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Abstract

AIM: To investigate the role of urokinase plasminogen
activator (uPA) in cholangiocarcinoma (CCA) invasion
and its correlation with clinicopathological parameters.

METHODS: uPA expression in CCA tissue was deter-
mined by immunohistochemistry. The level of uPA from
two CCA cell lines (HuCCA-1 and KKU-M213) and a non-
cancer immortalized cholangiocyte cell line (H69) was
monitored by plasminogen-gelatin zymography and
western blotting, whereas that of plasminogen activator
inhibitor type 1 (PAI-1) protein and uPA receptor (UPAR)
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mRNA was monitored by western blotting and quantita-
tive real-time reverse transcriptase polymerase chain
reaction, respectively. Two independent methods were
employed to suppress uPA function: a synthetic uPA
inhibitor (B428) and silencing of uPA gene expression
using siRNA. In vitro invasion of the uPA-disrupted cells
was assessed by Matrigel-coated Transwell assay.

RESULTS: The immunohistochemical study showed that
75.3% (131/174) of CCA tissues expressed uPA. High
UPA expression was correlated with lymphatic invasion
and metastasis of CCA patients. Plasminogen-gelatin
zymography of the conditioned media and cell-surface
eluates showed that both CCA cell lines, but not H69,
expressed both secreted and membrane-bound forms
of uPA. Although the two CCA cell lines, HuCCA-1 and
KKU-M213, expressed a relatively high level of uPA and
UuPAR, the latter exhibited a much lower degree of /n
vitro invasiveness, correlating with a high expression
of PAI-1 in the latter, but not in the former. Suppress-
ing uPA function with a specific uPA inhibitor, B428, or
with siRNA against uPA reduced /n vitro invasiveness of
KKU-M213 cells, demonstrating the requirement for uPA
in the invasiveness of CCA cells. Therefore, our /n vivo
and /n vitro studies suggest that uPA is an important
requirement for the invasion process of CCA.

CONCLUSION: uPA expression correlates with lympha-
tic invasion and metastasis /7 vivo and is required for
CCA cell invasion /in vitro, suggesting its potential as a
therapeutic target.

© 2012 Baishideng. All rights reserved.

Key words: Bile duct cancer; Cholangiocarcinoma; Cancer
invasion; Urokinase plasminogen activator; Cancer me-
tastasis

Peer reviewers: Mansour A Parsi, MD, Center for Endoscopy
and Pancreatobiliary Disorders, Digestive Disease Institute/A31,
Cleveland Clinic, 9500 Euclid Avenue, Cleveland, OH 44195,
United States; Michele Reni, MD, Department of Oncology, San

January 21, 2012 | Volume 18 | Issue 3 |



Raffaele Scientific Institute, via Olgettina 60, Milan 20132, Ita-
ly; Ching Chung Lin, MD, MMS, Division of Gastroenterology,
Department of Internal Medicine, Mackay Memorial Hospital,
Taipei 111, Taiwan, China

Thummarati P, Wijitburaphat S, Prasopthum A, Menakongka A,
Sripa B, Tohtong R, Suthiphongchai T. High level of urokinase
plasminogen activator contributes to cholangiocarcinoma inva-
sion and metastasis. World J Gastroenterol 2012; 18(3): 244-250
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v18/i3/244.htm DOTI: http://dx.doi.org/10.3748/wjg.v18.i3.244

INTRODUCTION

Cholangiocarcinoma (CCA) is a cancer that originates
from the biliary epithelium, and it is the second most
common form of liver cancer. Although it is a rare ma-
lignancy, the incidence and mortality rate has increased
worldwide in the past decade!”. The highest incident rate
was observed in Northeast Thailand where there is a high

prevalence of liver fluke (Opisthorchis viverrini) infection'”,

a group | carcinogen classified by International Agency
for Research on Cancer”. CCA is considered an incur-
able disease due to lack of efficient diagnosis, hence most
patients at presentation have developed advanced disease
with high rate of invasion and metastasis, resulting in a
high mortality rate.

