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ABSTRACT 

 

 

 

Development of Preclinical Evaluation System for 
Invasive Papillary Cholangiocarcinoma 

 

 

 

Invasive papillary cholangiocarcinoma (Intraductal papillary neoplasm 

with an associated invasive carcinoma) is rare emerging disease entity of 

the cholangiocarcinoma, it represents about 4% of all malignant epithelial 

tumors of the extrahepatic duct. However, its biology and characteristics 

remain unknown because of lack of both in vitro and in vivo models to 

elucidate the diagnosis, biological mechanism, and treatment. 

Establishment of patient-derived xenograft model and cell line of invasive 

papillary cholangiocarcinoma will be useful for improving the biological 

progression mechanism, elicit biomarker discovery and knowledge of this 

disease as an experimental model. Patient-derived xenograft (PDX) was 

engrafted in NOG mouse from a primary surgically resected tissue (F0) and 

amplified to third generation (F3). PDX models retained the similarity of 

genomic expression, histopathological features, and molecular marker 

expression. Cell line, NCChIPC (National Cancer Center human 

intrahepatic papillary cholangiocarcinoma), was subsequently generated 

from F2 tumor tissue of PDX and evaluated their tumorigenicity in vivo as 
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well as drug responses. PDX tumor expanded successfully to develop F1, 

F2 and F3. PDXs largely retained the genetic and phenotypic features of the 

original tumor. Histopathological and the molecular features were 

consistent with the primary tumor of the patient with expression of CK19, 

MUC1 and MUC5AC while MUC2 and MUC6 were not expressed in 

patient tissue and through all xenograft tissues. NCChIPC cell line also 

retained molecular characteristics of the patient tumor and moreover 

showed tumorigenic ability in mouse with typical histological feature. In 

addition, the response of anticancer drugs was analyzed and predicted in 

NCChICP cell line. PDX model and NCChIPC cell line that were developed 

as a new preclinical system of invasive papillary cholangiocarcinoma will 

contribute to clarify the biology of invasive papillary cholangiocarcinoma 

and potentially facilitate translational research. The novel preclinical 

models here will help to elucidate the IPC etiology and facilitate 

translational research. 
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1. Introduction 

 

1.1. Background of the Study 

Cholangiocarcinoma (CCA) is an epithelial cell malignancy arising from 

varying locations within the biliary tree showing markers of cholangiocyte 

differentiation. CCA of the intrahepatic large bile ducts and biliary tract including 

hilar bile ducts usually present with a nodular and/ or sclerosing type, while some 

of these CCs present predominantly intraductal or papillary growth pattern in the 

dilated bile ducts(1, 2). The tumor arises from the ductular epithelium of the biliary 

tree, either within the liver (intrahepatic cholangiocarcinoma) or more commonly 

from the extrahepatic bile ducts (extrahepatic cholangiocarcinoma) that is further 

subdivided into Perihilar and distal subtypes(3). This classification has recently 

been extended to also take into account arterial and venous encasement(4, 

5) pCCA is the most common type of CCA. In a large series of patients with bile 

duct cancer, 8% had iCCA, 50% had pCCA, and 42% had distal CCA. CCA has a 

poor prognosis; patients have a median survival of 24 months after diagnosis (6).  

Recent studies have shown that there are at least two types of pre-invasive 

neoplasms of the bile ducts preceding cholangiocarcinoma (CCA): biliary 

intraepithelial neoplasm (BilIN) and intraductal papillary neoplasm of the bile duct 

(IPNB)(7–9). BilINs are microscopically identifiable intraepithelial epithelial 

neoplasms and may be the most common precursor of nodular sclerosing, perihilar 

and distal CCA (p/dCCA) and large-duct intrahepatic CCA (iCCA) .(10–12). In 

contrast, IPNB has unique clinicopathological features and is defined as an 
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intraductal growing tumor, developing in the intrahepatic and extrahepatic bile 

ducts (13–16). 

The disease is notoriously difficult to diagnose and is usually fatal because of 

its late clinical presentation and the lack of effective non-surgical therapeutic 

modalities. Most patients have unresectable disease at presentation and die within 

12 months from the effects of cancer cachexia and a subsequent rapid decline in 

performance status. Liver failure and recurrent sepsis, secondary to biliary 

obstruction, can also contribute to the high mortality. Overall survival rate, 

including resected patients, is poor, with less than 5% of patients surviving to 5 

years, a rate which has not changed significantly over the past 30 years (17, 18). 

 

1.2. Epidemiology 

Cholangiocarcinoma accounts for 3% of all gastrointestinal tumors. Over the 

past 3 decades, the overall incidence of CCA appears to have increased. The 

percentage of patients who survive 5 y after diagnosis has not increased during this 

time period, remaining at 10%(19, 20)). In the United States, Hispanics and Asians 

have the highest incidence of CCA (2.8/100,000 and 3.3/100,000 respectively), 

whereas African Americans have the lowest (2.1/100,000). African Americans 

also have lower age-adjusted mortality compared with whites (1.4/100,000 vs. 

1.7/100,000). Men have a slightly higher incidence of CCA and mortality from the 

cancer than women.7 With the exception of patients with primary sclerosing 

cholangitis (PSC), a diagnosis of CCA is uncommon before age 40 y. 
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Globally, hepatobiliary malignancies account for 13% of cancer-related 

deaths; 10%–20% of these are attributable to CCA. The mean age of diagnosis of 

CCA is 50 y. The global incidence of iCCA varies widely, from rates of 

113/100,000 in Thailand to 0.1/100,000 in Australia(21). Differences in the 

prevalence of genetic and other risk factors presumably account for this extensive 

variation. 
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Figure 1. Showing the Biliary tract with Cholangiocarcinoma classification 

(American Joint committee on cancer staging manual 8th Edition 
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1.3. Risk Factors and Pathophysiology 

CCA in western countries is considered sporadic, (22) however, there are a 

number of well described risk factors (23). It is proposed that most of these risk 

factors cause chronic inflammation and cholestasis resulting in a cycle of reactive 

cell proliferation, genetic and epigenetic mutations and eventually 

cholangiocarcinogenesis. 

An inflammatory Milieu is believed to deregulate or change the expression 

patterns of growth factors, pro-inflammatory cytokines, and their receptors(24). 

Cytokines produced by the cholangiocytes and activated microphages can 

modulate gene expression and lead to activation of carcinogen metabolism. The 

cytokine can also induce nitric oxide (NO) synthetase expression in 

cholangiocytes. NO can directly injure DNA. Consumption of cellular 

detoxification and dysregulation of DNA repair and apoptosis are final steps of 

biliary carcinogenesis (25, 26). 

Bile acids also have been shown to activate inducible cyclo-oxygenase 2 and 

an anti-apoptotic molecule, myeloid cell leukemia protein 1 in cholangiocytes(27). 

Thus, an inflammatory milieu and toxic bile constituents act together to promote 

carcinogenesis in the biliary tree. 
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Table 1: Risk factors  

1. Cholestatic liver disease 

 ➢ Primary sclerosing cholangitis 

➢ Fibro-polycystic liver disease 

➢ Congenital hepatic liver disease 

➢ Caroli’s disease 

➢ Choledochal cystic 

➢ Biliary hematomas 

2. Liver cirrhosis (any etiology) 

a) Biliary stone Disease 

 ➢ Cholecystolithiasis 

➢ Hepatolithiasis 

➢ Choledocholithiasis 

b) Infections 

 ➢ Liver flukes 

➢ Hepatitis B and C 

➢ Chronic typhoid disease 

➢ Recurrent pyogenic Cholangitis 

➢ Human immunodeficiency virus (HIV) 

c) Inflammatory disorders 

 ➢ Inflammatory bowel disease 

➢ Chronic pancreatitis 

➢ Gout 

➢ Thyrotoxicosis 

d) Toxins 

 ➢ Alcohol 

➢ Tobacco  

➢ Thorotrast (contrast agent) 

➢ Chemical toxins (e.g Vinyl Chloride, Nitrosamines) 

e) metabolic conditions 

 ➢ Diabetes 

➢ Obesity 

➢ Non-alcoholic fatty liver disease (NAFLD) 
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f) Genetic disorders 

 ➢ Lynch syndrome (hereditary Nonpolyposis 

Colorectal Cancer 

g) Others 

 ➢ Bile salt transporter protein gene defect 

➢ Intraductal papillary Neoplasm of the bile duct 

(IPNB). 

 

 

1.4. Laboratory Tests and Diagnosis 

Extrahepatic CC presents with classic signs of cholestasis including jaundice, 

dark urine, pale stools, pruritus, malaise, and weight loss. Laboratory 

investigations reveal increased alkaline phosphatase, gamma-glutamyl trans- 

peptidase and bilirubin. Prolonged obstruction of the main bile ducts can cause 

increased prothrombin time and a reduction in fat soluble vitamins. As the disease 

advances further, albumin, hemoglobin and lactate dehydrogenase can decrease. A 

glycoprotein tumor marker, CA 19-9, can be found elevated in 85% of such cases. 

A value of > 100 U/mL in PSC patients has a sensitivity of 89% and specificity of 

86% for the diagnosis of CC. CC should not be diagnosed only on the basis of 

elevated CA 19-9. However, in patients without PSC, the sensitivity of CA 19-9 > 

100 U/mL is 53% (28–30). 

There is still need for better tumor markers for early diagnosis. The most 

widely used circulating marker for CCA is carbohydrate antigen (CA) 19-9(30). 

However, (CA) 19-9 is also elevated in pancreatic cancer, gastric cancer, and 
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primary biliary cirrhosis and has been shown it gives false positive results (31). 

Carcinoembryonic antigen (CEA) is the other common tumor marker used for 

detecting CCA. CEA is not specific, being mainly used for colorectal cancers, and 

can be elevated in other types of cancer, such as gastrointestinal or gynecologic 

malignancies(31). Differences in expression profiles between normal liver and 

CCA tissues were studied, because CCA is contained in liver tissue and is 

suggested to arise from the same stem cells as HCC(25, 32). We have previously 

compared CCA and HCC cell lines using proteomic techniques in order to 

investigate potential CCA markers for early diagnosis (33). 

 

 

1.5. Intraductal Papillary Neoplasm of the Bile duct (IPNB) 

The concept of epithelial tumors arising from non-invasive intraepithelial 

dysplasia or neoplasm is well-established in various human cancers(34). Recent 

studies have shown that there are at least two types of pre-invasive neoplasms of 

the bile ducts preceding cholangiocarcinoma (CCA): biliary intraepithelial 

neoplasm (BilIN) and intraductal papillary neoplasm of the bile duct (IPNB)(7, 8, 

13, 35–37). BilINs are microscopically identifiable intraepithelial epithelial 

neoplasms and may be the most common precursor of nodular sclerosing, perihilar 

and distal CCA (p/dCCA) and large-duct intrahepatic CCA (iCCA) (10, 36, 38). 

In contrast, IPNB has unique clinicopathological features and is defined as an 

intraductal growing tumor, developing in the intrahepatic and extrahepatic bile 

ducts (13, 15, 16). About half of IPNBs show stromal invasion at the time of 
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surgical resection. Mucinous cystic neoplasm (MCN) is another pre-invasive 

intraepithelial neoplasm associated with ovarian-like stroma and lacks 

communication with the bile duct lumen (13). 

Historically, IPNBs have been studied with reference to intraductal papillary 

mucinous neoplasm of the pancreas (IPMN), as the biliary tree and pancreas are 

located closely anatomically, and at least some biliary diseases show similarities 

to pancreatic diseases(7, 39–43). Through these comparative studies, the main 

pathological characteristics of IPNB have been recognized, including the presence 

of four subtypes, slow progression with intraepithelial mucosal spreading around 

the main tumor and mucus hypersecretion. The radiological comparison of biliary 

diseases, including IPNB, with their pancreatic counterparts has also been 

attempted(44–46) . Approximately half of IPNBs reportedly showed 

histopathological features similar to those of IPMNs (38, 47–49). However, IPNB 

differed from IPMN in its higher histological grade, more advanced stage, higher 

frequency of associated invasive cancer, worse prognosis and some differences in 

the oncogenic signal pathways and genetic changes(42, 43, 50). According to 

recent studies including such comparative processes, IPNB is now being 

established as an independent disease along the biliary tree. While IPNBs have 

been given several different names reflecting their characteristic features, the 

World Health Organization (WHO) published the Classification of Digestive 

System Tumors 5th edition (2019), in which the only term IPNB was proposed 

using one chapter. 
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1.6. Clinical Features, Epidemiology, and Imaging 

IPNB is a recently defined pathologic entity and premalignant disease 

characterized by a low incidence, high risk of malignant transformation and an 

uncertain prognosis Its clinical characteristics and classification as well as 

radiological features have yet to be established (13, 51). IPNBs typically affect 

middle-aged to elderly adults and show a slight male predominance(52–56) . 

