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• COLORECTAL CANCER •
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Abstract
AIM: TRAIL (tumor necrosis factor-related apoptosis-
inducing ligand) has been reported to specifically induce
apoptosis of cancer cells although only a small percentage
of cell lines were sensitive to it. Cell lines not responding to
TRAIL in vitro were said to be more prone to apoptosis
when TRAIL was combined with another anticancer agent.
Generally, factors affecting drug-sensitivity involve many
apoptosis-related proteins, including p53. The expression
of wild-type p53 gene was proposed as an important premise
for tumor cells responding to chemotherapy. The present
study was to investigate the cell killing action of TRAIL on
colon cancer cell line SW480, its synergistic effect with
doxorubicin, and the possible mechanisms.

METHODS: SW480 cells were cultured in the regular
condition and incubated with different levels of agents.
Morphologic changes in these cells after treatment were
observed under phase-contrast microscope and cytotoxicity
by TRAIL alone and in combination with doxorubicin was
quantified by a 1-day microculture tetrazolium dye (MTT)
assay. In addition, flow cytometry assay (FCM) and
transmission electron microscopy were used to detect
apoptosis among these cells. Variation of p53 protein level
among different groups according to concentrations of agents
was measured by Western blot assay.

RESULTS: (1) SW480 cells were not sensitive to TRAIL,
with IC50>1 mg·L-1 and dose-independent cytotoxicity. (2)
SW480 cells were sensitive to doxorubicin at a certain degree,
with dose-dependent cytotoxicity and IC50=65.25±3.48
µmol·L-1. (3) TRAIL could synergize with doxorubicin to kill
SW480 cells effectively, which was represented by the
boosted killing effect of doxorubicin on theses cells. IC50 of
doxorubicin against SW480 cells sharply reduced when it
was combined with TRAIL. (4) Subtoxic TRAIL (100 µg·L-1),
combined with subtoxic doxorubicin (0.86 µmol·L-1), could
kill SW480 cells sufficiently. Cytotoxicity by MTT assay
arrived at 80.12±2.67 %, which was significantly higher
than that by TRAIL or doxorubicin alone, with P=0.006 and
0.003 respectively. This killing effect was partly due to
apoptosis. It was proved by large amounts of apoptotic
cells under phase-contrast microscopy, cell apoptosis rate
of 76.82±1.93 % by FCM assay and typical apoptotic

morphology observed through transmission electron
microscopy. Increase of apoptosis after combined treatment
had no relation with protein level of p53 (P>0.05).

CONCLUSION: SW480 cells are not sensitive to TRAIL, but
TRAIL can synergize with lower concentration of doxorubicin
to induce apoptosis effectively. The status of p53 protein is
not involved in the mechanism of synergistic apoptosis. It
suggests the potential therapeutic applicability of the
combination of TRAIL with doxorubicin against colon cancers.
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INTRODUCTION
The rapid induction of apoptosis by TRAIL (tumor necrosis
factor-related apoptosis-inducing ligand) preferentially in
tumor cells but not in normal cells has implied its potential use
in therapy of malignancies[1,2]. Recent studies indicated that
many cancer cells in vitro were resistant to apoptosis-inducing
effect of TRAIL[3,4]. Enhancement of the antitumor activity of
TRAIL by metabolic inhibitors has led to later studies
encompassing the augmentation of antitumor effects of several
kinds of chemotherapy or radiation therapy by TRAIL[5-13].
      Doxorubicin has been the regular chemotherapeutic agents
for its strong cell killing ability. But severe systemic toxicity
limited its use in the clinical treatment of cancer. Reduction of
its dose and maintenance of its high efficacy will be necessary
in the future treatment of tumors. More efforts have been made
to explore the combination of chemodrugs with some other
agents[14].