Metastasis is a multi-step process that involves spread-
ing of cancer cells from the primary to the secondary
site. During this process, cancer cells must invade the sur-
rounding tissue, penetrate the blood or lymphatic vessels,
and form a new tumor mass at distant sites. To invade,
cancer cells degrade extracellular matrix (ECM) and base-
ment membrane to generate a space for the cells to move
out of the original site. This is accomplished by secre-
tion of a variety of matrix-degrading enzymes including
matrix metalloproteinases (MMPs) and serine proteases,
such as plasminogen activator.

Urokinase plasminogen activator (uPA) is a serine
protease that is involved in ECM degradation, cancer
invasion and metastasis by regulating the plasminogen/
plasmin system. uPA is synthesized as a single-chain pro-
enzyme which is activated by proteolytic cleavage to form
the high-molecular-weight two-chain active uPA or the
low-molecular-weight uPA through the action of plasmin,
kallikrein, or cathepsin B, Active uPA cleaves inactive
plasminogen to generate active plasmin, a broad-specific
serine protease, which can degrade a variety of ECM pro-
teins. Besides, plasmin and uPA can also activate several
types of MMPs which, in turn, degrade ECM. Therefore,
uPA amplifies proteolytic cascades in ECM degradation
which is crucial for cancer invasion. uPA exerts its effect
by binding to the uPA receptor (uPAR), which local-
izes uPA on the cell surface, enhancing its plasminogen
activation capabilitylij. This activity is, in turn, negatively
regulated by the plasminogen activator inhibitor type 1
and 2 (PAI-1 and -2)".

uPA expression has been shown to be upregulated in
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many cancers, where its expression has been correlated
with invasion and metastasis. Although uPA expres-
sion has been demonstrated in some CCA cell lines™”,
there has been no report of uPA expression in clinical
specimens, nor a linkage between its expression with the
clinical symptoms of CCA patients. In this study, we in-
vestigated the possible role of uPA in CCA development
in vivo by examining the expression pattern of uPA in
clinical samples and relating those findings to the various
clinicopathological parameters of CCA patients. In addi-
tion, we determined the role of uPA 7z vitro using siRNA
or specific inhibitor to suppress the uPA function and as-
sessed the phenotype of the cells with uPA downregula-

tion in an 2 vitro Transwell assay.

MATERIALS AND METHODS

Patients and tissue samples

Archival paraffin-embedded tissue samples were obtained
from 174 patients (aged 32-75 years) who underwent liver
resection at Srinagarind Hospital, Khon Kaen University,
Thailand during 1999-2010. These samples were used to
generate the tissue microarray for this retrospective study.
All patients were diagnosed with intrahepatic CCA. Vas-
cular, lymphatic and neural or perineural invasion were
defined by the presence of tumor cells in the blood ves-
sels, lymphatic vessels and in or around the nerve fibers
in the liver, respectively. The study protocol was approved
by the Ethical Committee of Khon Kaen University (HE
521209).

Cell lines and cell culture

Two human CCA cell lines developed from Thai pa-
tients, HuCCA-1" and KKU-M213 and one human im-
mortalized cholangiocyte cell line, H69, were used. All
cell culture materials (medium, serum and antibiotics)
wete purchased from Gibco Invitrogen (Auckland, New
Zealand). The CCA cells were cultured in HAM’s F-12
medium supplemented with 10% heat-inactivated fetal
bovine serum (FBS), 2 mmol/L glutamine, 15 mmol/L
HEPES and 14 mmol/L sodium bicarbonate, 100 U/mL
penicillin G and 100 U/mL streptomycin. The cells were
incubated at 37 'C under a humidified 5% CO:2 atmo-
sphere. H69 was grown in Dulbecco’s Modified Eagle’s
Medium (DMEM)/DMEM F12 (1:1) supplemented with
10% FBS, hormones and epidermal growth factor, as
previously described"”.

