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Abstract. Cholangiocarcinoma is an intractable carcinoma 
originating from the bile duct epithelium. To gain an under-
standing of the cell biology of cholangiocarcinoma, in vitro 
cell culture is valuable. However, well-characterized cell lines 
are limited. In the present study, the morphology of the TK 
cholangiocarcinoma cell line was analyzed by three-dimen-
sional culture. Dispersed TK cells were injected into a gelatin 
mesh scaffold and cultivated for 3-20 days. The morphology of 
the TK cells was investigated by phase-contrast microscopy, 
optical microscopy, scanning electron microscopy (SEM) 
and transmission electron microscopy (TEM). TK cells were 
observed to proliferate three-dimensionally in the scaffold. The 
cells exhibited a globoid structure and attached to the scaffold. 
The SEM observation demonstrated typical microvilli and 
plicae on the surface of the structure. Light microscopy and 
TEM confirmed intercellular and cell‑to‑scaffold attachment 
in the three-dimensional mesh. The culture also exhibited the 
formation of a duct-like structure covered by structured micro-
villi. In conclusion, three-dimensional culture of TK cells 
demonstrated the morphological characteristics of cholangio-
carcinoma in vitro. Production of high levels of carbohydrate 
antigen (CA)19-9, CA50 and carcinoembryonic antigen was 
previously confirmed in the TK cell line. As a characteristic 
morphology was demonstrated in the present study, the TK 
cholangiocarcinoma cell line may be useful as an experimental 
model for further study of cholangiocarcinoma.

Introduction

Cholangiocarcinoma is an intractable malignant tumor 
originating from the bile duct, and the incidence of this 
carcinoma is increasing worldwide. Regardless of recent 
advances in medical treatment, surgical resection is the only 
potentially curative treatment for the disease. However, less 
than one-third of patients recommended for surgical resection 
as the tumor rapidly progresses to the perivascular or organ 
systems and is often only diagnosed at an advanced stage. 
Although chemotherapy, including a combination of molecular 
targeting-therapies, is the therapy of choice for the majority of 
patients, the prognosis remains poor at the present time (1,2). 
While most patients do not have a specific background under-
lying the occurrence of cholangiocarcinoma, several risk 
factors have been demonstrated in the disease pathogenesis (3). 
These factors include the presence of gallstones, chronic 
ulcerative colitis, infection by liver flukes, congenital biliary 
cysts, primary sclerosing cholangitis (PSC) and nitrosamine 
exposure (4,5).

Recently, cholangiocarcinoma has been frequently high-
lighted as a high incidence was observed amongst industrial 
workers in Japanese printing companies (6). Five cholangio-
carcinoma cases were identified among 33 workers who were 
employed for >1 year in a printing factory in Osaka. Further 
investigation increased the total case load to 18. In this 
instance, the onset of the disease was at a relatively young age, 
arising between the ages of 25-40 years. Similar cases were 
also identified in the Tokyo, Fukuoka and Miyagi provinces in 
Japan. Etiology of the disease has been attributed to long-term 
exposure to chemical substances, such as dichloromethane 
and 1,2-dichloropropane (7). However, further investigation is 
required to clarify the involvement of these chemicals in the 
pathogenesis of cholangiocarcinoma, including tumor initia-
tion, promotion and/or progression.

In order to understand the mechanism of pathogenesis of 
malignant tumors, cellular biological methods, with morpho-
logical, biochemical and molecular approaches utilizing cell 
culture, are valuable. With regard to cholangiocarcinoma, 
studies have been conducted using several cell lines (8-12). 
However, available cholangiocarcinoma cell lines are limited 
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and results from these lines were predominantly intended for 
molecular applications. Thus, these accessible cell lines are 
not accompanied by detailed biochemical and morphological 
data sets and are insufficient for full understanding of the 
pathogenic mechanisms.

Previously, we established a cholangiocarcinoma cell line 
from a 78-year-old female patient diagnosed with extrahepatic 
cholangiocarcinoma. This line was designated as TK and 
was demonstrated to express biochemical markers, such as 
carbohydrate antigen (CA) 19-9, CA50 and carcino-embryonic 
antigen (CEA) (13). The cell line is able to be implanted into 
nude mice to produce xenograft animal models. However, in 
addition to these biochemical characterizations, morpholog-
ical study is required for a greater understanding of the nature 
of the cell line, particularly its utilization as an experimental 
cholangiocarcinoma model.