MATERIALS AND METHODS
Materials
SW480 cell line was purchased from ATCC and maintained
in Roswell Park Memorial Institute (RPMI)-1640 medium
(Gibco) supplemented with 2 mmol·L-1 L-glutamine (Gibco),
100 kU·L-1 penicillin (Gibco), 100 g·L-1 streptomycin (Gibco)
and 100 ml·L-1 heat-inactivated fetal bovine serum (Gibco),
hereafter referred to as complete medium. Recombinant human
soluble TRAIL (rhsTRAIL) was purchased from Pepro Tech,
USA. Doxorubicin, p53 Mab and MTT were respectively from
Sigma Co, Santa Cruz Company and Amresco Co.

Methods
Cytotoxicity assay  Cytotoxicity was determined by MTT
assay. In brief, the cells were cultured in 96-well microtiter
plates under 50 ml·L-1 CO2 in a humidified atmosphere at 37 .
Each well was then incubated for 4 h with MTT solution (final
concentration 0.45 g·L-1, Sigma Chemical, St.Louis, MO) under
the same condition. Culture medium in each well was discarded
and replaced with 100 µL of dissolving solution (DMSO). The
absorbance of each well was determined by a spectrophotometer
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with a 490 nm wavelength. The percentage of cell viability
was calculated by multiplying the ratio absorbance of the
sample versus the control by 100. Doxorubicin IC50 was
determined as a doxorubicin concentration showing 50 % cell
growth inhibition as compared with control cell growth.
Antitumor activity of doxorubicin and/or TRAIL  The cells
were placed at 4×104 cells/well in 96-well microtiter plates.
After 24 h culture for cell adherence to the plate, doxorubicin
and/or TRAIL were added to each well at a given concentration.
Detection of cell viability by MTT assay was performed
following further incubation of the cells with doxorubicin and/
or TRAIL for another 24 h. One well treated by the complete
medium with neither doxorubicin nor TRAIL served as a
control. The experiments were repeated in triplicate, and the
percentage of cell viability was expressed as mean ± standard
deviation.
Flow cytometry  This analysis was conducted with a Facscan
flow cytometer (Becton Dickinson, Mountain View, CA). It
was to quantify cell apoptosis by the propidium iodide method.
In brief, the cells were harvested by trypsinization at 24 hours
after treatment and washed twice with PBS (pH 7.2). The
medium and PBS were placed in tubes and centrifuged. A total
of 1 ml of hypotonic buffer (propidium iodide, 50 mg·L-1, in
1 ml·L-1 sodium citrate, Rnase plus 1 ml·L-1 Triton X-100;
sigma) was added directly to the tubes and gently pipetted off.
The tubes were placed at 4  in the dark for half an hour
before flow cytometry analysis. The propidium iodide
fluorescence of individual nuclei was measured in the red
fluorescence and the data were registered in a logarithmic scale.
At least 104 cells of each sample were analyzed each time.
Apoptotic nuclei appeared as a broad hypodiploid DNA peak
before the G1 phase of cell cycle, which was easily
distinguished from the narrow hyperdiploid DNA peak at the
G1 phase or later G2 and S phase.
Transmission electron microscopy  Transmission electron
microscopy was used to observe apoptosis directly through
morphological changes at the subcellular level. In brief, the
cells were cultured in the regular condition for 24 h. Then,
TRAIL (100 µg·L-1), doxorubicin (0.86 µmol·L-1), their
combination or the complete culture medium was added to
them and maintained for another 24 h. After these, the cells
were subsequently trypsinized, harvested, fixed in glutaral,
immersed with Epon 821, imbedded in capsules and converged.
Ultrathin sections of 60 nm were finally prepared and stained
with uranyl acetate and lead citrate. Cell morphology was
measured by transmission electron microscope.
Western blot analysis for p53 protein expression  p53 levels
following treatment with doxorubicin and/or TRAIL were
investigated by Western blot analysis. The cells were incubated
with the medium alone, doxorubicin alone, TRAIL alone, or
the combination of doxorubicin and TRAIL at 37  for 24 h.
The cells were lysed in a lysis buffer consisting of 1 mmol·L-1

