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Supplementary material 
 
DNA isolation 
For fresh frozen tissue samples, DNA was extracted from approximately 25 mg of tissue using the 

AllPrep DNA/RNA kit (Qiagen Inc, Valencia, CA) as previously described.(1) For archived material, 

DNA was isolated from five sections of paraffin embedded tissue (each 20 μm), using the QIAamp 

DNA kit (Qiagen). For the snap frozen biliary brush samples, DNA was isolated using the PrepFiler 

Forensic DNA Extraction Kit (Applied Biosystems, CA, USA) according to the manufacturer’s 

protocol. Briefly, 500 μl lysis buffer containing DL-Dithiothreitol solution (1M) was added to the 

Eppendorf tubes containing the brush and were shaken by an Eppendorf thermomixer comfort 

(Eppendorf, Hamburg, Germany) for 40 min at 70°C. The tubes were centrifuged before removing the 

brushes. Fifteen μl magnetic beads were added to the supernatant and the reaction was briefly vortexed 

before adding 300 μl isopropanol. Samples were shaken for 10 min at room temperature. A magnetic 

stand was used to collect the magnetic beads and the bound DNA, and the samples were subsequently 

washed three times with wash buffer before they were eluted in 50 μl elution buffer. The ethanol 

preserved specimens were centrifuged at maximum speed for one min in an Eppendorf centrifuge 

(Eppendorf Centrifuge model 5415R). The resulting pellets were subjected to vacuum centrifuging for 

about 30 min to remove all remaining ethanol, before 300 μl lysis buffer was added to the sample and 

the DNA was isolated using the PrepFiler Forensic DNA Extraction kit (as described above). DNA 

concentration was determined using the ND-1000 Nanodrop (NanoDrop Technologies, Wilmington, 

DE).  

 

Functional and expressional aspects of the four individual diagnostic genes 

CDO1 

Located on 5q23, cysteine deoxygenase type 1 (CDO1) has recently been implicated in the 

development of both non-malignant diseases and cancer (2, 3). It is a non-heme iron dioxygenase 

regulating the flux between cysteine catabolism and glutathione synthesis, where it oxidizes cysteine to 

sulfinic acid (2, 4). It is involved in the synthesis of several important metabolic compounds including 

pyruvate and taurine (5), the latter is a major constituent in bile. In breast cancer, Jeschke et al. have 

reported that CDO1 is inactivated by DNA promoter hypermethylation in as many as 60% of the cases 

(4). When CDO1 expression was restored using a lentiviral approach, the growth and viability of breast 
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cancer cells were reduced and the cells became sensitive to anthracycline treatment (6). Furthermore, in 

a study from Peter Jones’ lab an epigenetic screen coupled with functional studies performed in colon 

cancer cell lines showed that inactivating promoter hypermethylation of CDO1 was important for cell 

survival, supporting that loss of this gene may have a driver role in tumorigenesis (7). Interestingly, in a 

study by Prabhu et al., metabolomic profiling of 69 patient-derived glioma samples revealed a novel 

metabolic pathway with increased cysteine sulfinic acid as a result of increased CDO1 expression (8). 

By applying a lentiviral-mediated short hairpin RNA approach, they abolished the activity of this 

pathway in vivo in a glioblastoma mouse model.  This led to a significant tumor growth inhibition, 

suggesting that CDO1 expression may have a different role in gliomas compared to other cancer types. 

The authors further suggest that this metabolic pathway could serve as a therapeutic target in these 

aggressive high-grade gliomas (8). In contrast to this, tumor suppressor activity of CDO1 was recently 

investigated also by Brait and colleagues in both cell cultures (breast-, colorectal-, esophageal-, gastric-

, hepatocellular-, and lung cancer) and mouse models (colorectal cancer). They showed that forced 

CDO1 expression markedly reduced tumor cell growth, and conversely that reduced CDO1 expression 

increased cell growth, implying a bona fide tumor suppressor function for this gene (3).  

 

CDO1 has been found to be highly expressed in the liver and placenta, but it has also been detected in 

the brain, heart and pancreas (9). We have previously demonstrated an inverse correlation between 

DNA promoter methylation and CDO1 gene expression in a large panel of cell lines from 17 different 

cancer types, including cholangiocarcinoma. Treating a subset of these cell lines (HCT15, HT29, 

SW48, and SW480) with epigenetic drugs (5-aza-2’deoxycytidine in combination with trichostatin A) 

considerably increased the CDO1 expression (10), underscoring that DNA promoter methylation is a 

likely regulator of CDO1 expression. Analyzing sample series from cholangiocarcinoma, colorectal-, 

gastric-, and pancreatic cancer, we further demonstrated that the promoter region of CDO1 was 

frequently methylated across several cancer types (1, 10). In line with this, the previously mentioned 

Brait study showed a similar high methylation frequency in colorectal- and gastric cancer (ca. 90%), in 

addition to bladder-, breast-, esophagus-, and lung cancer. By analyzing the expression of CDO1 in 

these cancer types, significant repression was identified at both the RNA and protein level in tumors 

(3). In an effort to identify novel diagnostic biomarkers for non-small cell lung cancer, Wrangle and 

colleagues recently used epigenetic drug treatment of cell lines as well as a large publically available 
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database and patient material. A three-gene biomarker panel including CDO1 was identified. They 

reported a sensitivity of up to 99% and a complete specificity of 100% (11).  

