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Establishment of a new human extrahepatic bile duct carcinoma cell line
(OCUCh-LM1) and experimental liver metastatic model
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Semmary A new human extrahepatic bile duct carcinoma cell line, designated OCUCh-LM1, was established
from a liver metastatic lesion in a 61-year-old male. OCUCh-LM1 cells proliferated in a monolayered sheet
with a population doubling time of 31 h. OCUCh-LM1 cells had an ancuploid pattern with a DNA index of
1.76, and chromosome counts showed a unimode of 63. OCUCh-LM1 cells expressed various carbohydrate
antigens, including sialyl Lewis X, carbohydrate antigen 19-9 and SPan-1 antigen. Subcutaneous injections of
OCUCBh-LM1 cells induced tumour formation in nude mice. The reconstituted tumours were classified as
well-differentiated adenocarcinoma. A daughter line, designated OCUCh-LM1-H1, was also established from
liver metastatic colonies induced by splenic injection of OCUCh-LM1. OCUCh-LM1-H1 cells showed a higher
potential for liver metastasis than OCUCh-LM1 (100% vs 20%). Since OCUCh-LM]1 retains the initial
characteristics (as of 93 passages at present) and expresses various carbohydrate antigens, the OCUCh-LM1
cell line and liver metastatic model established here will be useful for the study of the biological nature of
extrahepatic bile duct carcinoma and the relationship between the expression of carbohydrate antigens and
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The prognosis of patients with extrahepatic bile duct car-
cinoma is poor despite recent advances in diagnostic imaging
and therapeutic techniques (Miyazaki et al., 1987). In many
cases, curative surgery is difficult because this carcinoma is
usually detected at an advanced stage, spreading invasively
along the bile duct and involving the vessels at the time of
initial diagnosis. An understanding of the biological nature
of this neoplasm is needed to improve the prognosis of these
patients. Cultured human cancer cell lines of various organ
systems have greatly contributed to the understanding of
tumour biology and the definition of tumour-associated anti-
gens. However, extrahepatic bile duct carcinoma cell lines are
very rare, and only two such cell lines — SK-ChA-1 (Knuth et
al., 1985) and KMBC (Yano et al, 1992) - have been
reported. In this paper, we report the establishment of a new
human extrahepatic bile duct carcinoma cell line, designated
OCUCh-LM1, and an experimental liver metastatic model.

Materials and methods
Origin of cells

A 61-year-old Japanese man with jaundice was diagnosed as
having extrahepatic bile duct carcinoma with multiple liver
metastases based on the findings of percutaneous trans-
bepatic cholangiography, computerised tomography and
ultrasonography. Serum tumour marker levels on admission
were as follows: sialyl Lewis X (SLX), 46.7 Uml"!; car-
bohydrate antigen 19-9 (CA19-9) 225U ml"}; SPan-1
antigen, 140 Uml~'; carcinoembryonic anngen (CEA)
1.2ngml~'; and alpha—fetoprotem (AFP), 7.5ngml~!. Par-
tial r&eecuon of the bile duct, cholecystectomy, choledochoje-
junostomy and biopsy of a liver metastatic lesion were per-
formed. Thecellhnedwcnbedmthxspaperwasdenved
from this liver biopsy specimen, and the liver metastatic
lesion was histologically diagnosed as a well-differentiated
adenocarcinoma.
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Cell culture

The specimen was washed in phosphate-buffered saline (PBS)
and minced into small pieces with no enzyme present. The
cell suspension was filtered through a sterile mesh and cen-
trifuged at 1500 r.p.m. for 5 min, and the cell pellet was then
suspended in Dulbecco’s modified Eagle medium (DMEM;
Bioproducts) supplemented with 10% fetal calf serum (FCS;
Commonwealth Serum Laboratories), penicillin (100 IU ml-!,
Flow Laboratories), streptomycin (100 ugml-!, Flow
Laboratories), sodium pyruvate (0.5 mM, Bioproducts), and
L-glutamine (2 mM, Bioproducts) and seeded into 100 mm
dishes. The cells were cultured at 37°C in a humidified atmo-
sphere of 5% carbon dioxide. Cell cultures were subcultured
with brief trypsin treatment until detachment of cell
islands.

