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Abstract. The ultrastructure of a cholangiocarcinoma cell line (HuCCA-1) originally established from an
intrahepatic bile duct tumor of a patient seropositive for a liver fluke infection was studied by scanning
(SEM) and transmission (TEM) electron miscroscopy. With the SEM, the surface of HuCCA-1 cells were
found to be covered with microvilli. The size of these microvilli varied from cell to cell and they were
irregularly distributed. The TEM clearly revealed the presence of cytokeratin filaments, an intracytoplasmic
lumen, tight junctions at the apices and desmosomes at the lateral surfaces of neighboring cells, all of which
are characteristics of adenocarcinoma cell origin. However, the tumor mass that developed in a nude mouse
following subcutaneous injection of these cells was found to exhibit some morphological changes.
Specifically, about 20-30% of the tumor cells, particularly those lining the base of the tumor tubules,
exhibited electron dense tonofilaments typical of squamous cells. However, this alteration was reversible
as the cell line (HuCCA-1Nu) derived from this nude mouse-passage did not exhibit any characteristics
reminiscent of squamous cells. These observations are consistent with those occasionally found in human
cases reported previously by other investigators. Altogether, the data showed that squamous transformation
of adenocarcinoma cells can occur under appropriate conditions. It further showed that reversion to

adenocarcinoma cells can occur when the microenvironment is changed.

INTRODUCTION

Cholangiocarcinoma (CCA) is a liver cancer of
rather low incidence worldwide when compared to
hepatocellular carcinoma. However, CCA is not
uncommon in northeastern Thailand where the
prevalence of liver fluke infestation is high. The
association of Opisthorchis viverrini (Ov) infesta-
tion with the etiological development of CCA has
been established from epidemiological, clinical,
pathological and experimental animal studies
(IARC, 1994). Establishment of a continuous CCA
cell line is essential for characterizing the tumor
cells and may pave the way to subsequent develop-
ment of methods for CCA diagnosis and treatment.
A few such cell lines have been described and
characterized (Hayada 1975; Yamaguchi et al, 1985;
Homma et al, 1987; Kusaka et al, 1988; Miyagiwa
etal, 1989; Storto et al, 1990; Sirisinha et al, 1991;
Iemura et al, 1992). However, most of these were
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derived from patients living outside endemic areas
of liver fluke infection. One cell line, HuCCA-1,
was established from a Thai patient whose serum
was ELISA positive for antibody to Ov (Sirisinha et
al, 1991). A variant of this HuCCA-1 cell line
named HuCCA-1Nu has been recently established
from tumors developed in a nude mouse which
received a subcutaneous injection of trypsinized
HuCCA-1 cells. In the present study, combined
scanning (SEM) and transmission (TEM) electron
microscopy was carried out to illucidate the
ultrastructure of these two related tumor cell lines
and to compare it with that of a hamster
cholangiocarcinoma cell line that was described
recently by our group (Tengchaisri ef al, 1995).

MATERIALS AND METHODS

Cholangiocarcinoma cell lines

The HuCCA-1 cell line used in this study has
been continuously passaged in our laboratory since
1989 when it was first described (Sirisinha et al,
1991). The HuCCA-1Nu cell line was established
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more recently from a tumor that developed in a
nude mouse that received HuCCA-1 tumor cells.

Nude mouse tumor

An HuCCA-1 monolayer at passage 60 was
trypsinized to obtain a single cell suspension and
2 % 10° cells were injected subcutaneously into the
hindleg of a 4-week old athymic nude mouse (Na-
tional Cancer Institute). The tumor that developed
7-week later was removed and histopatho-logically
confirmed by light and electron micro-scopy. The
remaining tumor tissue was used to establish a new
primary cell culture and a permanent cell line
(HuCCA-1Nu).

SEM

The HuCCA-1 and HuCCA-1Nu cell lines were
cultured on glass cover slips and were directly fixed
in 2.5% glutaraldehyde in 0.1 M cacodylate buffer
(CB) pH 7.4 for | hour, post-fixed in 1% osmium
tetroxide in CB for 1 hour, dehydrated through a
graded ethanol series and transferred to isoamyl
acetate. The fixed cell monolayers were dried in a
critical point dryer (HCP-2), Hitachi), and then ion-
sputterred with gold. The samples were observed
and photographed with a Hitachi SEM, model S-
570, at 15 KV.