Intermittent or recurrent, right-upper-quadrant abdominal pain, fever and acute 

cholangitis or jaundice are the most common clinical manifestations, but a certain 

percentage of patients (about 12%) have no symptoms at the diagnosis (13, 51). 

Elevated levels of alkaline phosphatase, carcinoembryonic antigen (CEA) and 

carbohydrate antigen 19-9 (CA19-9) have been reported, although they are 

unlikely to have high sensitivity or specificity for the diagnosis of IPNB. The 

serum levels of CA19-9 may reflect the tumor burden and level of invasiveness. 

IPNB is a rare disease entity with a prevalence of 4% to 15% among bile duct 

tumors(7, 51) .IPNB was mainly reported in East Asia, and the incidence is 

regarded to be higher in these countries than in others (10) examined the ratio of 

IPNB/mucinous cystic neoplasm of liver (MCN-L) and showed this ratio to be 

5.7:1 in Seoul but 1:3.0 in Seattle (WA, USA) and 1:6.3 in London (UK). This 

difference was mainly attributable to the considerably greater number of IPNB 

patients in Seoul than in Seattle and London. 

The most common abnormal preoperative imaging findings for IPNB are 

intraductal masses and the involvement of bile duct dilation. The most important 
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morphological changes are the presence of (a) intraductal mass(es) and 

surrounding intraepithelial neoplastic biliary mucosa, (b) diffuse or segmental bile 

duct dilatation with or without cystic changes (maximum 126 mm) and (c) ductal 

and periductal invasion including macro-invasion of the liver (57).In ultrasound 

sonography (US), IPNB was recognizable by variable features, including 

hyperechoic nodules (37.5%), focal bile duct dilatation (37.5%) and diffuse bile 

duct dilatation with intraductal nodules (25%) (58). Magnetic resonance imaging 

(MRI) reveals IPNB as isointense to hypointense masses on T1-weighted images 

and hyperintense masses on T2-weighted images. 

 

1.7. Classification Based on Radio-pathological Appearance 

Several classifications have been proposed based on the gross and radiological 

appearance. Recently, (59) proposed a modified anatomical classification of IPNB: 

extrahepatic type, wherein the main lesions are confined to the extrahepatic hepatic 

duct; intrahepatic type, wherein the main lesions are located at the intrahepatic bile 

ducts; and diffuse type, wherein the main lesions are located over a wide are of the 

intrahepatic and extrahepatic bile ducts. 

 

1.8. Histology of Intraductal Papillary Neoplasm of the bile 

duct (IPNB) 

IPNBs are a pre-invasive, papillary/villous biliary neoplasm with variable 

tubular components, covering fine fibrovascular stalks or with fibrous stroma in 
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dilated bile ducts. Some cases of IPNB, particularly oncocytic subtype, show 

mildly widened stroma due to edema and inflammatory cell infiltration (48). The 

histology of IPNB is heterogeneous, depending on the subtypes, mucin production, 

grade of cytoarchitectural atypia, invasion, and tumor location along the biliary 

tree. 

The diagnostic criteria for low- and high-grade dysplasia of IPNB may not be 

the same among global regions, institutions and pathologists, and sampling error 

may also be a challenging issue for this two-tiered system, particularly in small 

specimens from IPNB, a grossly visible tumor with non-homogenous histology. 

Recently, Japan–Korea expert pathologists discussed the possibility of 

subclassification of IPNB based on the structural changes of IPNB combined with 

a two-tiered grading system (low-grade and high high-grade-dysplasia), and 

proposed type 1 and type 2 subclassification(50, 59). 
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Figure 2. Gross features of intraductal papillary neoplasm of the bile duct 

(IPNB). A. Single papillary Neoplasm in the extrahepatic bile duct is covered by 

is covered by mucin layer. B. Polyploid lesions → and surrounding granular or 

rough mucosa (*) are regionally distributed in the perihilar. 
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1.9. Morphological Features Characterizing IPNB type 1 and 

type 2. 

a) Type 1 IPNB 

This type of IPNB shows regular papillary, villous, or tubular structures and a 

relatively homogeneous appearance. Papillary fibrovascular stalks are generally 

thin (depending on the subtype), while fibrovascular stalks are variably widened 

at the basal side in some cases. The structures are regular and homogeneous in 

appearance. IPNBs with low-grade dysplasia (about 10% of all IPNBs) and those 

with high grade dysplasia with regular structures (30%) belong to type 1. Type 1 

IPNB is histologically classified into four classifiable subtypes on the lining 

epithelial cells and architecture, including fibrovascular stroma: pancreatobiliary, 

Intestinal, Gastric and oncocytic. While many cases are predominantly composed 

of individual subtype, a mixture of other subtypes are frequently observed as is the 

case in IPMN (Albores-Saavedra et al 2010. WHO Classification of digestive 

system.) 

b) Type 2 IPNB 

This type shows irregular structures and a non-homogeneous appearance and 

is composed of high-grade dysplasia and irregular structures (60% of all IPNBs). 

In addition, this type commonly shows foci of complicated lesions or structures, 

such as cribriform, compact tubular and solid components or patterns, as well as 
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relatively large cystic changes within the tumor and foci of bizarre cells and 

nuclear changes appearing as overt malignancy.  
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Figure 3. Histopathological features of classical intraductal papillary 

neoplasm of the bile duct (IPNB) type 1. (a, b) Tumor cells are arranged in an 

overall well-organized, high-papillary architecture. (. a) Pancreatobiliary type. b) 

Intestinal c) Oncocytic type with complex architecture d) Gastric type 
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Figure 4. Histopathological features of type 2 IPNBs (papillary 

cholangiocarcinoma). (a, b) The papillary architecture is complex with irregular 

branching and thick fibrovascular stalks. (c) Neoplastic cells show a tubular 

growth with intraluminal necrosis. (d) The tumor is associated with invasive cancer 
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Table 2. Characteristics of the four subtypes of Intraductal papillary 

Neoplasm of the bile duct (IPNB) 

Four subtypes Description Immunohistochemistry 

Intestinal 

subtypes 

➢ Neoplastic epithelial 

lining with columnar 

cells showing cigar-

shaped nuclei and 

basophilic or 

amphophilic cytoplasm 

with variable amount of 

mucin. 

➢ Presenting mainly with 

tubular patten 

➢ Positive for 

CD20/CDX2 in their 

cytoplasm 

➢ Positive for MUC2 in 

the goblet cells 

Gastric type ➢ Neoplastic lining of tall 

columnar cells with 

basally oriented nuclei 

and abundant pale 

mucinous in the 

cytoplasm 

➢ High grade dysplasia 

showing columnar 

epithelial cells with 

more complicated 

structures 

➢ Positive for MUC5AC 

in foveolar areas and 

MUC6 in the pyloric 

gland. 

Pancreatobiliary 

type 

➢ Ramifying fine and 

think branches and 

papillae covered by 

cuboidal to low 

columnar epithelial 

cells 

➢ Round hyperchromatic 

Nucleoli 

➢ Irregular papillary 

architectures. 

➢ Positive for S100P and 

MUC 1, and negative 

for MUC5AC  
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Oncocytic 

subtype 

➢ Complex and 

arborizing papillae with 

a stroma lined with by 

several layers of 

cuboidal columnar cells 

➢ Hyperchromatic, round, 

large, and uniform 

nuclei 

➢ Frequent in 

intraepithelial lumina 

➢ Positive for MUC5AC 
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Table 3. Pathological features of two types of biliary papillary neoplasm 

 

J. Clinical med.2020 

 

 

  

Features Type 1 

IPNB(Classical) 

Type 2  

IPNB Papillary Carcinoma 

Location  Commonly intrahepatic bile 

duct 

Intrahepatic and extrahepatic 

bile duct including perihilar 

Gross Mucin Common (approximately 

80%) 

Rare (approximately 10%) 

Histological 

architecture 

Well organized papillary 

growth with thin 

fibrovascular stalks. 

Relatively uniform growth in 

the tumor. Gastric or 

oncocytic types show a 

tubular architecture 

Complex papillary growth 

with thick papillae or 

irregular branching with fine 

fibrovascular cores. 

Different growth patten in 

the same tumor. Tubular or 

solid components with 

necrosis are observed. 

Histological 

types 

Intestinal or oncocytic types. 

More than one histological 

type co-exists. 

Pancreatobiliary or intestinal 

types. More than one 

histological type may co-

exist. 

Associated with 

invasive cancer 

Approximately 50% Approximately over 90% 
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1.10. Diagnosis, Treatment and Post -operative Outcomes of 

IPNB 

A high potential for high-grade dysplasia (or carcinoma in situ) and frequently 

invasive nature but usually confined to the duct(13) at the diagnosis are hallmarks 

of IPNB. Furthermore, the recurrence rate of IPNB is high, being found in up to 

29% of cases, potentially impairing the long-term outcomes (15). 

The diagnosis of IPNB can be challenging due to its varying clinico-

radiological presentations (15, 60). Imaging plays a major role in not only the 

diagnosis of IPNB but also the management strategy employed, and with 

improvements in imaging equipment and diagnostic technology, including 

cholangioscopy, the early diagnosis rate of IPNB is increasing (45, 49, 51).  

CT and MRI are frequently used in the diagnosis of IPNB, with typical findings 

being biliary tract dilatation and an intraductal mass. A preoperative tissue 

diagnosis provides important information, particularly when a villous or papillary 

neoplasm is obtained However, its practical application remains limited at present. 

A preoperative misdiagnosis of IPNB can occur in clinical practice due to its low 

incidence, lack of specific tumor markers and unclear pathogenesis(16). 

Early surgical resection is strongly advisable for radiologically suspected 

IPNB to prevent disease progression(13, 54), and surgery is performed in the same 

manner as surgical resection for conventional p/dCCA and large duct iCCA(13, 

16, 41, 47, 61–64). Regional lymphadenectomy should also be performed. 
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Extrahepatic IPNBs tend to be removed by bile duct resection or pancreato-

duodenectomy (13, 60), while IPNBs of the intrahepatic bile duct and perihilar bile 

ducts tend to be removed by hepatobiliary resection (60). Local excision of the 

biliary tract is applicable for lesions of the middle part of the extrahepatic bile duct, 

and pancreato-duodenectomy is suitable for distal bile duct tumor [18]. The type 1 

and 2 subclassification of IPNB may be helpful for making decisions concerning 

the surgical approach, as type 1 IPNB usually shows less aggressive behavior than 

type 2 IPNB and develop preferentially in the intrahepatic bile duct(13, 65) . 

Therefore, a significant difference in the surgical procedures used has been found 

between these two types (13). Hepatic resection is mainly performed for patients 

with type 1 IPNB, whereas patients with type 2 IPNB undergo hepatic resection, 

pancreato-duodenectomy or bile duct resection. 

 

1.11. Histological Grades of IPNB  

IPNB can be classified into 1) Low grade IPNB, II) High grade IPNB and III) 

invasive IPNB. Low grade IPNB presents so called low grade biliary epithelial 

dysplasia or borderline lesion and cellular and nuclear atypia are mild, and so-

called papillary adenoma or biliary papilloma or papillomatosis were included in 

this category. High grade IPNB is non-invasive or in situ papillary adenocarcinoma 

with fine fibro-vascular connective tissue and show cellular/nuclear and structural 

atypia enough for malignancy. Invasive IPNB is IPNB with evident invasion of 

carcinoma cells to the bile duct wall and/or the surrounding structures including 
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liver parenchyma and pancreas and show basically papillary adenocarcinoma and 

show cellular/nuclear and structural atypia within the intraductal papillary tumor, 

similar to high grade IPNB. When the invasion into the duct wall and periductal 

tissue was suspicious and not evident, such cases were included in high grade 

IPNB. Some morphologic features of IPNB have been identified, such as diffuse 

or segmental ductal dilatation and the appearance of an intraductal growing mass. 

