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Abstract. Background: Tumor necrosis factor-related
apoptosis-inducing  ligand (TRAIL/Apo2L) promotes
apoptosis by binding to transmembrane receptors. It is
known to induce apoptosis in a wide variety of cancer cells,
but TRAIL-resistant cancers have also been documented. In
this  study, the vrelative resistance of human
cholangiocarcinoma (CCA) cell lines against TRAIL-
induced apoptosis is reported and the possible potential
synergistic effect with triptolide, a diterpene triepoxide
extracted from the Chinese herb Tripterygium wilfordii, in
killing TRAIL-resistant CCA cells is investigated. Materials
and Methods: Six human CCA cell lines were treated with
various concentrations of TRAIL and the resistant cells were
identified and subsequently tested for their sensitivity to a
combination of TRAIL and triptolide. The susceptibility and
resistance of the cells were based on analysis of cytotoxic and
apoptotic induction and expression of anti-apoptotic factors
(Mcl-1 and cFLIP). Results: The treatment of TRAIL
induced a dose-dependent decrease in cell viability in 4 out
of the 6 cell lines. A combination of TRAIL and triptolide
enhanced cytotoxicity and apoptosis in these 2 resistant cell
lines. The combined treatment enhanced activation of
caspase-8 and its downstream signaling processes compared
with the treatment with either one alone. Conclusion: The
results presented show that human CCA cells were
heterogeneous with respect to susceptibility to TRAIL-
induced apoptosis. The combination of TRAIL and
triptolide could enhance susceptibility to TRAIL-induced
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apoptotic killing in these TRAIL-resistant CCA cells, thus
offering an alternative approach for the treatment of TRAIL-
resistant cholangiocarcinoma.

The tumor necrosis factor-related apoptosis-inducing ligand
(TRAIL/Apo2L), a member of tumor necrosis factor family,
is a promising candidate for anti-cancer treatment for a
number of cancer cell lines (1, 2). At the concentration
used, it is not toxic for normal cells. A recent in vivo study
confirmed its selective tumor cytotoxicity (3-5). The
signaling pathway underlying TRAIL sensitivity is induced
by the initial interaction of TRAIL with distinct trans-
membrane receptors including 2 pro-apoptotic death
receptors (DR4 and DRS) and 3 anti-apoptotic (decoy)
receptors (DcR1, DcR2 and osteoprotegerin) (6-8).

Cholangiocarcinoma (CCA), a highly fatal malignant
tumor of the bile duct system, is often associated with
chronic biliary tract inflammation, resulting from either liver
fluke infestation or primary sclerosing cholangitis. This
cancer is predominantly found in several Asian countries
where liver fluke is endemic (9). However, the incidence has
also been reported to be increasing in Western countries
(10-12). CCA is known to be resistant to virtually all
chemotherapeutic agents that have been tested (13, 14), but
recently some CCA cell lines were found to be susceptible
to TRAIL-induced apoptosis (15).

TRAIL resistance is known to be common in many
cancers, possibly by interfering with apoptosis via the
cellular FLICE-inhibitory protein (cFLIP) and anti-
apoptotic factors in the Bcl-2 family (16-18). High levels
of cFLIP correlate with resistance to TRAIL-induced
apoptosis in human bladder cancer and gastric cancer (19,
20). cFLIP has multiple splice variants, of which cFLIP
long (cFLIPL) and cFLIP short (cFLIPS) are the 2
dominating forms (21). The prominent Mcl-1 (myeloid cell
leukemia-1) is a member of the Bcl-2 family that has 2
splicing variants: Mcl-1 short (Mcl-1S) and Mcl-1 long
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(Mcl-1L). Mcl-1S has pro-apoptotic activity that is
antagonized by the anti-apoptotic Mcl-1L (22). Mcl-1
expression has been investigated in different types of
carcinomas, e.g., ovarian, breast and colorectal cancers (23-
25). A recent study with 3 CCA cell lines showed that Mcl-
1 mediated TRAIL resistance by blocking a mitochondrial
cell death pathway (16). On the other hand, there are
studies demonstrating that TRAIL resistance could also be
reduced in the presence of chemotherapeutic agents or
other chemicals, including the triptolide found in the
Chinese herb, Tripterygium wilfordii (26-28). The latter has
been shown to complement the apoptosis-inducing effect
of tumor necrosis factor-alpha (TNF-a)), chemotherapeutic
drugs and TRAIL in killing a number of cancer cells via
the inhibition of NF-KB activation or activation of ERK2
(27, 29, 30). In this study, the sensitivity of CCA cell lines
to TRAIL-induced apoptosis was analyzed and the
possible synergistic effect with triptolide in killing TRAIL-
resistant CCA was explored.