 

In the current study, we have obtained gene expression data (RNA seq) from The Cancer Genome 

Atlas (TCGA; Supplementary figure 1). In concordance with the generally high methylation frequency 

(77%) that we report here, a significant reduction in CDO1 expression was observed in 

cholangiocarcinomas compared with non malignant controls. A direct causation of the presence of 

promoter DNA methylation and reduced CDO1 gene expression cannot be confirmed for 

cholangiocarcinomas at this point since these analyses have been performed in different samples. 

However, based on the combined scientific data presented above is not unlikely that CDO1 is 

epigenetically regulated also in cholangiocarcinomas. 

 

CNRIP1 

Cannabinoid receptor interacting protein 1 (CNRIP1), located on 2p14, is encoding a protein that 

interacts with the C-terminal end of the cannabinoid receptor 1 (12). CNRIP1 was annotated as an open 

reading frame (C2orf32) until the genome assembly hg18 in 2006, and so far little is known about the 

function of this protein in general and its potential role in cancer in particular. Also in 2006, CNRIP1 

was identified as a promoter DNA methylation target gene in colorectal cancer (13), and later we 

demonstrated that it was frequently methylated also in adenomas (14). Recently, CNRIP1 was reported 

to be hypermethylated in Non-Hodgkins Lymphomas (15), where it is associated with worse overall 

survival in patients with diffuse large B-cell lymphoma. In line with CDO1, we have previously 

demonstrated an inverse correlation between CNRIP1 mRNA expression and promoter methylation in a 

panel of cancer cell lines (14). Such an association could also be seen in colorectal cancer tissue 

samples, although not equally strong (11). When cell lines harbouring promoter DNA methylation of 

CNRIP1 were treated with epigenetic drugs (5-aza-2’deoxycytidine and trichostatin A), the gene 

expression increased several folds (11) underscoring that the methylation may affect the gene 

expression. However, this was not supported in an array-based study where intermediate expression 

levels of CNRIP1 was maintained in the presence of cancer specific methylation in a small set of 

colorectal tumors (16). Recently, aberrantly methylated CNRIP1 was identified also in diffuse-type 

gastric carcinomas (17), supporting the notion of similarities across gastrointestinal malignancies (3, 
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10, 18-20). Here, we report a frequent CNRIP1 methylation of 82% in cholangiocarcinomas. Since the 

TCGA RNA Seq-data (Supplementary Figure 1) depict a low CNRIP1 expression in the control 

samples, a transcriptional reduction in CCAs cannot be observed. Interestingly, we have previously 

shown that CNRIP1 is methylated in 40% of normal appearing mucosa samples taken at a distance 

from a colorectal cancer, indicating an epigenetic field defect (14). It cannot be ruled out that the 

matching controls included in the TCGA data set also are affected by such a field defect.  

 

Although the role of this gene tumorigenesis in general remains to be fully understood, the high 

methylation frequency identified also in cholangiocarcinomas suggest a biomarker role for CNRIP1 in 

gastrointestinal cancers 

 

SEPT9 

SEPT9 is located on 17q25, and is a member of a large family of septin proteins involved in cytokinesis 

and cell cycle control and it has multiple distinct transcripts which play important physiological roles, 

including in actin dynamics, angiogenesis, cell motility, proliferation, and microtubule regulation (21, 

22). It is suggested that SEPT9 is included in multisubunit heteromers and is critical for final separation 

of daughter cells during cytokinesis (23), and a compromised transcription of SEPT9 may influence the 

septin heteromer complex. Moreover, knockout of SEPT9 has been shown to be lethal in mouse 

embryos (24). In cancer, SEPT9 has been implicated in the development of malignancies of various 

tissues, including breast, colon, ovary, head and neck, and cells of the immune system (25-31). 

Promoter hypermethylation of SEPT9 is already established as a clinical biomarker for detecting 

colorectal cancer using circulating DNA. Recently, a large prospective international study (The 

PRospective Evaluation of SEPTin 9 (PRESEPT) study) addressed its performance in almost 8000 

asymptomatic patients. Across all stages, a sensitivity of 48% and a specificity of 92% were reported 

(29). It was also recommended to improve the sensitivity for early cancers before utilization as a 

population screening test (32).  

 

In colorectal cancer, a significant inverse correlation between SEPT9 promoter methylation and mRNA 

expression has been demonstrated and is proposed to account for the progression from benign to 

malignant lesion (33). However, overexpression of various SEPT9 isoforms have been shown across 
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several studies including breast-, prostate-, ovarian-, and hepatic cancer. This is probably a result of 

DNA methylation at alternative promoters and/or genomic amplification, suggestive of aberrant 

expression of SEPT9 isoforms in a tissue specific manner (21, 27, 30, 34, 35). In line with this, we 

observe an up-regulation of SEPT9 in TCGA data in cholangiocarcinomas compared to the controls 

(supplementary figure 1). However, since we only observed 26% methylation of SEPT9 in our 

cholangiocarcinoma samples, this increase in expression could be the contribution of the unmethylated 

tumors. This underscores that the molecular mechanisms regarding SEPT9 expression and its role in 

cholangiocarcinoma should be further studied.  