Morphological studies

Cell morphology was observed with a phase-contrast micro-
scope (Nikon TMD). For transmission electron microscopy,
a single-cell suspension was centrifuged (1000 r.pm., 5 min)
and the pellet was washed three times in PBS. The pellet was
fixed for 5 min at 4°C in a 3% glutaralaldehyde solution, and
post-fixed for 20 min at 4°C in a 2% osmium tetroxide
solution. After embedding of the pellet in Epon, thin sections
were cut and stained with uranyl acetate and lead citrate.
Electron micrographs were taken with a JEOL 1200X elec-
tron microscope (JEOL, Tokyo, Japan).

Growth curve

A suspension of 1.0 x 10° cells was placed in 35 mm dishes,
and the number of cells was counted at intervals of 6-12h
for 5 days with a Coulter counter (Coulter Electronics) (San-
ford et al., 1951). The doubling time was determined from
the growth curve.

DNA analysis

Flow cytometric analysis of nuclear DNA content of
OCUCh-LMI cells was performed using a FACScan (Becton
Dickinson).
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Chromosome study

Chromosome analysis using G-banding was performed on
cells at the 12th passage (Seabright, 1971). OCUCh-LM1
cells were treated with colcemid (Gibco Laboratories) for 2 h
at a final concentration of 0.05pgml~'. Cells were re-
suspended in a hypotonic solution (0.075M potassium
chloride). Fixation was performed in Carnoy’s fixative. The
cells were dropped onto chilled glass slides, stained with
Giemsa solution, mounted, and photographed for counting.
Twenty cells in metaphase were analysed.

Tumour-associated antigen secretion

The secretion of tumour-associated antigens was studied with
the supernatants collected from cells cultured for 5 days. The
SLX (Fukushi et al., 1985) and CA19-9 (Koprowski ez al.,
1979) levels of the supernatants were determined by SLX
Otsuka kit (Otsuka Assay Laboratories, Tokushima, Japan)
and CA19-9 RIA kit (Centocor, Malvern, PA, USA) respec-
tively. The SPan-1 antigen (Chung er al., 1987; Ho et al.,
1988) level was determined by sandwich radioimmunoassay
(RIA), as described previously (Chung er al., 1987). The
CEA (Gold and Freedman, 1965) level was determined by
CEA RIABEAD kit (Dainabot, Tokyo, Japan).

Heterologous transplantation

Four- to six-week-old female nude mice (Balb/c, nu/nu, Clea
Japan, Osaka, Japan) were used to examine the tumori-
genicity of OCUCh-LM1 cells. A total of 1.0 x 10’ cultured
cells suspended in 0.5ml of PBS were inoculated sub-
cutaneously into the back of each of four nude mice. The
mice were sacrificed 8 weeks after inoculation and the recon-
stituted tumours were used for histological and immunohisto-
chemical studies. All procedures involving animals were
conducted in accordance with the UKCCCR guidelines for
the welfare of animals in experimental neoplasia.

Immunohistochemical studies of tumour-associated antigens

The avidin-biotin—peroxidase complex method (Hsu et al.,
1981) was used to identify the expression of SLX, CA19-9,
SPan-1 and CEA in the reconstituted tumour in a nude
mouse. Specimens fixed in formalin and embedded in paraffin
were deparaffinised and treated with 0.03% hydrogen perox-
ide in methanol for 30 min to block endogenous peroxidase
activity. After the sections were rehydrated and washed with
PBS, normal bovine serum was applied for 5 min and drained.
Primary monoclonal antibodies (FH-6, NS19-9, SPan-1
-antibody and CEA 010) were applied for 30 min. After
incubation at room temperature, the sections were washed
twice with PBS and incubated for 30 min at room tempera-
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ture with biotinylated secondary antibody. After two washes,
the sections were incubated with avidin-biotin-peroxidase
complex for 30 min at room temperature and reacted with
diaminobenzidine tetrahydrochloride for 5 min. Finally the
sections were counterstained with methyl green and mounted.
The anti-sialyl Lewis X antibody (FH6, murine IgM) and
anti-SPan-1 antibody (murine 1gM) used were kindly sup-
plied by Otsuka Assay Laboratories and Dainabot respec-
tively. The anti-CA19-9 antibody (NS 19-9, murine IgG) was
obtained from Fuji-Rebio and the anti-CEA antibody (CEA
010) was obtained from Mochida.

