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Abstract

AIM: To evaluate the role of thymidine phosphorylase
(TP) in cholangiocarcinoma using small interfering RNA
(siRNA).

METHODS: A human cholangiocarcinoma-derived cell
line KKU-M139, which has a naturally high level of endo-
genous TP, had TP expression transiently knocked down
using siRNA. Cell growth, migration, /7 vitro angiogen-
esis, apoptosis, and cytotoxicity were assayed in TP
knockdown and wild-type cell lines.

RESULTS: TP mRNA and protein expression were
decreased by 87.1% + 0.49% and 72.5% % 3.2%,
respectively, compared with control cells. Inhibition of
TP significantly decreased migration of KKU-M139, and
suppressed migration and tube formation of human
umbilical vein endothelial cells. siRNA also reduced the
ability of TP to resist hypoxia-induced apoptosis, while
suppression of TP reduced the sensitivity of KKU-M139
to 5-fluorouracil.

CONCLUSION: Inhibition of TP may be beneficial in
decreasing angiogenesis-dependent growth and migra-
tion of cholangiocarcinoma but may diminish the re-
sponse to 5-fluorouracil chemotherapy.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Cholangiocarcinoma is a common hepatobiliary malig-
nancy among the Northeastern Thai population and it is
an important public health problem because the incidence
and fatality rates are high“’zl. Liver fluke (Opisthorchis viverri-
ni) infection is a risk factor for cholangiocarcinoma, which
accounts for about 89% of all liver cancer cases in Khon
Kaen province, where the liver fluke is highly endemic
and the incidence of cholangiocarcinoma is the highest
in the world (97.4 per 100000 males and 39 per 100000
females)". A number of different genes have been impli-
cated in carcinogenesis of cholangiocarcinoma, e.g. p5313],
MDM2¥, JMILHT and AMSH2™, and TFF. We previ-
ously demonstrated the high prevalence of thymidine
phosphorylase (IP) gene amplification (53.8%; 35 of 65
cases) in cholangiocarcinoma tumor tissues, suggesting
that TP may play an important role in carcinogenesis of
liver fluke-related cholangiocarcinornam.

TP (EC 2.4.2.4) is located in chromosomal region
22q13.33 and encodes a protein that catalyzes the rever-
sible phosphorolysis of thymidine, deoxyuridine, and
their analogs to their respective bases and 2-deoxyribose-
1-phosphate, which is then dephosphorylated to 2-deoxy-
p-ribose!™. TP has been proposed to function in DNA
synthesis, cell growth, chemotaxis stimulation in endothe-
lial cells iz vitro, and to enhance angiogenesis 7 vivd™"". TP
is abnormally expressed in certain cancers of the gastroin-
testinal tract e.g, pancreatic cancers' ', colon carcinomas''”,
gallbladder adenocarcinomas"”, and intrahepatic cholan-
giocarcinornam]. Interestingly, TP expression was found
to be elevated from 10- to 260-fold in nearly all biopsies
examined from carcinomas of the stomach, colon, ovary,
and bladder when compared to non-neoplastic regions of
these organs“s’]G]. Nevertheless, how TP expression is up-
regulated in human tumors remains unclear.

During the past few years the utility of RNA interfer-
ence (RNAI) and post-transcriptional gene silencing has
significantly advanced the study of the effects of loss
of individual gene functions. Therefore, we investigated
the functions and roles of TP in carcinogenesis of liver
fluke-related cholangiocarcinoma using small interfering
RNA (siRNA) to suppress TP expression. Understand-
ing the functions of TP involved in cholangiocarcinoma
will help us elucidate the molecular mechanisms of chol-
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angiocarcinogenesis and thus could potentially provide
important strategies for prevention, early diagnosis, and
early treatment to reduce the cancer incidence and in-
crease cholangiocarcinoma patient survival.