TEM

The HuCCA-1 and HuCCA-1Nucell lines grown
in culture bottles were fixed with glutaraldehyde
and osmium tetroxide fixatives as described above
for SEM or with the addition of 0.15% ruthenium
red for preservation of mucopolysaccharides. After
fixation, the cells were gently scraped off, centri-
fuged and embedded in Epon 812. Ultrathin sec-
tions were stained with uranyl acetate and lead
citrate and examined in a Hitachi TEM, HU-12A at
75 KV.

For comparison, tumor tissues removed from
nude mice were also sectioned and similarly fixed
in 4% paraformaldehyde and 1% glutaraldehyde in
CB for 2 hours, post-fixed in 1% osmium tetroxide
in CB for 1 hour, dehydrated and embedded in Epon
812. The tissue sections were thereafter processed
for TEM as described above.

58

RESULTS

In general, ultrastructural characteristics of the
HuCCA-1 and HuCCA-1Nu cell lines were essen-
tially similar at all passages (passages 7 and 87 for
HuCCA-1 and passages 6 and 44 for the HuCCA-
1Nu). By SEM, the cells were bizarre in shape and
size and grew in a pavement-like arrangement.
Giant cells were regularly present at all passages
(Fig 1). The surfaces of the tumor cells were lined
with different densities of microvilli of varying
shapes and sizes. The irregularly distributed
microvilli varied from cell to cell and could at times
be used to outline the borders of adjoining cells (Fig
2). There was a loss of contact inhibition, judging
from cells piling up on top of one another, but at
most for not more than 3 layers. Secretory products
were often found adhering on the cell surfaces,
particularly on cells with scanty microvilli (Fig 3).

With the TEM, the tumor cells were found to
polarize with respect to the tissue culture plate. The
cells exhibited a large, finely granular nucleus with
one or more large nucleoli. The nucleus was some-
times deeply indented. The cytoplasm was rela-
tively clear with scanty organelles. Microfilaments
typical of cytokeratin found in epithelial cells were
randomly distributed. Cells adhered to their

Fig 1-SEM of HuCCA-1Nu at passage 44 revealing cells
with bizarre shapes and sizes in a pavement-like
arrangement. Giant cells (G) were frequently
present X 165.
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Fig 2-SEM revealing pleomorphic microvilli irregularly
distributed on HuCCA-1Nu cell surfaces (passage
44) x 2,500.

Fig 3-SEM of HuCCA-1Nu at passage 44. Secretory
products (arrow) can be seen adhering to the sur-
face of the tumor cells. A giant cell (G) with a
surface densely populated by microvilli shows no
adhesion of secretory products x 1,670.

neighbors by a tight junction at the apical border
and by desmosomes laterally (Fig 4). Some were
closely apposed whereas others were interdigitated
laterally with intermittent desmosomes. A
microvillus lined intracytoplasmic lumen was con-
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stantly seen and found to be partially or fully filled
with secretory products as well as glycocalyceal
bodies (Figs 4, 5). When compared with parental
HuCCA-1 cells, HuiCCA-1Nu showed an increase
in secretory activity as evidenced by a relatively
larger number of cytoplasmic secretory granules
and by the quantity of secretions in the intracyto-
plasmic lumen and on the cell surface (Fig 5).
Ruthenium red preserved mucopolysaccharide was

Fig 4-TEM of a HuCCA-1 cell (passage 67) showing an
intracytoplasmic lumen and desmosomal (arrow)
connection to other cells x 13,600.

Fig 5-A HuCCA-1Nu cell (passage 44) showing a dis-
tended intracytoplasmic lumen filled with secre-
tion and glycocalyceal bodies (GB). Ruthenium
red-stained mucopolysaccharides (arrow) can be
seen on the cell surface and associated with the cell
membrane. In contrast, the dye failed to stain the
intracytoplasmic luminal membrane and the
luminal contents. Numerous secretory granules
(%) can be found close to the cell surface x 17,000.
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found associated with the cell surface. The proto-
col used for staining did not allow the dye to reach
the intracytoplasmic lumen and therefore the latter
failed to take up the stain. Fig 6 illustrates an
intercellular gland-like structure the lumen of which
is filled with secretions. All these features are
similar to those described previously for the ham-
ster cholangiocarcinoma cell lines.

