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Cholangiocarcinoma (CCA) is a highly metastatic tumor, and the majority of patients with CCA have a short
survival time because there are no available effective treatments. Hence, a better understanding regarding CCA
metastasis may provide an opportunity to improve the strategies for treatment. A comparison study between the
highly metastatic cells and their parental cells is an approach to uncover the molecular mechanisms underlying
the metastatic process. In the present study, a lung metastatic CCA cell line, KKU-214L5, was established by
the in vivo selection of the tail vein-injected mouse model. KKU-214L5 cells possessed mesenchymal
spindle-like morphology with higher migration and invasion abilities in vitro than the parental cells (KKU-214).
KKU-214L5 also exhibited extremely aggressive lung colonization in the tail vein-injected metastatic model.
Epithelial-mesenchymal transition (EMT) was clearly observed in KKU-214L5 cells. Significant downregula-
tion of epithelial markers (ZO-1 and claudin-1), with unique upregulation of E-cadherin and mesenchymal
markers (vimentin, B-catenin, and slug), was observed in KKU-214L5. Increasing MMP-2 and MMP-9 activi-
ties and CD147 expression reflected the high invasion activity in KKU-214L5 cells. Suppression of vimentin
using siRNA significantly decreased the migration and invasion capabilities of KKU-214L5 to almost the basal
levels of the parental cells without any change on the expression levels of other EMT markers and the activi-
ties of MMPs. These results suggest that vimentin activation is essential to potentiate the metastatic characters
of CCA cells, and suppression of vimentin expression could be a potential strategy to improve the treatment of

CCA, a highly metastatic cancer.
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INTRODUCTION

Metastasis is a multistep process that almost always
leads to the patient’s death. The cancer cells dissociate
from a primary tumor, intravasate, survive in the circu-
lation, attach, extravasate, and then colonize to form a
secondary tumor. The biology of a metastatic tumor is
different from its originl. Therefore, the standard treat-
ment which aims to target the primary tumor might not be
effective for the metastatic tumor”. Cholangiocarcinoma

(CCA) is a dismal cancer due to its high metastasis. It
is a major health problem in the northeastern part of
Thailand. Even though CCA is a rare liver cancer, its inci-
dence is now rising worldwide™. Poor patient outcomes
caused by metastasis have been reported.”® Lymph nodes
and lungs are the common metastatic sites of CCA’. The
molecular basis underlying CCA metastasis is still lim-
ited; hence, an intensive study of the metastatic process
of the highly metastatic CCA cells may provide a better
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understanding of the process, leading to a better and more
effective treatment of CCA.

Epithelial-mesenchymal transition (EMT) is an impor-
tant process for cancer metastasis'*". It is required to
transform cancer cells from being epithelial-like to mes-
enchymal-like cells and detach from neighboring cells
before invading through the extracellular matrix (ECM)
and getting into the circulation. The associations of los-
ing epithelial and/or increased mesenchymal properties
with metastasis and with shorter survival of CCA patients
have been frequently reported'> . Suppression of epithe-
lial cadherin (E-cadherin), an epithelial marker, promoted
migration and invasion of CCA cell lines by disruption of
the E-cadherin/B-catenin interaction’. On the other hand,
overexpression of the mesenchymal markers, Twist and
neural (N)-cadherin, increased the migration and invasion
capabilities of transforming growth factor-f (TGF-f)-
stimulated CCA cells'.

In this study, to obtain a better understanding of the
molecular basis involved in CCA metastasis, a highly
metastatic CCA cell line, KKU-214L5, was established
by five consecutive rounds of intravenous injections of the
parental cells (KKU-214) into nonobese diabetic/severe
combined immunodeficient/janus kinase 3 null (NOD/
SCID/Jak3™"; NOJ) mice'’. The metastatic phenotypes
and molecular alterations of the EMT markers of KKU-
214L5 cells were compared with the parental, KKU-214,
cell line. The associations of vimentin with migration and
invasion in the highly metastatic cells were elucidated,
and the potential of vimentin function and EMT for the
transition of CCA to metastatic phenotypes is discussed.