MATERIALS AND METHODS

Cell lines and culture condition

The KIKU-M139 cell line was established from the primary
tumor of a 53-year-old Thai woman with squamous cell
type cholangiocarcinoma. It was selected for this work after
prior screening of TP expression in 5 cholangiocarcinoma-
derived cell lines (data not shown). KKU-M139 was
maintained in RPMI-1640 medium containing 100 TU/mL
penicillin, 100 pg/mL streptomycin, and 100 mL/L
heat-inactivated fetal bovine serum (FBS) as a complete
medium. The human umbilical vein endothelial cells
(HUVEC:) isolation procedure followed the protocol of
Jaffe ez a/'”". HUVECs were maintained in M199 medium
containing 100 U/mL penicillin, 100 ug/mL streptomycin,
50 mL/L pooled human serum, and 300 mL/L heat-
inactivated FBS. Culturing was carried out at 37°C in a
humidified 50 mIL/L CO:2 incubator. Confluent HUVEC
monolayers (passages 2-4) were used in the assays.

Transient knockdown of TP using siRNA

siRNA sequences against human TP were designed and
synthesized by Stealth RNAi (Invitrogen, Carlsbad, CA,
USA). The siRNA sequences were 5'-AUAGACUCCA
GCUUAUCCAAGGUGC-3' (sense) and 5'-GCACCU
UGGAUAAGCUGGAGUCUAU-3' (antisense). A non-
related control siRNA that lacked identity with known
gene targets was used as a control for non sequence-
specific effects. TP siRNA or control siRNA (20 pmol)
was transiently transfected into 1 X 10° KKU-M139 using
OligofectAMINE (Invitrogen) according to the manu-
facturer’s instructions. Briefly, siRNA:Oligofect AMINE
complexes were mixed gently in Opti-MEM 1 reduced-
serum medium and incubated for 20 min at room tem-
perature. Then 200 pL of the complex mixture was added
to cells growing in a 35-mm Petri dish containing 800 ulL
Opti-MEM 1 and mixed gently. After 24 h incubation at
37°C in a 50 mL/L CO:z incubatot, the complexes wete re-
placed by complete medium. Cells were incubated further
for 24 h and gene function assays performed within 72 h
post-transfection. The intensity of TP expression, either
mRNA or protein, was analyzed using Image] software
version 1.32j (NIH, Bethesda, MD, USA). To determine
the knockdown efficiency, the density of TP expres-
sion was normalized with its corresponding -actin for
mRNA or q-tubulin for protein. The normalized intensity
was compared between TP siRNA-transfected cells (TP-
deficient cells) and control siRNA-transfected cells (control
cells).

Reverse transcription and semi-quantitative polymerase
chain reaction

Total RNA from the KKU-M139 cell line was reverse
transcribed using Omniscript reverse transcriptase (QIA-

April 7,2010 | Volume 16 | Issue 13 |



gen, Hilden, Germany). The forward and reverse primer
sequences of TP were 5'-GGCATGGATCTGGAG-
GAGAC-3'" and 5'-CTCTGACCCACGATACAGCA-3',
respectively. The forward and reverse primer sequences
for B-actin as control were 5’~ACTGGGACGACATG-
GAGAAA-3' and 5-ATAGCACAGCCTGGATAGCA-3',
respectively. Polymerase chain reaction (PCR) amplifica-
tion was carried out in a final volume of 20 pl. contain-
ing first-strand cDNA, 10 pmol of each primer, 5 U Taq
polymerase in 1 X Taq buffer (67 mmol/L Tris-HCI,
16.6 mmol/L ammonium sulfate, and 10 mL/L Tween
20), 2.5 mmol/L MgClz, and 0.2 mmol/L dNTPs. The
amplification was initiated by incubation at 94°C for 5 min
followed by 40 cycles of denaturation at 94°C for 30 s, an-
nealing at 59°C (for TP) or 60°C (for B-actin) for 30 s, and
extension at 72°C for 30 s, with a final 10-min extension at
72°C. PCR products were separated on a 20 g/L agarose
gel containing 100 ng/mL ethidium bromide. Gels were
visualized and photographed on a UV Transilluminator.