 

VIM 

VIM, located on 10p13, encodes a member of the intermediate filament family and the protein is 

involved in the maintenance of cell shape, integrity of the cytoplasm and stabilization of cytoskeletal 

interactions (36). It has also been shown to be involved in immune response (37), transport of low-

density lipoprotein (38), and seems to function as an organizer of critical proteins involved in 

attachment, migration, and cell signalling (39, 40). Expression of VIM has been identified in 

mesenchymal cell types including fibroblasts and endothelial cells, as well as pancreatic and neural 

precursor cells (reviewed in (41)). In cancer, VIM is considered to have a pivotal role in the epithelial-

to-mesenchymal transition and thereby in cells undergoing invasion and metastasis (42). Moreover, 

promoter methylation of VIM has been identified in several cancer types, including bladder, breast, 

cervical, colorectal, gastric, hepatocellular, esophageal, and pancreas (18, 43-48). For colorectal cancer, 

the frequent methylation of VIM is established and included in a non-invasive test using stool (41, 49, 

50). Importantly, studies have shown that VIM has lost its expression already in normal colonic cells 

(51, 52). In concordance with this, a very low VIM expression is seen in both control samples and 

tumors from the TCGA data (supplementary figure 1). This implies that the silencing of VIM happens 

early and that the subsequent promoter hypermethylation in cancer may be a way to stably maintain 

this inactivation.  
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Supplementary Table 1. Clinico-pathological features for fresh frozen and archival CCA samples 

Sample 
series 

Tumor 
diagnosis 

Liver 
disease 

Tissue 
origin Cancer status Age Gender Operative procedure 

Fresh frozen CCA PSC ECC Tumor in main bile duct. Lymph node metastasis near coeliac artery 50 M Laparoscopy 

Fresh frozen CCA None ECC Tumor in common hepatic duct, 25 mm 72 M Liver resection 

Fresh frozen CCA None ECC Hilar tumor, 32 mm 66 F Liver transplantation (Mayo protocol) 

Fresh frozen CCA None ECC Tumor in common hepatic duct, 20 mm. Perineural- and vascular infiltration. Lymph node 
metastases 

67 F Liver resection 

Fresh frozen CCA None ECC Hilar tumor, 30 mm. Infiltration in liver tissue. Lymph node metastases 60 F Liver transplantation (Mayo protocol) 

Fresh frozen# CCA None ECC Adenocarcinoma 70 F Liver resection 

Fresh frozen# CCA None ECC Adenocarcinoma 65 F Liver resection 

Fresh frozen# CCA None ECC Adenocarcinoma 61 M Liver resection 

Fresh frozen# CCA None ECC Adenocarcinoma 73 M Liver resection 

Fresh frozen CCA None ECC Hilar tumor. Perineural infiltration 47 F Laparotomy 

Fresh frozen CCA PSC ECC Hilar tumor, 60 mm. Liver tissue-, perineural- and vascular infiltration 43 M Liver resection 

Fresh frozen CCA None ECC Tumor in main bile duct, 25 mm. Infiltration in pancreas, duodenum and ampulla Vateri 76 F Whipple`s operation 

Fresh frozen CCA None ICC Intrahepatic tumor, too large for planned resection with auto-transplantation 31 F Laparotomy 

Archive* CCA PSC ECC Lymph node metastases in hepatoduodenal ligament 53 M Laparotomy 

Archive* CCA PSC ECC Lymph node metastases in hepatoduodenal ligament 53 M Laparotomy 

Archive CCA PSC ECC Hilar tumor, 18 mm 46 M Liver transplantation 

Archive CCA PSC ECC Tumor in main bile duct. Perineural- and fatty tissue infiltration 43 M Liver transplantation 

Archive* CCA PSC ECC Tumor in main bile duct. Perineural- and fatty tissue infiltration 50 M Liver transplantation 

Archive* CCA PSC ECC Tumor in main bile duct. Perineural- and fatty tissue infiltration 50 M Liver transplantation 

Archive CCA PSC ECC Extrahepatic bile duct and pancreatic tissue with adenocarcinoma infiltration 54 M Liver transplantation 

Archive* CCA PSC ICC Intrahepatic tumor, 100 mm. Lymph node metastasis 32 M Liver resection 
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Archive* CCA PSC ICC Intrahepatic tumor, 100 mm. Lymph node metastasis 32 M Liver resection 

Archive CCA None ECC Hilar tumor, 30 mm. Liver tissue infiltration. Lymph node metastasis 61 F Liver transplantation (Mayo protocol) 

Archive* CCA None ICC Intrahepatic tumor, 30 mm. Perineural- and vascular infiltration. Lymph node metastasis 47 M Liver transplantation 

Archive* CCA None ICC Intrahepatic tumor, 30 mm. Perineural- and vascular infiltration. Lymph node metastasis 47 M Liver transplantation 

Archive CCA PSC ECC Adenocarcinoma infiltrating liver-, connective- and fatty tissue 49 M Laparotomy 

Archive* CCA PSC ICC Tumor in left hepatic duct. Perineural- and perimuscular infiltration 43 M Liver transplantation 

Archive* CCA PSC ICC Tumor in left hepatic duct. Perineural- and perimuscular infiltration 43 M Liver transplantation 

Archive CCA PSC ICC Adenocarcinoma infiltrating connective tissue (lig. falciforme) 65 M Laparotomy 

Archive* CCA PSC ECC Hilar tumor. Perineural- and perivascular infiltration. Lymph node metastasis 54 M Liver transplantation 