Tissue microarray and immunohistochemical staining

Tissue microarray (TMA) was generated manually from
the paraffin-embedded tissues. In brief, the region of
interest from each paraffin block was identified on a he-
matoxylin-cosin-stained slide, after which the slide was
aligned with the surface of the original paraffin block to
locate the sampling area. The area of interest in the paraf-
fin block was then punched with a 1-mm-diameter needle
before each punched tissue was then manually transferred
to a new recipient paraffin block to generate a TMA
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block. Five-micrometer-thick sections were cut from the
TMA block, mounted on a silane-coated glass slide, fol-
lowed by immunohistochemical staining. The specimens
were deparaffinized and dehydrated before the endoge-
nous peroxidase activity in the tissue section was blocked
with 0.5% H20:2 in methanol for 30 min. After washing
with PBS, pH 7.4, and blocking with blocking solution
containing 5% normal horse serum in PBS, pH 7.4, for
30 min, the specimens were hybridized with 0.5 pg/mL
monoclonal antibody against uPA (Ab No. 3689; Ameri-
can Diagnostica, Stamford, CT, United States), followed
by a horseradish peroxidase (HRP)-conjugated secondary
antibody (Invitrogen, Carlsbad, CA, United States). The
brown color corresponding to the peroxidase activity was
developed using diaminobenzidine (Sigma, St Louis, MO,
United States). The specimens were counter-stained with
Mayer’s hematoxylin. Negative controls were performed
in a similar way, omitting the primary antibody. The uPA
staining was scored based on signal intensity as follows:
negative, weak (+), moderate (++) and strong (+++).

Determination of plasminogen activator activity by
plasminogen-gelatin zymography

uPA activity secreted from cancer cells into the condi-
tioned medium (CM) was determined by plasminogen-
gelatin zymogaphy under non-reducing conditions.
Cells (3.5 x 10°) were cultured in six-well plates for 2 d,
washed twice, and incubated in serum-free medium for
6 h. Proteins in CM were separated by 8% SDS-PAGE
containing 10 pg/mL plasminogen (Roche Diagnostics
GmbH, Mannheim, Germany) and 1 mg/mL gelatin
(Sigma) under non-reducing conditions. After electropho-
resis, the gel was washed twice with 2.5% TritonX-100
for 1 h to remove SDS, incubated for 18 h in the reaction
buffer containing 100 mmol/L Tris-HCl, pH 7.8, 150
mmol/L NaCl and 1% TritronX-100, followed by stain-
ing with 0.25% Coomassie blue and destaining with 45%
methanol and 10% acetic acid. A clear band with an esti-
mated molecular weight of 43 kDa represented the uPA
activity band. To confirm its PA (not gelatinase) activity,
plasminogen-free gelatin zymogram gel was run in paral-
lel as a negative control.

To detect the bound uPA, cells wetre washed twice with
PBS before the bound uPA was cluted by elution buffer
[100 mmol/L NaCl and 50 mmol/L glycine-HCI (pH 3.0)].
The eluate was neutralized by adding 0.5 mol/L Tris-HCl,
(pH 7.8), at the ratio of eluate:neutralization buffer of 4:1,
and analyzed by plasminogen-gelatin zymogtaphy.

Determination of uPA and PAI-1 proteins by western
blotting

uPA and PAI-1 protein levels in 40x concentrated CM
were determined by western blot analysis using anti-uPA
and anti-PAI-1 antibodies (American Diagnostica), re-
spectively. Proteins were separated by 8% SDS-PAGE,
transferred to a nitrocellulose membrane, probed with an-
ti-uPA and anti-PAI-1 antibodies, before being hybridized
with HRP-conjugated secondary antibodies. The uPA and
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PAI-1 bands were developed by enhanced chemilumines-
cence ECL Plus reagent (GE Healthcare, Little Chalfont,
Bucks, United Kingdom) and visualized by Fluor Chem
SP (Alpha Innotech, San Leandro, CA, United States).