Western blot analysis

Total protein was separated on 10% SDS-PAGE then
transferred onto a nitrocellulose membrane and blocked
with TBST buffer (20 mmol/L Tris-HCl, 150 mmol/L
NaCl, 0.5 mL/L Tween 20) plus 50 g/L skim milk. The
membrane was probed with anti-TP (Taiho Pharmaceutical
Co., Ltd. Japan) or anti-o-tubulin (Zymed Laboratories
Inc., San Francisco, CA, USA) as a control at a dilution
of 1:1000 in TBST followed by a dilution of 1:2000 of
a horseradish peroxidase-conjugated secondary antibody.
Immunopositive bands were detected with freshly prepared
ECL chemiluminescent solution (Amersham Biosciences,
Buckinghamshire, England) and visualized by exposure to
X-ray film.

Cell growth assay

To evaluate the cellular growth rates, 1 X 10" wild-type,
TP-deficient, or control cells were seeded in 6-well cell
culture plates and grown in complete medium at 37°C
in a 50 mL/L CO:z2 incubator. The cells were counted in
triplicate every day for up to 6 d following a trypan blue
dye exclusion assay. The population doubling time was
calculated from the exponential growth phase.

Migration assays

The migration of HUVECs stimulated by TP-expressing
KKU-M139 cells was evaluated by a 2-chamber assay us-
ing a 96-well modified Chemotaxicell chamber (Kurabo,
Japan) with an 8-pum pore size membrane. In brief, 100 pulL.
total protein of wild-type, TP-deficient or control cells
(PBS alone as a negative control) was added to the lower
chamber. HUVECs (1 X 10’ resuspended in 60 pl. PBS)
were placed in the upper chamber then incubated at 37°C
in a 50 mL/L. CO, incubator for 4 h. The number of cells
that moved through the pores toward the attractant-that
is, TP protein produced by KIKU-M139 cells-and settled
on the bottom chamber was counted using trypan blue
staining. The assays were performed in triplicate. The
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migration assay for KIKU-M139 cells was carried out us-
ing the same protocol, but the lower chamber contained
100 uL of a complete medium as a chemoattractant.
RPMI-1640 medium containing 10 mL/L FBS setrved as
a negative control. Wild-type, TP-deficient or control cells
1 % 10° in suspension in 60 pL fresh RPMI-1640) were
placed in the upper chamber.

In vitro angiogenesis assay

The HUVEC tube-like structure was determined using
the Endothelial Tube Formation Assay (Cell Biolabs Inc.,
Sandiego, CA, USA) according to the manufacturer’s
protocol. In brief, HUVECs were harvested and resus-
pended in M199 culture medium containing 100 mL/L
FBS and angiogenesis mediators, i.e. serum of endo-
metriosis patients as a positive control, total protein from
KKU-M139 cells before and after treatment with TP-
siRNA. Cell suspension (150 pL, 1.5 X 10* cells) was
layered on the 50 pL of solidified extracellular matrix (ECM)
gel in each 96-well plate, and the plate was incubated at
37°C for 18 h to allow the HUVECs to reorganize into a
3-dimensional tubular structure. The tube-like structures
were stained with Calcein AM fluorescent dye, and exa-
mined and captured under a fluorescence microscope
(Olympus CKX41, Tokyo, Japan). The tube length was
quantified using Image] (NIH, Bethesda, MD, USA) and
represented as total tube length (um) for 3 photographic
fields per experimental condition. Each treatment was
performed in duplicate, and the set of experiments was
repeated twice independently.

TUNEL apoptosis assay

The DeadEnd™ Colorimetric TUNEL System (Pro-
mega, Madison, WI, USA) was used to detect apoptosis
in cultured cell lines. In brief, cells grown in a 35-mm pe-
tri-dish were exposed to hypoxic conditions for 48 h. Cells
were allowed to undergo apoptosis at 37°C in a humidified
50 mL/L COzincubator for 12 h. Treated cells were fixed
with 40 g/L buffered formaldehyde, permeabilized by
2 mL/L Triton X-100, and equilibrated with Equilibra-
tion buffer (Promega). The cells were incubated with
recombinant terminal deoxynucleotidyl transferase (rTdT)
reaction mix, containing biotinylated nucleotides, inside a
humidified chamber at 37°C for 1 h to allow end-labeling
of the fragmented DNA of apoptotic cells to occur. The
reactions were terminated by addition of 2 X SSC bulffer,
and endogenous peroxidases were blocked with 3 mL/L
H20:s. To detect the incorporated biotinylated nucleotides,
streptavidin-horseradish peroxidase solution (Promega)
in PBS was used. A total of 100 yl. diaminobenzidine
chromogen was added to each plate and developed until a
light brown background occurred. Cells stained brown was
counted per total number of cells in the 100 X power field
of inverted microscope. The assays were performed in du-
plicate, and the experiment was repeated at least 3 times.

