13.31 and 22q13.33.  

  

CNVR ID 
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Figure 10. Five significant CNVR which showed decreased copy number in Korean bile duct cancer compared with 

normal healthy Korean. 

Significantly increased copy number was observed in 5 CNVR. These CNVR were located at 8q11.21, 10q26.3, 11p15.4, 

18q21.31, and 18q23.  

CNVR ID 
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Figure 11. Twenty significant CNVR of Korean bile duct cancer compared with 

normal healthy control 

There were 20 significant CNVR in permutation t-test for mean comparison of log 2 

ratio and χ 2-test for frequency comparison of gains or losses of the patients. 

Unsupervised hierarchical clustering revealed that bile duct cancer and normal 

healthy controls were very well clustered according to the 20 suggested CNVR.  
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Figure 12. Immune response Oncostatin M signaling via JAK Stat pathway 

With 153 suggested gene list from 20 significant CNVR, immune response 

oncostatin M signaling via JAK Stat pathway were the most relevant pathway. 
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Figure 13. CNVR associated with disease free survival 

Figure 13-1. Disease free survival according to copy number change in 

chr5:739174-810625 (p=0.043) 

 

Figure 13-2. Disease free survival according to copy number change in 

chr22:49226165-49274930 (p<0.001) 
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Figure 14. Expression of OSM, LIF, COMT in bile duct cancer compared with 

normal biliary glands.  

 

Figure 14-1. Oncostatin M (Left; normal biliary gland, Right; bile duct cancer) 

 

 

 

 

 

Figure 14-2. LIF (Left; normal biliary gland, Right; bile duct cancer) 

 

 

 

 

 

Figure 14-3. COMT (Left; normal biliary gland, Right; bile duct cancer) 

 

 

 

 

 

 


	1.       Introduction 
	1.1 Prognosis and prognostic factors of bile duct cancer
	1.2 Copy number variation and disease susceptibility.
	1.3 Copy number variation and cancer
	1.4 Previous studies of copy number variation in bile duct cancer.
	1.5 Array CGH technology as a tool for detection of copy number variation
	1.6 Purpose of this study

	2.      Materials and Methods 
	2.1 Patients.
	2.1.1 Korean biliary tract cancer
	2.1.2 Normal healthy Korean controls.

	2.2 Tissue collection and DNA extraction
	2.2.1 Tissue collection.
	2.2.2 DNA extraction.

	2.3 Array CGH experiment
	2.3.1 Array CGH chip.
	2.3.2 DNA labeling for array CGH.
	2.3.3 Array hybridization, imaging and data analysis.

	2.4 Basic analysis of array CGH
	2.4.1 Data analysis for Korean bile duct cancer samples
	2.4.2 Analysis between normal healthy Korean controls and Korean bile duct cancer patients
	2.4.3 Gene symbol matching for each CNV.
	2.4.4 Hierarchical clustering.

	2.5 Selection of significant clones and genes
	2.5.1 Permutation test
	2.5.2 χ 2-test
	2.5.3 Kaplan-Meier test.
	2.5.4 Data mining
	2.5.5 Selection of candidate genes

	2.6 Expression analysis of selected genes
	2.6.1 Immunohistochemistry


	3. Results
	3.1 Clinicopathological characteristics of the study subjects.
	3.2 Personal frequency, size of CNV of 24 Korean bile duct cancer patients
	3.2.1 Frequency and size of CNV of each individual
	3.2.2 Summary of mutations in Korean bile duct cancer

	3.3 Selection of candidate genes for prediction of recurrence in Korean bile duct cancer
	3.3.1 Mean comparison for log 2 ratio of bile duct cancer patients
	3.3.2 Hierarchical clustering.

	3.4 Selection of candidate genes for prediction of bile duct cancer in comparison with normal healthy Korean controls.
	3.4.1 Comparison of Korean bile duct cancer patients with normal healthy Korean controls.
	3.4.2 Permutation test and χ 2-test.
	3.4.3 Hierarchical clustering.
	3.4.4 Functional gene annotation, pathway map.
	3.4.5 Disease-free survival analysis

	3.5 Expression analysis with immunohistochemical stainin.
	3.5.1 Selected gene expression analysis.


	4. Discussion 
	5. References 
	6. 요약(국문초록) 


<startpage>13
1.       Introduction  1
 1.1 Prognosis and prognostic factors of bile duct cancer 1
 1.2 Copy number variation and disease susceptibility. 2
 1.3 Copy number variation and cancer 4
 1.4 Previous studies of copy number variation in bile duct cancer. 5
 1.5 Array CGH technology as a tool for detection of copy number variation 6
 1.6 Purpose of this study 6
2.      Materials and Methods  7
 2.1 Patients. 7
  2.1.1 Korean biliary tract cancer 7
  2.1.2 Normal healthy Korean controls. 8
 2.2 Tissue collection and DNA extraction 8
  2.2.1 Tissue collection. 8
  2.2.2 DNA extraction. 8
 2.3 Array CGH experiment 10
  2.3.1 Array CGH chip. 10
  2.3.2 DNA labeling for array CGH. 11
  2.3.3 Array hybridization, imaging and data analysis. 12
 2.4 Basic analysis of array CGH 13
  2.4.1 Data analysis for Korean bile duct cancer samples 13
  2.4.2 Analysis between normal healthy Korean controls and Korean bile duct cancer patients 14
  2.4.3 Gene symbol matching for each CNV. 15
  2.4.4 Hierarchical clustering. 15
 2.5 Selection of significant clones and genes 15
  2.5.1 Permutation test 15
  2.5.2 χ 2-test 16
  2.5.3 Kaplan-Meier test. 17
  2.5.4 Data mining 17
  2.5.5 Selection of candidate genes 18
 2.6 Expression analysis of selected genes 18
  2.6.1 Immunohistochemistry 18
3. Results 20
 3.1 Clinicopathological characteristics of the study subjects. 20
 3.2 Personal frequency, size of CNV of 24 Korean bile duct cancer patients 21
  3.2.1 Frequency and size of CNV of each individual 21
  3.2.2 Summary of mutations in Korean bile duct cancer 21
 3.3 Selection of candidate genes for prediction of recurrence in Korean bile duct cancer 22
  3.3.1 Mean comparison for log 2 ratio of bile duct cancer patients 22
  3.3.2 Hierarchical clustering. 23
 3.4 Selection of candidate genes for prediction of bile duct cancer in comparison with normal healthy Korean controls. 23
  3.4.1 Comparison of Korean bile duct cancer patients with normal healthy Korean controls. 23
  3.4.2 Permutation test and χ 2-test. 24
  3.4.3 Hierarchical clustering. 24
  3.4.4 Functional gene annotation, pathway map. 24
  3.4.5 Disease-free survival analysis 25
 3.5 Expression analysis with immunohistochemical stainin. 26
  3.5.1 Selected gene expression analysis. 26
4. Discussion  27
5. References  36
6. 요약(국문초록)  40
</body>