A three-dimensional cell culture method was also devel-
oped with an originally-devised collagen mesh. In the mesh, 
cells are able to attach freely to the scaffold and proliferate 
without space limitation from the anchors. One application of 
this method is in the investigation of cell differentiation. For 
example, when fibroblasts were cultured three‑dimensionally 
in the presence of demineralized bone powder, the cells 
produced an extracellular matrix similar to that deposited 
around chondrocytes (14,15). This effect was confirmed by 
kinetic analysis of gene expression throughout the chondroin-
duction period (16). Furthermore, this method of cell culture 
is able to be combined with several bioreactors. The effects 
of medium perfusion (17), hydrostatic pressure (18,19) and 
exposure to low oxygen tension (20) were analyzed by this 
method. In addition, the culture was particularly useful for 
a morphological study, simulating the in vivo behavior of a 
malignant tumor. The method enabled individual distinction 
of the four representative malignant glioma cell lines used for 
cell biological experiments, along with their different charac-
teristics. Behaviors associated with cell differences, migration, 
attachment and patterns of proliferationbecame evident only 
following three-dimensional cell culture (21).

The use of three-dimensional cell culture is becoming 
a more widespread and is being applied to a broader range 
of cell lines (22). However, there are few studies regarding 
three-dimensional cell culture of human cholangiocarcinoma 
cell lines. To add to the biochemical data obtained in our 
previous study, in the present study the morphology of the 
TK cell line was analyzed in three-dimensional cell culture 
to determine whether or not the cell line may be used for a 
wide range of experimental studies of cholangiocarcinoma 
in vitro.

Materials and methods

TK cell line and three‑dimensional cell culture. TK cells 
were cultured with RPMI-1640 complete medium (Gibco 
Life Technologies Japan, Tokyo, Japan), supplemented with 
15% fetal bovine serum (Lot no. SFB30-1478, Equitech-Bio, 
Kershville, TX, USA), 2 mM glutamine and 1 mM 
sodium pyruvate (Gibco Life Technologies Japan). The 
three-dimensional culture method for the experiments was a 
modification of the method described by Mizuno et al (15). 
The scaffold material used for three-dimensional culture was a 

bio-absorbable, degradable gelatin. In brief, dispersed TK cells 
(1x104 cells/100 µl complete RPMI medium) were injected into 
the scaffolds of three-dimensional meshes and left to stand for 
4‑6 hours at 37˚C in a 5% CO2 incubator. Following the attach-
ment of the cells to the scaffolds, the meshes were transferred 
onto a 10-cm dish, immersed in 10 ml culture medium and 
further cultivated for 3-20 days (21).

Morphological examinations
Phase contrast microscopy. Cell attachment and prolifera-
tion in three-dimensional culture were observed with a phase 
contrast microscope (CK2, Olympus Corporation, Tokyo, 
Japan). The meshes were directly subjected to microscopy 
without fixing or staining during the culture.

Light optical microscopy. Cells in the culture mesh were fixed 
with 10% phosphate-buffered formalin and subjected to an 
automatic paraffin embedding system (ETP‑150CV, Sakura 
Finetek Japan Co., Ltd., Tokyo, Japan). Paraffin‑embedded 
specimens were sliced into 6-µl-thick sections using a micro-
tome and stained with haematoxylin and eosin. These sections 
were examined under a light microscope (IX71, Olympus 
Corporation). Images were captured using a charge-coupled 
device image sensor (VB‑7010, Keyence Japan, Osaka, Japan).

Scanning electron microscopy (SEM). The cells attached to 
the mesh were fixed by treatment with 1.2% glutaraldehyde in 
0.1 M phosphate buffer (pH 7.3, 400 mOsm). The specimens 
were dehydrated with a graded series of ethanol ranging from 
50% through 70, 80, 90 and 100%. Following further treat-
ment with 100% iso-amylacetate, the samples were dried by a 
critical point dryer (Hitachi High-Technologies Corporation, 
Tokyo, Japan) and sprayed with Au-Pd. Cells in the mesh were 
examined at 15 kV under a JSM‑5800LV scanning electron 
microscope (JEOL Ltd., Tokyo, Japan).

Transmission electron microscopy (TEM). For transmission 
electron microscopy, the tissues were fixed with 2% glutar-
aldehyde in 0.1 M phosphate buffer and dehydrated by serial 
dilution of ethanol. Subsequent to treatment with a substituting 
agent, the tissues were infiltrated prior to polymerization in 
epoxy resin and sectioning with an ultramicrotome (Leica, 
Vienna, Austria). Ultra‑thin sections were further treated 
with uranyl acetate and lead citrate, and observed by the 
Hitachi H-7500 transmission electron microscope (Hitachi 
High-Technologies Corporation, Tokyo, Japan).