Archive* CCA PSC ECC Hilar tumor. Perineural- and perivascular infiltration. Lymph node metastasis 54 M Liver transplantation 

Archive CCA PSC ECC Tumor in main bile duct and hepatic duct. Perineural- and vascular infiltration. Lymph 
node metastasis 

38 M Whipple`s operation 

Archive* CCA None ECC Tumor in common hepatic duct, 25 mm 72 M Liver resection 

Archive* CCA None ECC Tumor in common hepatic duct, 25 mm 72 M Liver resection 

Archive* CCA None ECC Tumor in common hepatic duct, 25 mm 72 M Liver resection 

Archive CCA None ECC Hilar tumor, 45 mm. Perineural infiltration 61 M Liver transplantation 

Archive* CCA None ECC Tumor in common hepatic duct, right and left hepatic ducts, 20 mm. Perineural- and 
vascular infiltration. Lymph node metastasis 

67 F Liver resection 

Archive* CCA None ECC Tumor in common hepatic duct, right and left hepatic ducts, 20 mm. Perineural- and 
vascular infiltration. Lymph node metastasis 

67 F Liver resection 

Archive CCA None ECC Distal common bile duct. Infiltration through wall into connective and fatty tissue. 
Perineural infiltration 

70 F Liver transplantation 

All CCA samples are grouped according to their respective sample series, fresh frozen and archival samples. #Tumor samples are provided by Imperial College, London, UK. 
All other tumor samples are derived from Oslo University Hospital, Rikshospitalet, Oslo, Norway. *Samples are derived from the same patient when they appear in a vertical 
sequential manner. Abbreviations: CCA, cholangiocarcinoma; ECC, extrahepatic cholangiocarcinoma; F, female; ICC, intrahepatic cholangiocarcinoma; M, male; PSC, 
primary sclerosing cholangitis. 
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Supplementary Table 2. Clinico-pathologic features for non-malignant tissue samples 

Sample series Tumor diagnosis Liver disease Tissue origin Age Gender 

Fresh frozen Non-malignant PSC Peripheral liver 60 M 
Fresh frozen Non-malignant PSC Peripheral liver 63 M 
Fresh frozen Non-malignant PSC Peripheral liver 23 M 
Fresh frozen Non-malignant PSC Peripheral liver 35 M 
Fresh frozen Non-malignant PSC Peripheral liver 31 M 
Fresh frozen Non-malignant PSC Peripheral liver 32 M 
Fresh frozen Non-malignant PSC Peripheral liver 57 M 
Fresh frozen Non-malignant PSC Peripheral liver 36 F 
Fresh frozen Non-malignant PSC Peripheral liver 44 F 
Fresh frozen Non-malignant Alcohol Peripheral liver 57 M 
Fresh frozen Non-malignant Alcohol Peripheral liver 59 M 
Fresh frozen Non-malignant Alcohol Peripheral liver 48 M 
Fresh frozen Non-malignant PBC Peripheral liver 40 F 
Fresh frozen Non-malignant PBC Peripheral liver 69 F 
Fresh frozen Non-malignant Hemochromatosis Peripheral liver 51 M 
Fresh frozen Non-malignant AIH Peripheral liver 43 F 
Fresh frozen Non-malignant AIH Peripheral liver 32 F 
Fresh frozen Non-malignant PBC Peripheral liver 72 F 
Fresh frozen Non-malignant Alcohol Peripheral liver 51 M 
Fresh frozen Non-malignant Alcohol Peripheral liver 59 M 
Fresh frozen Non-malignant Cryptogenic cirrhosis Peripheral liver 62 M 
Archive Non-malignant PSC Peripheral liver* 43 M 
Archive Non-malignant PSC Peripheral liver* 43 M 
Archive Non-malignant None Peripheral liver* 47 M 
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Archive Non-malignant PSC Extrahepatic bile duct 17 F 
Archive Non-malignant PSC Peripheral liver 17 F 
Archive Non-malignant PSC Hilum of the liver 17 F 
Archive Non-malignant None Peripheral liver* 67 F 
Archive Non-malignant AIH Peripheral liver 45 F 
Archive Non-malignant AIH Hilum of the liver 45 F 
Archive Non-malignant None Peripheral liver* 60 F 
Archive Non-malignant PSC Extrahepatic bile duct 27 M 
Archive Non-malignant PSC Peripheral liver 27 M 
Archive Non-malignant PSC Hilum of the liver 27 M 
Archive Non-malignant PSC Peripheral liver* 54 M 
Archive Non-malignant PSC Peripheral liver 71 F 
Archive Non-malignant PSC Extrahepatic bile duct 71 F 
Archive Non-malignant PSC Hilum of the liver 71 F 
Archive Non-malignant PSC Peripheral liver* 43 M 
Archive Non-malignant PSC Hilum of the liver 65 M 
Archive Non-malignant PSC Peripheral liver 65 M 
Archive Non-malignant PSC Peripheral liver* 46 M 
Archive Non-malignant PBC Extrahepatic bile duct 59 F 
Archive Non-malignant PBC Hilum of the liver 59 F 
Archive Non-malignant PBC Peripheral liver 59 F 
Archive Non-malignant AIH Peripheral liver 43 F 
Archive Non-malignant PSC Hilum of the liver 40 M 
Archive Non-malignant PSC Central liver 40 M 
Archive Non-malignant Alcohol Hilum of the liver 57 M 
Archive Non-malignant PSC Extrahepatic bile duct 60 M 
Archive Non-malignant PSC Hilum of the liver 60 M 
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Archive Non-malignant PSC Peripheral liver 60 M 
Archive Non-malignant PBC Peripheral liver 40 F 
Archive Non-malignant AIH Hilum of the liver 32 F 