Materials and Methods

Cell cultures. Five cholangiocarcinoma cell lines, HuCCA-1, KKU-
100, KKU-M139, KKU-M156, and KKU-M214 available for study,
were established from tumor mass obtained during routine surgical
resection. The sixth cell line, HubCCA-1, was prepared from
sediments of the biliary fluid from a patient receiving routine
palliative endoscopic retrograde cholecystopancreatomy. The
epithelial nature of HuCCA-1, KKU-100, KKU-M156, KKU-M214,
and HubCCA-1 were confirmed by microscopic examination of cell
monolayers stained with specific anti-cytokeratin and exhibited
columnar appearance with Mucicarmine reagent for mucin
production (31). The KKU-M139 exhibited a squamous cell-like
morphology. All cell lines were cultured at 37°C with 5% CO,
atmosphere in Hams’F12 culture medium (Hyclone Laboratories,
Logan, UT, USA) supplemented with 10% fetal bovine serum
(Hyclone Laboratories), 100 U/ml penicillin and 100 pg/ml
streptomycin.

Reagents and antibodies. Lyophilized recombinant human TRAIL
(amino acids 114-281, R&D Systems, Minneapolis, MN, USA) was
reconstituted in phosphate buffered saline (PBS pH 7.2) containing
0.1% sterile bovine serum albumin and kept in small aliquots at
-70°C. Triptolide (99% purity, Sigma-Aldrich, St. Louis, MO,
USA) was solubilized in 0.01% dimethylsulfoxide (DMSO) in PBS,
filtered through a 0.2 um Millipore filter and kept at —=70°C.
Antibodies for caspases 3 (H277), 8 (C20), and 9 (H170), BID
(Bcl-2 interacting death domain) (C20), Bax (Bcl-2-associated X
protein) (N20), cytochrome ¢ (C20), poly(ADP-ribose)polymerase
(PARP, H250), cFLIP (G11), Mcl-1 (22) and actin (C11) were
purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA).
Horseradish peroxidase-conjugated rabbit anti-mouse and anti-goat
and swine anti-rabbit antibodies were from Dako A/S (Glostrup,
Denmark).

Cytotoxic activity. Confluent cell monolayers were harvested and
then plated at density of 2x104 per 100 ul of medium in 96-well
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tissue culture plates. After an overnight incubation for 24 h, the
cells were treated for 24 h with various concentrations of TRAIL
or different combinations of TRAIL and triptolide. Cell viability
was determined by staining with crystal violet (32). Briefly, after
24 h of treatment, the medium was removed and the cell
monolayer was washed, fixed with 95% ethanol and then stained
with 0.5% crystal violet. The stained cells were subsequently lysed
with 100 mM HCI in absolute methanol and the optical density
(OD) was determined with a microtiter plate reader set to read
at a wavelength of 540 nm.

Detection of apoptosis. Apoptosis was determined using a nuclear
binding dye, 4’, 6-diamidine-2’-phenylindole dihydrochloride
(DAPI) (Roche Diagnostics Gmbh, Roche Molecular
Biochemicals, Mannheim, Germany), as described previously (32).
The confluent cell cultures were harvested and plated in 6-well
tissue culture plates at a density of 1x10¢ per 4 ml of medium. After
24 h of treatment, the cells were harvested, washed with PBS and
stained with 2 ug/ml DAPI at room temperature for 15 min. The
characteristic nuclear change typical of apoptosis (i.e., chromatin
condensation and nuclear fragmentation) was examined under a
fluorescence microscope fitted with a 340/380 nm excitation filter.
The percentage of apoptotic cells was calculated from a total of
1,000 cells counted.