Nearly one-third of IPNB cases are associated with macroscopic mucin 

hypersecretion, therefore, bile duct dilation is often observed (60, 66). 

Invasive IPNB was further divided into minimal (microscopically identifiable) 

invasive type and grossly visible invasion. The former was confirmed mainly at 

the invasion to the bile duct wall and periductal tissue, and the latter showed 

grossly visible invasion to the periductal tissue, including the surrounding 

structures such as the periductal connective tissue, liver parenchymal and pancreas. 

Some of the latter could be grossly described as mass or nodule formation or 

thickening of affected bile duct. 

 

1.12. Patients-Derived Xenograft Models (PDX) 

Patient-derived xenograft (PDX) mouse models are used preclinically in 

cancer drug development and the molecular profiling of tumors. They have been 

shown to recapitulate the histologic and genetic features of human primary tumors 

and to be useful in assessing treatment response(67). Evidence has shown that 

PDXs retain the genome-wide exomic nucleotide variants, gene copy number 
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alterations, and DNA methylation patterns of their corresponding tumors(68, 

69)irrespective of the number of passages, although clonal selection during initial 

engraftment and passaging of PDXs has been observed(70). The development of 

novel therapeutics has been hampered in part through high clinical and biologic 

heterogeneity and the lack of distinguishable histologic subtypes. However, the 

age of next-generation sequencing and integrated genomics is providing increasing 

evidence for molecularly defined subtypes. Although strict correlation with 

clinical outcome remains elusive, tumors can now be classified by their genome 

copy number, fusion gene profiles, mutational landscapes, and even mRNA 

splicing patterns(71–73). 

In vivo propagation of a patient’s tumor tissue in immunodeficient mice can 

enable the simultaneous evaluation of the tumor response to several drugs and 

treatment regimens, leading to the identification of an effective therapy for the 

patient. Nowadays, pathogenesis and drug response are usually studied on 

preclinical models represented by cell lines, primary cultures, and xenografts. 

Xenografts and orthotopic models obtained by CCA cell lines, carcinogen-induced 

and genetically engineered mouse model for CCA has been created (74). 

However, the development of molecular targeted drugs, which target specific 

molecules in diverse and complex tumors, requires a model that permits the 

appropriate expression and function of the target molecule in tumor cells(75, 76) . 

In this context, the xenograft model, which involves the implantation of cultured 

tumor cell lines established from tumor tissue into immunodeficient mice, has been 

often used as an in vivo model for cancer research (75). As is the case for in vitro 
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models, constant tumor cell proliferation is maintained in xenograft models, and 

the validity of anti-cancer drugs based on the results of non-clinical studies has 

been assured to some extent. Furthermore, the correlation of the outcomes of 

preclinical studies using xenograft models of cell lines possessing certain driver 

mutations with clinical efficacy is known(77). However, because cultured cell 

lines consist only of specific tumor cells adapted to culture conditions that differ 

markedly from the in vivo environment, xenograft models of cultured cells are not 

considered, at present, to reflect the diversity and complexity of tumors(77). 

 In the last years, patient-derived cancer xenograft (PDX) models have been 

established by directly engrafting surgically resected human tumor tissues into 

immune compromised mice. Molecular and genetic analysis demonstrated that 

PDXs rely primary tumor characteristics, making them suitable models to study 

pathogenesis and to test anti-cancer drugs activity. 

PDXs are established from different cancer types, including gastric, breast, 

ovarian, colon, lung, prostate, and pancreatic cancers (78–82).  

The development of novel therapeutics has been hampered in part through high 

clinical and biologic heterogeneity and the lack of distinguishable histologic 

subtypes. However, the age of next-generation sequencing and integrated 

genomics is providing increasing evidence for molecularly defined subtypes. 

Although strict correlation with clinical outcome remains elusive, tumors can now 

be classified by their genome copy number, fusion gene profiles, mutational 

landscapes, and even mRNA splicing patterns(72, 83). 
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To exploit emergent discoveries for mechanistic understanding and therapeutic 

advances, focus must now turn to the development of a new generation of 

preclinical models that capture the "omic" diversity of cancer. Preclinical cancer 

models for in vivo drug tests are commonly based on immune-deficient mice 

carrying subcutaneous cancer cell line xenografts. Unfortunately, these models fail 

to reproduce the diverse heterogeneity observed in the clinic, partly due to the 

increased homogeneity of established cell lines after long-term in vitro culturing. 

Furthermore, cell line xenografts rarely possess the tissue architecture of the 

original cancer specimens from which the cell lines were derived and, 

consequently, do not accurately represent the complex biochemical and physical 

interactions between the cancer cells and various components of their 

microenvironment as found in the original malignancies. Unsurprisingly, 

therefore, cell line xenografts frequently fail to adequately predict the efficacy of 

anticancer agents in the clinic(84). 

In theory, patient-derived cancer tissue xenograft models, based on direct 

implantation of fresh cancer tissue specimens into immunodeficient mice [NOG] 

(severe combined immunodeficient) mice], provide the needed clinical relevance. 

In other cancers, these xenografts retain the cellular heterogeneity, architectural 

and molecular characteristics of the original cancer, and its 

microenvironment.(85). 
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1.13. IPC Study Justification 

IPC, a phenotype of papillary Cholangiocarcinoma is treated by surgical 

resection and palliatively with radiotherapy and chemotherapy. Recurrence rate 

after surgery is more than 60% in less than 4 months. Pathological description is 

still very confusing despite the realization that IPC is a unique pathology from all 

IPNBs. Clinical manifestation is not known because the tumor biology is not 

known. 

The lack of proper CCA experimental model is a major limitation even though 

the therapeutic outcome of CCA differs significantly depending on the degree of 

invasion and the choice of anticancer agent according to the tumor subtype. 

Currently, 15 different CCA cell lines are commercially available and several 

kinds of in vivo animal models(81-83). 

An ideal preclinical cancer model is the one that recapitulates both human 

tumor heterogeneity as well as the TME, considering the complexity of cancer (88, 

89). Currently in vivo and in vitro models rely on the reconstruction of the original 

human tumors and in some cases, subsequent deconstruction with combinations of 

selected cell types (clonal cells) (90) 

We aimed to establish in vivo and in vitro models that retains the intrinsic 

characteristics of the tumor and increase the success rate of model 

establishment. In addition to evaluate the derived model for biomarker 

identification for invasive papillary cholangiocarcinoma. Patient-derived 

xenograft (PDX) models are an important missing component in the 
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development of IPC diagnostic and therapeutic system, that would enable 

the examination of tumor tissue without affecting the heterogeneity, 

proteomic, genomics, and architecture of IPC. Furthermore, the strategy 

was to establish a cell line from PDX tissue to increase the success rate of 

cell line establishment. 

 To the best of our knowledge, this is the first study to report the 

successful establishment of PDX and PDX-derived cell line for IPC using 

tissue obtained from a patient. Our results will help develop new suitable 

models for the translational and preclinical studies of IPC. 

 

Establishing tumor models for IPC will help: 

a) To gain a better understanding of IPC tumor biology 

b) Be able to investigate novel anticancer combinations that can be 

used in IPC 

c) Be able to monitor treatment response and resistance, thus 

design models that can overcome this. 

d) Be able to design personalized medicine. 
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1.14. Purpose of the Study of Invasive Papillary 

Cholangiocarcinoma (IPC) 

 Establishment of preclinical evaluation systems that can contribute to the 

clarification of IPNB (with invasive) [IPC] biology and facilitate translational 

research. 
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2. Material and Methods 

2.1. Ethics statement 

The study was approved by the institutional review board (IRB) of the National 

Cancer Institute (NCC), and the patient provided written informed consent. All 

processes complied with the Declaration of Helsinki (IRB approval No: NCC-

2015-0245). 

All animal studies were reviewed and approved by the Institutional Animal 

Care and Use Committee (IACUC) of the National Cancer Centre Research 

Institute (NCCRI) (NCC-16-313, NCC-21-313G). The NCCRI is a facility 

accredited by the Association for Assessment and Accreditation of Laboratory 

Animal Care International (AAALAC) and abides by the guidelines of the Institute 

of Laboratory Animal Resources (ILAR) (Accredited unit-NCCRI: unit number 

1392). 

 

2.2. Patient Details 

Our study participant was a 71-year-old woman diagnosed with intraductal 

papillary neoplasm with an associated invasive carcinoma by pathological 

examination and imaging. The patient was admitted to the hospital for surgical 

resection in November 2016 with ECOG 1 and underwent surgery of the liver, 

extended right hemihepatectomy with bile duct resection, at the NCC. There was 

metastasis in one lymph nodes (1/10), the pathological stage was pT3N1, and the 

tumor was moderately differentiated (Table 4). 
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Table 4. Characteristics of the patient with invasive papillary 

cholangiocarcinoma reported in this study. 

 

  

Characteristics  

Gender Female 

Age 71 years 

Primary tumor origin Common bile duct 

 
Common bile duct involved, cystic duct obstruction.  

1 lymph node involved  

Tumor histology Intraductal papillary neoplasm with an associated 

invasive carcinoma  

Tumor grade classification pT3N1 

CA19-9  43.3 U/ml 

CEA Baseline 45.2 ng/ml 
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2.3. Establishment of PDX from Patient Tissue  

Female immunodeficient NOG mice aged 5–8 weeks (Harlan Laboratories, 

Inc. Indianapolis, IN, USA) were housed in a specific pathogen-free environment 

under controlled light and humidity conditions and were allowed food and water. 

The NOG mouse was anesthetized using 2% isoflurane in 100% oxygen. The 

patient tissue (F0) was removed from the medium and cut into approximately 3 

mm3 pieces in a sterile petri dish with fresh medium and maintained on ice. To 

establish an F1 generation of PDX, a 5 mm horizontal incision was made on the 

flank of the mouse to create a subcutaneous pocket. a tumor piece mixed with 

growth medium and Matrigel was inserted in the incision and sealed with a black 

silk suture. Povidone iodine was applied at the incision site. After completion of 

the procedure, the mouse was returned to the storage box and observed for 

complications. Tumor growth rate was monitored twice per week by measuring 

the tumor size using a caliper (Mitutoyo, Japan) and calculated using the formula: 

(Width2 x Length)/2. The mouse was euthanized with CO2 once the tumor size 

reached approximately 1500 mm3. The tumor was then removed and triaged for 

cryopreservation and expansion in the secondary recipient mouse for establishing 

the F2 and F3 generations of PDX and for performing histological and molecular 

analyses. 
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2.4. H&E and Immunohistochemical Analysis 

The tumor was fixed in formalin, implanted (embedded) in paraffin, sectioned, 

and stained for histopathological assessment using hematoxylin and eosin (H&E). 

Immunohistochemical detection of CK19, MUC1, MUC2 and MUC5AC was 

performed using the rabbit anti-human MUC1 mAb clone: EPR 1025,1:3000 

dilution, rabbit anti-human MUC2 mAb clone EPR 6145 1:5000 dilution, rabbit 

anti-human MUC5AC mAb clone EPR 16904 1:500 dilution, ant-CD74 

[EPR4064] ab 108393,1:100 dilution, and rabbit amt-human CK19 mAb clone 

Ep1580Y 1:400 dilution. Incubation with the respective antibodies was performed 

overnight at 4 °C. Immunodetection was performed using an Envision Plus system 

(Dako Carpinteria, CA, USA) with 3,3-diaminobenzidine (DAB/H2O2) 

chromogen. The immunostained sections were then counterstained with 

hematoxylin and coverslipped for microscopic assessment. All images were 

captured by Vectra® PolarisTM imaging system (PerkinElmer, USA). 

 

2.5. Establishment of the Human Invasive Papillary CCA Cell 

line, NCChIPC 

The cell line was established from the PDX F2. The tumor mass from F2 was 

minced and dissociated mechanically and chemically by GentleMACS dissociator 

(Milteny Biotec, Germany) for 45 min. The cell suspension was washed by 

centrifugation and resuspended in Dulbecco’s modified Eagle’s medium 

(DMEM)/F-12 supplemented with epidermal growth factor (EGF) and the 
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antibiotics zellshields™ (Minerva Biolabs, Berlin Germany). The cell suspension 

was filtered through a strainer with a mesh size of 70 µm, suspended in a growth 

medium and incubated at 37 ºC and 5% CO2. The cells were seeded and cultured 

until the doubling time could be estimated. The cells were trypsinized, fresh 

medium added and counted. Primary cultured cells were observed periodically, 

and contamination with fibroblasts was aseptically removed by trypsinization until 

they were free of fibroblasts. The cultured cells were initially subcultured every 

week until they grew at a stable rate. When they reached 70% confluence using 

trypsin-EDTA (Invitrogen), the cells were cultured in growth media after a few 

passages of primary culture. Contamination with mycoplasma was monitored 

periodically using an e-mycoTM Mycoplasma PCR detection kit [ver.2.0]. The 

culture remained free of mycoplasma during the experiments.  