All non-malignant samples are grouped according to their respective sample series, fresh frozen and archival samples. Samples are derived from the same patient when they 
appear in a vertical sequential manner joint by a line. *Sample from explanted liver, from unaffected region distant from CCA. Abbreviations: AIH, autoimmune hepatitis; F, 
female; M, male; PBC, primary biliary cholangitis; PSC, primary sclerosing cholangitis. All non-malignant tissue samples are derived from Oslo University Hospital, 
Rikshospitalet, Oslo, Norway. 
 
 
 
 
Supplementary Table 3. Clinico-pathologic features for biliary brush samples 
Sample 
series 

Sample 
number 

Tumor 
diagnosis 

Liver 
disease Tissue origin Cancer status 

Cytology 
score Age Gender 

Operative 
procedure 

Biliary brush 1a CCA PSC ECC Lymph node metastases in hepatoduodenal ligament  1 (N/D) 40 M Laparotomy 
Biliary brush 1b CCA PSC ECC Lymph node metastases in hepatoduodenal ligament  1 (N/D) 40 M Laparotomy 
Biliary brush 2 CCA None ECC CT/PET scan and ERCP compatible with cholangiocarcinoma. Lymph 

node metastasis (cytology) 
 5 35 M None 

Biliary brush 3 CCA PSC ICC CT/PET scan and ERCP compatible with cholangiocarcinoma. 
Skeletal metastases. No biopsy 

 4 53 M  None 

Biliary brush 4a CCA None ECC Tumor in distal main bile duct. Connective tissue-, fatty tissue- and 
perineural infiltration 

 2 70 F Liver transplantation 

Biliary brush 4b CCA None ECC Tumor in distal main bile duct. Connective tissue-, fatty tissue- and 
perineural infiltration  

 N/A 70 F Liver transplantation 

Biliary brush 5 CCA PSC ECC Tumor in main bile duct and hepatic duct. Perineural- and vascular 
infiltration. Lymph node metastasis 

 5 and 3* 38 M Whipple`s operation 

Biliary brush 6 CCA None ECC Hilar tumor, 30 mm. Liver tissue infiltration. Lymph node metastasis  4 60 F Liver transplantation 
(Mayo protocol) 

Biliary brush 7 CCA None ECC Hilar tumor. Perineural infiltration  1 (N/C) 47 F Laparotomy 

Biliary brush 8 CCA PSC ECC Tumor in main bile duct. Lymph node metastasis  5 50 M Laparoscopy 

Biliary brush 9 CCA PSC ICC Intrahepatic tumor, 15 mm, close to the hilum  4 55 M Liver transplantation 
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Biliary brush 10a CCA PSC ICC 
Intrahepatic tumor, 100 mm. Lymph node metastasis 

 N/A 32 M Liver resection 

Biliary brush 10b CCA PSC ICC 
Intrahepatic tumor, 100 mm. Lymph node metastasis 

 N/A 32 M Liver resection 

Biliary brush 11 CCA PSC ECC Hilar tumor, 60 mm. Liver tissue-, perineural- and vascular infiltration  1 (N/D) 43 M Liver resection 

Biliary brush 12 CCA None ECC Hilar tumor, 32 mm  4 and 3* 66 F Liver transplantation 
(Mayo protocol) 

Biliary brush 13 CCA PSC ICC 
Intrahepatic tumor 50 mm. Lymph node metastasis (cytology) 

5 66 M None 

Biliary brush 14 CCA Not 
typical 
PSC 

ICC/ECC CT: suspicious intrahepatic tumor. PET scan: compatible with CCA in 
common hepatic duct and main bile duct. Lymph node metastasis 
(cytology) 

5 35 M None 

Biliary brush 15 CCA PSC ICC and hilum Lymph node metastases 4 40 M Laparotomy 

Biliary brush 16 CCA PSC ICC and hilum CT/PET scan compatible with CCA with lymph node metastases. 
Suspected skeletal metastases. No biopsy 

4 53 M None 

Biliary brush 17 CCA PSC ICC Intrahepatic CCA in explanted liver. BilIN 3 in extrahepatic bile duct 
close to the hilum 

3 56 M Liver transplantation 

Biliary brush 18a CCA PSC ECC Hilar tumor, 50 mm x 17 mm. Lymph node metastasis.  4 55 M Liver transplantation 

Biliary brush 18b CCA PSC ECC Hilar tumor, 50 mm x 17 mm. Lymph node metastasis. 4 55 M Liver transplantation 

Biliary brush 19 CCA None ECC Biopsy via percutaneous transhepatic cholangiography 5 82 F None 

Biliary brush 20a CCA None Hilar Hilar tumor, 32 mm 5 66 F Liver transplantation 
(Mayo protocol) 

Biliary brush 20b CCA None Hilar Hilar tumor, 32 mm 5 66 F Liver transplantation 
(Mayo protocol) 