MATERIALS AND METHODS
CCA Cell Line and Cell Culture

The KKU-214 cell line was derived from the primary
tumor of a Thai patient with histologically proven tubular
CCA as previously described'®. The ova of liver fluke,
Opisthorchis viverrini, were detected in the tissue, pos-
sibly a pathogenic trigger for CCA. The KKU-214 cells
were obtained from the Japanese Collection of Research
Bioresources (JCRB) Cell Bank, Osaka, Japan. Cells
were cultured in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% fetal bovine serum
(FBS) and a 1% antibiotic—antimycotic unless otherwise
specified in the protocols. Cells were cultured in an incu-
bator with a humidified atmosphere of 5% CO,, 37°C. All
cell culture reagents were supplied by Gibco BRL (Grand
Island, NY, USA).

Antibodies

Anti-zona occludens 1 (ZO-1; D7D12), anti-claudin-1
(D5H1D), anti-E-cadherin (24E10), anti-B-catenin (D10A8),
anti-snail homolog 2 (slug; C19G7), and anti-rabbit immu-
noglobulin G (IgG) were from Cell Signaling Technology
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(Danvers, MA, USA). The other antibodies were obtained
from various sources: anti-vimentin (V9; Dako, Car-
pinteria, CA, USA), anti-cytokeratin-19 (CK-19; HPA
002465), and anti-f-actin (AC-15) from Sigma-Aldrich
(St. Louis, MO, USA); anti-mouse IgG from GE Health-
care (Buckinghamshire, UK); and all secondary fluores-
cent antibodies from Invitrogen (Carlsbad, CA, USA).

Establishment of a CCA Lung Metastatic Cell Line,
KKU-214L5, and an In Vivo Metastatic Assay

Mice were housed and monitored in the animal research
facility unit according to the institutional guidelines; food
and drink were provided ad libitum on a 12-h light/
dark cycle. The experimental protocols were approved
by the Institutional Animal Care and Use Committee,
Kumamoto University, Japan.

In order to generate the highly metastatic cell line,
5x10° KKU-214 cells were injected intravenously via
tail veins into the NOD/SCID/Jak3™" (NOJ) mice".
Mice were carefully observed and were euthanized when
breathing difficulty was observed. CCA cells were iso-
lated from lung nodules and cultured until a homogenous
morphology, KKU-214L1, was obtained. The in vivo
selection processes were repeated five times to generate
KKU-214L5. The metastatic KKU-213L5 cell line was
generated in a similar fashion to confirm that any changes
in protein expression were due to metastasis rather than
being cell specific (data not shown)".

For the in vivo metastatic assay, KKU-214 and KKU-
214L5 cells (5x 10" cells/mouse) were injected intra-
venously into Balb/c recombination-activating gene 2
knockout (Rag-2"")/Jak3™ mouse via tail veins (n=3-4
mice/group)”. Mice were observed and euthanized when
signs of stress were shown (31-32 days). Lungs were
removed and cryopreserved in optimal cutting tempera-
ture (OCT) media (Leica Microsystems, Tokyo, Japan).
Immunohistochemistry staining of CK-19 was performed
as a standard protocol®'. Signals were enhanced using the
Vectastain Elite ABC Standard Kit (Vector Laboratories,
Burlingame, CA, USA). Detection was performed using
the Histofine® diaminobenzidine (DAB) substrate kit
(Nichirei Bioscience, Tokyo, Japan). The numbers of
metastatic CK-19" nodules were determined under the
microscope (BZ-8100 Biozero fluorescence; Keyence,
Osaka, Japan) and were quantified using a BZ-1I Analyzer
(Keyence). Tumor nodules with diameters of >150 um
were defined as macrometastatic nodules, and smaller
nodules were counted as micrometastatic nodules.