Quantitative real-time reverse transcriptase polymerase
chain reaction

uPA and uPAR mRNA expression was determined by
real-time reverse transcriptase polymerase chain reaction
(RT-PCR) using ABI 7500 (Applied Biosystems, Fos-
ter City, CA, United States). RNA was extracted using
RNeasy mini kit (Qiagen, Valencia, CA, United States)
following the manufacturer’s protocol. Two micrograms
total RNA was converted to cDNA by SuperScript™ Il
Reverse Transcriptase kit (Invitrogen, Grand Island, NY,
United States) using random hexamer primer, and the
cDNA was amplified by real-time PCR in a 20-plL. reac-
tion volume containing 0.5 U HotStart Taq polymerase
(Qiagen), 1x FastStart Universal SYBR Green Master
cocktail (Roche Diagnostics GmbH, Mannheim, Germa-
ny) and 4 pmol of each specific primer (5-TTGCTCAC-
CACAACGACATT-3’ and 5-ATTTTCAGCTGCTCC-
GGATA-3" for uPA" 5>-GGTGACGCCTTCAGCAT-
GA-3" and 5-CCCACTGCGGTACTGGACAT-3’ for
uPAR and 5-GTAACCCGTTGAACCCCATT-3" and 5
-CCATCCAATCGGTAGTAGCG-3’ for 18sRNA, as an
internal control). The reactions were started with an initial
heat activation step, followed by 40 thermal cycles. The
mRNA levels among the test cells were analyzed by rela-
tive quantification 2™*“ method.

Knock-down of uPA using siRNA against uPA

KKU-M213 cells were transiently transfected with siRNA
against uPA (Santa Cruz Biotechnology, Santa Cruz, CA,
United States) using siRNA transfection reagent (Santa
Cruz Biotechnology) following the manufacturet’s proto-
col with some modifications. In brief, 6 pl. siRNA and 6
pl transfection reagent were separately diluted in 100 pl.
siRNA transfection medium. The diluted siRNA solution
was mixed with the diluted transfection reagent, incubated
at room temperature for 15 min, before being added to
a six-well plate seeded with 2 X 10° CCA cells in 0.8 mL
transfection medium. The level of uPA mRNA was ac-
cessed at 48 and 72 h after transfection. Silencer Negative
Control siRNA #1 (Ambion, Austin, TX, United States),
a non-targeted sequence, was used as the negative control.

Transwell in vitro invasion assay

The invasiveness of CCA cells was determined using a
Matrigel-coated Transwell chamber (8-um pore size poly-
vinylpyrrolidone-free polycarbonate filter with 6.5 mm
diameter) (Corning Inc., Corning, NY, United States) pre-
coated with 30 pg Matrigel (BD Biosciences, San Diego,
CA, United States). One hundred thousand transfected
cells at 66 h post-transfection in FBS-free media were
added to the upper chamber of the Transwell, while 600
uL medium containing 10% FBS was added to the lower
chamber. After incubation for 6 h at 37 C in a CO:z in-
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Figure 1 Immunohistochemical staining of urokinase plasminogen activa-
tor protein expression in cholangiocarcinoma tissues. Tissue microarray
slide was stained with anti-urokinase plasminogen activator (uPA) antibody and

counter-stained with Mayer’s hematoxylin. Representative of +++ (A) and nega-
tive (B) uPA staining.

cubator, non-invaded cells were removed from the upper
chamber, and invaded cells were fixed and stained for 30
min with 0.5% crystal violet in 25% methanol. The num-
ber of invaded cells in five random fields was counted
under a light microscope using a 10X objective. Three
independent experiments were performed, each done in

duplicate.

Statistical analysis

All statistical analysis was performed using SPSS version
16.0 software. Correlation between uPA expression and
clinicopathological factors was analyzed using the 3 test.
Survival analysis was done by Kaplan-Meier and log-rank
tests. mRNA and invasion data were expressed as mean
* SE from three independent experiments. Comparison
of the data between groups was performed by 7 test. P <
0.05 was considered significant.