 

2.6. Cell Proliferation Assay 

NCChIPC cells were seeded at a density of 5,000 cells/well (100 µL of 

suspended cells in enriched DMEM) in a 96-well plate. Cells suspended in growth 

medium were incubated in Incucyte Zoom (Sartorius, Essen Bioscience, USA) at 

37 ºC and 5% CO2. The cells were then monitored for 6 days and assayed for 

proliferation.  
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2.7. NCChIPC Cell line-derived Xenograft 

To detect in vivo tumorigenicity, a mixture of NCChIPC cells (5.0 × 106) and 

1:1 ratio of growth factor to Matrigel was injected subcutaneously in an NOG 

mouse subcutaneously. The tumor growth was monitored twice per week. When 

the tumor size reached 1500 mm3, the mouse was sacrificed, and the tissue samples 

were obtained and fixed in 10% phosphate-buffered formalin overnight. The tissue 

sample was then embedded in paraffin for histopathological evaluation. 

 

2.8. Cytotoxicity Assays for Anticancer Drugs 

Gemcit® (Gemcitabine-HCl) and cisplatin were obtained from Dong-A ST Co., 

Ltd., Seoul, Korea; albumin-bound paclitaxel (Abraxane®) was obtained from 

Celgene Corporation, NJ, USA; and onivyde (Irinotecan liposome injection) was 

obtained from Servier, France. 5-FU, Oxaliplatin, erlotinib, epirubicin, 

carboplatin, and devimistat were purchased from MedChem Express. For 

analyzing the drug responses, NCChIPC cells (4 × 103 cells/well) were seeded in 

384-well plates and stabilized for 24 h, followed by incubation with the following 

drugs for 72 h: 0.001 µM to 10 µM of Gemcit®, albumin-binding paclitaxel 

(Abraxane), and 0.01 µM to 100 µM of 5-FU, onivyde, oxaliplatin, cisplatin, 

erlotinib, epirubicin, carboplatin, and devimistat. Cell cytotoxicity was measured 

using the Cell Titer-Glo® Viability assay kit (Promega Corporation, WI, USA). 

Plates were read using luminescence infinite 200 Pro (Life Sciences). Dose-

dependent response was determined using the GraphPad Prism5 software. 
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2.9. Short Tandem Repeats  

Short tandem repeat (STR) analysis was performed at 10 loci on different 

chromosomes to verify that the PDX, PDX-derived cells, and xenograft tissue F1, 

F2, and F3 samples were derived from the patient (F0). STR loci (TH01, D21S11, 

D5S818, D13S317, D7S820, D16S539, CSF1PO, AMEL, vWA, TPOX) 

amplification was performed using a Gene Print R10 system kit (Promega, 

Madison, WI, USA) according to the manufacturer’s instructions. Samples were 

run on an ABI 3730 DNA Analyzer (Thermo Fisher Scientific) and analyzed using 

Gene Mapper v4.0. 
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3. Results 

3.1. Establishment of PDX Model for Invasive Papillary CCA  

The Overall strategy of the establishment of preclinical model for IPC is 

summarized in Figure 5. The features of primary IPC patient tumors are shown in 

Figure 6A and B. To generate the PDX model, small pieces of tumor were 

engrafted on the left flank of an NOG mouse and tumor growth was monitored by 

palpating the site of the implant. When the engrafted tumor reached 1500 mm3, 

the mouse was sacrificed, and the tumor was removed by sharp dissection. Tissue 

from the first mouse was considered the first generation of PDX or F1 tissue. A 

second NOG mouse was then implanted with tissue from F1 to form the next 

generation in serial order. Tissue-derived xenograft morphology was analyzed 

using H&E staining. The retention of histopathological characteristics of 

xenografts derived from F1, F2, and F3 was determined by immunohistochemistry 

for IPC markers such as CK19, MUC1, 2, 5AC .CK19 is well expressed in all 

xenograft tissues, similar to the parent tumor. MUC1 and MUC5AC are also 

expressed in all tissues; in contrast, MUC2 was not expressed in IPC, which was 

expected. Additionally, STR analysis was performed to confirm the paternity 

authentication for the presence of chromosomal aberrations in the PDX model 

compare with that in the original tumor. STR analysis at 10 loci demonstrated that 

PDX-derived models were unique and matched with the original patient tumor 

(Table 5). This PDX model is a promising first report of IPC PDX. 
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Figure 5. Schematic diagram of the establishment of a preclinical model 

of invasive papillary cholangiocarcinoma (IPC) both in vitro & in vivo. 

The first step is the generation of a patient-derived xenograft (PDX) from the 

surgical tissue of IPC. Next, the primary patient tumor sample is engrafted in 

immunocompromised (NOG) mice. Then, the xenograft tumor was expanded in 

successive mice to develop the F2 and F3 passages. Thereafter, PDX tumor tissue-

derived cells can be isolated (temporarily termed the NCChIPC cell line) and form 

tumor nodules with IPC characteristics by engraftment in immunodeficient mice, 

which can then be used as an in vivo model of IPC. 
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Figure 6. Establishment of IPC PDX model and retention of 

histopathological features of primary tumors by PDX tumors. (A) The 

patient abdominal CT image showed a bile duct defect as indicated by yellow 

arrowhead and (B) papillary tumor region of bile duct in patient surgical resected 

specimen is indicated by white circle. (C) The patient’s surgical tumor sample was 

subcutaneously engrafted in the flank of an immunocompromised NOG mouse for 

the generation of PDX F1. The tumor nodule is indicated by the yellow arrow. (D) 

Morphological and histological features between the patient (F0) and PDXs (F1–

F3) are validated based on H&E staining and immunohistochemical analysis of 

CK19 and mucin subtypes. Histological and morphological features resembled the 

parent tumor. CK19 was expressed in all xenograft tissues similar to the parent 

tumor. MUC1 and MUC5AC were highly expressed in all the tissues. MUC2 were 

not expressed in IPC tissues. Scale bars = 100 μm. 
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Table 5. Short tandem repeat analysis performed at 10 loci on different 

chromosomes to verify that the PDX F1, F2, F3 and cell-derived xenografts 

were derived from the primary patient sample F0. PDX were consistent with 

F0 (patient). 

 

 
 

 

  

Locus TH01 D21S11 D5S818 D13S317 D7S820 D16S539 CSF1PO AMEL vWA TPOX 

F0 7,9 29,32.2 11 9,12 8 12 12 X 17,18 8 

F1 7,9 32.2 11 9,12 8 12 12 X 17,18 8 

F2 9 32.2 11 9,12 8 12 12 X 17,18 8 

F3 7,9 32.2 11 9,12 8 12 12 X 17,18 8 

NCChIPC 9 32.2 11 9,12 8 12 12 X 17,18 8 
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3.2. Establishment of a New Cell line from Invasive Papillary 

CCA 

Cancer cells were isolated from PDX F2 tissue and showed an adherent 

epithelial-like morphology. We termed these cell lines NCChIPC, human IPC at 

NCC (Figure 7A). Proliferation monitoring using the Incucyte machine revealed 

that the population doubling time was approximately 28-36h (Figure 7B). We 

inoculated different anticancer drugs available for CAA and observed that 

Abraxane was the most toxic, followed by epirubicin. Other drugs including 

gemcit, erlotinib, carboplatin, and 5-FU were less toxic (Figure 7C). These results 

suggest that the NCChIPC cell line can be used as an in vitro model for evaluating 

the drug response in IPC treatment. 

 

3.3. Recapitulation of Parental Molecular Characteristics in 

PDXs and NCChIPC Cell line 

To evaluate whether the established patient-derived preclinical models have 

retained the characteristics of the original tumor, we performed RNA sequencing 

to determine the similarity between the gene expression of the three generations of 

PDX (F1, F2, and F3) and NCChIPC cell lines with those of the F0 tissue. Overall, 

the correlation of PDXs with F0 tissues showed very high similarity (94%–98%). 

Moreover, the NCChIPC cell line reflected about 81% of the patient’s 

transcriptomics characteristics. Next, we determined the RNA levels of 94 genes 

expressed in our library among 100 target genes corresponding to the proliferative 
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or metabolic subclasses of eCCA, which was reported. While only a few genes 

related to the metabolic class were overexpressed, most proliferation class-related 

genes were highly expressed, and the level was retained not only in several 

passages of PDX generations but also in NCChIPC cells. These results suggest that 

our preclinical models for IPC reflect the genomic characteristics of the patient. 

 

3.4. Tumor Formation by Xenograft of NCChIPC Cells and 

Histological evaluation 

Subcutaneous xenografts of NCChIPC cells successfully formed tumor 

nodules and exhibited a prominent papillary growing pattern of CCA 

morphologically by H&E staining despite of cell line implantation model. 

Immunohistochemical analysis of the tissues showed that they exhibited positive 

expression of CK19 and MUC5AC, which are the typical markers of IPC. These 

results strongly suggest that NCChIPC cell-derived in vivo models can be easily 

used in IPC research.  
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Figure 7. Establishment of the NCChIPC cell line for IPC. NCChIPC 

cells were isolated from the PDX tumor tissue. (A) The NCChIPC cell 

morphology of passage 10 in monolayer culture. (B) Proliferation curve of 

NCChIPC cells in culture medium through Incucyte. (C) Dose-response curve in 

NCChIPC according to different drugs. NCChIPC cells were seeded in a 384-well 

plate and incubated overnight. The cells were then exposed to drugs according to 

the indicated concentrations, there were different responses (toxicities) to different 

cancer medicines, with stronger effects of epirubicin, Abraxane®, Gemcit and 

weaker effects with erlotinib. Error bars represent the standard deviation of three 

independent experiments. 
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Figure 8. High correlation between patient (F0) and PDX (F1-F3) & 

NCChIPC cell line from Transcriptome. (A) A correlation matrix showing the 

Pearson correlation coefficient calculated from the expression of 27686 genes 

(FPKM). (B) A heat-map showing the expression of genes related to two 

extrahepatic cholangiocarcinoma (eCCA) subclasses (proliferative and metabolic 

classes). The molecular subtype of patients with IPC was successfully engrafted as 

PDX and NCChIPC. Gene expression was analyzed by calculating the Z-score by 

using the normalized data. 
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Figure 9. Tumor formation in vivo from subcutaneous implantation of 

the NCChIPC cell line in NOG mouse. (A-B) The morphology of the 

NCChIPC cell-derived xenograft tumor (B) was similar to the IPC patient tumor 

tissue (A) from H&E staining, showing the papillary shape. (C-D) CK19 and 

MUC5AC were expressed in NCChIPC cell-derived xenograft tumor tissues. Scale 

bars = 100 μm. 
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4. Discussion  

IPC is a minor phenotype of CAA, for which preclinical models are difficult 

to establish. Nevertheless, it has been shown that preclinical models are key to 

basic and translational research, with the potential for indispensable to assess  

human tumor biology, identification of therapeutic targets, biomarker and 

preclinical testing and evaluation of drugs for various cancers (76). Previously, cell 

line xenografts were used as standards in preclinical research; however, generally 

cell lines did not precisely mirror the true  picture and behavior of the host tumor 

and were able to adapt to in vitro growth, losing the native properties of the host 

tumor (91).  

PDXs are platforms that can represent the complexity and diversity of cancer 

and are known to preserve major important biological and morphological 

properties of tumors from which they were obtained, and maintain the same 

stability across passages(92, 93). These models can predict clinical outcomes and 

are useful for precision medicine. PDX models are established by engrafting 

patient tumor tissues in immunocompromised NOG mice and subsequently 

observing the passage of tumor cells from human tissues to the animal(76). 