For the immunohistochemistry staining of vimentin,
the EnVision+ System horseradish peroxidase (HRP)-
labeled polymer anti-mouse (Dako) was applied after
anti-vimentin incubation, and the signal was developed
using DAB (Sigma-Aldrich). Sections were counter-
stained with hematoxylin and eosin (H&E).
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Genotypic Characterization

Genomic DNAs of KKU-214 and KKU-214L5 were
extracted using the QIAamp® DNA Micro Kit (QIAGEN,
Valencia, CA, USA). The samples were genotyped using
the AmpF{STR® Identifiler® Plus Polymerase Chain
Reaction (PCR) Amplification Kit (Applied Biosystems,
Foster City, CA, USA) according to the manufacturer’s
recommendations. Short tandem repeat (STR) PCR prod-
ucts were profiled using an ABI Prism 3130 Genetic
Analyzer (Applied Biosystems), and the data were ana-
lyzed using GeneMapper® ID Software v3.2 (Applied
Biosystems). The likelihood ratios and percent probabili-
ties were calculated according to STR loci frequencies of
the northeastern Thailand population®.

Cell Proliferation Assay

Cell proliferation was accessed using the cell counting
kit-8 (WST-8; Dojindo Laboratories, Kumamoto, Japan)
according to the manufacturer’s recommendations. OD,s,
was determined at 0, 24, 48, and 72 h after seeding. The
growth rates were calculated relative to the OD,,, at O h.
The data were the means+SD from two independent
experiments.

Wound Healing Assay

KKU-214 and KKU-214L5 were cultured as a mono-
layer until confluent. A scratch wound was performed
with a sterile 200-pl pipette tip. Wound images were
captured using an Olympus CK40-F100 microscope
(Olympus, Tokyo, Japan) with 4x objective lens at 0 and
6 h, and then at 2-h intervals until the wound closed. The
migrating distances were analyzed as (distance at time
0—distance at the indicated time)/distance at time 0.

Migration and Invasion Assays

Migration and invasion assays were determined using
the Boyden chamber under similar protocols, except that
the upper chambers for the invasion assay were coated over-
night with 40 ug of Matrigel (BD Biosciences, San Jose,
CA, USA). Cells (2.5x10°) in a serum-free DMEM were
added into the upper chamber of an 8-pm pore size Transwell
(Corning Costar, Corning, NY, USA). DMEM with 10%
FBS, serving as the chemoattractant, filled the lower cham-
ber. Cells were incubated for a further 12 h. The migrated
or invaded cells underneath the filter were fixed with 4%
paraformaldehyde and were stained with 0.4% sulforhod-
amine B. The total stained cells were counted under a light
microscope using the 10x objective lens. The results are pre-
sented as means+SD from two independent experiments.

Western Blot

Cells were lysed with lysis buffer containing 7 M urea,
2 M thiourea, 4% 3-[(3-cholamidopropyl)dimethylam
monio]-1-propanesulfonate (CHAPS), and protease and
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phosphatase inhibitors (Roche Diagnostics, Mannheim,
Germany). Protein amounts were determined using the
Bradford assay (Bio-Rad, Hercules, CA, USA). Five
to 30 pg of protein was subjected to sodium dodecyl
sulfate-polyacrylamide electrophoresis (SDS-PAGE) and
transferred onto a polyvinylidene fluoride (PVDF) mem-
brane (GE Healthcare). Detection was performed with
the enhanced chemiluminescence (ECL) Prime Western
Blotting Detection System (GE Healthcare). The signals
were captured and analyzed by ImageQuant™ LAS 4000
mini (GE Healthcare).

Gelatin Zymography

KKU-214L5 and KKU-214 (2.5x10° cells) were
plated into six-well plates and cultured for 24 h in 10%
FBS-DMEM. Then media were replaced with serum-
free DMEM, and cells were cultured for a further 24 h.
Conditioned media were collected and processed as pre-
viously described™.

Immunocytofluorescence Staining

Cells were cultured in 24-well plates for 72 h and then
fixed with 4% paraformaldehyde in phosphate-buffered
saline (PBS), pH 7.4, for 15 min and permeabilized with
0.2% Triton X-100 in PBS for 3 min. After washing, cells
were blocked with 5% normal horse sera and incubated
with the primary antibodies at 4°C overnight. Cells were
then incubated with the corresponding IgG-conjugated
Alexa Fluor® 488. Finally, nuclei were stained with
Hoechst 33342 (Molecular Probes, Eugene, OR, USA),
and pictures were taken using an inverted fluorescence
microscope (Olympus IX71; Olympus).

