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ABSTRACT 

 

Introduction:  

More knowledge about genetic and molecular features of biliary tract cancer is 

needed to develop effective therapeutic strategies. In the present study, the clinical 

and pathological significance of protein expression and gene rearrangement of 

ROS1, which is one of targets of crizotinib, in biliary tract cancer was assessed in 

tumor tissue obtained from patients. Also, the effect of crizotinib in biliary tract 

cancer cells was investigated in vitro. 

 

Material and Methods:  

The effect of crizotinib was assessed in biliary tract cancer cell lines (SNU-245, 

SNU-308, SNU-478, SNU-1079, SNU-1196, TFK-1, HuCCT-1). Tetrazolium dye 

(MTT) assay, flow cytometry, Western immunoblot, and receptor tyrosine kinase 

array were used to assess the molecular mechanisms of growth inhibition by 

crizotinib.  

Tumor tissue specimens from 194 patients with curatively resected intrahepatic 

cholangiocarcinoma were collected and analyzed for ROS1 gene rearrangement 

using fluorescence in situ hybridization (FISH) and ROS1 protein expression using 

immunohistochemistry (IHC).  

 

Results:  

SNU-478 and SNU-1196 showed sensitivity to crizotinib, with IC50 values of 

0.90 μM and 0.50 μM, respectively. Sensitive cells showed increase in sub-G1 
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fraction and apoptotic cell death, whereas resistant cells did not show any 

difference after crizotinib treatment. Phosphor-Erk and its upstream signals 

(phosphor-C-raf and MEK) decreased in a dose-dependent manner in the sensitive 

cell lines (SNU-478 and SNU-1196). However, gene rearrangement of ROS1, gene 

amplification of c-MET, or alteration of ALK was not observed in the tested cell 

lines.  

Out of 194 tumor tissue from BTC patients, ROS1 IHC was positive (moderate 

or strong staining) in 72 tumors (37.1%). ROS1 protein expression was 

significantly correlated with well differentiated tumors, papillary or mucinous 

histology, oncocytic/hepatoid or intestinal type tumors, and periductal infiltrating 

or intraductal growing tumors (vs. mass-forming cholangiocarcinoma). ROS-

expressing tumors were associated with better disease-free survival (30.1 months 

for ROS1 expression (+) tumors vs. 9.0 months for ROS1 (-) tumors, p=0.006). 

Median overall survival was 43.0 months and 21.7 months, respectively (p=0.071). 

Although break-apart FISH was successfully performed in 102 samples, a split 

pattern indicative of ROS1 gene rearrangement was not found in the examined 

samples. 

 

Conclusion:  

Protein expression of ROS1 was observed in 37.1% of intrahepatic 

cholangiocarcinoma and associated with with well-differentiated histology and 

better disease-free survival, but ROS1 gene rearrangement was not found. Some 

biliary tract cancer cells showed sensitivity to crizotinib, and further studies to 

select optimal candidate for crizotinib are warranted. 

 



8 

 

Keywords: biliary tract cancer, ROS1, immunohistochemistry, FISH 

Student number: 2007-30561  



9 

 

INTRODUCTION 

 

Biliary tract cancer (BTC) is an aggressive disease with a very poor prognosis 

with a median survival of less than 1 year [1]. It is a heterogeneous group of 

disease including intrahepatic, perihilar, or distal cholangiocarcinoma and 

gallbladder cancer, with diverse epidemiology, etiology, and pathogenesis. Five-

year survival rate after curative surgery for biliary tract cancer remains poor with 

20-32% for intrahepatic cholangiocarcinoma, 30-42% for hilar cholangiocarcinoma, 

and 18-54% for distal cholangiocarcinoma [2-4]. Despite of the poor outcome of 

this disease, prospective clinical trials of drugs have been very rare, and the 

landmark ABC-02 trial firstly showed superior survival of gemcitabine and 

cisplatin over gemcitabine alone. Understanding its molecular features and 

developing new effective strategies are urgent and important; however, the 

molecular and genetic features of BTCs have been inadequately investigated in 

comparison to other common solid malignancies. With recent developments of 

targeted therapeutics, various key signaling pathways, including epidermal growth 

factor receptor, vascular endothelial growth factor and its receptor, and the 

mitogen-activated protein kinase pathway, and human epidermal growth factor 

receptor 2, have been investigated, but no targeted therapy has been proven to be 

effective in BTC, so far. 

ROS1 is a receptor tyrosine kinase (RTK) that regulates signal transduction, 

differentiation, migration and death. It has been found to be rearranged in non-

small cell lung cancer (NSCLC) [5-9], glioblastoma multiforme [10], gastric cancer 

[11], and colon cancer [12]. These rearrangements create fusion proteins in which 
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the kinase domain of ROS1 becomes constitutively active and drives cellular 

proliferation. Crizotinib, an oral MET/anaplastic lymphoma kinase (ALK) inhibitor, 

has shown encouraging clinical activity in ROS1-rearranged NSCLC, indicating 

that ROS1 rearrangement is a driver mutation in NSCLC [6, 13, 14]. Thus, the 

activity of crizotinib is of significant interest for the treatment of ROS1-rearranged 

tumors. 

Recently, Gu et al. found a fusion of the ROS1 gene with the FIG gene in 2 out 

of 23 cholangiocarcinoma patients (8.7%). The authors suggested that this could be 

a driver mutation, because it confers transforming activity to bile duct cells and can 

be effectively blocked with an ROS1 tyrosine kinase inhibitor [15]. Indeed, 

cholangiocarcinoma with ROS1 gene fusion would be a good candidate for 

treatments targeting ROS1 such as crizotinib; however, the efficacy of crizotinib in 

BTC cells has not been investigated, and actual incidence and clinical significance 

of ROS1 rearrangements in BTC have not been fully known. 