Immunoblot analysis. Whole-cell lysate was prepared by lysing
1x10° cells in 100 pl of lysis buffer (0.5% Nonidet P-40, 50 mM
Tris-HCl pH 8.0, 150 mM NaCl, 1 mM EDTA, 10 mM f-
glycerophosphate, 1 mM PMSF and 1 mM TPCK) and followed
by sonication on ice for 20 seconds (29, 33). The total cell lysate
was subjected to SDS-PAGE and transferred onto polyvinylidene
difluoride membrane (Schleicher & Schuell, Dassel, Germany).
After blocking nonspecific binding sites with 10% nonfat milk in
PBST (PBS with 1% Tween 20), the membrane was incubated
overnight at 4°C with specific antibodies. The membrane was
then washed with PBST and incubated for 1 h at room
temperature with horseradish peroxidase-conjugated secondary
antibodies. Bound antibody on the membrane was detected with
chemiluminescent substrate as described by the manufacturer
(Roche Diagnostics Gmbh, Roche Molecular Biochemicals) using
Hyperfilm film (Amershampharmacia biotech, Amersham
Pharmacia Biotech UK Limited., England). For analysis of
cytochrome c, a cytosolic fraction was prepared and used instead
of the whole-cell lysate (26, 34).

Detection of TRAIL receptors. The expression of TRAIL receptor
mRNA was assessed by reverse-transcription reaction and
polymerase chain reaction (RT-PCR) (15). The following primers
were used: DR4 (5-CAGAACGTCCTGGAGCCTGTAAC-3’, 5’-
ATGTCCATTGCCTGATTCTTTGTG-3’), DR5 (5-CCTTGGA
GACGCTGGGAGAGA-3, 5-TGGGTGATGTTGGATGGGAG
AGT-3’), DcR1(5-CGTTAGG GAACTCT GGGGACAG-3",5-
GGAAGCGTTGGTGTAATCCACA-3’), and DcR2(5-AATTT
GCCTTCTTGCCTGCTATGTA-3",5-CTCCTCCGCTGCTGGG
GTTTTC-3’). The expression of glyceraldehyde-3-phosphate
dehydrogenase mRNA was included as reference for gel loading.
The amplification cycles used were 94°C for 45 sec, 55°C for 30
sec, and 72°C for 45 sec and carried on for 30 cycles. The PCR-
amplified products were run on a 1.5% agarose gel containing
ethidium bromide and were visualized under ultraviolet light.
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Results and Discussion

TRAIL has been reported to induce apoptosis in a variety
of cancer cell types. In the present study, 6 human CCA cell
lines that exhibited a pronounced difference in TRAIL
sensitivity (Figure 1) were described. These cell lines were
treated with various concentrations of TRAIL (0.1-100
ng/ml) for 24 h before the cytotoxic assay was performed.
The results indicate that of these 6 cell lines, 4 were
sensitive and 2 were resistant to TRAIL treatment. The 4
sensitive cell lines (KKU-100, KKU-M156, KKU-M214 and
HubCCA-1) exhibited TRAIL-induced cytotoxicity in a
dose-dependent manner. In contrast, the treatment of the 2
resistant cell lines (KKU-M139 and HuCCA-1) with TRAIL
did not result in significant cytolysis. At a concentration as
high as 800 ng/ml, more than 80% of these 2 cell lines
survived (data not shown), compared with the 4 sensitive
cells which were almost completely killed (more than 90%)
by a concentration of 100 ng/ml of TRAIL (Figure 1).
Microscopic examination of the TRAIL-treated cells (10
ng/ml, for 24 h) presented in Figure 2A is in agreement with
the cytotoxic assays shown in Figure 1. DAPI-staining of
these 6 cell lines revealed that only the TRAIL sensitive
cells exhibited a nuclear morphology typical of apoptotic
death (Figure 2B) similar to those reported previously by
other groups of investigators (15, 16). In addition, the
TRAIL receptor expression of our TRAIL-sensitive and
resistant CCA cell lines was also examined and the results
showed that there was no difference in the receptor
expression among these 6 cell lines (data not shown), thus
confirming the results reported previously by other
investigators (16, 19, 27).