Vimentin Knockdown Using Small Interfering
RNA (siRNA)

siRNAs against vimentin (si-vimentin) were sense
5’-GCA GGA UGA GAU UCA GAA UdTdT-3" and
antisense 5-AUU CUG AAU CUC AUC CUG CdTdT-3’
(Nippon Gene, Tokyo, Japan). For scramble control,
Silencer Negative Control siRNA#1 was purchased from
Ambion (Austin, TX, USA). KKU-214L5 was tran-
siently transfected using Lipofectamine® 2000 transfec-
tion reagent (Invitrogen) according to the manufacturer’s
instructions. After transfection, cells were cultured for a fur-
ther 48 h before being subjected to further experiments.

Statistical Analysis

Data were analyzed using SPSS version 16.0 software
(SPSS, Chicago, IL, USA). In vitro quantitative analyses
were presented as means+SD from at least two indepen-
dent experiments. Statistical comparisons between the
experimental groups were calculated using the Student’s
t-test. A probability of p<0.05 was considered as statisti-
cally significant.
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RESULTS

Establishment of the Highly Metastatic
KKU-214L5 Cells and Characterization
of Genetic and Morphological Phenotypes

To generate the highly metastatic CCA cells, KKU-214
parental cells (5% 10° cells/mouse) were injected intrave-
nously via tail veins into the NOD/SCID/Jak3™" (NOJ)
mice as described in Materials and Methods. After the
first injection, CCA cells colonizing the mouse lung were
found. The cells from the lung nodules were isolated, cul-
tured, and again injected into new mice with the same
protocols via tail veins. This procedure was repeated five
times to generate KKU-214L5.

STR is a repetitive DNA composed of repeated units
of 2 to 13 nucleotides, typically repeating between 5 and
several hundreds of times in a row on the DNA strand.
STR DNA profiling analysis is a standard molecular biol-
ogy method that can be used to identify an individual.
A standard of 15 STR loci and amelogenin previously
used in the forensic sciences*** is now generally applied
for authentication of human cell lines. To ensure that
the established KKU-214L5 cells were the subline of
KKU-214, the genotypic profiles of KKU-214 and KKU-
214L5 were determined using STR analysis. As shown in
Table 1, the STR DNA profiling of KKU-214 and KKU-
214LS5 cells were compatible. The likelihood ratio (the
reciprocal of the probability of a random match) and the
percent probability indicated that the STR profiling of
KKU-214 and KKU-214L5 were identical and hence
the two cell lines had the same origin.

Table 1. Short Tandem Repeat Profiles (STR)
of KKU-214L5 and KKU-214 Cells

STR

Loci KKU-214L5 KKU-214
D8S1179 11,13 11,13
D21S11 29 29
D7S5820 11 11
CSF1PO 9,13 9,13
D3S1358 15 15
THOI 7 7
D13S317 8,12 8,12
D16S539 9,11 9,11
D2S1338 22,24 22,23,24
D19S433 13, 14 13, 14
VWA 19 18,19
TPOX 8 8
D18S51 14 14
Amelogenin X X

D5S818 9 9
FGA 16 16

The likelihood ratio=1.2x 107>, and the per-
cent probability =100%.

SAENTAWEESUK ET AL.

The morphologies of KKU-214L5 and its parental
cells (KKU-214) were compared. KKU-214L5 exhib-
ited a spindle-like shape (Fig. 1A, arrowheads), while
KKU-214 possessed a polygonal shape. The character-
istics related to metastatic phenotypes were next com-
pared. The growth rates of KKU-214 and KKU-214L5
were not significantly different (Fig. 1B); however, the
wound healing assay indicated a higher migrating abil-
ity of KKU-214L5 than the KKU-214 cells (Fig. 1C). At
14 h after wound scratching, the relative migration dis-
tance of KKU-214L5 was 0.78+0.14 and that of KKU-
214 was 0.60£0.10 (p<0.01). KKU-214L5 also had
higher migration and invasion abilities than its parental
cell line (Fig. 1D). The number of migrated cells of KKU-
214L5 (242+£88 cells) was 5.7-fold higher than that of
the parental cells (4230 cells) (p<0.01). In parallel,
the number of invaded cells of KKU-214L5 (429+117
cells) was 3.9-fold higher than that of the KKU-214 cells
(109190 cells) (p<0.01) (Fig. 1E). These in vitro results
clearly indicate that KKU-214L5 cells possessed higher
migration and invasion abilities than the parental cells.