Crizotinib also has potent inhibitory activity against c-MET and ALK, as well as 

ROS1. c-MET is also expressed in about half of cholangiocarcinomas, and its 

overexpression was associated with epidermal growth factor receptor (EGFR) 

expression and a poor prognosis [16]. Activation of the c-Met gene resulted in 

increased cell migration and invasion in cholangiocarcinoma cells, and its 

inhibition reversed these effects [17]. These collectively support the possible 

activity of crizotinib in biliary tract cancer. 

In the present study, the effect of crizotinib in biliary tract cancer cells was 

investigated in vitro, and the clinical and pathological significance of ROS1 

expression in biliary tract cancer was assessed in tumor tissue from patients.  
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MATERIALS AND METHODS 

 

Cell lines and culture 

Seven human biliary tract cancer cell lines (SNU-245, SNU-308, SNU-478, 

SNU-1079, SNU-1196, TFK-1, HuCCT-1) were purchased from the American 

Type Culture Collection (Manassas, VA, USA) and Korean Cell line Bank (Seoul, 

Korea). MKN-45, which is a gastric cancer cell line with c-MET amplification, 

was used as a positive control. All cell lines were maintained in RPMI1640 

supplemented with 10% FBS (WELGENE Inc., Korea) and gentamicin (10 μg/ml). 

All cancer cells were incubated under standard culture condition (20% O2 and 5% 

CO2 at 37°C).  

 

Drugs and Reagents 

Crizotinib was purchased from Selleck Chemicals LLC (Houston, TX, USA). It 

was initially dissolved in dimethylsulfoxide (Sigma Chemical Co., St. Louis, 

Missouri, USA) at a concentration of 10 mM/mL and stored in small aliquots at –

20°C. Working dilutions were prepared freshly. AZD6244 is a MEK inhibitor and 

provided by AstraZeneca (Macclesfield, UK). 

 

Cell growth-inhibition assay 

Cells (5-7 x 103 in 50µl /well) were seeded on 96-well plates and incubated for 

24 h at 37°C and treated with drugs (i.e., Crizotinib) for 3-5 days at 37°C. After 

drug treatment,  3- (4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl-tetrazolium bromide 

solution was added to each well and incubated for 4 h at 37°C, and medium was 
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then removed. DMSO was then added and shaken for 30min at room temperature. 

Absorbance was analyzed using a microplate reader (Molecular Devices, 

Sunnyvale, CA). In some experiments of sequential treatment, proliferating cancer 

cells were incubated in the presence of indicated doses of first drug for 24 h, and 

fresh medium containing indicated doses of second drug was added. The cells were 

then incubated for an additional 2 days. Graphs were generated by nonlinear 

regression of the data points to a four parameters logistic curve using SigmaPlot 

software (Statistical Package for the Social Sciences, Inc., Chicago, IL) 

 

Cell cycle analysis  

Cells (5 x 105 cells/6-cm plates) were seeded and treated with crizotinib for 

indicated hours. Adherent cells were harvested by trypsinization. Cells were 

washed once with PBS and then resuspended in 70% ethanol for fixation. After 

treating with RNAse 100 μg/ml at 37°C for 10 minutes, and then with propidium 

iodide 50 μg/ml, cell cycle distribution was analyzed with a FACSCalibur flow 

cytometer (Becton Dickinson, Mountain View, CA). 

 

Annexin-V assay 

Cells were treated with NVP-AUY922 for 72 hours and then collected and 

stained with Annexin V-phycoerythrin and propidium iodide (Becton Dickinson). 

The number of cells which stained positive for Annexin V-phycoerythrin and 

negative for propidium iodide using fluorescence-activated cell sorting analysis 

was measured as apoptotic cell death. 
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Western blot analysis 

Cells were collected after drug treatment, washed with ice-cold PBS, and 

suspended in an extraction buffer [20 mM Tris-Cl (pH 7.4), 100 mM NaCl, 1% 

NP40, 0.5% sodium deoxycholate, 5 mM MgCl 2, 0.1 mM phenylmethylsulfonyl 

fluoride, 0.1 mM pepstatin A, 0.1 mM antipain, 0.1 mM chymostatin, 0.2mM 

leupeptin, 10 mg/ml aprotinin, 0.5 mg/ml soybean trypsin inhibitor, and 1mM 

benzamidine] on ice for 15 min. Lysates were cleared by centrifugation at 13,000 

rpm for 20 min. Equal amounts of cell extracts were resolved on 10% SDS-

polyacrylamide denaturing gels, transferred onto nitrocellulose membranes 

(Schleicher & Schuell, Dassel), and probed with an appropriate primary antibody 

and horseradish peroxidase-conjugated secondary antibody. Detection was 

performed using an enhanced chemiluminescence system (Amersham Biosciences, 

Piscataway, NJ) 

 

Receptor tyrosine kinase array analysis 

Phospho-RTK array analysis was performed according to the manufacturer’s 

instructions (Cell Signaling Technology, Inc., Pathscan® RTK signaling antibody 

array kit #7982). Briefly, 50 mg of protein lysates were incubated with blocked 

membranes that were subsequently washed and exposed to a chemiluminescent 

reagent. The target proteins include 39 proteins from 20 tyrosine kinase families. 