RESULTS

Level of uPA in CCA tissues using immunohistochemistry
We examined uPA expression in 174 CCA specimens by
performing immunohistochemistry on the TMA. One
hundred and thirty-one cases (75.3%) expressed uPA,
which was mainly localized in cytoplasm of CCA cells
(Figure 1). The low uPA expressing cells (negative and
+) accounted for 50.6%, whereas those with high uPA
expression (++ and +++) constituted 49.4% of the total
sample number (Figure 1).
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Table 1 Correlation between urokinase plasminogen activator

expression and clinicopathological features

Variables uPA P value
Low High

Age (yr)
<50 22 23 0.793
> 50 66 63

Sex
Male 61 55 0.453
Female 27 31

Tumor size (cm)
<5 29 28 0.956
>5 59 58

Histotype group
Well differentiated 3 31 0.065
Moderately differentiated 16 20
Poorly differentiated 18 6
Papillary 20 25
Adenosquamous 1 4

Gross type
Mass forming 71 63 0.348
Periductal infiltration 15 22
Mix type' 2 1

Vascular invasion (1 = 168)
Absent 28 32 0.451
Present 57 51

Nerve invasion (1 = 166)
Absent 55 46 0.154
Present 28 37

Lymphatic invasion (n = 167)
Absent 29 15 0.012°
Present 55 68

Metastasis
Absent 50 36 0.048
Present 38 50

'Classify as both mass forming and periductal or intraductal; *Statistically
significant. uPA: Urokinase plasminogen activator.

The correlation between uPA expression and clinico-
pathological parameters is summarized in Table 1. There
was no correlation between uPA expression level and
age, sex, tumor size, histological type, vascular invasion,
neural invasion (Table 1) and patients’ survival (Figure 2).
However, uPA expression level in the CCA tissues was
positively correlated with lymphatic invasion (P = 0.012)
and metastasis (P = 0.048).

Levels of secreted and cell surface-bound uPA in CCA
cell lines

Expression pattern of the secreted form and the mem-
brane-bound form of uPA was investigated using plasmin-
ogen-gelatin zymography in the CCA cell lines, HuCCA-1,
and KIKU-M213, compared with that of an immortalized
cholangiocyte cell line, H69. Both CCA cell lines, but not
the cholangiocytes, expressed a 43-kDa PA band on the
plasminogen—gelatin zymogram (Figure 3A), and this was
later confirmed by western blotting using anti-uPA anti-
body to correspond to uPA (Figure 3B). The discrepancy
in the molecular weight of uPA determined by plasmino-
gen—gelatin zymography (43 kDa) and by western blotting
(50 kDa) could be accounted for by the different denatut-
ation conditions employed by the two methods, in which
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Figure 2 Correlation between urokinase plasminogen activator expres-
sion and patients’ survival by Kaplan-Meier plot. Low urokinase plasmino-
gen activator (UPA) expression was referred to as negative and +, whereas high
UPA expression was ++ and +++.

the protein was partially denatured by a non-reducing-
unheated condition in the zymogram gel, whereas it was
completely unfolded by a reducing-heated condition in the
western blotting.

The uPA is under positive and negative regulation by
uPAR and PAI-1, respectively. Using quantitative real-
time PCR, we showed that both CCA cell lines expressed
uPAR mRNA, where the expression level in HuCCA-1
was twice the level in KIKU-M213 cells (Figure 3C). In ad-
dition, we showed by western blotting that PAI-1, a major
uPA inhibitor, was secreted abundantly in HuCCA-1 but
not in KKU-M213 cells (Figure 3D).

Effect of uPA inhibition on CCA cell invasion

Our immunohistochemical data showed that uPA ex-
pression in CCA specimens correlated with invasion and
metastasis, thus, we investigated if uPA played a role ir
vitro by assaying for the invasiveness of the cancer cell
line in which the uPA activity was inhibited. We showed
that B428, a uPA-specific inhibitor'”, dose dependently
reduced the invasiveness of KIKU-M213 cells compared
with controls (Figure 4). Treatment with 20 umol/L B428
suppressed 2 vitro invasion by 32%, whereas uPA activity
as determined by plasminogen-gelatin zymography, of
which both gel and reaction buffer contained the inhibi-
tor, was reduced by 64%. Suppression of 7 vitro invasion
was not due to toxicity of B428, because the 3-(4,5-di-
methylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide
assay showed that B428 had no significant effect on cell
survival under these conditions (Figure 4).