Liver metastasis model in nude mice

Nude mice were anaesthetised with ethyl ether. The
abdominal wall was incised, and the spleen was exposed. A
total of 1.0 x 10° OCUCh-LM]1 cells suspended in 0.1 ml of
PBS were injected into the lower pole of the spleen. Splenec-
tomy was performed after splenic injection, and the ab-
dominal wall and skin were closed with a continuous suture.
The mice were sacrificed 8 weeks after the injection. Meta-
stasis to the liver was evaluated as the number of tumour
nodules in the liver. Several liver metastases were dissected
free of the liver and minced into small pieces with no enzyme
present, and the cell suspension was recultured in 10%
FCS—DMEM. These cells were used for establishing a highly
metastatic cell line. When the cultures became semiconfluent,
cells were collected, diluted to 1.0 X 10°cells 0.1 ml-' and
again injected into the spleen of nude mice. This procedure
was repeated three times, and the daughter cell lines were
designated OCUC-LM1-H1, -H2 and -H3.

Results

Establishment of OCUCh-LM1

A few days after the primary culture, some epithelial cell-like
colonies were observed on the bottom of the plastic dishes.
When the cultures became confluent, the attached colonies
were washed with PBS, trypsinised and replated into plastic
dishes. Intermingled fibroblasts gradually decreased in
number and finally disappeared after 1 month of primary
culture. This cell line grew continuously and has been main-
tained for over 60 passages over 1 year, and has been desig-
nated OCUCh-LM]1.

Morphological studies and growth curve

Phase-contrast microscopy of OCUCh-LM1 cells disclosed a
monolayer cobblestone-like pattern. The OCUCh-LM1 cells
had clear cytoplasm and oval nuclei (Figure 1). Ultrastruc-
tural analysis of OCUCh-LM]1 cells revealed large indented

Figwe 2 Electron micorgraph of OCUCh-LMI1 cells, showing
large indented nuclei (white arrowhead), junctional complexes
(black arrowhead) and numerous microvilli (arrow) on their sur-
faces.



nuclei. The OCUCh-LM1 cells had junctional complexes
between cells and numerous microvilli (Figure 2).

OCUCh-LM1 cells grew rapidly, and the population doub-
ling time for the logarithmic growth phase was 31 h (Figure
3).

DN A analysis and chromosome study

DNA analysis of OCUCh-LM1 demonstrated an aneuploidy
pattern with a DNA index of 1.76 (Figure 4). Chromsome
counts of metaphase cells demonstrated a unimode of 63.
The karyotype was human type with abnormal structure
(1,2,4,10,11,13,14,15 trisomy, 3p—, 8 monosomy, 12p +,
16q—, 17q +, 17q +, 18, 18, 18, 19p +, 21p +, mar, mar)
(Figure 5).

Tumour-associated antigen secretion

The levels of tumour-associated antigens secreted into the
conditioned medium were as follows: SLX, 32.3Uml};

CA19-9, 850Uml"!; SPan-1, 67.2Uml"}; and CEA
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Figwre 3 Growth curve for OCUCh-LM1 cells. The population
doubling time for the logarithmic growth phase was 31.0 h.
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<1.0ngml~! (Table I). High levels of SLX, CA19-9 and

SPan-1 were found in the spent medium.

Heterologous transplantation

OCUCh-LM1 cells were tumorigenic in nude mice, and
tumours were observed in all four nude mice tested. Inocula-
tion with 1.0 X 10" OCUCh-LM1 cells resulted in detectable
tumours after 7 days. The reconstituted tumours exhibited
characteristics similar to the original neoplasm and were
classified as well-differentiated adenocarcinomas (Figure 6).

Immunohistochemical studies of tumour-associated antigens

Immunohistochemical staining for SLX, CA19-9 and SPan-1
in the reconstituted tumour of a nude mouse was most
strongly positive on the cell membrane and not entirely clear
in the cytoplasm. However, expression of CEA in this
tumour was not seen (Figure 7).

Liver metastasis model in nude mice

Eight weeks after splenic injection of OCUCh-LMI1 cells,
liver metastases were observed in only one of four nude mice.
Only one metastatic nodule was present. A daughter line was
established from liver metastatic colonies of OCUCh-LM1
and designated OCUCh-LM1-H1. Eight weeks after splenic
injection of OCUCh-LM1-H1 cells, liver metastases were
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Figmre 5 A G-banded karyotype of OCUCh-LM]1 cells with a unimode of 63. Arrowheads indicate chromosomes with structural

rearrangements.
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Table I Tumour-associated antigens produced in the spent media of
culture of OCUCh-LM1

SLY (Umi~", CA19-9 Uml~',  SPan-1 ‘Umi™?,
323 85 67.2

CEA ingmi~,
<1.0

Table I Production of liver metastasis by OCUCh-LMI1 cells
injected into the spleen of nude mice