 

Tissue sample from patients and clinicopathologic parameters  

Patients who underwent curative surgery for intrahepatic cholangiocarcinoma at 

Seoul National University Hospital, Seoul, Republic of Korea, from 1992 to 2010, 

and had available medical records and formalin-fixed paraffin blocks of tumor 
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were eligible for analysis. Clinical information including age, sex, size of tumor, 

and surgical methods was collected from the medical records; pathologic 

information including differentiation, histologic type, gross type, vascular invasion, 

and perineural invasion was collected form pathology reports and slide review. 

Criteria for pT (pathologic T stage) followed the intrahepatic bile duct tumor 

staging of American Joint Committee on Cancer 7th edition[18] Tumor 

differentiation was categorized based on the grading system described by the 

World Health Organization classification [19].  

This study was carried out in compliance with the Helsinki Declaration and 

approved by the Institutional Review Board of Seoul National University Hospital 

(H-1011-046-339). 

 

Construction of tissue microarray and Immunohistochemical staining 

Suitable areas with two representative tumor areas for each case were marked on 

the H&E stained sections, then core tissue specimens (2 mm in diameter) were 

collected from individual paraffin-embedded tissues and rearranged in new tissue 

array blocks by using a trephine apparatus (SuperBioChips Laboratories, Seoul, 

Korea). Each tissue microarray had four cores of normal liver, normal bile duct, 

and normal gastrointestinal tract mucosa as internal controls. Sections (4 μm) were 

stained for ROS1 (ROS1(D4D6) rabbit monoclonal antibody, cat. number #3287 

1:10 dilution, Cell Signaling Technology, Beverly, MA) after an antigen retrieval 

process using Bond Epitope Retrieval Solution 2 at 99°C for two minutes (Leica 

Biosystems, Wetzlar, Germany). The slides were automatically stained using 

Bond-Max IHC and ISH slide stainer and a Bond Polymer Refine Detection Kit 
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(Leica Biosystems, Wetzlar, Germany). 

 

Evaluation of immunohistochemistry 

Positive staining for ROS1 was observed in cytoplasm; the intensity of staining 

was graded as negative, weak (1+), moderate (2+), or strong (3+). For comparative 

analysis of protein expression and clinicopathologic parameters, dichotomized 

values such as positive and negative were used and the criteria of positivity was 

≥2+ intensity in ≥5% of tumor cells. 

 

ROS1 break-apart fluorescence in situ hybridization (FISH) assay 

Break-apart FISH probe consisted of the distal part of Exon 30 of ROS1(6q22) 

(RH104060-SHGC-14420)) directly labeled with PlantinumBrightTM550 (red 

signal) and the proximal part of Exon 42 of ROS1(6q22) (RH69070-RH68126) 

directly labeled with PlatinumBrightTM495 (green signal) (Repeat-FreeTM 

PseidonTM ROS1 (6q22) Break probe, KBI-10752, Kreatech Diagnostics, 

Amsterdam, Netherlands). Briefly, 2 micrometer sections were deparaffinized and 

dehydrated. The slides were treated with pretreatment reagent (Abott Molecular, 

Des Plaines, IL) at 80 °C for 40 minutes and reacted with protease powder (Abott 

Molecular, Des Plaines, IL) in protease buffer at room temperature after HCL and 

microwave treatment. The probe set was applied and incubated in ThermoBrite 

(Abbott Molecular, Des Plaines, IL) at 80 °C for 10 minutes to denature the probes 

followed by incubation at 37°C for 16 hours to allow hybridization. The samples 

were analyzed using an X100 oil immersion lens on an Olympus BX-51TRE 

microscope (Olympus, Tokyo, Japan) equipped with DAPI, green, orange, aqua, 

and triple-pass (DAPI/Green/Orange) filters (Abbott-Vysis). At least 50 nuclei per 
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sample were assessed. Signals were evaluated as: (a) no gene rearrangement on 

either chromosome, i.e. two sets of separate red and green signals, (b) gene 

rearrangement on one chromosome, i.e. one combined signal and one separate red 

and green signal, and (c) deletion of the distal portion of ROS1 as indicated by one 

combined signal and a single green signal found in >15% of tumor cells [7]. 

Specimen from non-small cell lung cancer with ROS1 fusion was used as a 

positive control. 

 

Statistical analysis 

Comparative analysis of clinicopathologic parameters was evaluated using the 

chi-squared (χ2) test or Fisher’s exact test. Survival analysis was performed using 

Kaplan-Meier analysis and Cox’s proportional hazard model. Disease-free survival 

(DFS) was defined as the time to local or distant progression. Overall survival (OS) 

was defined as the time to any cause of death. The results were considered 

statistically significant when p values were < 0.05. All tests were performed using 

IBM SPSS version 21.  
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RESULTS 

  

Anti-proliferative activity of crizotinib in biliary tract cancer cell lines 

 Biliary tract cancer cell lines were treated with increasing doses of crizotinib (0, 

0.01, 0.1, 1, and 10 μM) for 72 h. MKN-45, a human gastric cancer cell with MET 

amplification, was used as positive control, because it was shown to be sensitive to 

crizotinib. SNU-478 and SNU-1196 showed sensitivity to crizotinib, compared to 

the other cell lines (Figure 1). The IC50 values for SNU-478 and SNU-1196 were 

0.90 μM and 0.50 μM, respectively. These IC50 values are similar to those in non-

small cell lung cancer cell lines carrying an EML4-ALK fusion, which range from 

0.25 to 0.34 μM [20].  
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Figure 1. Anti-proliferative effect of crizotinib in biliary tract cancer cell lines 

Human biliary tract cancer cell lines were treated with increasing concentrations 

of crizotinib (0, 0.01, 0.1, and 10 μM) for 72 h. The IC50 values and cell viability 

using an MTT assay were determined by measuring the absorbance at 540 nm in a 

microplate reader.  
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Table 1. IC50 values of crizotinib in biliary tract cancer cell lines 
 