Highly Metastatic KKU-214L5 Cells Exhibited High
Lung Metastasis Ability In Vivo

The metastatic ability of KKU-214L5 in vivo was
examined using the tail vein metastatic assay. Lungs were
collected at 31 days postinjection. The lung metastatic
nodules were visualized by CK-19 immunostaining. The
CK-197 cells were counted as micro- and macrometastatic
foci. The numbers of metastatic foci from lungs injected
with KKU-214L5 were significantly higher than those
from lungs injected with KKU-214 (p<0.05) (Figs. 2A
and B). The micrometastatic foci of KKU-214L5-injected
mice (10+3) were twofold higher than those of KKU-
214-injected mice (5+0.6). The macrometastatic foci of
KKU-214L5-injected mice (17+4) were 17-fold higher
than those of KKU-214-injected mice (1t1) (Fig. 2C).

Downregulation of Epithelial Markers
and Upregulation of Mesenchymal Markers
Were the Characteristics of KKU-214L5

The spindle-like shape with high migration/invasion
abilities of KKU-214L5 indicated the acquisition of EMT
in the highly metastatic cells. To test this, the expressions
of EMT markers were determined using Western blot
analysis. The expressions of the EMT markers of KKU-
214L5 were compared to those of the KKU-214 cells.
As shown in Figure 3A, in KKU-214L5 cells, the pro-
tein expressions of the epithelial markers (claudin-1 and
Z0-1) were downregulated, whereas the expressions of
the mesenchymal markers (B-catenin, vimentin, and slug)
were upregulated. In addition, the expression of CD147
or ECM metalloproteinase inducer (EMMPRIN) and
the activity of its downstream matrix metalloproteinase
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Figure 2. KKU-214L5 exerted a highly metastatic capability in vivo. The metastatic potential of KKU-214L5 was demonstrated in
the lung metastatic mouse tail vein injection model. (A, B) KKU-214L5 generated significantly higher numbers of lung colonization of
micrometastatic (<150 wm) and macrometastatic nodules (>150 wm) than KKU-214 cells. (C) The quantitative analysis of the micro-
and macrometastatic nodules. Data presented are means=SD. *p<0.05, **p<0.01, Student’s 7-test. Scale bar: 100 um.

affect the expression levels of other EMT markers and DISCUSSION

the activity of MMPs (Fig. 6G). These results strongly

suggest that the acquired migration and invasion abilities CCA metastasis is an example of the major cause
observed in the highly metastatic KKU-214L5 cells are of cancer-related death™. A better understanding of the
induced via the vimentin activation. underlying mechanisms related to metastasis may lead to

(A) (B)
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Figure 3. Mesenchymal markers were upregulated in KKU-214L5 cells. Epithelial and mesenchymal markers were determined using
Western blotting; B-actin was used as the loading control. (A) KKU-214L5 had downregulation of epithelial markers (claudin-1 and
zona occludens 1 [ZO-1]) and upregulation of mesenchymal markers (B-catenin, vimentin, and slug), with an increase in epithelial
(E)-cadherin. (B) Cluster of differentiation 147 (CD147) expression and matrix metalloproteinase 2 (MMP-2) and MMP-9 activities
were elevated in KKU-214L5. Protein lysates of 5 ug were used for all epithelial-mesenchymal transition (EMT) markers, except
Z0-1 and snail homolog 2 (slug) were at 30 pug. The numbers on the top of the Western blot indicate the relative protein band intensities
by giving those of KKU-214 as 1. Parental = KKU-214; L5 =KKU-214L5.
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Figure 4. Immunocytofluorescence staining of EMT markers in KKU-214L5 compared to KKU-214. The protein expression of
E-cadherin, vimentin, and claudin-1 were determined using immunocytofluorescence stain with immunoglobulin G (IgG)-conjugated
Alexa Fluor® 488 (green). Nuclei were stained with Hoechst 33342 (blue). Overexpression of (A) E-cadherin and (B) vimentin and
suppression of (C) claudin-1 was observed in KKU-214L5 cells. Scale bar: 50 pm.