Xenografts derived directly from patients’ surgical tissue or biopsy samples with 

minimal in vitro manipulation retain the morphological and molecular markers of 

the source tumors despite serial passaging across several generations of mice(92, 

94). 
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In the present study, we established a PDX and cell line for IPC with an 

invasive phenotype using patient-derived tumor tissues. The PDX was established 

by engrafting surgically resected tumor tissues in NOG mice. The PDX expanded 

successfully to generate subsequent tumors at F1, F2, and F3 generations, with the 

retention of the histological and molecular features of the original tumor. Histology 

of original papillary carcinoma patient (F0) showed typical phenotypes of 

fibrovascular core and mitotic figure. This papillary growth pattern was retained 

throughout PDX passage. Meanwhile, at F3, a slightly complex papillary with a 

distinct shape was observed. However, overall, the invasive papillary type was 

well-maintained. CK19 and mucin expression in F1, F2, and F3 tumors were 

consistent with that in the patient’s tumor tissue. CK19 as a positive marker of 

CCA showed strong positive expression in all PDX and original tumor. In addition, 

we observed the expression of MUC1 and MUC5AC and no expression of MUC2 

in all the tissues (Figure 6D). MUC1 and MUC5AC were significantly expressed 

in both PDX and patient tissue.  

 A papillary growth pattern was retained throughout the passage. CK19 and 

mucin expression in F1, F2, and F3 tumors were consistent with that in the 

patient’s tumor tissue. MUC1 is a surface membrane bound type of mucin 

(glycoprotein) detected in most epithelial cells(Guillen P et al 2000) .Mucin gene 

changes in esophageal adenocarcinoma showing a down regulation of  MUC2, 

MUC5AC, and MUC6 and upregulation of MUC1 as reported seen in dysplasia 

,adenocarcinoma and squamous cell carcinoma as reported (94, 96). We also 

observed the expression of MUC1 and MUC5AC and no expression of MUC2 in 
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all the tissues (Figure 6). MUC1 is membrane-bound mucoprotein that is highly 

expressed in invasive adenocarcinoma. The tumor biological characteristic is 

shown by their mucin (MUC) expression pattern. MUC1 expression and/or 

absence of MUC2 expression correlated with the aggressive and invasive features 

of IPC. MUC5AC is consistently expressed in all types of xenografts across 

generations. Meanwhile, at F3, a slightly complex papillary with a distinct shape 

was observed. However, overall, the invasive papillary type was well-maintained. 

The NCChIPC cell line established from the PDX F2 generation showed a typical 

epithelial monolayer with polygonal to spindle shapes and regular dimensions and 

grew exponentially as a monolayer in the growth medium (Figure 7).  

Transcriptome analysis revealed that the gene expression in the NCChIPC cell 

line was very similar to that in the patient’s tissue and the PDX. The similarity in 

correlation coefficient values is higher when it is closer to 1; it was observed to be 

almost 0.8 or higher (Figure 8A), thus reflecting the high reliability of our cell 

line(97). Moreover, in the heat-map, we observed that the patient’s tumor belonged 

to the proliferative subclass (Figure 8B), and hence, anticancer drugs that target 

cell cycle or proliferation can be administered to this patient. Our cell line showed 

a very high response to Abraxane® which is known to have inhibitory effect of 

cell cycle progression. Therefore, these result support that our model can be used 

to predict drug response. The tumorigenic ability of the NCChIPC cells was also 

very good. In addition, a distinctly shaped, invasive papillary CCA was formed 

despite changes in the stromal components that occur during engraftment, whereas 

a homogenous tumor is formed with a cell line in general (Figure 9).  
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In addition, STR profiling with 10 loci performed for validation of the PDX 

with the tumor demonstrated that all PDX-derived models were unique and 

matched the original patient tissue, as observed in the DNA fingerprinting results 

(Table 5). These results further proved that all xenografts were derived from the 

primary tumor of the IPC. STR validation using the corresponding results suggests 

that our model is reliable. This further supports that PDX, and the established cell 

line are reliable tools for pre-clinical use. 

 Despite the many advantages of PDX for cancer modeling, there are 

constraints to use of PDX, such as loss of the tumor microenvironment, immune 

response (98, 99), selection of clonal subpopulations different from the original 

tumor (100) and cost effectiveness (76). However, despite these challenges, the 

value and use of PDX in oncology for addressing preclinical models are improving, 

as they continually reflect the complexity, heterogeneity, and diversity of clinical 

tumors. Here also used PDX for cell line establishment retaining the original 

heterogeneity and enhancing the success rate. NCChIPC and PDX-derived cell 

lines showed in vitro and in vivo heterogeneity to some extent with the 

characteristics of tissue architecture. 

Therefore, this study is the first to establish PDX and cell lines as tools for 

detecting and understanding IPC.  

The PDX models have been valuable tool in preclinical drugs testing in many 

types of cancers, as was the case while testing the effectiveness of nab-paclitaxel 

with gemcitabine in pancreatic cancers(100), they are also advantageous in 

preclinical studies of targeted agents. After genomic characterization of PDX 
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models, a subset of PDX model with the same genomic characteristic can be useful 

in target therapeutics. Furthermore, for systematic drugs testing preclinical PDX 

models have been found useful in testing the drugs sensitivity (Nardella C Lunard 

et al 2011)). PDX can also be used for generating drug resistant and sensitive tumor 

models(102). Additionally, the predictive power of PDX models has been applied 

to conduct co-clinical trials for novel cancer therapeutics (103). Collectively, the 

PDX model is of such a great importance in both preclinical and clinical setting to 

facilitate cancer research. 

In conclusion, our study generated a PDX, the NCChIPC cell line, and 

NCChIPC-derived xenograft as preclinical models. These novel preclinical models 

could help in improving our understanding of the etiology of IPC and potentially 

facilitate translational research. 

  



54 

 

5. Bibliography 

1 Goodman ZD: Neoplasms of the liver. Mod Pathol 20: 49–60, 2007.PMID: 

17486052. DOI: 10.1038/modpathol.3800682. 

2 Rizvi S and Gores GJ: Pathogenesis, diagnosis, and management of 

cholangiocarcinoma. Gastroenterology 145(6): 1215–1229, 2013. PMID: 

24140396. DOI: 10.1053/j.gastro.2013.10.013. 

3 Blechacz B: Cholangiocarcinoma: Current knowledge and new 

developments. Gut Liver 11(1): 13–26, 2017. PMID: 27928095. DOI: 

10.5009/gnl15568. 

4 Kambakamba P and Deoliveira ML: Perihilar cholangiocarcinoma: 

Paradigms of surgical management. Am J Surg 208(4): 563–570, 2014. 

PMID: 25124294. DOI: 10.1016/j.amjsurg.2014.05.017. 

5 Deoliveira ML, Schulick RD, Nimura Y, Rosen C, Gores G, Neuhaus P and 

Clavien P: SPECIAL ARTICLE New Staging System and a Registry for 

Perihilar Cholangiocarcinoma. Hepatology. 2011 Apr;53(4):1363-71 

1363–1371. PMID: 21480336 . DOI: 10.1002/hep.24227. 

6 Deoliveira ML and Cunningham SC: Thirty-one-Year Experience With 564 

Patients at a Single Institution. Ann Surg.  2007 May. 245(5): 755–762, 

2007. PMID: 17457168. DOI: 10.1097/01.sla.0000251366.62632.d3. 

7 Fukumura NY, Cong H, Hara K, Kakuda Y and Nakanuma Y: Intraductal 

papillary neoplasm of the bile duct. Pathol Bile Duct 19: 163–175, 2017. 

DOI: 10.1007/978-981-10-3500-5_13. 



55 

 

8 Schlitter AM, Jang KT, Klöppel G, Saka B, Hong SM, Choi H, Offerhaus 

GJ, Hruban RH, Zen Y, Konukiewitz B, Regel I, Allgäuer M, Balci S, 

Basturk O, Reid MD, Esposito I and Adsay V: Intraductal tubulopapillary 

neoplasms of the bile ducts: Clinicopathologic, immunohistochemical, and 

molecular analysis of 20 cases. Mod Pathol 28(9): 1249–1264, 2015. PMID: 

26111977. DOI: 10.1038/modpathol.2015.61. 

9 Albores-saavedra J, Henson DE and Sobin LH: Tumors of the Gallbladder 

and Extrahepatic Bile Ducts A Commentary on the Second Edition. Cancer. 

1992 Jul 15;70(2): 410–414, 1992. PMID: 1617591 DOI: 10.1002/1097-

0142(19920715)70:2<410::aid-cncr2820700207>3.0.co;2-r 

10 Zen Y, Adsay NV, Bardadin K, Colombari R, Ferrell L, Haga H, Hong S 

and Hytiroglou P: Biliary intraepithelial neoplasia : an international 

interobserver agreement study and proposal for diagnostic criteria. Mod 

Pathol. 2007 Jun;20(6): 701–709, 2007. PMID: 17431410.  DOI: 

10.1038/modpathol.3800788. 

11 Zen Y, Jang KT, Ahn S, Kim DH, Choi DW, Choi SH, Heo JS and Yeh MM: 

Intraductal papillary neoplasms and mucinous cystic neoplasms of the 

hepatobiliary system: Demographic differences between Asian and 

Western populations, and comparison with pancreatic counterparts. 

Histopathology 65(2): 164–173, 2014.PMID:24456415. DOI: 

10.1111/his.12378. 

12 Zen Y, Fujii T, Itatsu K, Nakamura K, Minato H, Kasashima S, Kurumaya 

H, Katayanagi K, Kawashima A, Masuda S, Niwa H, Mitsui T, Asada Y, 



56 

 

Miura S, Ohta T and Nakanuma Y: Biliary papillary tumors share 

pathological features with intraductal papillary mucinous neoplasm of the 

pancreas. Hepatology 44(5): 1333–1343, 2006. PMID: 17058219. DOI: 

10.1002/hep.21387. 

13 Kubota K, Jang JY, Nakanuma Y, Jang KT, Haruyama Y, Fukushima N, 

Furukawa T, Hong SM, Sakuraoka Y, Kim H, Matsumoto T, Lee KB, Zen 

Y, Kim J, Miyazaki M, Choi DW, Heo JS, Endo I, Hwang S, Nakamura M, 

Han HS, Uemoto S, Park SJ, Hong EK, Nanashima A, Kim DS, Kim JY, 

Ohta T, Kang KJ, Fukumoto T, Nah YW, Seo H Il, Inui K, Yoon DS and 

Unno M: Clinicopathological characteristics of intraductal papillary 

neoplasm of the bile duct: a Japan-Korea collaborative study, 

2020.Doi:10.1002/jhbp.785 

14 Yang J, Wang W and Yan L: The clinicopathological features of intraductal 

papillary neoplasms of the bile duct in a Chinese population. Dig Liver Dis 

44(3): 251–256, 2012. PMID: 21930444.  DOI: 

10.1016/j.dld.2011.08.014. 

15 Höhn P: Outcome Determining Factors of Intraductal Papillary Neoplasm 

of the Biliary Tract ( IPNB ) — a Single Center Survey and Analysis of 

Current Literature., 2019. J Gastrointest Cancer. 2019 Mar;50(1):160-169. 

PMID: 30628030 DOI: 10.1007/s12029-018-00199-1 

16 Lee DH, Lee M, Kim KW, Park HS, Kim H, Lee JY, Han K and Choi BI: 

MR Imaging Findings of Early Bile Duct Cancer. J Magn Reson Imaging 

28(6): 1466–1475, 2008. PMID: 19025934. DOI: 10.1002/jmri.21597. 



57 

 

17 Khan SA, Davidson BR, Goldin R, Pereira SP, Rosenberg WMC, Taylor-

Robinson SD, Thillainayagam A V., Thomas HC, Thursz MR, Wasan H and 

Romaya C: Guidelines for the diagnosis and treatment of 

cholangiocarcinoma: Consensus document. Gut 51: 1–9, 2002. PMID: 

12376491. DOI: 10.1136/gut.51.suppl_6.vi1. 

18 Khan AS and Dageforde LA: Cholangiocarcinoma. Surg Clin North Am 

99(2): 315–335, 2019. PMID: 30846037. DOI: 10.1016/j.suc.2018.12.004. 

19 Shaib YH, Davila JA, McGlynn K and El-Serag HB: Rising incidence of 

intrahepatic cholangiocarcinoma in the United States: A true increase? J 

Hepatol 40(3): 472–477, 2004. PMID: 15123362. DOI: 

10.1016/j.jhep.2003.11.030. 