Cell line IC50 of crizotinib (μmol/L), mean±SD 

SNU-245 4.60 ± 1.30 

SNU-308 3.62 ± 0.42 

SNU-478 0.90 ± 0.06 

SNU-1079 2.39 ± 0.08 

SNU-1196 0.50 ± 0.003 

TFK-1 2.46 ± 0.04 

HuCCT-1 3.51 ± 0.25 

MKN-45 (positive control) 0.09 ± 0.002 
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Cell cycle analysis after treatment of crizotinib 

Both crizotinib-sensitive biliary tract cancer cell lines (SNU-478 and SNU-1196) 

and crizotinib-resistant cell lines (SNU-245 and SNU-308) were treated with 

crizotinib at indicated concentration for 3 days and cell cycle analysis was 

performed. Sensitive cells showed increase in sub-G1 and G2 fraction, whereas 

resistant cells showed no difference after crizotinib treatment.  

 

 

 

Figure 2. Cell cycle analysis after treatment of crizotinib  

Both crizotinib-sensitive biliary tract cancer cell lines (SNU-478 and SNU-1196) 

and crizotinib-resistant cell lines (SNU-245 and SNU-308) were treated with 

crizotinib for 72 hours and proportions of cells in the G1, S, and G2-M phase were 

quantified by FACS; total percentages of G1, S, and G2-M phases are presented as 

100%. Bars, data are presented as mean ± SD. 
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Apoptotic effect of crizotinib in biliary tract cancer cells 

Cleavage of PARP and caspase-3, which indicate apoptotic cell death by 

crizotinib, was observed only in sensitive cells (SNU-478 and SNU-1196). Taken 

together with results from cell cycle analysis, apoptotic cell death was observed in 

biliary tract cancer cells sensitive to crizotinib.  

 

 

 

 

Figure 3. Apoptotic effect of crizotinib in biliary tract cancer cells 

Cells were treated with crizotinib for 72 hours and harvested. Western blot 

analysis for indicated proteins was performed.  
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Genetic status and protein expression of c-MET  

As c-MET, ALK, and ROS1 are known targets of crizotinib, protein expression 

and gene amplification of c-MET were pursued in the biliary cancer cell lines. c-

MET gene amplifications were not found in biliary tract cancer cells. Baseline 

expression of c-MET as well as downstream proteins (STAT3, Akt, Erk) was not 

related to crizotinib sensitivity, either. 

Overall, these data indicate that c-MET is not a valid biomarker of crizotinib 

sensitivity in the tested biliary tract cancer cells. 

 

 

 

 

 

Figure 4. c-MET gene amplification of biliary tract cancer cells 

DNA copy number of c-MET gene was analyzed by Fluorescence in situ 

hybridization. MKN-45 was used as a positive control. 
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Figure 5. Expression of cMET and downstream proteins in biliary tract cancer 

cells 

Western blot analysis was performed to show expression of for indicated 

proteins before crizotinib treatment. MKN-45 was used as a positive control. 
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ROS1 break-apart FISH in biliary tract cancer cells 

As ROS1 is one of clinical targets of crizotinib, break-apart FISH was pursued in 

the biliary cancer cell lines. 

Cell pellet was embedded in a formalin-fixed paraffin-embedded block and 

break-apart FISH was applied as described. However, genetic translocations as 

shown by break-apart pattern were not found in biliary tract cancer cells. 

These data indicate that ROS1 translocation is not present in the tested biliary 

tract cancer cells, and it cannot explain the sensitivity to crizotinib. 

 

 

 

 

 

Figure 6. Representative ROS1 break-apart FISH in biliary tract cancer cells  

Cell pellet was embedded in a formalin-fixed paraffin-embedded block and 

break-apart FISH was applied. Break-apart FISH probe consisted of the distal part 

of Exon 30 of ROS1 (red signal) and the proximal part of Exon 42 (green signal). 

Usual split of break-apart pattern indicating ROS1 translocation was not found in 

the representative samples.  
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Changes in protein expression by RTK assay by crizotinib in biliary tract 

cancer cells 

Changes in protein expression by crizotinib in biliary tract cancer cells were 

tested by RTK assay using both sensitive cells (SNU-478 and SNU-1196) and 

resistant cells (SNU-245 and SNU-308). Neither baseline expression of c-MET, 

ALK, and ROS1, nor change of those proteins after crizotinib could explain 

sensitivity to crizotinib. Any notable difference between the cells was not found 

relevant to the sensitivity of crizotinib.  
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a) 

 

1 EGFR/ErbB1 14 ALK 27 Tie2/TEK 

2 HER2/ErbB2 15 PDGFR 28 VEGFR2/KDR 

3 HER3/ErbB3 16 c-Kit/SCFR 29 Akt (Thr308) 

4 FGFR1 17 FLT3/Flk2 30 Akt (Ser473) 

5 FGFR3 18 M-CSFR/CSF-1R 31 MAPK (ERK1/2)  

6 FGFR4 19 EphA1 32 S6 Ribosomal Protein  

7 InsR 20 EphA2 33 c-Abl  

8 IGF-IR 21 EphA3 34 IRS-1 

9 TrkA/NTRK1 22 EphB1 35 Zap-70 

10 TrkB/NTRK2 23 EphB3 36 Src 

11 Met/HGFR 24 EphB4 37 Lck 

12 Ron/MST1R 25 Tyro3/Dtk 38 Stat1 

13 Ret 26 Axl 39 Stat3 
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b)  

 
 
 
 