We previously demonstrated that triptolide could
sensitize CCA cells to TNF-a -induced apoptosis (29). In
the present study, whether or not the triptolide could also
synergistically kill the TRAIL-resistant KKU-M139 and
HuCCA-1 cells was investigated. In this experiment, the 2
cell lines were simultaneously exposed to 10 ng/ml TRAIL
and optimal concentrations of triptolide (30 ng/ml for KKU-
M139 and 50 ng/ml for HuCCA-1) and the cytotoxic assays
were analyzed after 24 h. As shown in Figure 3A, less than
20% of the cells were killed when treated with either
compound alone. However, with the combined treatment,
apoptosis as high as 70-75% was noted (Figure 3B),
indicating that the two agents had synergistic cytotoxic
activity in the TRAIL-resistant CCA cells similar to that
reported for lung cancer cells (27, 30).

In an attempt to elucidate the possible mechanism of
killing, both the treated and untreated KKU-M139 and
HuCCA-1 cells were subjected to immunoblot analysis
(Figure 4). The results indicate that a combination of
triptolide and TRAIL could enhance the activation of
procaspase-8 (55kDa), resulting in the proteolytic cleavage
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Figure 1. Sensitivity of human CCA cell lines to TRAIL treatment.
Cytotoxic effects of TRAIL were tested on a panel of 6 human CCA cell
lines: HuCCA-1, HubCCA-1, KKU-100, KKU-M139, KKU-M156 and
KKU-M214. Viability was determined after the cells were exposed to different
concentrations of TRAIL for 24 h. The sensitivity of 2 cell lines (KKU-M139
and HuCCA-1) was distinct from that of the remaining 4 cell lines. The
results shown are the mean with S.D. of 3 independent experiments.

to a 20 kDa fragment. The results presented further
indicate that the combined treatment also induced the
cleavage of Bid with a release of cytochrome c from
mitochondria. It is possible that the latter activated
caspase-9 and caspase-3 and induced PARP cleavage.
Altogether, these observations suggest that the combined
treatment selectively utilized a mitochondria-dependent
pathway. It should be mentioned that the TRAIL receptors
in the cells treated with combined triptolide and TRAIL
were not noticeably different from untreated cells (data not
shown), suggesting that the synergy did not involve the
regulation of receptor expression.

The intracellular levels of anti-apoptotic factors (Mcl-1,
cFLIP and Bax) were analyzed in our CCA cell lines. As
mentioned above, the combined triptolide and TRAIL
could render the KKU-M139 and HuCCA-1 cells to
TRAIL-sensitive cells. The results presented in Figure SA
show that down-regulation of Mcl-1 protein occurred in the
KKU-M139 cells treated with the combined triptolide and
TRAIL, while no Mcl-1 down-regulation was detected in the
HuCCA-1 cells treated. In addition, no down-regulation of
the cFLIP and Bax proteins was detected in either of these
two cell lines after combination treatment of triptolide and
TRAIL. These observations suggest that Mcl-1 is involved
in TRAIL resistance only in KKU-M139 cells but not in the
HuCCA-1 cells. The intracellular levels of Mcl-1, cFLIP and
Bax varied considerably among the 6 CCA cell lines (Figure
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A: Phase contrast
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Figure 2. Microscopic appearance of TRAIL-treated CCA cells. HuCCA-1, HubCCA-1, KKU-100, KKU-M139, KKU-M156 and KKU-M214 were treated
with 10 ng/ml of TRAIL for 24 h and were observed under phase contrast microscope for morphological changes (A) or fluorescence microscope of
DAPI-staining for fragmented nuclei (B). These microscopic appearances are consistent the results of cell viability observed in Figure 1, i.e., KKU-M139

and HuCCA-1 are more resistant to TRAIL cytotoxicity. Magnification, 200x.