MTS cytotoxicity assay

To determine the concentration of 5-fluorouracil that
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Figure 1 Small interfering RNA (siRNA) significantly reduced thymidine
phosphorylase (TP) mRNA analyzed by semi-quantitative polymerase
chain reaction (A) and protein (B) analyzed by Western blot of TP-deficient
(siTP) cells compared with wild-type (WT) and control (siCtr) cells. For
negative control (NTC), no cDNA was present in the reaction.

inhibited cell proliferation by 50% (ICso), the MTS assay
(Promega) was used according to the manufacturer’s
instructions. Briefly, at one day post-transfection, 100 pL
of cell suspension (1 X 10° cells/mL) was added to each
well of a 96-well flat-bottom culture plate then incubated
at 37°C in a humidified 50 mL/L CO: incubator. After 24
h incubation, 100 pl. medium containing various concen-
trations of 5-fluorouracil or fresh medium for untreated
controls was added to each well for 48 h. The culture med-
ium containing dead cells was then removed, and 100 pL
of medium containing 20 uL. MTS solution (317 pg/mlL)
was added to each well for 2 h to allow living cells to
catalyze the MTS to a colored formazan product which
was measured at 490 nm using a microplate reader (Tecan
Austria GmbH, Salzburg, Austria). The assays were per-
formed in duplicate, and the experiment was repeated
twice.

Statistical analysis

Values are presented as mean * SD. The statistical signi-
ficance of the data was analyzed by one-way ANOVA
using SPSS statistical software version 10.0 for Windows
(SPSS Inc, Chicago, IL, USA). P < 0.05 was considered
statistically significant.

RESULTS

TP is not a pivotal factor for tumor cell proliferation in
cholangiocarcinoma

After TP-siRNA transfection, expression of TP mRNA
(Figure 1A) and protein (Figure 1B) was suppressed by
87.1% * 0.49% and 72.5% * 3.2%, respectively, com-
pared with control cells. To evaluate TP function on the
proliferation of KIKU-M139, the cell growth assay was
petformed. The population doubling time calculated
from exponential growth phase (day 1-day 4) of wild-
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Figure 2 Kinetic growth curves of KKU-M139 WT, control (siCtr), and TP-
deficient (siTP) cells. The doubling time of TP-deficient cells was not significantly
different from that of WT or control cells.

type, TP-deficient, and control cells was 25.7 £ 4.7, 29.7
+ 2.4, and 29.6 £ 6 h (n = 4), respectively (Figure 2).
Doubling time of TP-deficient cells was not significantly
different from that of wild-type or control cells.

TP-siRNA decreases TP-induced migration of HUVECs
and KKU-M139

Angiogenesis, which is crucial for the development and
progression of various cancers, requires migration and
proliferation of endothelial cells in order to form the
vasculature. Therefore, we tested the ability of TP to
activate migration of endothelial cells using a 2-chamber
assay. Migration of HUVECs toward total protein of
TP-deficient cells was similar to that of PBS (Figure 3A).
Use of total protein of TP-expressing KIKU-M139 cells as
a chemoattractant induced the migration of HUVECs by
more than 2-fold relative to PBS (P < 0.05). Migration
of cancer cells is important for invasion and metastasis.
We investigated the migration of wild-type, TP-deficient,
and control cells directed to 100 mL/L FBS as a chemo-
attractant. Migration towards 100 mL/L FBS of TP-
deficient cells was significantly reduced by 2.4-fold
compared with wild-type (P < 0.001) and 1.8-fold com-
pared with control cells (P < 0.01) (Figure 3B).