 
 
 
 
Figure 7. Receptor tyrosine kinase (RTK) array analysis after crizotinib 

treatment 

a) Schema of RTK array kit  

b) Result of crizotinib treatment (control and 1μM) 

Cells were treated with indicated dose of crizotinib for 72 hours and cell lysate 

was applied to RTK array kit.   
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Crizotinib inhibits proliferative signal in biliary tract cancer cell lines  

 Changes in the protein expression of the intracellular signaling pathways were 

analyzed by Western blot. P-ERK decreased in a dose-dependent manner in the 

sensitive cell lines (SNU-478 and SNU-1196). In contrast, resistant cell lines 

showed no difference in expression of proteins with increasing dose of crizotinib 

 

 

 

 

Figure 8. Changes in intracellular signaling by crizotinib 

Cells were treated with increasing dose of crizotinib for 3 days and analyzed by 

Western blot. 
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Protein expression of RAS-RAF-MEK-Erk signaling pathway 

As changes in expression of p-ERK protein was found only in sensitive cells, 

proteins of upstream signaling pathway were analyzed in sensitive (SNU-1196) and 

resistant cells (SNU-245 and SNU-308). Expression of p-CRAF and MEK protein 

was decreased with crizotinib in SNU-1196. 

 

 

 

 

 

Figure 9. Changes in RAS-RAF-MEK-Erk signaling pathway by crizotinib 

Cells were treated with increasing dose of crizotinib for 3 days and analyzed by 

Western blot. 

  



30 

 

Combination treatment of crizotinib and a MEK inhibitor (AZD6244) in 

sensitive and resistant cells 

As changes in expression of p-ERK protein was found only in sensitive cells, 

combination effect of crizotinib and an inhibitor of MEK (AZD6244) was analyzed. 

Only SNU-1196, which is a sensitive cell to crizotinib, showed additive effect with 

the combination treatment.  

 

 

 

 

Figure 10. Combination treatment of crizotinib and a MEK inhibitor 

(AZD6244) 

Cells were treated with the indicated drugs for 3 days and cell counts were 

analyzed by MTT assay. 
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Expression of ROS1 protein and ROS1 FISH in tissue sample from patients 

 

Patient demographics  

The number of patients who received liver resection for intrahepatic 

cholangiocarcinoma was 309, and excluding those whose surgery was not curative 

or R0 resection and those whose tumor tissue or clinical data were not available, 

194 patients were finally included in the current study. The demographic 

characteristics of the patients are summarized in Table 2. Briefly, 76.8% of patients 

were male, and the median age of the entire population was 62 years. With regard 

to the underlying liver disease and etiology of cholangiocarcinoma, 15 patients had 

chronic hepatitis, 12 of whom had hepatitis B virus infection and 3 had hepatitis C 

virus infection; three patients had infection of clonorchis sinensis; and 3 patients 

had hepatolithiasis.  

With regard to the surgery, most patients received lobectomy or 

hemihepatectomy of the liver (n=129), followed by segmentectomy (n=54) and 

others. Tumor size ranged from 0.3 to 26.0 cm (mean tumor size 5 cm), and 19 

patients (10.1%) had more than 1 tumor in the liver. Lymph node involvement by 

the tumors was found in 45 patients among 106 patients whose lymph nodes were 

resected and assessed. Histological subtypes of resected tumors included 

adenocarcinoma (n=167), papillary or mucinous carcinoma (n=15), and others 

(n=12). Tumors were classified as well-differentiated (17.5%), moderately-

differentiated (57.7%), and poorly-differentiated (24.7%).  

After median follow-up period of 30.0 months (range 1-196) after surgery, 119 

(61.3%) patients had recurrent disease, and 62 patients remained disease-free. One 

hundred twenty-six (67.4%) patients had deceased at the time of analysis. Median 
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disease-free survival was 8.9 months, and median overall survival was 26.1 months. 
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Table 2. ROS1 expression and clinicopathologic parameters 

ROS1 expression 
  

N(%) 

Negative Positive
p. 

  122(62.9) 72(37.1)

Sex (194) Male 149(76.8) 96(64.4) 53(35.6) 0.418 

 
Female 45(23.2) 26(57.8) 16(35.6)

Age (yr) (194) 62 [37-89] 60.1±9.061.5±10.4 0.347 

Size (cm) (185) 5.0 [0.3-26.0] 5.5±2.9 5.6±3.9 0.673 

Operation (183) Lobectomy 129(70.5) 84(65.1) 45(34.9) 0.635 

 
Segmentectomy 54(29.5) 32(59.3) 22(40.7)

Number (188) Single 169(89.9)107(63.3) 62(36.7) 0.114 

 
Multiple 19(10.1) 14(73.7) 5(26.3)

Gross type (189) Mass forming 133(70.4) 91(68.4) 42(31.6)0.006* 

 
Periductal infiltrating 10( 5.3) 5(50.0) 5(50.0)

 
Intraductal polypoid 24(12.7) 8(33.3) 16(66.7)

 
Mixed  22(11.6) 16(72.7) 6(27.3)

Extent of tumor (188) Confined to liver 92(48.9) 50(54.3) 42(45.7)0.005* 

 
Extrahepatic invasion 96(51.1) 71(74.0) 25(26.0)

pT stage  (190) Tis 1( 0.5) 1(100) 0( 0.0) 0.226 

 
T1 86(45.3) 52(60.5) 34(39.5)

 
T2a 39(20.5) 21(53.8) 18(46.2)

 
T2b 12( 6.3) 9(75.0) 3(25.0)

 
T3 50(26.3) 37(74.0) 13(26.0)