The significance of uPA in the invasiveness of CCA
cells was confirmed by silencing of uPA using siRNA to
target #PA gene expression in KIKKU-M213 cells. Using
quantitative real-time RT-PCR, we showed that the uPA
mRNA level of cells transfected with siuPA was sup-
pressed by about 60% compared to that of cells transfect-
ed with siNeg (Figure 5A). In vitro invasion of the uPA-
silenced cells was reduced by 66% * 12% compared to
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Figure 3 Levels of urokinase plasminogen activator, plasminogen activa-
tor inhibitor type 1 protein and urokinase plasminogen activator receptor
expression in two cholangiocarcinoma cell lines and immortalized cholan-
giocytes. A: Levels of secreted urokinase plasminogen activator (uPA) in 40x
concentrated conditioned medium and cell-surface-bound uPA were determined
by plasminogen-gelatin zymography; B and D: Levels of secreted uPA (B); and
secreted plasminogen activator inhibitor type 1 (PAIl-1) (D) proteins were deter-
mined by western blotting; C: Level of uPAR mRNA was examined by SYBR
Green-based qPCR and the data were calculated as relative uPAR expression
compared to that of HUCCA-1, 2%, and expressed as mean + SE from three
independent experiments. Significant difference is indicated by °P < 0.05.

that in the negative controls (Figure 5B). Suppression of
uPA activity using two independent methods confirmed
that uPA is an important requirement for invasiveness of

CCA cells.

DISCUSSION

One of the key features required for cancer invasion and
metastasis is the ability to degrade ECM and basement
membrane barrier. This process is accomplished by the
action of a variety of proteolytic enzymes, including set-
ine proteases and MMPs, which work in concert”. uPA,
a plasminogen-specific serine protease, is one of the im-
portant proteolytic enzymes contributing to this process.
uPA has been reported to be upregulated in many
cancer types, such as breast”, prostatem, colorectal™
gastriclm], and thyroidm, and its expression level corre-
lates with cancer progression. Here, we used immunohis-
tochemical analysis to demonstrate that uPA expression
could be detected in the majority (75.3%) of CCA speci-
mens, and that high level of uPA expression correlated
with lymphatic invasion and metastasis in CCA patients.
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Figure 4 Effect of urokinase plasminogen activator inhibitor (B428) on
KKU-M213 cell invasion. Cell suspension in medium containing B428 (10 and
20 umol/L) and 0.1% dimethyl sulfoxide (as a control) were subjected to in vitro
invasion assay for 6 h. Cell survival was analyzed by 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyl tetrazolium bromide assay after cells were incubated with the
drug for 6 h. The results were presented as mean + SE from three independent
experiments. Significant difference is indicated by °P < 0.05.

However, we found no significant correlation between
uPA expression level and patients’ survival rate. Several
clinical features contribute to survival of intrahepatic
CCA patients. Large tumor size, multifocal tumors, posi-
tive resection margin, gross appearance as mass-forming
plus periductular infiltration, invasion and metastasis have
been shown as clinicopathological features related to poor
prognosis and short survival'”.

The role of uPA in CCA invasion was investigated
in vitro using CCA cell lines, HuCCA-1 and KKU-M213,
and compared with the non-cancer immortalized chol-
angiocytes, H69. Plasminogen-gelatin zymography and
western blotting demonstrated that both CCA cell lines,
but not the non-cancer immortalized cholangiocytes, ex-
pressed the cell-surface-bound and the secreted forms of
uPA. Although the two cell lines expressed relatively high
amounts of uPA, only KKU-M213, but not HuCCA-1
cells exhibited a high degree of invasiveness as previ-
ously determined by 7z vitro Transwell assay'”. This could
probably be explained by the fact that HuCCA-1, but not
KKU-M213 cells expressed PAI-1, a uPA inhibitor, there-
by attenuating uPA activity to promote matrix degrada-
tion and cell invasion. Expression of PAI-1 in HuCCA-1
cells may also explain why the level of cell-surface-bound
uPA was similar in the two cell lines, although that of
uPAR mRNA was twice as high in HuCCA-1 compared
to KIKU-M213 cells. Binding of PAI-1 to the uPA-uPAR
complex has been reported to promote uPA-uPAR-PAI-1
complex internalization and lysosomal degradation of
uPA and PAI-1") leading to a reduction of the bound
uPA on the cell sutface.