5B). The expression of the Mcl-1L protein, an anti-
apoptotic factor, was high in only KKU-M139, supporting
the Mcl-1 involvement in TRAIL resistance previously
reported (16). The expression of the cFLIPS protein was
high in the other resistant cell line (HuCCA-1) and 2 out of
the 4 sensitive cell lines (KKU-M156 and KKU-M214). On
the other hand, there was no difference in the expression of
Bax among these cells. These data indicate that cFLIP and

262

Bax are not related with TRAIL resistance in CCA cells, in
contrast to other TRAIL-resistant cancer cells, such as
breast, colon and bladder cancer cells (17-19). The
expression of procaspase-8 was low in the 2 resistant cell
lines (KKU-M139 and HuCCA-1) and high in the 4
sensitive cell lines (Figure 5C), suggesting that low
expression of procaspase-8 might involve TRAIL resistance
in CCA cells. It is interesting to note that TRAIL could



Panichakul ez al: Triptolide Sensitizes Resistant CCA Cells to TRAIL-induced Apoptosis

A

Untreated
w ;

KKU-M139 |

HuCCA-1

5 e
Bl

Triptolide

e

.
.
.
.
.
e
.
.
.
s

S

80 | O Untreated
@ TRAIL
O il
70 1 O TRAIL+Tripolide
&_
.2
2]
£
< 40
X
w—
m_
10 |
o Xy
KKU-M139

HuCCA-1

Figure 3. Augmentation of cell death induced by a combination of TRAIL and triptolide in the KKU-M139 and HuCCA-1 cells. The cells were seeded
into 6-well plates at a density of 1x10° cells/well and treated for 24 h with a combination of triptolide (30 ng/ml for KKU-M139 and 50 ng/ml for HuCCA-
1 cells) and a 10 ng/ml of TRAIL, or with either triptolide or TRAIL alone. (A) Phase contrast micrographs showed massive cell death in the combined
treatment groups. Magnification, 200X. (B) After 24 h of treatment, the cells were harvested, stained with DAPI and the percentage of apoptotic cells was

determined. Data are mean values with S.D. of 3 independent experiments.

induce apoptosis in 4 sensitive cell lines which expressed
high levels of procaspase-8 but could not in 2 resistant cell
lines that had low procaspase-8 expression (data not shown).
As shown in Figure 4, combined TRAIL and triptolide
could induce apoptosis in these two resistant cell lines. The
intracellular mechanism analysis showed that procaspase-8
in the 2 resistant cell lines was activated by this combined
treatment. However, high expression of Mcl-1 was one

factor involved in the TRAIL-resistance but other anti-
apoptotic factors were also involved. The expression of
caspase-8 may be one factor that correlated with TRAIL
resistance in CCA cells.

In the present study, our results indicated that triptolide
could convert TRAIL-resistant CCA cells to be susceptible
to TRAIL-induced apoptosis, most likely by enhancing the
activation of caspase-8 (Figure 4) and down-regulating
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Figure 4. Possible mechanism of a combined triptolide and TRAIL
treatment in inducing apoptosis in KKU-M139 and HuCCA-1 cells. The
treated cells were harvested after 24 h, lysed with lysis buffer and whole
cell lysates or cytosolic fractions were subjected to immunoblot as
described in the Materials and Methods (caspase-3, 8 and 9, Bid,
cytochrome ¢, PARP). Actin served as loading control. Representative
results of at least 3 different experiments are depicted.

Mcl-1 expression (Figure SA). Triptolide was also previously
reported to enhance the activity of TRAIL-induced
apoptosis by inhibiting NF-KB activation or by activating
ERK2 (27, 30). The data presented suggest that the
combination of triptolide and TRAIL represents an
alternative approach for the management of patients with
TRAIL-resistant cholangiocarcinoma.
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