TP-siRNA attenuates TP-induced tube formation of
HUVECs

To assess the effect of TP on the formation of blood
vessels, we analyzed the ability of TP produced from
KKU-M139 to induce HUVECs to form tube structures
using an ECM gel angiogenesis assay. Tube-like structures
were formed by HUVECs activated by serum of endo-
metriosis patients as a positive control (Figure 4A) but not
by the PBS as a negative control (Figure 4B). HUVECs
exhibited significant tube formation when total protein
from wild-type KICU-M139 cells (Figure 4E and F), which
endogenously express TP, was added (P < 0.001 »s PBS).
Pre-treatment of KIKU-M139 cells with TP-siRNA (Figure
4D) to suppress TP expression reduced tube formation
of HUVECs compared with control cells (Figure 4C) (P
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Figure 3 Knockdown of TP reduces migration of HUVECs and KKU-M139. A: Migration of HUVECs toward protein produced from TP-deficient cells (siTP) was
similar to that of PBS, and 2-fold less than that of wild-type (WT); B: TP-deficient KKU-M139 cells are less migratory in response to FBS compared with wild-type, and
control.
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Figure 5 Knockdown of TP leads to increased cell death under hypoxic
conditions. TP-deficient (siTP) or control (siCtr) cells were exposed to normoxic
or hypoxic conditions for 48 h. Apoptosis was measured with the TUNEL assay.

< 0.01) or wild-type cells (P < 0.01) as shown in Figure
4G.

Reduced TP expression decreases resistance to
hypoxia-induced apoptosis of KKU-M139

TP was reported to confer resistance to apoptosis induced
by hypoxia. Under hypoxic conditions, the TP-deficient

G 24000 P < 0.001 cells exhibited significantly more cell death than did the
20000 P <0.01 control cells (P < 0.05). Thus, TP seems to confer resis-
o P <001 tance to hypoxia-induced apoptosis in control cells. For
f 16000 both control and TP-deficient cells, the percent apoptosis
® 17000 P < 0.001 under normoxic conditions was less than that under hy-
- poxic conditions (P < 0.01 and P < 0.001, respectively).
2 8000 Anti-apoptotic activity of KIKU-M139 under 48 h hypoxic
4000 conditions was suppressed by TP knockdown (Figure 5).
0

wT siCtr SiTP PBS TP-siRNA decreases the sensitivity of KKU-M139 cells
_ _ _ to 5-fluorouracil
Flgure 4 Knockdow.n of TP .decreases the formation of tulbejllke ;tructures 5-fluorouracil is a commonly used chemotherapeutic drug
in an ECM gel angiogenesis assay. Serum of endometriosis patients was f holanoi . d TP i ded for 5-f
used as a positive control (A), and PBS as a negative control (B). Total protein of ot C o a.ngpcarcmoma, ag Is needed tor >- uor.o—
control (siCtr) (C), TP-deficient (siTP) (D), or WT cells (E and F) were assayed. uracil activation. To determine to what extent TP contrib-

The tube length was quantified (G). utes to the cytotoxic effect of 5-fluorouracil, cells were
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Figure 6 Effects of TP-siRNA on 5-fluorouracil (5-Fu) cytotoxicity of
KKU-M139. KKU-M139 WT, control (siCtr), and TP-deficient (siTP) cells were
incubated with various concentrations of 5-fluorouracil for 48 h. Sensitivity of the
cells to 5-fluorouracil was then determined with a MTS cytotoxicity assay.

exposed to a range of concentrations of 5-fluorouracil in
the presence or absence of siRNA against TP. The ICso
of control and wild-type cells were 6.4 + 0.36 and 13 *
1.70 pmol/L 5-fluorouracil, respectively. As expected, TP-
deficient cells requited 52.3 £ 6.8 pmol/L 5-fluorouracil,
an 8.2-fold increase over that in control cells (P < 0.05), to
inhibit cell proliferation by 50% (Figure 6).