20 Khan SA, Emadossadaty S, Ladep NG, Thomas HC, Elliott P, Taylor-

Robinson SD and Toledano MB: Rising trends in cholangiocarcinoma: Is 

the ICD classification system misleading us? J Hepatol 56(4): 848–854, 

2012. PMID: 22173164. DOI: 10.1016/j.jhep.2011.11.015. 

21 Shaib Y and El-Serag HB: The epidemiology of cholangiocarcinoma. 

Semin Liver Dis 24(2): 115–125, 2004. PMID: 15192785. DOI: 10.1055/s-

2004-828889. 

22 Database R: Cholangiocarcinoma Risk Factors and the Potential Role of 

Aspirin. Hepatology. 2016 Sep;64(3):708-10 . PMID: 27112798. DOI: 

10.1002/hep.28613. 

23 Schlitter AM, Born D, Bettstetter M, Specht K, Kim-fuchs C, Riener M, 

Jeliazkova P, Sipos B, Siveke JT, Terris B, Zen Y, Schuster T, Ho H, Perren 



58 

 

A and Esposito I: Intraductal papillary neoplasms of the bile duct : stepwise 

progression to carcinoma involves common molecular pathways. Mod 

Pathol. 2014 Jan;27(1):73-86 73–86, PMID: 23828315 . DOI: 

10.1038/modpathol.2013.112. 

24 Holzinger F, Z K and Buchler MW: Review Mechanisms of biliary 

carcinogenesis : A pathogenetic multi-stage cascade towards 

cholangiocarcinoma., Ann Oncol. 1999;10 Suppl 4:122-6.  PMID: 

10436802. 

25 Andersen JB: Molecular pathogenesis of intrahepatic cholangiocarcinoma. 

J Hepatobiliary Pancreat Sci 22(2): 101–113, 2015. PMID: 25174625. DOI: 

10.1002/jhbp.155. 

26 Roberts DJ, Pain A and Chitnis CE: Molecular pathogenesis of malaria. 

Mol Hematol: 193–206, 2019. DOI: 10.1002/9781119252863.ch15. 

27 Liao M, Zhao J, Wang T, Duan J, Zhang Y and Deng X: Role of bile salt in 

regulating Mcl-1 phosphorylation and chemoresistance in hepatocellular 

carcinoma cells. Mol Cancer. 2011 Apr 20;10:44 1–9, 2011. PMID: 

21507240 . DOI: 10.1186/1476-4598-10-44 

28 Patel T: Worldwide trends in mortality from biliary tract malignancies. 

BMC Cancer 2: 1–5, 2002. PMID: 11991810. DOI: 10.1186/1471-2407-2-

10. 

29 Patel T: Cholangiocarcinoma. Nat Clin Pract Gastroenterol Hepatol 3(1): 

33–42, 2006. PMID: 16397610. DOI: 10.1038/ncpgasthep0389. 

30 Reddy SB and Patel T: Current Approaches to the Diagnosis and Treatment 



59 

 

of Cholangiocarcinoma. Curr Gastroenterol Rep. 2006 Feb;8(1):30-7. 

PMID: 16510032 DOI: 10.1007/s11894-006-0061-1 

31 Van Beers BE: Diagnosis of cholangiocarcinoma. Hpb 10(2): 87–93, 2008. 

PMID: 18773062. DOI: 10.1080/13651820801992716. 

32 Braicu C: Molecular Markers in the Pathogenesis of Cholangiocarcinoma: 

Potential for Early Detection and Selection of Appropriate Treatment. 

Gastroenterol Res 2(3): 132–140, 2009. PMID: 27933122. DOI: 

10.4021/gr2009.06.1299. 

33 Srisomsap C, Sawangareetrakul P, Subhasitanont P, Chokchaichamnankit 

D, Chiablaem K, Bhudhisawasdi V, Wongkham S and Svasti J: Proteomic 

studies of cholangiocarcinoma and hepatocellular carcinoma cell 

secretomes. J Biomed Biotechnol 2010; 2010 :437143. PMID: 20069059. 

DOI: 10.1155/2010/437143. 

34 Nagtegaal ID, Odze RD, Klimstra D, Paradis V, Rugge M, Schirmacher P, 

Washington KM, Carneiro F and Cree IA: The 2019 WHO classification of 

tumours of the digestive system. Histopathology 76(2): 182–188, 2020. 

PMID: 31433515. DOI: 10.1111/his.13975. 

35 Hucl T: Review Article Precursors to Cholangiocarcinoma. Gastroenterol 

Res Pract. 2019 Nov 13;2019:13892892019. PMID: 31814823 . DOI: 

10.1155/2019/1389289 

36 Aishima S, Kubo Y and Tanaka Y: Histological features of precancerous 

and early cancerous lesions of biliary tract carcinoma. J Hepatobiliary 

Pancreat Sci. 2014 Jul;21(7):448-52.PMID: 24446428. DOI: 



60 

 

10.1002/jhbp.71. 

37 Chen TC, Nakanuma Y, Zen Y, Chen MF, Jan YY, Yeh T Sen, Tang-Chiu C, 

Kuo TT, Kamiya JI, Oda K, Hamaguchi M, Ohno Y, Hsieh LL and Nimura 

Y: Intraductal papillary neoplasia of the liver associated with hepatolithiasis. 

Hepatology 34: 651–658, 2001. PMID: 11584359. DOI: 

10.1053/jhep.2001.28199. 

38 Nakanuma Y, Uchida T, Sato Y and Uesaka K: An S100P-positive biliary 

epithelial field is a pre-invasive intraepithelial neoplasm in nodular-

sclerosing cholangiocarcinoma. Hum Pathol, 2016.PMID: 27984121.  

DOI: 10.1016/j.humpath.2016.10.003. 

39 Nakanuma Y: A novel approach to biliary tract pathology based on 

similarities to pancreatic counterparts: Is the biliary tract an incomplete 

pancreas? Pathol Int 60(6): 419–429, 2010. PMID: 20518896. DOI: 

10.1111/j.1440-1827.2010.02543.x. 

40 Huang CYW, Arkady JT, Chen CC, Jeng Y, Nakagawa H, Hayata Y, 

Yamada T, Kawamura S, Suzuki N, Tan Y, Milikowski C, Toribio Y, Singer 

A, Rojas CP, Garcia-buitrago MT, Tan Y, Milikowski C, Toribio Y, Claudia 

P, Schlitter AM, Born D, Bettstetter M, Specht K, Kim-fuchs C, Riener M, 

Jeliazkova P, Sipos B, Siveke JT, Terris B, Zen Y, Schuster T, Ho H, Perren 

A, Esposito I, Sasaki M, Matsubara T, Nitta T, Sato Y, Nakanuma Y, Jung 

J, Lee CH, Seol HS, Choi YS, Hong SM, Kim SC, Chang S, Morton CL, 

Houghton PJ, Nanashima A, Imamura N, Sumida Y, Hiyoshi M, Hamada T, 

Nagayasu T, Castillo CF, Warshaw AL, Zen Y, Fujii T, Itatsu K, Nakamura 



61 

 

K, Minato H, Kasashima S, Kurumaya H, Katayanagi K, Kawashima A, 

Masuda S, Niwa H, Mitsui T, Asada Y, Miura S, Ohta T and Nakanuma Y: 

Biliary Papillary Tumors Share Pathological Features With Intraductal 

Papillary Mucinous Neoplasm of the Pancreas. Mod Pathol 8: 12498–

12504, 2006. DOI: 10.1002/hep.21387. 

41 Rocha FG, Lee H, Katabi N, Dematteo RP, Fong Y, D’Angelica MI, Allen 

PJ, Klimstra DS and Jarnagin WR: Intraductal papillary neoplasm of the 

bile duct: A biliary equivalent to intraductal papillary mucinous neoplasm 

of the pancreas? Hepatology 56(4): 1352–1360, 2012. PMID: 22504729. 

DOI: 10.1002/hep.25786. 

42 Kloek JJ, Gaag NA Van Der, Erdogan D, Rauws EAJ, Busch ORC, Gouma 

DJ, Kate FJW and Gulik TM Van: A comparative study of intraductal 

papillary neoplasia of the biliary tract and pancreas . Hum Pathol 42(6): 

824–832, 2011.PMID: 21292296  DOI: 10.1016/j.humpath.2010.09.017. 

43 Minagawa N, Sato N, Mori Y, Tamura T, Higure A and Yamaguchi K: A 

comparison between intraductal papillary neoplasms of the biliary tract 

( BT- IPMNs ) and intraductal papillary mucinous neoplasms of the 

pancreas ( P-IPMNs ) reveals distinct clinical manifestations and outcomes. 

Eur J Surg Oncol 39(6): 554–558, 2013.PMID: 23506840. DOI: 

10.1016/j.ejso.2013.02.016. 

44 Matsubara T, Kozaka K, Matsui O, Nakanuma Y, Uesaka K and Inoue D: 

Peribiliary glands : development , dysfunction , related conditions and 

imaging findings. Abdom Radiol (NY). 2020 Feb;45(2):416-436.PMID: 



62 

 

31707436 doi: 10.1007/s00261-019-02298-4. 

45 Aslam A, Wasnik AP, Shi J, Sahai V, Mendiratta-lala M, Arbor A and 

Radiology CI: Intraducatl Papillary Neoplasm of the Bile Duct(IPNB): CT 

and MRI  appearance with radiology-pathology correlation Clin Imaging 

2020 Oct;66:10-17. doi: 10.1016/j.clinimag.2020.04.036. Epub 2020 May 

3.PMID: 32438236. DOI: 10.1016/j.clinimag.2020.04.036. 

46 Flaherty EM, Dasyam AK, Menias CO, Riddle ND and Prasad SR: “ Biliary 

Diseases with Pancreatic Counterparts ”: Cross-sectional Imaging Findings 

Radiographics. Mar-Apr 2016;36(2):374-92. 374–392, 2016. PMID: 

26824512. DOI: 10.1148/rg.2016150071 

47 Ohtsuka M, Kimura F, Shimizu H, Yoshidome H, Kato A, Yoshitomi H, 

Furukawa K, Takeuchi D, Takayashiki T, Suda K, Takano S, Kondo Y and 

Miyazaki M: Similarities and differences between intraductal papillary 

tumors of the bile duct with and without macroscopically visible mucin 

secretion. Am J Surg Pathol 35(4): 512–521, 2011. PMID: 21412069  DOI: 

10.1097/PAS.0b013e3182103f36. 

48 Nakanuma Y, Kakuda Y, Fukumura Y, Sugino T, Uesaka K, Serizawa M, 

Terada T and Ohnishi Y: The Pathologic and Genetic Characteristics of the 

Intestinal Subtype of Intraductal Papillary Neoplasms of the Bile Duct. Am 

J Surg Pathol 43(9): 1212–1220, 2019. PMID: 31166202. DOI: 

10.1097/PAS.0000000000001295. 

49 Nakanuma Y, Uesaka K, Kakuda Y, Sugino T, Kubota K, Furukawa T, 

Fukumura Y, Isayama H and Terada T: Intraductal papillary neoplasm of 



63 

 

bile duct: Updated clinicopathological characteristics and molecular and 

genetic alterations. J Clin Med 9(12): 1–35, 2020. PMID: 33317146  DOI: 

10.3390/jcm9123991. 

50 Fukumura NY, Cong H, Hara K, Kakuda Y and Nakanuma Y: Intraductal 

papillary neoplasm of the bile duct. Pathol Bile Duct 19: 163–175, 2017. 

DOI: 10.1007/978-981-10-3500-5_13. 

51 Gordon-weeks AN, Jones ÃK, Harriss E, Smith A, Silva M, Gen F and Ed 

F: Systematic Review and Meta-analysis of Current Experience in Treating 

IPNB Clinical and Pathological Correlates. Ann Surg. 2016 

Apr;263(4):656-63, 2016; PMID: 26501712 . DOI: 

10.1097/SLA.0000000000001426. 

52 Han Y, Lee H, Kang JS, Kim JR, Kim HS, Lee JM, Lee KB, Kwon W, Kim 

SW and Jang JY: Progression of Pancreatic Branch Duct Intraductal 

Papillary Mucinous Neoplasm Associates With Cyst Size. 

Gastroenterology 154(3): 576–584, 2018.PMID: 29074452  DOI: 

10.1053/j.gastro.2017.10.013. 

53 Fujikura K, Fukumoto T, Ajiki T, Otani K, Kanzawa M, Akita M, Kido M, 

Ku Y, Itoh T and Zen Y: Comparative clinicopathological study of biliary 

intraductal papillary neoplasms and papillary cholangiocarcinomas. 