Inhibition of uPA or uPAR function by anti-uPA or
anti-uPAR antibody or by non-specific serine protease
inhibitor has been shown to reduce significantly 7 vitro in-
vasiveness of papillary thyroid cancer cells"”. Similarly, si-
lencing of uPA and/or uPAR by siRNA has been shown
to suppress 7z vifro invasion of many cancer types includ-
ing those of the prostate[zo] and breast”! and glioma[zz].
We showed that inhibition of uPA activity by specific
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Figure 5 Effects of urokinase plasminogen activator knockdown on KKU-
M213 cell invasion. A: Level of urokinase plasminogen activator (uUPA) mRNA
of the cells transfected with siRNA against uPA or non-targeting siRNA for 48
and 72 h were determined by real-time reverse transcriptase polymerase chain
reaction. Significant difference is indicated by *P < 0.05; B: Cells transfected
with siRNA for 66 h were analyzed for cell invasiveness using Transwell in vitro
invasion assay. The results were presented as mean + SE from three indepen-
dent experiments.

uPA inhibitor, B428, or of uPA expression by siRNA ef-
ficiently suppressed 7 vitro invasion of KIKU-M213 cells,
consistent with a previous report in QBC939 cells, a uPA-
expressing CCA cell line, whose invasiveness was mark-
edly reduced by inhibiting plasminogen activation with
tranexamic acid or 6-aminocaproic acid”. Observations
of the importance of uPA in invasion in a variety of can-
cers suggest a common role of uPA in cancer invasion,
including CCA. A drug inhibiting uPA is already undergo-
ing clinical trial for some cancers” and if proven success-
tul, could be applied to CCA.

In summary, we have showed by immunohistochemis-
try that high uPA expression in CCA tissue was correlated
with lymphatic invasion and metastasis. Studies in cell
lines confirmed the importance of uPA in cell invasive-
ness, but the presence of PAls or uPAR can affect uPA-
dependent cell invasion. The roles of these factors in
modulating CCA invasion and metastasis clearly warrant
future investigation.

ACKNOWLEDGMENTS

The authors thank Professor Sirisinha S (Mahidol Uni-
versity, Thailand) for providing us HuCCA-1 cell line
and Professor Alpini G (Texas A and M University, TX,
United States) and Professor Gores G (Mayo Clinic, MN,
United States) for H69 cell line, and Professor Wilairat P
and Dr. Kitjaroentham A for critical reading of the manu-
sctipt.

January 21, 2012 | Volume 18 | Issue 3 |



Thummarati P et a/. uPA in cholangiocarcinoma invasion

COMMENTS

Background

Cholangiocarcinoma (CCA), a cancer of the bile duct, is an aggressive cancer
with high metastatic and short survival rate. One of the critical properties re-
quired for cancer metastasis is the ability to degrade extracellular matrix. Uro-
kinase plasminogen activator (uPA), a key proteolytic enzyme involved for this
process, is frequently overexpressed in many types of cancers.

Research frontiers

Although uPA has been demonstrated to play an important role in invasion of
many cancer types, the correlation between uPA expression and CCA progres-
sion has not hitherto been reported.

Innovations and breakthroughs

The authors have demonstrated that high uPA expression in CCA tissue corre-
lated with high lymphatic invasion and metastasis in patients. The importance of
uPA in cell invasiveness was confirmed in vitro using uPA-expressing CCA cell
lines. In addition, the in vitro study indicated that plasminogen activator inhibi-
tors could have an important impact on uPA-mediated cancer cell invasiveness.

Applications
The requirement of uPA in CCA invasiveness highlights uPA as a potential
therapeutic target.

Terminology

Urokinase plasminogen activator (uPA) is a plasminogen-specific serine prote-
ase. It converts inactive plasminogen to active plasmin, which degrades extra-
cellular matrix and activates matrix metalloproteinases.

Peer review

This study investigated uPA expression in CCA tissues and its role in CCA cell
invasion in vitro. The authors found that high uPA expression correlated with
invasion and metastasis in CCA patients. The design of this research is good
and the findings are novel and important, so it is suitable for our readers.
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