DISCUSSION

We previously reported that 35 of 65 (53.8%) liver fluke-
related cholangiocarcinoma cases exhibited TP amplifi-
cation, suggesting that TP may contribute to the patho-
genesis of cholangiocarcinoma'”. Here, we report that
TP confers resistance to apoptosis, induces migration of
a cholangiocarcinoma-derived cell line, and mediates mi-
gration and tube formation of HUVECs. However, TP
is essential for activation of 5-fluorouracil, a commonly
used anti-cancer drug for treatment of cholangiocarci-
noma. In fact, TP amplification and overexpression have
been reported for vatious solid tumors that exhibited in-
vasion, metastasis, angiogenesis, and poor prognosis, in-
cluding cholangiocarcinoma”'*"*"”), In this study, trans-
fection with TP-siRNA suppressed TP mRNA expres-
sion by approximately 87% and protein expression by
72% (Figure 1), indicating effective gene silencing. The
population doubling time of TP-deficient cells was not
significantly different from that of wild-type or control
cells (Figure 2), suggesting that TP is not a pivotal factor
for tumor cell proliferation in cholangiocarcinoma.
Increased TP expression has been shown to increase
invasiveness of KB epidermoid carcinoma cells com-
pared with control cells™. Migration is an important
characteristic of metastatic cancer cells. TP-expressing
KKU-M139 also exhibited greater migration than TP
knockdown cells (Figure 3B). Nakajima ez a/*" deter-
mined the molecular basis for induction of invasive activi-
ty by TP. They suggested that TP and 2-deoxy-D-tribose
induces the expression, secretion, and activity of matrix
metalloprotease-9 (MMP-9) that subsequently confers
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invasiveness on cancer cells, but the exact mechanism by
which TP and one of its degradation products, 2-deoxy-
D-ribose, enhance MMP-9-mediated invasive activity is
not known. The expression level of TP was reported to
significantly correlate with that of the invasion-related
genes MMP-1, MMP-7, and MMP-9", Taken together,
these data indicate that TP enhances the invasion of
tumor cells through the induction of invasion-related
genes in cholangiocarcinoma.

The study by Hotchkiss ¢z a/* demonstrated that
TP-expressing cells mediated HUVEC migration via the
intracellular metabolism of thymidine by TP and the
subsequent extracellular release of 2-deoxy-D-ribose,
which formed a chemotactic gradient. Later, they proved
that both TP and 2-deoxy-D-ribose stimulated HUVEC
migration by increasing cell surface expression of the
integrins osPB1 and owfs to form focal adhesions. Inte-
grins bind to the ECM and directly activate focal adhe-
sion kinase signaling pathways, mediating cell attachment
and migration[24l. KKU-M139, which endogenously
expresses TP, also strongly induced HUVEC migration,
an early step in angiogenesis. Our study showed that TP-
expressing KKU-M139 could stimulate the migration
and formation of tube-like structures of HUVECs to a
much greater degree than TP-silenced KIKU-M139 (Fig-
ure 3A and 4). In addition, 2-deoxy-D-ribose can medi-
ate an oxidative stress mechanism and upregulate other
angiogenic factors™. Attracted endothelial cells prolifer-
ate upon stimulation by growth factors released from
cancer cells and subsequently form new blood vessels.
Suppression of TP-mediated migration and angiogenesis
of HUVECs by TP-siRNA thus can be explained by the
fact that TP and its product, 2-deoxy-D-ribose, could
not exert their effect on cell migration and tube forma-
tion. Chemically synthesized TP inhibitor (TPI) has been
demonstrated to suppress tumor growth by increasing
the proportion of apoptotic cells and probably by in-
hibiting angiogenesis; TPI completely suppressed angio-
genesis by TP-cDNA transfected KB cells?. 2-deoxy-
L-ribose, the stereoisomer of 2-deoxy-D-ribose, is also
a TPL, as shown by the ability of 2-deoxy-L-ribose to
inhibit 2-deoxy-D-ribose-mediated angiogenesis and me-
tastasis of tumor cells expressing TP™. Our study also
demonstrated that TP-siRNA was able to act as TP sup-
pressor or inhibitor.