Results

Morphology of cultured cells in the scaffold. Following injec-
tion of dispersed TK cells into the three-dimensional mesh, the 
cells attached to the scaffold. Inoculated cells initially adhered 
to the material and then started to grow at the attached spots. 
Plating efficiency was not determined, as unattached cells did 
not remain attached to the mesh and instead diffused into the 
culture medium and were removed from further cultivation. 
After five days, proliferated cells were detected in clusters and 
the TK cells had aggregated and formed globoid structures 
(Fig. 1A). Fig. 1A obtained by phase contrast microscopy 
demonstrates the appearance of the cholangiocarcinoma 
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cluster in three-dimensional culture. The structure grew 
relative to the culture duration. On day 14 of culture, light 
optical microscopy demonstrated that the TK cells had aggre-
gated and formed duct-like assemblies (Fig. 1B). At higher 
magnification, cells were observed to be filled with deposits 
of a secretory substance in the cytoplasm (Fig. 1C). These 
deposits were periodic acid schiff-positive as demonstrated in 

a previous study (13). Fig. 1C also demonstrated the organiza-
tion of the attachment of the cell to the scaffold.

SEM shows cell processes on TK cell surfaces. The cells 
aggregated and formed globoid shapes in the scaffold. The 
overall architecture was clearly demonstrated by scanning 
electron microscopy on day 10 of culture (Fig. 2A). The 

Figure 1. Three-dimensional culture of TK cells in the scaffold. (A) Appearance of the cholangiocarcinoma cells by phase contrast microscopy on day 5 of 
culture (magnification, x20). (B) Optical micrograph of the cholangiocarcinoma on day 14 of culture. TK cells aggregated and formed a duct‑like structure at 
x40 maginifcation and at (C) x100 magnification.

  B

  C

  A

Figure 2. Scanning electron micrographs on day 10 of the three‑dimensional culture. (A) TK cells attached to the scaffold and proliferated (magnification, 
x400). (B) Cells aggregated and formed a globoid structure. Although the cells conglomerated and formed a balloon-like structure, the boundary of each 
cell was relatively clear. (magnification. x1,400). (C) The surface of the cells was covered with dense microvilli or sparse plicae (magnification, x2,700). 
(D) Although the cultured cells originated from the same TK cell line, the cells exhibited different morphologies at the surface (magnification, x7,500).

  D  C

  B  A
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surface of the structure consisting of TK cells was covered 
with numerous floral‑shaped microvilli. Closer observation 
revealed that the pattern was not homogeneous, despite the 
cells originating from the same cell line (Fig. 2B). Higher 
magnification of another region of the culture demonstrated 
that certain cells possessed relatively sparse plicae whereas 
others possessed dense microvilli (Fig. 2C). These two types 
of processes were observed on the same globoid structure; 
however, were segregated and distributed differently. This 
was confirmed by examination at higher magnification 
(x7,500; Fig. 2D).

TEM observation of the three‑dimensional culture. A 
cross-section of the globoid aggregate on day 7 of the 
three-dimensional culture was observed by TEM (Fig. 3A), 
showing the internal arrangement of the cells to be semi-irreg-
ular. Cells of varying electron-density were observed in the 
microscopy image. Numerous microvilli were identified on the 
surface of the structure and also protruded into the extracellular 
space on the inner side of the aggregate. The cells exhibited 
irregularly-shaped nuclei and the endoplasmic reticula and 
mitochondria were not well-developed. On the outside of the 
structure, microvilli were observed only on the surface layer of 
the cells and distribution of the microvilli was demonstrated to 
be dense when observed under higher magnification (x5,000; 
Fig. 3B). When cultured three-dimensionally, certain cells 
formed gland-like structures and the lumen were covered by 

microvilli (Fig. 3C). These structures consisted of multiple 
cells attached to each other by a cell adherent apparatus, 
such as a desmosome (Fig. 3D). The scaffold demonstrated 
bio-adaptability and cultured cells attached to the scaffold via 
cell processes and/or microvilli (Fig. 3E).

Discussion

In this study, the established human TK cholangiocarcinoma 
cell line was cultivated three-dimensionally. Morphological 
observations demonstrated characteristics of cholangiocar-
cinoma that are not observed by ordinary two-dimensional 
culture. The observations of the morphological characteristics 
of the cultured TK cells add to the biochemical characteristics 
demonstrated in a previous study (13).