 
T4 2( 1.1) 1(50.0) 1(50.0)

pN stage (106) pN0 61(57.5) 35(57.4) 26(42.6) 0.462 

 
pN1 45(42.5) 29(64.4) 16(35.6)

Resection margin 

(177) 
R0 151(85.3)100(66.2) 51(33.8) 0.400 

 
R1-2 26(14.7) 15(57.7) 11(42.3)

Lymphatic invasion 

(187) 
Absent 117(62.6) 71(60.7) 46(39.3) 0.278 

 
Present 70(37.4) 48(68.6) 22(31.4)

Vascular invasion 

(180) 
Absent 127(70.6) 81(63.8) 46(36.2) 0.595 

 
Present 53(29.4) 36(67.9) 17(32.1)

Neural invasion (184) Absent 137(74.5) 89(65.0) 48(35.0) 0.687 
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Present 47(25.5) 29(61.7) 18(38.3)

Differentiation (194) Well 34(17.5) 14(41.2) 20(58.8) 0.150 

 
Moderate 112(57.7) 75(67.0) 37(33.0)

 
Poor 48(24.7) 33(68.8) 15(31.3)

Histologic subtype 

(194) 
Adenocarcinoma, tubular 167(86.1)111(66.5) 56(33.5)0.009* 

 

Papillary or mucinous 

carcinoma 
15( 7.7) 4(26.7) 11(73.3)

 
Others 12( 6.2) 7(58.3) 5(41.7)

Cell type (172) Nonintestinal type 137(79.7) 92(67.2) 45(32.8)0.019* 

 
Intestinal type 35(20.3) 19(54.3) 19(54.3)

Progression (194) No evidence of disease 62(32.0) 34(54.8) 28(45.2)0.024* 

 
Recurrence or metastasis 119(61.3) 83(69.7) 36(30.3)

 
Censored 13( 6.7) 5(38.5) 8(61.5)

Death (187) Alive 60(32.1) 32(53.3) 28(46.7) 0.131 

 
Deceased 126(67.4) 85(67.5) 41(32.5)

  Censored 1( 0.5) 1(100) 0( 0.0)

*, p<0.05; †, undifferentiated carcinoma, adenosquamous carcinoma, mixed adenocarcinoma and neuroendocrine 
carcinoma; median[range]; mean±sd 
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Immunohistochemical analysis and break-apart FISH of ROS1 

Representative expression patterns of ROS1 are presented in Figure 11. Positive 

ROS1 staining was observed in the cytoplasm in a diffuse pattern. In 70 samples 

(36.1%) staining was moderate, while in two samples (1.0%) staining was strongly 

positive; in 62 samples (32.0%) showed weak intensity and remaining 60 cases 

(30.9%) were negatively stained. FISH was successfully performed in 102 samples, 

but evidence of gene rearrangement (split pattern using break-apart FISH) was not 

found in the examined samples.  

 

 

Figure 11. Immunohistochemical staining for ROS1  

Representatibe expression patterns of ROS1 in the analyzed samples are shown.  

a) strong positive b) moderate positive c) weak positive d) negative staining  
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Correlation of ROS1 expression and clinicopathological features of the 

patients 

Clinicopathologic features listed according to ROS1 expression level are 

summarized in Table 1. The group with positive staining included 72 moderate to 

strongly stained samples (37.1%).  

ROS1-expressing tumors were more frequent in periductal (50.0%) or 

intraductal type (66.7%) than mass forming type (31.6%) as characterized 

according to the histologic subtypes proposed by the Liver Cancer Study Group of 

Japan [21, 22]. Microscopic features of tumors with ROS1 expression were 

significantly related to well differentiated histology, papillary or mucinous tumors, 

and intestinal type. In addition, the stage at the time of surgery was lower in ROS1-

expressing tumors, with a higher proportion of T1 or T2 stage tumors as compared 

to later stage tumors and less invasion into adjacent organs. 
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Univariate and multivariate survival analysis of ROS1 expression 

ROS1-expressing tumors were associated with better disease-free survival 

(Figure 3). Median disease-free survival for ROS1-expressing (+) tumors and non-

expressing (-) tumors was 30.1 months and 9.0 months, respectively (p=0.006). 

Median overall survival was 43.0 months and 21.7 months, respectively (p=0.071). 

As extensive lymph node dissection is not routinely performed during curative 

surgery of intrahepatic cholangiocarcinoma, we confined the multivariate survival 

analysis to the patients without lymph node metastasis. With covariates including 

tumor size, gross appearance, multiplicity of tumors, tumor histology, 

differentiation, and the presence of vascular, neural, or lymphatic invasion, ROS1 

expression was an independent predictor of longer disease-free survival (HR 0.607, 

95% CI 0.377-0.976; p=0.039, Table 2). 
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Figure 12. Kaplan-Meier curves for disease-free survival and overall survival 

according to ROS1 expression 

Kaplan-Meier curves for disease-free survival and overall survival are presented. 

ROS1-expressing tumors were associated with better prognosis. 

  



39 

 

Table 3. Disease free survival and ROS1 expression 
 
    Univariate  Multivariate 

    median(m) p. HR [95% CI] p. 