Biliary brush 21 CCA None ECC Lymph node metastasis 5 48 M Laparotomy 

Biliary brush 22 CCA PSC ICC Liver biopsy with infiltration of adenocarcinoma 5 43 M None 

Biliary brush 23 CCA None Hilum Hilar tumor by MRCP and ERCP. No biopsy 5 47 F None 

Biliary brush 24 CCA None ECC and hilar Peritoneal metastasis (biopsy) 5 64 M None 

Biliary brush 25 CCA None ECC and hilar ERCP with biopsy 5 77 M None 

Biliary brush 26a CCA Noe Hilum Hilar tumor by MRCP, CT and ERCP. No biopsy 5 75 M None 
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Biliary brush 26b CCA None Hilum Hilar tumor by MRCP, CT and ERCP. No biopsy 5 75 M None 

Biliary brush 27 CCA None ECC Tumor in distal extrahepatic bile duct with infiltration into pancreas 
and duodenum 

5 69 F Whipple`s operation 

Biliary brush 28 CCA None ECC ERCP compatible with CCA. No biopsy 5 83 F None 

Biliary brush 29 CCA None ECC Tumor in distal extrahepatic bile duct with infiltration into pancreas, 
duodenum and papilla Vateri 

5 79 M Whipple`s operation 

Biliary brush 30 CCA PSC ECC Lymph node metastases 5 35 M Laparotomy 

Biliary brush 31 CCA PSC ICC Tumor, 70 mm, right liver lobe. Biopsy 2 61 M None 

Biliary brush 32 CCA PSC Hilar Lymph node metastases 3 53 M Liver transplantation 

Biliary brush 33 CCA None ICC and hilum Liver biopsy with infiltration of adenocarcinoma. Lymph node 
metastases 

 1 (N/D) 61 F None 

Biliary brush 34 CCA None Hilar CT, ERCP and  MRCP compatible with CCA. No biopsy  N/A 64 M None 

Biliary brush 35 CCA PSC ICC and hilum CT and ERCP compatible with CCA. No biopsy 2 71 M None 

Biliary brush 36 CCA PSC Peritoneum ERCP compatible with CCA. Peritoneal carcinomatosis  1 (N/C) 71 M Laparotomy 

Biliary brush 37a CCA PSC ICC and hilum Lymph node metastases 3 56 M Liver resection 

Biliary brush 37b CCA PSC ICC and hilum Lymph node metastases 4 56 M Liver resection 

Biliary brush 38 CCA PSC ICC Tumor, 90 mm, right liver lobe. Biopsy 2 43 M None 

Biliary brush 39 CCA PSC Hilar Lymph node metastases N/A 55 F Laparotomy 

Biliary brush 40 CCA PSC Hilar Intrahepatic metastases 3 55 F Laparotomy 

Biliary brush 41 CCA PSC Hilar Lymph node metastasis 4 40 M Liver transplantation 

Biliary brush 42 CCA PSC ECC Peritoneal carcinomatosis  2 41 M Laparotomy 

Biliary brush 1 GBC PSC Gall bladder Lymph node metastasis 2 58 M Laparotomy 

Biliary brush 2 GBC None Gall bladder Peritoneal metastases 5 59 M Laparotomy 

Biliary brush 3 GBC None Gall bladder Lymph node metastases 2 79 F Laparotomy 

Biliary brush 4 GBC PSC Gall bladder Lymph node metastases 2 54 M Laparotomy 

Biliary brush 5 GBC PSC Gall bladder Gall bladder adenocarcinoma with local infiltration 3 67 M Liver 
transplantation 

Biliary brush 1 PC None ECC or 
pancreas 

Tumor in caput pancreatis 5 48 M Laparotomy 
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Biliary brush 2 PC None Pancreas Pancreatic cancer with liver and lung metastases. Biopsy from tumor 
and lung metastasis 

5 63 M None 

Biliary brush 3a PC PSC Pancreas Lymph node metastasis 2 60 M Laparotomy 

Biliary brush 3b PC PSC Pancreas Lymph node metastasis 3 60 M Laparotomy 

                    

                  Follow up 
(months) 

Biliary brush 1 Non-malignant PSC -  -   2 36 M 36 

Biliary brush 2 Non-malignant PSC -  -   2 26 F 43 

Biliary brush 3 Non-malignant PSC -  -   3 34 M 41 

Biliary brush 4 Non-malignant PSC -  -   2 24 M 24 

Biliary brush 5 Non-malignant PSC -  -   2 38 M 41 

Biliary brush 6 Non-malignant PSC -  -   2 35 M 41 

Biliary brush 7 Non-malignant PSC -  -   2 45 M 49 

Biliary brush 8 Non-malignant PSC -  -   2 35 M 34 

Biliary brush 9 Non-malignant PSC -  -   2 46 F 41 

Biliary brush 10 Non-malignant PSC -  -   2 37 M 42 

Biliary brush 11 Non-malignant PSC -  -   2 36 F 43 

Biliary brush 12 Non-malignant PSC -  -   2 18 M 49 

Biliary brush 13 Non-malignant PSC -  -   2 43 M 40 

Biliary brush 14 Non-malignant PSC -  -   2 40 F 47 

Biliary brush 15 Non-malignant PSC -  -   2 46 M 45 

Biliary brush 16 Non-malignant PSC -  -   2 41 M 24 

Biliary brush 17 Non-malignant PSC -  -   2 27 M 43 

Biliary brush 18 Non-malignant PSC -  -   2 31 M 42 

Biliary brush 19 Non-malignant PSC -  -   2 43 F 47 

Biliary brush 20 Non-malignant PSC -  -   2 18 M 49 
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Biliary brush 21 Non-malignant PSC -  -  2 53 F 13 