No. of mice with

Cell lines liver metastasis total No. of liver colonies
OCUCh-LM1 14 0.25+0.43 (0-1)

OCUCh-MLI1-H1 44 13.75 £ 6.61 (3-21)
OCUCh-LM1-H2 33 1433+ 5.44 (7-20)
OCUCh-LM1-H3 33 12.67+4.78 (6-17¢

*The increase in incidence of liver metastasis between OCUCh-
LM1 and the daughter cell lines (OCUCh-LM1-H1, -H2 and -H3)
was highly significant. However. no differences were detected among
H1. H2 and H3 in incidence of liver metastasis. The statistical
significance of differences in number of liver metastasis was deter-
mined using Student’s -test.

Figure 6 Histological findings for the primary lesion (top), the
metastatic liver lesion (middle) and the subcutaneous tumour in a
nude mouse (bottom). All were well-differentiated adenocar-
cinomas (original magnification x 200).

observed in all four nude mice tested. The number of meta-
stases of OCUCh-LM1-HI1 in the liver averaged 13.75 X 6.6;
for -H2. 14.33 + 5.44; and for -H3. 12.67 £ 4.78 (Table II.
Figure 8). The metastatic nodules were well-differentiated
adenocarcinoma. similar to the original neoplasm and the
reconstituted tumours in the nude mice (Figure 9).

Di .

Advances in cell culture techniques have made it possible to
establish a variety of human carcinoma cell lines. However.
cell lines originating from biliary carcinomas have rarely been
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Figare 7 Expression of SLX. CA19-9. SPan-1 and CEA in the
reconstituted tumour in a nude mouse. SLX. CA19-9 and SPan-1
are expressed on the luminal surface and secretory products. but
CEA is negative (original magnification X 200).

Figwre 8 Liver metastasis of OCUCh-LM1-H1 cells at 8 weeks
after injection into the spleen of a nude mouse.

Figare 9 Histological findings for the liver metastatic nodule in
a nude mouse demonstrating well-differentiated adenocarcinoma
(original magnification x 200).



reported. Only two extrahepatic bile duct carcinoma cell lines
(SK-ChA-1 and KMBC) have been reported in the world
literature. Since bile duct carcinoma proliferates invasively
along the bile duct. it is rich in interstitial stromal cells but
has relatively few cancer cells in primary lesions. This may be
the reason why the establishment of cell lines from extra-
hepatic bile duct carcinoma has been very difficult. In fact.
SK-ChA-1 was established from a peritoneal effusion result-
ing from peritoneal dissemination. and KMBC was estab-
lished from a senally transplanted tumour in nude mice that
originated from the tumour at the primary site. In these
specimens. there were many cancer cells but few interstitial
stroma cells. The OCUCh-LM1 cell line was established from
a metastatic liver lesion. Since this metastatic liver lesion had
many cancer cells. as did the peritoneal effusion and serially
transplanted tumour noted above. it was probably suitable
for cell culture.

High levels of SLX. CA19-9 and SPan-1 were found in the
conditioned medium of OCUCh-LMI1 cells, and positive
staining with MAbs against these carbohydrate antigens was
observed in all the reconstituted nude mouse tumours. These
findings paralleled those for serum tumour marker levels in
the original patient. OCUCh-LM1 cells are strongly tumon-
genic and induced tumour formation in 100% of nude mice
following subcutaneous injection. The reconstituted tumours his-
tologically exhibited characteristics similar to those of both the
primary lesion and the metastatic liver lesion, and all tissues
were classified as well-differentiated adenocarcinoma. Thus,
OCUCh-LM1 cells appear to retain the morphological and
functional characteristics of the original human tumour.

The pathogenesis of metastasis begins with the invasion of
tissues. blood vessels and or lymphatics by cells originating
from a primary tumour. Following their release into the
circulation, tumour cells adhere to the capillary bed. After
initial adhesion. tumour cells must invade the parenchyma.
establish a microenvironment, escape host defence mechan-
isms and finally grow into secondary tumours. The question
of why cancer cells metastasise is one of the most important
issues in tumour biology. In spite of the importance of this
phenomenon. little is known concerning the pathogenesis of
metastatic foci or their relationship to the primary tumour. It
is necessary to establish a model of metastasis in order to
understand the underlying mechanism. Recently. the nude
mouse model of human cancer metastasis has been estab-
lished (Fidler. 1986. Morikawa er al., 1988). Implantation of
human colon and pancreatic carcinoma cells into the spleen
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