ROS1 

expression 
negative vs. positive 9 vs. 30 0.006 0.58 [0.37-0.89] 0.014 

Size of tumor  Cm 1.053* 0.008 1.06 [1.01-1.11] 0.019 

Number of 

tumor 
single vs. multiple 15 vs. 4 0.001 2.27 [1.24-4.16] 0.008 

Gross type 
mass forming vs. 

periductal 
9 vs. 89 <0.001 0.48 [0.24-0.98] 0.042 

Differentiation 
well vs. moderate to 

poor 
89 vs. 9 <0.001 2.22 [1.09-4.51] 0.028 

Perineural 

invasion 
absent vs. present 19 vs. 9 0.039 1.63 [1.04-2.55] 0.034 

Vascular 

invasion 
absent vs present 15 vs. 8 0.051 

  

Lymphatic 

invasion 
absent vs present 19 vs. 8 0.009 

  

Histologic 

type 
papillary/mucinous vs. NA vs. 11 0.026 

  

  
 

tubular/undifferentiated  
        

* mean hazard ratio by Cox proportional hazard model; HR, hazard ratio; CI, confidential interval 
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DISCUSSION  

 

Molecular pathogenesis of biliary tract cancer is of particular importance, not 

only because it is fatal disease with increasing incidence, but also little has been 

known compared to other common cancers [23]. EGF, HGF/MET, VEGF, 

KRAS/MAPK, and IL-6/STAT pathways have been found to be deregulated in 

cholangiocarcinoma, but no effective therapies targeting these pathways have been 

developed. There is an eager need for more knowledge and clinical application in 

the field of this disease. As rearrangement of ROS1 gene was reported in 

cholangiocarcinoma recently [15, 24], and ROS1 inhibitors such as crizotinib have 

shown remarkable activity in ROS1-driven tumors [6, 14, 25], the effect of 

crizotinib in biliary tract cancer cells and the clinical significance of ROS1 in BTC 

are of special interest, which are addressed in the present study in part.  

SNU-478 and SNU-1196 cell lines showed sensitivity to crizotinib, with IC50 

values of 0.90 μM and 0.50 μM, respectively. These IC50 values are similar to those 

in non-small cell lung cancer cell lines carrying an EML4-ALK fusion, which 

range from 0.25 to 0.34 μM [20]. Actually, crizotinib has more potent activity 

against c-MET dependent tumors with IC50 values of 5 to 20 nmol/L, and ALK-

rearranged lymphoma cell lines with 25 to 50 nmol/L [20]. The activity of 

crizotinib in biliary tract cancer cell lines is less than these tumors, but is 

comparable to non-small cell lung cancer cell lines carrying an EML4-ALK fusion. 

As non-small cell lung cancer is the major disease area where crizotinib is 

clinically indicated, the similar IC50 ranges could be clinically feasible. 

Crizotinib treatment resulted in decrease in the protein expression of the 
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intracellular signaling pathways. Phospho-Erk was decreased in a dose-dependent 

manner in the sensitive cell lines (SNU-478 and SNU-1196). In contrast, resistant 

cell lines showed no difference in expression of proteins with increasing dose of 

crizotinib. These are in line with the previous report, where crizotinib resulted in 

suppression of Akt and Erk signaling in anaplastic large cell lymphoma or 

neuroblastoma cell lines [26]. Expression of phospho-C-Raf and MEK protein was 

decreased with crizotinib in SNU-1196, but the change in Akt or phospho-Akt was 

not evident in SNU-1196.  

However, receptor kinase target of crizotinib in biliary tract cancer cells was not 

confirmed in the present study. Known targets of crizotinib, such as c-MET 

amplification, ALK rearrangement, or ROS1 rearrangement was not found in the 

cell lines tested. The anti-tumor activity of ALK inhibitors has also been reported 

in cells without ALK gene rearrangement, such as neuroblastoma cells without 

ALK gene rearrangement [26], which could partly explain the cytotoxic activity of 

crizotinib in the present study. However, the absence of discernible target alteration 

could hamper the development of crizotinib in biliary tract cancer.  

In addition to the in vitro experiments, the clinical and pathological significance 

of gene rearrangement of ROS1 and its protein expression and in biliary tract 

cancer was assessed in tumor tissue from patients, because ROS1 is one of known 

targets of crizotinib, and fusion of ROS1 gene was reported in 2 out of 23 BTCs 

(8.7%) [15].  

Following the first report [15], however, there have been scarce reports 

confirming the presence of ROS1 gene rearrangement. Recently, ROS1 alterations 

were found in 1 out of 100 (1%) patients with intrahepatic cholangiocarcioma [27]. 

In another report, ROS1 fusion was found in 14-16% of patients with gallbladder 
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carcinoma or extrahepatic cholangiocarcinoma, but not those with intrahepatic 

cholangiocarcinoma [28]. We could not find any ROS1 rearrangement by FISH in 

194 Korean patients with intrahepatic cholangiocarcinoma. The actual incidence of 

ROS1 rearrangement in intrahepatic cholangiocarcinoma is expected to be lower 

than that previously reported [29]. 

Although ROS1 gene rearrangements were not found, ROS1 protein expression 

was found in a significant portion of BTCs. Interestingly, it was related to specific 

characteristics of tumors and better disease-free survival. ROS1 expression was 

more common in well-differentiated tumors than in moderately- or poorly-

differentiated tumors. Specifically, papillary or mucinous carcinomas were strongly 

related to expression of the ROS1 protein (73.3%). The gross appearance of 

cholangiocarcinoma is divided into three types: mass-forming, periductal 

infiltrating, intraductal growth type [21, 22]. The mass-forming subtype is the most 

common and spreads via venous and lymphatic vessels, exhibiting poorer 

prognosis [30, 31]. ROS1-expressing tumors were periductal or intraductal (50% 

and 33.3%, respectively) rather than mass forming (31.6%). In general, ROS1 

expression is related to less aggressive tumors, well differentiated features, and 

better survival in BTC. 