Histopathology 69(6): 950–961, 2016. PMID: 27410028. DOI: 

10.1111/his.13037. 

54 Kubota K, Nakanuma Y, Kondo F, Hachiya H, Miyazaki M, Nagino M, 

Yamamoto M, Isayama H, Tabata M, Kinoshita H, Kamisawa T and Inui K: 



64 

 

Clinicopathological features and prognosis of mucin-producing bile duct 

tumor and mucinous cystic tumor of the liver: A multi-institutional study 

by the Japan Biliary Association. J Hepatobiliary Pancreat Sci 21(3): 176–

185, 2014. PMID: 23908126. DOI: 10.1002/jhbp.23. 

55 Luvira V, Pugkhem A, Bhudhisawasdi V, Pairojkul C, Sathitkarnmanee E, 

Luvira V and Kamsa-ard S: Long-term outcome of surgical resection for 

intraductal papillary neoplasm of the bile duct. J Gastroenterol Hepatol. 

2017 Feb;32(2):527-533. PMID: 27356284.  DOI: 10.1111/jgh.13481. 

56 Luvira V, Somsap K, Pugkhem A, Eurboonyanun C, Luvira V, 

Bhudhisawasdi V and Pairojkul C: Morphological Classification of 

Intraductal Papillary Neoplasm of the Bile Duct with Survival Correlation.  

Asian Pac J Cancer Prev. 2017 Jan 1;18(1):207-21318: 207–213, 2017. 

PMID:  28240521 DOI: 10.22034/APJCP.2017.18.1.207. 

57 Yoon HJ, Kim YK, Jang K, Lee KT, Lee JK, Choi DW and Lim JH: 

Intraductal papillary neoplasm of the bile ducts : description of MRI and 

added value of diffusion- weighted MRI.Abdom Imaging. 2013 

Oct;38(5):1082-902013. PMID: 23508835  DOI: 10.1007/s00261-013-

9989-4. 

58 Siripongsakun S, Sapthanakorn W, Mekraksakit P and Vichitpunt S: 

Premalignant lesions of cholangiocarcinoma : characteristics on 

ultrasonography and MRI. Abdom Radiol. 2019, Jun;44(6):2133-

2146.PMID: 3082062  DOI: 10.1007/s00261-019-01951-2. 

59 Nakanuma Y, Jang KT, Fukushima N, Furukawa T, Hong SM, Kim H, Lee 



65 

 

KB, Zen Y, Jang JY and Kubota K: A statement by the Japan-Korea expert 

pathologists for future clinicopathological and molecular analyses toward 

consensus building of intraductal papillary neoplasm of the bile duct 

through several opinions at the present stage. J Hepatobiliary Pancreat Sci 

25(3): 181–187, 2018. PMID: 29272078. DOI: 10.1002/jhbp.532. 

60 Kim JR, Lee K, Kwon W, Kim E, Kim S, Jang J, Lee K and Kim S: 

Comparison of the Clinicopathologic Characteristics of Intraductal 

Papillary Neoplasm of the Bile Duct according to Morphological and 

Anatomical Classifications. J Korean Med Sci. 2018 Sep 17;33(42):e266. 

33: 1–13, 2018. PMID: 30310366  DOI: 10.3346/jkms.2018.33.e266 

61 Ohtsuka M, Shimizu H, Kato A, Yoshitomi H, Furukawa K, Tsuyuguchi T, 

Sakai Y, Yokosuka O and Miyazaki M: Intraductal Papillary Neoplasms of 

the Bile Duct. Int J Hepatol. 2014:459091. PMID: 24949206  doi: 

10.1155/2014/459091. Epub 2014 May 18 2014, 2014. 

62 Kim KM, Lee JK, Shin JU, Lee KH, Lee KT, Sung JY, Jang KT, Heo JS, 

Choi SH, Choi DW and Lim JH: Clinicopathologic features of intraductal 

papillary neoplasm of the bile duct according to histologic subtype. Am J 

Gastroenterol 107(1): 118–125, 2012. PMID: 21946282 DOI: 

10.1038/ajg.2011.316. 

63 Yeh CN, Jan YY, Yeh T Sen, Hwang TL and Chen MF: Hepatic resection 

of the intraductal papillary type of peripheral cholangiocarcinoma. Ann 

Surg Oncol 11(6): 606–611, 2004. PMID: 15172934. DOI: 

10.1245/ASO.2004.04.028. 



66 

 

64 Ohtsuka M, Kimura F, Shimizu H, Yoshidome H, Kato A, Yoshitomi H, 

Furukawa K, Mitsuhashi N, Takeuchi D, Takayashiki T, Suda K and 

Miyazaki M: Surgical strategy for mucin-producing bile duct tumor. J 

Hepatobiliary Pancreat Sci 17(3): 236–240, 2010. PMID: 19649559. DOI: 

10.1007/s00534-009-0152-0. 

65 Nakanuma Y and Sudo Y: Seminars in Diagnostic Pathology Biliary tumors 

with pancreatic counterparts. Semin Diagn Pathol 34(2): 167–175, 2017. 

PMID: 28109714 DOI: 10.1053/j.semdp.2016.12.013. 

66 Hokuto D, Nomi T, Yasuda S, Yoshikawa T, Ishioka K, Yamada T, Akahori 

T, Nakagawa K, Nagai M, Nakamura K, Obara S, Kanehiro H and Sho M: 

CASE REPORT – OPEN ACCESS International Journal of Surgery Case 

Reports Long-term observation and treatment of a widespread intraductal 

papillary neoplasm of the bile duct extending from the intrapancreatic bile 

duct to the bilateral intrahepatic bile duct : A case report. Int J Surg Case 

Rep 38: 166–171, 2017. PMID: 28763696  DOI: 

10.1016/j.ijscr.2017.07.031. 

67 Liu Q, Luo Q, Ju Y and Song G: Role of the mechanical microenvironment 

in cancer development and progression Tumor microenvironment 

Components of the tumor microenvironment.. Cancer Biol Med. 2020 May 

15; 17(2): 282–292 2020. PMID: 32587769  DOI: 10.20892/j.issn.2095-

3941.2019.0437. 

68 Yoshida GJ: Applications of patient-derived tumor xenograft models and 

tumor organoids. J Hematol Oncol 13(1): 1–16, 2020. PMID: 31910904. 



67 

 

DOI: 10.1186/s13045-019-0829-z. 

69 Nguyen HM, Vessella RL, Morrissey C, Brown LG, Coleman IM, Higano 

CS, Mostaghel EA, Zhang X, True LD, Lam H, Roudier M, Lange PH, 

Nelson PS and Corey E: LuCaP Prostate Cancer Patient-Derived 

Xenografts Re fl ect the Molecular Heterogeneity of Advanced Disease and 

Serve as Models for Evaluating Cancer Therapeutics. Prostate. 2017 

May;77(6):654-671 654–671, 2017. PMID: 28156002 DOI: 

10.1002/pros.23313. 

70 Mehrpouya M, Pourhashem Z, Yardehnavi N, Oladnabi M, Liu LZ, Yang 

LX, Zheng BH, Dong PP, Liu XY, Wang ZC, Zhou J, Fan J, Wang XY, Gao 

Q, Loukopoulos P, Kanetaka K, Takamura M, Shibata T, Sakamoto M, 

Hirohashi S, Article R, Wilding JL, Bodmer WF, Ben-david U, Siranosian 

B, Ha G, Tang H, Oren Y, Strathdee CA, Dempster J, Lyons NJ, Burns R, 

Nag A, Kugener G, Cimini B, Tsvetkov P, Maruvka YE, Garrity A, Tubelli 

AA, Bandopadhayay P, Vazquez F, Wong B, Birger C, Ghandi M, Aaron R, 

Bittker JA, Meyerson M, Getz G, Golub TR, Hospital G, Chase C, Gao Y, 

Zhou R, Huang J-F, Hu B, Cheng J-W, Huang X-W, Wang P-X, Peng H-X, 

Guo W, Zhou J, Fan J, Yang X-RX, Bankert RB, Hess SD, Egilmez NK, 

Hendrickson EA, Mueller BM, Reisfeld RA, Stewart E, Shelat A, Bradley 

C, Chen X, Federico S, Shirinifard A, Bahrami A, Pappo A, Qu C, Sablauer 

A, Dyer MA, Chase C, Ji X, Chen S, Guo Y, Li W, Qi X, Yang H, Xiao S, 

Fang G, Hu J, Wen C, Liu H, Han Z, Deng G, Yang Q, Yang X-RX, Yang 

YK, Ogando CR, See CW, Chang T, Barabino GA, Moureau-zabotto L, 



68 

 

Turrini O, Resbeut M, Raoul J, Giovannini M, Poizat F, Piana G, Delpero 

J, Bertucci F, Joo I, Lee JM, Yoon JH and See OS: Orthotopic 

transplantation models of pancreatic adenocarcinoma derived from cell 

lines and primary tumors and displaying varying metastatic activity. 

Pancreas 117: 1–13, 2018. PMID: 11915860. DOI: 10.1097/00006676-

200410000-00004. 

71 Rubin MA, Maher CA, Chinnaiyan AM, Rubin MA and Medical WC: J 

OURNAL OF C LINICAL O NCOLOGY Common Gene Rearrangements 

in Prostate Cancer. J Clin Oncol. 2011 Sep 20;29(27):3659-6829. PMID: 

21859993  DOI: 10.1200/JCO.2011.35.1916. 

72 Pauli C, Hopkins BD, Prandi D, Shaw R, Fedrizzi T, Sboner A, Sailer V, 

Augello M, Puca L, Rosati R, McNary TJ, Churakova Y, Cheung C, Triscott 

J, Pisapia D, Rao R, Mosquera JM, Robinson B, Faltas BM, Emerling BE, 

Gadi VK, Bernard B, Elemento O, Beltran H, Demichelis F, Kemp CJ, 

Grandori C, Cantley LC and Rubin MA: Personalized in vitro and in vivo 

cancer models to guide precision medicine. Cancer Discov 7(5): 462–477, 

2017. PMID: 28331002. DOI: 10.1158/2159-8290.CD-16-1154. 

73 Grasso CS, Wu Y, Robinson DR, Cao X, Saravana M, Khan AP, Quist MJ, 

Jing X, Robert J, Brenner JC, Asangani IA, Ateeq B, Chun SY, Sam L, 

Anstett M, Mehra R, Prensner JR, Ryslik GA, Vandin F, Raphael BJ, 

Lakshmi P, Rhodes DR, Pienta KJ and Chinnaiyan AM:The Mutational 

Landscape of lethal castration-resistant prostate cancer.  Nature. 2012 Jul 

12;487(7406):239-43. PMID: 22722839  DOI: 10.1038/nature11125.The. 



69 

 

74 Suk K, Peng J and Yang H: Animal models of cholangiocarcinoma. Curr 

Opin Gastroenterol. 29(3):312-8 29: 312–318, 2013. PMID: 23434850  

DOI: 10.1097/MOG.0b013e32835d6a3e. 

75 Ruggeri BA, Camp F and Miknyoczki S: Animal models of disease : Pre-

clinical animal models of cancer and their applications and utility in drug 

discovery. Biochem Pharmacol 87(1): 150–161, 2014. PMID: 23817077  

DOI: 10.1016/j.bcp.2013.06.020. 

76 Aparicio S, Hidalgo M and Kung AL: Examining the utility of patient- 

derived xenograft mouse models. Nat Publ Gr 15(5): 311–316, 2015.  

PMID: 25907221 DOI: 10.1038/nrc3944. 

77 Wilding JL, Bodmer WF, Res C and Onlinefirst P: Cancer Cell Lines for 

Drug Discovery and Development. Cancer Res. 2014 May 1;74(9):2377-

84. PMID: 24717177 DOI: 10.1158/0008-5472.CAN-13-2971014. DOI: 

10.1158/0008-5472.CAN-13-2971. 

78 Zhang H, Cohen AL, Krishnakumar S, Wapnir IL, Veeriah S, Deng G, 

Coram MA, Piskun CM, Longacre TA, Herrler M, Frimannsson DO, Telli 

ML, Dirbas FM, Matin AC, Dairkee SH, Larijani B and Glinsky G V: 

Patient-derived xenografts of triple-negative breast cancer reproduce 

molecular features of patient tumors and respond to mTOR inhibition. 