better and effective therapy. In the present study, a highly
metastatic CCA subline, KKU-214L5, was established
from the parental cells (KKU-214) as a model for the
comparative studies. The highly metastatic subline had
a mesenchymal spindle-like shape with a more aggres-
sive phenotype with increased migration and invasion

compared to the parental cells. The aggressiveness of
KKU-214L5 was demonstrated in the in vivo tail vein-
injected metastatic mouse model. The underlying mecha-
nism appears obviously to be due to the transition from
epithelial- to mesenchymal-like cells. The particular
characteristics observed in KKU-214L5 were the striking
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KKU-214L5

Figure 5. Vimentin was elevated in KKU-214L5-injected lung tissue. The expression of vimentin was determined using immunohis-
tochemistry. Stronger staining of vimentin was observed in KKU-214L5-injected lung tissue when compared to KKU-214-injected
lung tissue. Hematoxylin and eosin (H&E) staining was performed to indicate cancer cells. Scale bar: 50 um.

overexpressions of a mesenchymal marker, vimentin,
and an epithelial marker, E-cadherin. The significant role
of vimentin in supporting progression of CCA cells was
elucidated. Suppression of vimentin using siRNA signifi-
cantly reduced the migration and invasion capabilities of
KKU-214L5 to levels that were close to the basal level
of the parental KKU-214 cells (compare Figs. 1 and 6).

To determine the molecular mechanism underlying
the metastatic process, a highly metastatic KKU-214L5
subline was first established using an in vivo tail vein
metastasis mouse model. The model introduced cancer
cells directly into the blood circulation and was colonized
mainly in the lungs®, which have been reported to be the
second most common metastatic site in CCA patients’.
KKU-214L5 was generated by tail vein intravenous
injection of KKU-214 to the NOJ mice, and cancer cells
that colonized in the lung tissues were isolated, cultured,
and reinjected via the tail vein for four more rounds. The
established subline, KKU-214L5, was shown to have a
common genetic origin of the parental cells as shown
by STR analysis (Table 1). Cellular morphology, how-
ever, of KKU-214L5 was observed to be a mesenchymal
spindle-like shape (Fig. 1A), which indicates the transi-
tion of epithelial to mesenchymal cells.

There are several biological capabilities acquired
by cancer cells to achieve metastasis, for example, cell
proliferation, migration, and invasion. In this study, cell
migration was assessed using wound healing and Boyden
chamber assays. The wound healing assay is a laboratory

technique used to study lateral migration of cells and
cell—cell interaction, whereas the Boyden chamber assay
is an experimental tool established for the evaluation
of the chemotactic ability of eukaryotic cells and has
been modified to determine cell migration according to
chemotactic ability. These two migration assays have dif-
ferent principles, have different measurements, and act
independently to each other. It is obvious in the present
study that KKU-214L5 cells had higher migratory activ-
ity than KKU-214 cells: 1.3-fold of migration distance
for the wound healing assay and 5.7-fold of migratory
cells for the Boyden chamber migration assay. KKU-
214L5 also showed higher invasion capacities in the
in vitro proliferative activity compared to the parental
KKU-214 cells (Fig. 1B-E), indicating the necessity of
detecting migration/invasion activities rather than pro-
liferative activity for the metastasis of CCA cells in this
model. The higher metastatic potential of KKU-214L5
than KKU-214 was affirmed by the in vivo metastatic
mouse lung model (Fig. 2). The elevations of migration
and invasion appear to be acquired properties of highly
metastatic sublines after the epithelial-mesenchymal-like
transition of parental cells, so called EMT.