ROS1 expression was also a predictor of favorable survival in NSCLC, as well 

as in BTC. In a large cohort of 1478 NSCLCs, ROS1 expression was correlated 

with better survival and specific features such as low T stages, TTF1 and napsin 

expression, and certain histomorphological adenocarcinoma patterns (lepidic, 

acinar, and solid) [32]. Similarly, ROS1 expression was significantly lower in 

proportion to higher histologic grade, higher mitotic counts, lower estrogen 

receptor expression, and a higher Ki-67 proliferation index in a series of breast 
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cancer [33]. Furthermore, in gastric cancer, 23 out of 495 tumors expressed ROS1 

by IHC, and they were associated with more differentiated tumors, the intestinal 

Lauren type, lower lymph node status, and absence of lymphatic invasion [11]. 

These studies of non-small cell lung cancer, breast cancer, and gastric cancer 

collectively suggest the pathogenic role of ROS1 in these specific tumor types of 

well differentiated and less aggressive cancers, as in BTC. 

ROS1 expression as determined by IHC was moderate to strong in 38% of 

tumors, but gene rearrangement assessed by FISH was not found in our patients. 

This is in contrast to the previous reports in NSCLC, where IHC and FISH results 

were strongly correlated. The sensitivity and specificity of ROS1 IHC for 

rearrangements by FISH is reported to be more than 90% [34] [35] [36] and, as 

such, IHC is suggested as an effective screening tool in NSCLC. The threshold 

level for ROS1 positive expression in IHC differs among reports, but 2+ or 

moderate expression is usually considered to be positive. In contrast, a significant 

portion of cholangiocarcinoma samples exhibited greater than moderate expression 

of ROS1, yet we could not find any ROS1 gene rearrangement by FISH. Moreover, 

2 tumors with strong expression of ROS1 by IHC did not carry ROS1 gene 

arrangement by FISH, either. Therefore, we conclude that ROS1 IHC cannot be 

used as a screening tool for ROS1 rearrangement in BTC.  

The expression of ROS1 is related not only to gene rearrangements, but also to 

epigenetic changes. Among the 14 NSCLC samples, two (14%) showed more than 

twice the level of ROS1 expression in tumor tissue than was observed in matched 

normal tissue. Furthermore, statistically significant differences in the ROS1 

promoter methylation level were also observed in NSCLC samples [37]. Moreover, 

two NSCLC cell lines showed increased ROS1 expression after treatment with 
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drugs causing loss of DNA demethylation, such as 5-aza-2'deoxycytidine and/or 

trichostatin A [37]. Epigenetic change may play a role in ROS1 expression in 

cholangiocarcinomas as well.  

As protein expression of ROS1 does not directly indicate fusion and activation 

of the ROS1 gene in BTCs, we should be cautious in selecting treatment strategies 

for these tumors. Inhibition of both ROS1 and its frequent fusion partner FIG in the 

HuCCT1 cell line, which expresses ROS1 protein, led to decreased cell 

proliferation [38]. Yet, we found that ROS1 expression was associated with better 

pathological features and clinical outcomes in the current study. Thus, more data 

regarding the effects of specific inhibitors of ROS1 in BTCs are needed. 
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국   

 

:  

담도암에  한 료 략  립하  해 담도암  , 분자

생 학  특  악하는 것이 필요하다. 본 연구에 는 담도암 자  

조직에  ROS1  단백 발 과 ROS1 자 합  및 그 임상  

를 인하고, 담도암 포주에  ROS1 억 인 crizotinib 약  

효과를 인하고자 하 다. 

 

방법:  

담도암 포주 (SNU-245, SNU-308, SNU-478, SNU-1079, 

SNU-1196, TFK-1, HuCCT-1)에  crizotinib  효과를 인하 다. 

포주  장 억  효과는 MTT분 법 (테트라졸륨 마이드 분

법), 포주  분포  변 는 포분 를 이용하여, 하 신 달 

분자는 웨스턴 롯 분  살펴보았다. 또한 실  담도암 조직에  

ROS1 발  양상과 그 임상  를 규명하  해 194명 자  담

도암 조직에  ROS1 단백 발  면역조직 학염색법  평가하고, 

ROS1 자 합 를 FISH법  인하 다.  

 

결과:  

담도암 포주  SNU-1196, SNU-484가 crizotinib에 감 이 있
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었 며, 이들 포주에 crizotinib  처리하   sub-G1이 증가하고 

apoptosis가 도 이 인 었다. 또한 이들 포주에  crizotinib  

처리하   phosphor-C-raf, MEK, phosphor-Erk가 감소함이 

인 었다. 그러나 담도암 포주  ROS1 자  합 및 발  이상, 

MET  자 증폭이나 과발 , ALK  이상 등  인 지 않았다. 

실  담도암 조직에  ROS1 단백질  발  37.1% (72/194)에  

인 었 며, 이는 분 가 좋  종양 (well-differentiated histology)

에  하게 높게 발 었다. ROS1  발 하는 담도암이 그 지 않

 경우보다 질병 생존 간이 하게 었다 (30.1개월  9.0개

월, p=0.006).  생존 간  각각 43.0개월과 21.7개월이었다 

(p=0.071). FISH 법  ROS1 자  합  인 지 않았다.  

 

결 :  

Crizotinib    하나인 ROS1 단백  발 하는 담도암   

좋  후를 보이나, 본 연구에 는 FISH 법  ROS1 자  합

 인 지 않았다. 담도암 포주  일부는 crizotinib 료에 감

 보이며, crizotinib에 효과를 보일 가능 이 높  자군  규명하  

한 향후 연구가 필요하다. 

 

주요어: 담도암, ROS1, 면역조직 학염색, FISH 

학  번: 2007-30561 
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