16(2): 1–16, 2014. PMID: 24708766  DOI: 10.1186/bcr3640. 

79 Scott CL, Becker MA, Haluska P and Samimi G: Patient-derived xenograft 

models to improve targeted therapy in epithelial ovarian cancer treatment. 

3: 1–8, 2013. PMID: 24363999  DOI: 10.3389/fonc.2013.00295. 



70 

 

80 Zhang T, Zhang L, Fan S, Zhang M, Fu H and Liu Y: Patient-Derived 

Gastric Carcinoma Xenograft Mouse Models Faithfully Represent Human 

Tumor Molecular Diversity. PLoS One. 2015 Jul 28;10(7):e0134493.1–13, 

2015. PMID: 26217940  DOI: 10.1371/journal.pone.0134493. 

81 Topp MD, Hartley L, Cook M, Heong V, Boehm E, McShane L, Pyman J, 

McNally O, Ananda S, Harrell M, Etemadmoghadam D, Galletta L, Alsop 

K, Mitchell G, Fox SB, Kerr JB, Hutt KJ, Kaufmann SH, Australian 

Ovarian Cancer Study, Swisher EM, Bowtell DD, Wakefield MJ and Scott 

CL: Molecular correlates of platinum response in human high-grade serous 

ovarian cancer patient-derived xenografts. Mol Oncol 8: 656–668, 2014. 

PMID: 24560445. DOI: 10.1016/j.molonc.2014.01.008. 

82 Cekanova M and Rathore K: Animal models and therapeutic molecular 

targets of cancer: Utility and limitations. Drug Des Devel Ther 8(3): 1911–

1922, 2014. PMID: 25342884. DOI: 10.2147/DDDT.S49584. 

83 Barbieri CE, Baca SC, Lawrence MS, Blattner M, Theurillat J, White TA, 

Allen E Van, Stransky N, Nickerson E, Chae S, Boysen G, Auclair D, 

Onofrio R, Park K, Kitabayashi N, Macdonald TY, Sheikh K, Vuong T, 

Guiducci C, Sivachenko A, Carter SL, Saksena G, Voet D, Hussain M, 

Ramos AH, Winckler W, Redman MC, Ardlie K, Tewari AK, Mosquera JM, 

Rupp N, Wild PJ, Moch H, Morrissey C, Nelson PS, Kantoff PW, Gabriel 

SB and Todd RExomes Sequencing Identifies rcurrent SPOP, FOXA1, and 

MED13 mutation in Prostate cancer : NIH Public Access. 44: 685–689, 

2013. DOI: 10.1038/ng.2279 



71 

 

84 Johnson JI, Decker S, Zaharevitz D, Rubinstein L V, Venditti JM, Schepartz 

S, Kalyandrug S and Christian M: Relationships between drug activity in 

NCI preclinical in vitro and in vivo models and early clinical trials. 84(10): 

1424–1431, 2001. PMID: 11355958  DOI: 10.1054/bjoc.2001.1796 

85 Garber BK: From Human to Mouse and Back : “ Tumorgraft ”. J Natl 

Cancer Inst. 2009 Jan 7;101(1):6-8. PMID: 19116380 DOI: 

10.1093/jnci/djn481 

86 Ojima H, Yoshikawa D, Ino Y, Shimizu H, Miyamoto M, Kokubu A, 

Hiraoka N, Morofuji N, Kondo T, Onaya H, Okusaka T, Shimada K, 

Sakamoto Y, Esaki M, Nara S, Kosuge T, Hirohashi S, Kanai Y and Shibata 

T: Establishment of six new human biliary tract carcinoma cell lines and 

identification of MAGEH1 as a candidate biomarker for predicting the 

efficacy of gemcitabine treatment. Cancer Sci 101(4): 882–888, 2010. 

PMID: 20088962. DOI: 10.1111/j.1349-7006.2009.01462.x. 

87 Ku J, Yoon K, Kim I, Kim W, Jang J, Suh K, Kim S, Park Y, Hwang J, Yoon 

Y and Park J: Establishment and characterisation of six human biliary tract 

cancer cell lines. Br J Cancer. 2002 Jul 15;87(2):187-93. 187–193. PMID: 

12107841  DOI: 10.1038/sj.bjc.6600440. 

88 Olson B, Li Y, Lin Y, Liu ET and Patnaik A: Mouse models for cancer 

immunotherapy research. Cancer Discov 8(11): 1358–1365, 2018. PMID: 

30309862. DOI: 10.1158/2159-8290.CD-18-0044. 

89 Zitvogel L, Pitt JM, Daillère R, Smyth MJ and Kroemer G: Mouse models 

in oncoimmunology. Nat Rev Cancer 16(12): 759–773, 2016. PMID: 



72 

 

27687979. DOI: 10.1038/nrc.2016.91. 

90 Marusyk A and Polyak K: Tumor heterogeneity: Causes and consequences. 

Biochim Biophys Acta Rev Cancer 1805(1): 105–117, 2010. PMID: 

19931353. DOI: 10.1016/j.bbcan.2009.11.002. 

91 Leiting JL, Murphy SJ, Bergquist JR, Hernandez MC, Ivanics T, 

Abdelrahman AM, Yang L, Lynch I, Smadbeck JB, Cleary SP, Nagorney 

DM, Torbenson MS, Graham RP, Roberts LR, Gores GJ, Smoot RL and 

Truty MJ: Biliary tract cancer patient-derived xenografts: Surgeon impact 

on individualized medicine. JHEP Reports 2020 Jan 16;2(2):100068. PMID: 

32181445  DOI: 10.1016/j.jhepr.2020.100068. 

92 Sirica AE, Zhang Z, Lai G, Asano T, Shen X, Ward DJ, Mahatme A and 

Dewitt JL: A Novel “Patient-like” Model of Cholangiocarcinoma 

Progression Based on Bile Duct Inoculation of Tumorigenic Rat 

Cholangiocyte Cell Lines. Hepatology. 2008 Apr;47(4):1178-90. PMID: 

18081149  DOI: 10.1002/hep.22088. 

93 Loeuillard E, Fischbach SR, Gores GJ and Rizvi S: Animal models of 

cholangiocarcinoma. Biochim Biophys Acta - Mol Basis Dis 1865(5): 982–

992, 2019. PMID: 29627364  DOI: 10.1016/j.bbadis.2018.03.026. 

94 Arul GS, Moorghen M, Myerscough N, Alderson DA, Spicer RD and 

Corfield AP: Mucin gene expression in Barrett’s oesophagus: An in situ 

hybridisation and immunohistochemical study. Gut 47(6): 753–761, 2000. 

PMID: 11076872. DOI: 10.1136/gut.47.6.753. 

95 Corfield AP, Carroll D, Myerscough N and Probert CS: Mucins in the 



73 

 

gastrointestinal tract in health and disease. Front Biosci 6: 1321–1357, 

2001. PMID: 11578958. DOI: 10.2741/a684. 

96 Guillem P, Billeret V, Buisine MP, Flejou JF, Lecomte-Houcke M, Degand 

P, Aubert JP, Triboulet JP and Porchet N: Mucin gene expression and cell 

differentiation in human normal, premalignant and malignant esophagus. 

Int J Cancer 88(6): 856–861, 2000. PMID: 11093805. DOI: 10.1002/1097-

0215(20001215)88:6<856::AID-IJC3>3.0.CO;2-D. 

97 Montal R, Sia D, Montironi C, Leow WQ, Esteban-fabró R, Pinyol R, 

Torres-martin M, Bassaganyas L, Moeini A, Peix J, Cabellos L, Maeda M, 

Villacorta-martin C, Tabrizian P, Rodriguez-carunchio L, Castellano G, 

Sempoux C, Minguez B, Pawlik TM, Labgaa I, Roberts LR, Sole M, Fiel 

MI, Thung S, Fuster J, Roayaie S, Villanueva A, Schwartz M and Llovet 

JM: Molecular Classification and Therapeutic Targets in Extrahepatic 

Cholangiocarcinoma. 73(2): 315–327, 2021. PMID: 32173382  DOI: 

10.1016/j.jhep.2020.03.008. 

98 Sahai V, Catalano PJ, Zalupski MM, Lubner SJ, Menge MR, Nimeiri HS, 

Munshi HG, Bowen A, Iii B and Dwyer PJO: Nab-Paclitaxel and 

Gemcitabine as First-line Treatment of Advanced or Metastatic 

Cholangiocarcinoma A Phase 2 Clinical Trial. JAMA Oncol. 2018 Dec 

1;4(12): 1707–1712, 2018. PMID: 30178032  DOI: 

10.1001/jamaoncol.2018.3277. 

99 Martinez-garcia R, Juan D, Rausell A, Muñoz M, Baños N, Menéndez C, 

Lopez-casas PP, Rico D, Valencia A and Hidalgo M: Transcriptional 



74 

 

dissection of pancreatic tumors engrafted in mice. Genome Med. 2014 Apr 

16;6(4):27. PMID: 24739241  DOI: 10.1186/gm544. 

100 Von Hoff DD, Ervin T, Arena FP, Chiorean EG, Infante J, Moore M, Seay 

T, Tjulandin SA, Ma WW, Saleh MN, Harris M, Reni M, Dowden S, Laheru 

D, Bahary N, Ramanathan RK, Tabernero J, Hidalgo M, Goldstein D, Van 

Cutsem E, Wei X, Iglesias J and Renschler MF: Increased Survival in 

Pancreatic Cancer with nab-Paclitaxel plus Gemcitabine. N Engl J Med 

69(18): 1691–1703, 2013. PMID: 24131140. DOI: 

10.1056/nejmoa1304369. 

101 Bertotti A, Migliardi G, Galimi F, Sassi F, Torti D, Isella C, Corà D, di 

Nicolantonio F, Buscarino M, Petti C, Ribero D, Russolillo N, Muratore A, 

Massucco P, Pisacane A, Molinaro L, Valtorta E, Sartore-Bianchi A, Risio 

M, Capussotti L, Gambacorta M, Siena S, Medico E, Sapino A, Marsoni S, 

Comoglio PM, Bardelli A and Trusolino L: A molecularly annotated 

platform of patient- derived xenografts (‘xenopatients’) identifies HER2 as 

an effective therapeutic target in cetuximab-resistant colorectal cancer. 

Cancer Discov 1(6): 508–523, 2011. PMID: 22586653. DOI: 

10.1158/2159-8290.CD-11-0109. 

102 Park H, Cho SY, Kim H, Na D, Han JY, Chae J, Park C, Park OK, Min S, 

Kang J, Choi B, Min J, Kwon JY, Suh YS, Kong SH, Lee HJ, Liu ET, Kim 

J Il, Kim S, Yang HK and Lee C: Genomic alterations in BCL2L1 and 

DLC1 contribute to drug sensitivity in gastric cancer. Proc Natl Acad Sci U 

S A 112(40): 12492–12497, 2015. PMID: 26401016. DOI: 



75 

 

10.1073/pnas.1507491112. 

103 Nardella C, Lunardi A, Patnaik A, Cantley LC and Pandolfi PP: The APL 

paradigm and the ‘co-clinical trial’ project. Cancer Discov 1(2): 108–116, 

2011. PMID: 22116793. DOI: 10.1158/2159-8290.CD-11-0061. 

 

 

 
 

  



76 

 

 
 
 
 

ACKNOWLEDGEMENT 
                                                       
 
 
 
 
 

 Many people have given their precious, time, ideas, and energy to 

contribute to this work. I thank you.  I would like to sincerely thank my 

supervisor Prof. Yun-Hee Kim for her unwavering support, guidance, 

mentorship, and encouragement throughout the course of this work.  

 In a special way I want to thank and pay special tribute to my laboratory 

Colleagues: Im Ji Eun, Lee Mi Rim, Lee Yu-Sun, Kim Joon-Ki, Jeon A-Ra, 

Choi Sun ll; you are so amazing and helpful every time I needed help, your 

contribution is immeasurable, and I will forever be grateful to you all. 

I would like to thank my family: Jane, Giovanna, Giulianna and Gianna for 

the encouragement, love and support every time we talked. To my Mum and 

my siblings for your encouragements over the days. You made me carry on 

even when I felt weary. To many of my friends and Colleagues who 

encouraged me, I am sincerely grateful. 

Lastly, I would like to thank the management of Uganda cancer institute and 

the pharmacy department for supporting me and having accepted me to be 

a way for this long. To everyone else, thank you. 