Resistance to apoptosis is a key process in tumor
formation. 2-deoxy-D-ribose was found to be involved in
a hypoxia-induced apoptotic pathway. 2-deoxy-D-ribose
inhibited hypoxia-induced phosphorylation of p38 mito-
gen-activated protein kinase but not c-jun NHoz-terminal
kinase/stress-activated protein kinase in human leukemia
HL-60 cells™. In addition, 2-deoxy-p-ribose and thy-
mine partially prevented hypoxia-induced apoptosismj.
2-deoxy-D-ribose may be an important energy source
under hypoxic conditions™. The ability of TP-siRNA to
increase the proportion of apoptotic KIKU-M139 cells
(Figure 5) was most likely attributable to an inhibition of
TP pathways, however, further studies are needed to de-
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termine the exact role of TP in these tumor phenotypes.

The enzymatic activity of TP is also indispensable
for the activation of prodrug 5’-deoxy-5-fluorouridine
(5-DFUR) to active 5-fluorouracil and fluorodeoxyuri-
dine in tumors. The sensitivity of TP cDNA-transfected
MCEF-7 breast cancer cells to 5-DFUR was increased ap-
proximately 20-fold compared to the parent cells or cells
with control vector alone, and sensitivity to 5-fluoroura-
cil was also somewhat increased”". The sensitivity of a
TP-transfected SMMC-7721 hepatocellular carcinoma
cell line to 5-DFUR was also significantly enhanced,;
however, endothelial cell migration was also promoted at
the same time"™. We demonstrated that TP-siRNA was
able to suppress TP expression iz vitro and that this treat-
ment impaited the therapeutic efficacy of 5-fluorouracil
in KKU-M139 (Figure 6), indicating that TP enzyme
activity is needed for 5-fluorouracil activation.

In conclusion, we found that TP plays a dual role in
development and therapy of cholangiocarcinoma. TP
confers apoptotic resistance and migration of a cholan-
glocarcinoma-derived cell line, and also induces migra-
tion and tube formation of HUVECs. On the other
hand, TP is essential for the therapeutic efficacy of
5-fluorouracil chemotherapy. It may be useful to examine
the expression level of TP in tumors of early stage chol-
angiocarcinoma patients to select those likely to respond
well to 5-fluorouracil. However, most cholangiocarci-
noma patients are diagnosed at a late stage, and there are
several chemotherapeutic drugs of choice in addition to
5-fluorouracil for cholangiocarcinoma. Inhibition of TP
activity may be helpful in decreasing tumor aggressive-
ness i.e. migration, angiogenesis and anti-apoptosis, and
improving the poor prognosis of cancer patients who
show high TP expression.
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COMMENTS

Background

Liver fluke-related cholangiocarcinoma is the most common hepatobiliary ma-
lignancy found in Northeast Thailand. Amplification of thymidine phosphorylase
(TP) copy number was found in most cholangiocarcinoma patients suggesting
that it has a significant role in tumor progression.

Research frontiers

TP catalyzes the reversible phosphorolysis of thymidine, deoxyuridine, and their
analogs to their respective bases and 2-deoxyribose-1-phosphate which is then
dephosphorylated to 2-deoxy-p-ribose. TP is abnormally expressed in certain
cancers of the gastrointestinal tract including cholangiocarcinoma. However,
how TP expression is upregulated in human tumors remains unclear. In this
study, the authors investigated the roles of TP in liver fluke-related cholangio-
carcinoma using RNA interference to suppress TP expression.

Innovations and breakthroughs
Suppression of TP not only reduces angiogenesis, resistance to apoptosis, and
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tumor migration but also diminishes chemosensitivity to 5-fluorouracil in cholan-
giocarcinoma.

Applications

Because of its significance in tumor aggressiveness and 5-fluorouracil sensitiv-
ity, TP expression may be used as a prognostic and predictive marker as well
as targeted therapy in cholangiocarcinoma.

Peer review

The TP gene is aberrantly expressed in different human malignancies including
cholangiocarcinoma. In the current manuscript submitted by Thanasai et al,
the authors made several interesting observations. This article reports the
effects of TP expression on tumor migration and 5-fluorouracil sensitivity
in cholangiocarcinoma cells, as well as tumor cell-induced angiogenesis of
endothelial cells in vitro.
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