Cholangiocarcinoma is one of the most intractable human 
diseases (23). The majority of cases are inoperable and only 
30% of patients qualify for surgical treatment (24). While 
total numbers of patients are small compared with those with 
more common carcinomas of the colon or lung, the rising inci-
dence (25) and high mortality rate (26) require the development 
of more effective therapeutic strategies. The median survival 
time is <12 months in unresectable cholangiocarcinoma (12) 
and even in cases of radical resection, the recurrence rate 
was reported to be high (27). In the absence of PSC, cura-
tive surgical resection results in a 5-year survival rate of 
only 2-43% (28). Therefore, the development of an additional 

Figure 3. Transmission electron micrographs on day 7 of three-dimensional culture. (A) A cross-section of the structure. The extracellular space inside the 
structure is shown. (B) The surface of the structure is covered with microvilli and each cell exhibits a different electron density. (C) The cultured cell had a 
granular or duct‑like structureand the lumen was covered with microvilli. (D) Higher magnification revealed that the structure was composed of more than one 
cell and a desmosome was observed between cells. (E) Attachment of the cell to the scaffold.
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cholangiocarcinoma cell line with clearly understood biochem-
ical and morphological characteristics may be useful for further 
understanding of the nature of this malignancy.

The TK cell line originated from ascites of an extrahepatic 
cholangiocarcinoma patient. The carcinoma of the common 
bile duct had diffusely invaded the liver, gallbladder and 
hepatoduodenal ligament. The CT scan revealed swelling of 
the 12th lymph node and blood analysis demonstrated elevated 
levels of γ-glutamyl transpeptidase, alkaline phosphatase and 
liver activator protein (13). The incidence of cholangiocar-
cinoma is relatively high in males, possibly due to a higher 
incidence of PSC (29); however, the patient from which the 
TK cell line was derived was female. Approximately 90% 
of patients diagnosed with cholangiocarcinoma do not have 
a recognized risk factor for the malignancy (30,31) and in 
the present case, parasitic infection or exposure to toxic risk 
factors, such as Thorotrast, were not reported. As this cell line 
was established from a Japanese patient, the model may be 
useful for studying local specificity, such as the incidence of 
cases in the Japanese printing industrial sector.

Under ordinary culture, the TK cells adhered and grew 
on the two‑dimensional surface of the culture flask or dish as 
previously described (13). While the majority of cells clearly 
attached to the culture device, certain cells were observed to 
accumulate or float suggesting that the cells were of ascitic 
origin. Monolayered TK cells were also demonstrated to 
frequently form a gland-like structure. However, these cells did 
not exhibit steric cell connections, unlike in the three-dimen-
sional culture in the present study, which demonstrated 
the existence of microvilli in the luminal structures. The 
morphology was comparable to patterns of three-dimensional 
culture of various glioma cell lines (21). Numerous studies 
have suggested that three-dimensional cell-to-cell connections 
are important for proliferation, adhesion, migration, invasion 
and cell phenotype, and that two‑dimensional cells on flat and 
hard plastic dishes or flasks are not representative of natural 
cells in living tissues or organs (22).

A number of methods have been utilized for three-dimen-
sional cell culture. Representative examples include 
reconstituted basement membrane (commercially known 
as Matrigel) (32-33) and spheroids (35,36). Numerous other 
devices with a collagen scaffold are also available. One advan-
tage of device used in the present study is its applicability as a 
scaffold to various types of extracellular matrix. This is due to 
the mesh being directly produced from a solution of numerous 
types of matrix. The extracellular matrix is also known to be 
important for morphogenesis as it is involved in the cell-to-cell 
connection and anchoring of cells (37). In addition, the culture 
may be used in combination with bioreactors and the cultured 
mesh may be implanted for in vivo experiments. Moreover, 
by labeling the cells with radioisotopes or using the release 
method, the culture is valuable for cytolytic or cytotoxic 
assays (38).

Morphological assessment of the three-dimensional 
culture of TK revealed steric attachments to neighboring 
cells with cell-adhering apparatus, such as desmosomes 
and scaffolds. When cultured three-dimensionally, the cells 
constructed globoid structures and their surface was covered 
with distinctive microvilli. These structures were demon-
strated in gland-like structures, the lumen of which was also 

covered with microvilli. These observations indicate the 
morphology of TK cells as being cholangiocarcinomatous in 
origin. The results demonstrate that TK cells may be used as 
a model of a cholangiocarcinoma cell line in carious aspects 
of their morphology in addition to their previously established 
biochemical properties. Moreover, this culture method may be 
useful for elucidating the pathogenesis of cholangiocarcinoma 
and may be beneficial in therapeutic investigations of a number 
of factors, such as the sensitivity to anticancer strategies, using 
morphological observation. The results of the present study 
highlight the requirement for further analysis of the TK cell 
line and its potential use in the development of therapeutics.
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