Biliary brush 22a Non-malignant PSC -  -  2 50 M 31 

Biliary brush 22b Non-malignant PSC -  -  2 50 M 31 

Biliary brush 23 Non-malignant PSC -  -  2 59 M 36 

Biliary brush 24a Non-malignant PSC -  -  2 49 M 44 

Biliary brush 24b Non-malignant PSC -  -  2 49 M 44 

Biliary brush 25 Non-malignant PSC -  -  2 27 M 57 

Biliary brush 26 Non-malignant PSC -  Liver transplantation, no CCA 2 30 M Alive 

Biliary brush 27 Non-malignant PSC -  Liver transplantation, no CCA 2 37 M Alive 

Biliary brush 28a Non-malignant PSC -  -  2 43 M 52 

Biliary brush 28b Non-malignant PSC -  -  2 43 M 52 

Biliary brush 29 Non-malignant PSC -  -  2 30 M 51 

Biliary brush 30 Non-malignant PSC -  -  2 16 M 49 

Biliary brush 31 Non-malignant PSC -  -  2 19 M 44 

Biliary brush 32 Non-malignant PSC -  -  2 62 M 44 

Biliary brush 33 Non-malignant PSC -  -  2 57 M 41 

Biliary brush 34 Non-malignant PSC -  -  2 41 M 38 

Biliary brush 35 Non-malignant PSC -  -  2 47 F 33 

Biliary brush 36 Non-malignant Small-
duct 
PSC 

-  -  2 27 M 30 

Biliary brush 37 Non-malignant PSC -  -  2 45 M 27 

Biliary brush 38 Non-malignant PSC -  -  2 38 M 27 

Biliary brush 39 Non-malignant PSC -  -  2 30 M 58 

Biliary brush 40 Non-malignant PSC -  Liver transplantation, no CCA 2 34 M Alive 

Biliary brush 41 Non-malignant PSC -  Liver transplantation, no CCA 2 57 M Alive 

Biliary brush 42 Non-malignant PSC -  -  3 20 M 57 

Biliary brush 43 Non-malignant PSC -  -  3 29 M 51 
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Biliary brush 44 Non-malignant PSC -  -  2 23 M 51 

Biliary brush 45 Non-malignant PBC -  -  2 48 K 49 

Biliary brush 46 Non-malignant PSC -  Liver transplantation, no CCA 2 44 F Alive 

Biliary brush 47 Non-malignant PSC -  Liver transplantation, no CCA 4 33 M Alive 

Biliary brush 48 Non-malignant PSC -  Liver transplantation, no CCA 2 48 M Alive 

Biliary brush 49 Non-malignant PSC -  -  2 50 F 50 

Biliary brush 50a Non-malignant PSC - Liver transplantation. Some dysplastic nodules in liver, not HCC 2 35 M Alive 

Biliary brush 50b Non-malignant PSC - Liver transplantation. Some dysplastic nodules in liver, not HCC 2 35 M Alive 

All biliary brush samples are grouped in numerical order and followed by A and B when multiple samples were obtained from the same patient. Cytology scoring was 
performed according to published criteria (53): Category 1 was denoted when material was insufficient for analysis. Categories 2 (normal epithelium and/or irregular non-
dysplastic changes) and 3 (indefinite for dysplasia) were considered to be negative whereas categories 4 (low-grade dysplasia) and 5 (high-grade dysplasia/adenocarcinoma) 
were considered to be positive, indicating the presence of CCA. *Cytology was performed on two parallel brushes, and the most severe category was used in comparison with 
the biomarker-panel.. Abbreviations: CCA, cholangiocarcinoma; CT, computed tomography; ECC, extrahepatic cholagiocarcinoma; ERCP, endoscopic retrograde 
cholangiopancreatography; F, female; HCC, hepatocellular carcinoma; ICC, intrahepatic cholangiocarcinoma; M, male; MRCP, magnetic resonance 
cholangiopancreatography; N/A, not available; N/C, not enough cells present for analysis; N/D, no data (most likely due to presence of bacteria and fungi) ; PET, positron 
emission tomography; PSC, primary sclerosing cholangitis. 
 
 
 
Supplementary Table 4. Assays used for quantitative methylation-specific polymerase chain reaction (qMSP) 

Assay Sense primer Antisense primer Probe Frg. size 

(bp) 

Number of assayed 

CpG sites 

Ref. 