EMT is a process in which epithelial cells transform
into mesenchymal cells. It is involved with physiological
development and also relates to cancer progression'”'".
During the EMT process, several epithelial markers are
downregulated, while mesenchymal markers are upregu-
lated. In the present study, the expressions of epithelial
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markers (ZO-1 and claudin-1) were decreased, while the
mesenchymal proteins B-catenin, vimentin, and slug were
highly expressed in the highly metastatic KKU-214L5
subline (Fig. 3A). The suppression of claudin-1 and over-
expressions of E-cadherin and vimentin were confirmed
by immunocytofluorescence staining (Fig. 4). In addi-
tion, the elevations of MMP-2 and MMP-9 activities and
CD147 expression (Fig. 3B) may increase the invasion
ability of KKU-214L5 cells. CD147 is an integral mem-
brane glycoprotein of an immunoglobulin superfamily
and promotes cancer cell invasion through the stimulation
of MMP production®®*’. Upon activation, MMPs cleave
cell surface proteins and degrade ECM components to
facilitate the migration of the cells to invade neighbor-
ing tissues and the basement membrane®. The transition
from epithelial to mesenchymal features may be essential
to potentiate the high migration and invasion capacities
observed in KKU-214L5 cells.

It is of interest that E-cadherin, a type 1 transmembrane
protein that plays essential roles in cell-cell adhesion, was
also upregulated in the highly metastatic KKU-214L5
cells as shown by Western blotting and immunocytofluo-
rescence staining (Figs. 3A and 4A). To make sure that
this observation was not cell type specific, the expression
levels of E-cadherin and vimentin were determined in one
more highly metastatic cell, KKU-213L5, that was estab-
lished in a similar way to KKU-214L5". The Western
blot results revealed that KKU-213L5 also had a higher
expression of E-cadherin and vimentin than its parental
cells (data not shown). The high expression of E-cadherin
in the highly metastatic CCA cells denotes the important
function of E-cadherin in metastasis. The association of
E-cadherin expression with metastasis has been docu-
mented in some studies® . In the study with the prostate
cancer cell lines, upregulation of E-cadherin was associ-
ated with the colonization ability in vivo’. The prostate
cell line S-DU145, a negative E-cadherin subline, could
not form tumors, whereas the T-DU145 subline, which
had a strong E-cadherin expression, formed tumors with
osteolytic activity. The association of E-cadherin expres-
sion and metastatic activity was supported by the observa-
tions found in breast””"** and prostate cancer patients®*’
that the metastasized tumors exhibited strong expression of
E-cadherin. The regulation of E-cadherin function related
to the cellular migration and invasion, however, had not
been reported in these metastatic cells. Further studies are
needed to clarify the molecular pathway of E-cadherin
underlying the positive metastatic process. The molecular
mechanisms of E-cadherin in the highly metastatic CCA
cells are being explored in a separate study.

KKU-214L5 possesses a striking level of vimentin
expression both in vitro and in vivo (Figs. 3A, 4B, and 5),
designating the involvement of vimentin with the highly
metastatic potential of KKU-214L5. Vimentin is one of the

SAENTAWEESUK ET AL.

type III intermediate filaments and has been reported as a
mesenchymal marker. Vimentin plays a crucial role in can-
cer metastasis™ . In CCA, the association of overexpres-
sion of vimentin with CCA metastasis has been revealed
by immunohistochemistry staining***'. In addition, upreg-
ulation of vimentin together with increased migration and
invasion was reported in CCA cells'®. The direct associa-
tion of vimentin function with metastasis in CCA cells,
however, has never been investigated. Herein it was dem-
onstrated that suppression of vimentin using si-vimentin had
no effect on cell proliferation, but significantly suppressed
the migration and invasion of KKU-214L5 cells almost
to the basal levels of the parental KKU-214 cells (Fig. 6).
These results suggested that vimentin activity might not be
necessary for the proliferative ability, but it plays a signifi-
cant role on the increased migration and invasion capaci-
ties of KKU-214L5 cells. In addition, it also implies that
the upregulation of migration and invasion via vimentin
activation may be important for the regulation of meta-
static potential of these CCA cells. The precise molecular
mechanisms by which vimentin regulates cell migration
and invasion need to be elucidated.

In conclusion, suppression of epithelial markers with
increased mesenchymal markers could potentiate the
metastatic potential, namely, migration and invasion by
CCA cells. Deprivation of vimentin effectively defeated
the metastatic activity of highly metastatic KKU-214L5
cells almost to the level of parental cells. Therapy tar-
geting vimentin may be an effective approach to treat
the highly metastatic cancer CCA. Moreover, the highly
metastatic subline, KKU-214L5, established from this
study will be suitable for the study of CCA metastasis,
especially on EMT-related functions.
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