1t should be pointed out that while the micro-
filaments of both the original and nudemouse pas-
sage cell lines exhibited ultrastructural characteris-
tics typical of well differentiated cholangiocarci-
noma cells, a number of the tumor cells in the tumor
sections obtained directly from tumor-bearing ani-
mals did not. Instead, it was found that 20-30% of
the cells at the base of the tumor tubules formed
small foci of cells in sheet-like arrangements. These
cells showed cellular alterations characterized by
electron dense tonofilament bundles resembling
those found in squamous cells (Figs 7, 8). There
were no secretory granules seen in these tumor
cells.

DISCUSSION

The results presented in this study illustrated
detailed ultrastructural features of human cholangio-
carcinoma cell lines that were derived from an
original intrahepatic bile duct tumor and after nude-
mouse passage. The morphological characteristics

Fig 6-Anintercellular lumen in HuCCA-1 at passage 87.
The cell at the lower left is rich in amorphous
secretory granules (A) x 12,500.

60

Fig 7-TEM section of a nude mouse tumor. Tumor cells
show cellular alteration with electron dense
tonofilament bundles in the cytoplasm (arrow) X
2,700.

Fi

g 8—Cells with tonofilament bundles typical of the
squamous cell type at the base of a tumor tubule.
Desmosomes (arrow head) and fragmented base-
ment membrane (arrow) can be readily observed.
Part of a fibroblast (F) is seen at the bottom x
8,500.

of both cell lines were similar. Ultrastructure typi-
cal of the two cell lines included surface microvilli,
cytoplasmic intermediate microfilaments, desmo-
somal attachments and apical tight junctions to
adjoining cells. Microvillus lined intracytoplasmic
lumens could be readily seen (Figs 4-8). These
cellular structures were essentially identical with
those of CCA cell lines established from an experi-
mentally induced tumor in a hamster model (Teng-
chaisri ef al, 1995). It should be noted, however,
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that there were no lamellar body inclusions such as
those frequently found in the experimentally in-
duced CCA in hamsters (Tengchaisri et al, 1995).
Although there is no satisfactory explanation for
this difference, it may be related to the differences
in the carcinogenesis induction process. However,
association with a liver-fluke promoter does not
appear to exert any influence on the morphology of
these cell lines since morphological similarlities
have been noted among human CCA cell lines
developed from tumors of patients from endemic
and non-endemic areas of liver fluke infection
(Yamaguchi et al, 1985; Miyagiwa et al, 1989).
These ultrastructural features were rather stable, as
no differences were noted between cells taken from
early and late passages (data not shown).

Although the ultrastructural features reported
for these cell lines appeared to be rather stable, it is
possible that they may be influenced and altered by
the microenvironment under in vivo conditions.
For example, to our knowledge, morphological al-
teration of intermediate microfilament bundles to
those typical of squamous cells (Figs 7, 8) has never
been reported following nude mouse passage of es-
tablished adenocarcinoma cell lines. Results from
the study of Iemura and associates (1992b) showing
a gradual histological alteration from adenomatous
to squamous cell carcinoma following serial subcu-
taneous transplatation of tumor fragments into nude
mice are consistent with our results. Altogether,
the data suggests that in situ alteration to a squamous
cell type is due to metaplastic transformation of
adenocarcinoma cells. The transformation could
have come about from a variety of cytokines and
host responses to tumor challenge. This conclusion
is consistent with evidence from a clinicopatholo-
gical study by Nakajima and Kondo (1990) of an
intrahepatic cholangiocarcinoma with a squamous
cell carcinoma component. However, until now
there has been no evidence to show that squamous
cell tumors can revert back to the adenocarcino-
matous type as shown here. The reversion occurred
under suitable microenvironmental conditions, ie
during in vitro cultivation in enriched culture me-
dium. Itcould be argued, on the other hand, that the
original tumor may have been heterogeneous and
may have consisted of cells with a morphology
which somehow preferentially propagated in the
nude mouse. However, the HuCCA-1Nu cell line
which was established after nude mouse passage of
the parental HuCCA-1 did not express any charac-
teristics squamous cell type.
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