ALU qMSP GGTTAGGTATAGTGGTTTATATTTGTA

ATTTTAGTA 

ATTAACTAAACTAATCTTAAACTCCT

AACCTCA 

6FAM-CCTACCTTAACCTCCC-MGB 98 - (54) 

CDO1 qMSP CGAATTATAGCGGCGGAGGT  AAATCGCGTAAACTCCGCG  6FAM-CGTTAGGTCGGGCGGT-MGB 101 10 (1) 

CNRIP1 qMSP TTTAGTTGCGCGGATTTGC GCACCCGAAAACTCGCTCTA 6FAM-CCGCAAACCGCCG-MGB 55 8 (55) 

DCLK1 qMSP GCGCGTACGCGGAGG CGACGACGAACGCGCT 6FAM-CGGGAGGGCGTGTGA-MGB 86 11 (1) 
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FBN1 qMSP GAGTTATAGTTGGGATAGTTGCGAGC AACGACGACTCCGACTCCC 6FAM-CGCTACAACCACTACTCGA-MGB 101 8 (55) 

INA qMSP AAAAGTCGGGCGTATCGTTTC CGACTTCAACGCGAACTACAAA 6FAM-ATACGACAAACAAAACGCGA-MGB 75 10 (55) 

MAL qMSP CGTTTAGGTTATTGGGTTTCGC CGAACGCCGCTCAAACTC 6FAM-CGCAAACCTCTCGCTAA-MGB 63 8 (55) 

SEPT9 qMSP CGCGCGATTCGTTGTTTATTA CCAACCCAACACCCACCTT 6FAM-GGATTTCGCGGTTAAC-MGB 98 7 (56) 

SFRP1 qMSP GAATTCGTTCGCGAGGGA  AAACGAACCGCACTCGTTACC  6FAM-CGTCACCGACGCGAA-MGB  70 10 (1) 

SNCA qMSP GCGTTTTGGGCGTTTTTTTAC CGCTATAAACCGACGACGC 6FAM-CGCTAACCTATCGTCGAA-MGB 143 11 (55) 

SPG20 qMSP GCGCGTCGTGGAACGT CTACGCTCGCCGAAAACC 6FAM-CGCGCTTACCGTAACAA-MGB 84 10 (55) 

TMEFF2 qMSP GTTCGGGGTTACGCGC TTCGCCTCACTCTCCGCT 6FAM-TCGGATTTCGTTTTCGGTAG-MGB 83 9 (44) 

VIM qMSP GGTCGAGTTTTAGTCGGAGTTACGT CCCGAAAACGAAACGTAAAAACTA 6FAM-CGTATTTATAGTTTGGGTAGCGC-MGB 106 9 (19) 

ZSCAN18 qMSP CGCGGTATAGTTTCGCGGTAT  CGCGATAACGACCGACAAA  6FAM-CGTAGTTCGCGGTGAGG-MGB  84 11 (1) 

 
 
Supplementary Table 5. Individual scoring thresholds used for scoring methylation in the respective sample sets 
Type of samples Sample set CDO1 CNRIP1 DCLK1 FBN1 INA MAL SEPT9 SFRP1 SNCA SPG20 TMEFF2 VIM ZSCAN18 

Tissue samples Fresh frozen 1 1 2 1 1 1 1 1 1 1 1 1 1 

FPET 2 1 2 1 1 4 1 5 1 2 4 1 3 

Brush samples Biliary brush 5 3 10 1 1 7 1 7 3 3 6 3 8 
The individual scoring thresholds were set based on the highest PMR value in non-malignant controls in the different sample sets. PMR values above the thresholds listed 
were scored positive for methylation. FPET; formalin-fixed paraffin-embedded tissue. 
 
Supplementary Table 6. Individual methylation sensitivities for all candidate genes in tissue samples 
Tissue sample set CDO1# CNRIP1 DCLK1# FBN1 INA MAL SEPT9* SFRP1# SNCA SPG20 TMEFF2* VIM* ZSCAN18# 

Fresh frozen samples 85 % 77 % 46 % 31 % 38 % 85 % 25% 69 % 62 % 46 % 67% 42% 77 % 
Formalin fixed samples 73 % 85 % 42 % 12 % 27 % 77 % 27% 54 % 15 % 58 % 77% 35% 42 % 
All samles 77 % 82 % 44 % 18 % 31 % 79 % 26% 59 % 31 % 54 % 73% 37% 54 % 
All methylation sensitivities are listed with 100% specificity. # previously published results.(1) *Data missing for one CCA.
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Supplementary Figure legends 

Supplementary Figure 1. Gene expression of a) CDO1 b) CNRIP1 c) SEPT9 and 

d) VIM in publically available CCA and normal samples. RNAseq version 2 data 

was obtained from the TCGA Research Network (http://cancergenome.nih.gov/), 

where the samples had been analyzed using the Illumina HiSeq platform. A total of 36 

CCAs and nine matching normals were available for analysis. P-values were obtained 

using Mann-Whitney U test (all samples), and wilcoxon rank test (matching samples). 

*Only values annotated to hg19 were applied. 

 

Supplementary Figure 2. qMSP traces of biliary brush samples. Representative 

amplification plots of cholangiocarcinomas (left, red) and non-malignant control 

(right, green) brushings separated according to their Ct-values for a) CDO1 b) 

CNRIP1 c) SEPT9 and d) VIM 

 

Supplementary Figure 3. Comparing the performance of the epi-panel in 

gallbladder (GBC) and pancreatic (PC) cancer with that of conventional cytology 

in biliary brush samples. For the epi-panel (CDO1, CNRIP1, SEPT9, and VIM) see 

the following color code: Red; methylated, Green; unmethylated, Gray; no data. For 

cytology: Closed circle; positive, open circle; negative (scored according to (53)), N/A; 

not available, N/C; not enough cells present for analysis, N/D; no data. 

 

Supplementary Figure 4. Epi-panel status in corresponding brush and tissue 

samples. Red; methylation, Green; unmethyled. 
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