dithiothreitol, 1 mmol·L-1 phenylmethyl sulphonyl fluoride, 5
mg·L -1 leupiptin, 1 mmol·L -1 NaF, 10 mmol·L -1 β -
glycerophosphate, 2 mmol·L-1 Natrium orthovanadate, 50
mmol·L-1 HEPES, 250 mmol·L-1 NaCl, 1 mmol·L-1 EDTA, and
1 % Nonidet P-40. After centrifuged for 7 min at 14 000 g, the
supernatant was collected and the total protein amount was
determined by SPECTRAmax 250. Twelve µg/lane of proteins
were boiled in a sample buffer for 1 min at 100 ,
electrophoresed in a multigel 10/20, and then transferred to
Immobilon-P membranes (Millipore). Nonspecific antibody
bindings were blocked by preincubation of the membranes for
1 h with a 5 % skim milk suspension. Then the membranes
were incubated for 1 h with the polyclonal rabbit anti-human
p53 antibody (1:200) (Santa Cruz, Delaware, CA), followed
by further incubation overnight with horseradish peroxidase
conjugated anti-rabbit IgG (1:2 000) (Santa Cruz). After each

antibody incubation, the membranes were washed three times
by Tris-buffer saline. To visualize the protein bands, ECL
Western blot detection reagents (Amersham, Buckinghamshire,
UK) were used and the membranes were exposed to X-ray
film.

Statistical analysis
All determinations were made in triplicate, and the results were
expressed as the mean ± standard deviation (S.D.). Statistical
significance was determined by Student’s t-test. A P value of
0.05 or less was considered significant.

RESULTS

Effect of TRAIL or doxorubicin on SW480 cells
MTT assay demonstrated that SW480 cells were not sensitive
to TRAIL. No dose-dependent cytotoxicity of TRAIL on these
cells was found at the concentrations from 0 µg·L-1, 10 µg·L-1,
100 µg·L-1, 500 µg·L-1, to 1 mg·L-1, (as shown in Figure 1).
IC50 was above 1 mg·L-1 which was significantly higher than
0.4 µg·L-1 of TRAIL-sensitive leukaemic cell line Jurkat. 100
µg·L-1 TRAIL could only affect 5.8 % of these cells, a subtoxic
concentration. By contrast, SW480 cells responded to
doxorubicin sensitively, with obvious dose-dependent
cytotoxicity and IC50 of 65.25±3.48 µmol·L-1. 0.86 µmol·L-1

doxorubicin could not damage any cell, also a subtoxic
concentration (as shown in Figure 2). All values by MTT assay
were proved by flow cytometry assay and apoptosis applauded
parallel with cytotoxicity.

Figure 1  Effect of TRAIL on SW480 cells. SW480 cells were
treated with TRAIL at the concentrations of 0, 10, 100, 500 and 1
000 µg·L-1 for 24 h. Cell growth inhibition was assessed by MTT
assay and confirmed by flow cytometry assay. Compared with
TRAIL-sensitive leukaemic cell line Jurkat (IC50 0.42 µg·L-1),
SW480 cells (IC50 >1 000 µg·L-1) were not responsive to TRAIL at
concentration more than 100 times those active on Jurkat.

Figure 2  Effect of TRAIL and doxorubicin on SW480 cells  SW480
cells were treated with doxorubicin alone or a combination of doxo-
rubicin with TRAIL at different concentrations. The combination
resulted in the reduction of doxorubicin IC50 in cells (P<0.05). Doxo-

1, 2, 3, 4 was respectively doxorubicin with TRAIL 0, 10, 100, 1000 µg·L-1.
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rubicin IC50 was 65.25±3.48 when cells were treated by doxorubicin
alone, while it was further reduced with the increased concentra-
tions of TRAIL. Doxorubicin IC50 was 43.17±2.54 µmol·L-1 when it
was combined with 10 µg·L-1of TRAIL, 0.51±0.02 µmol·L-1IC50 when
combined with 100 µg·L-1 TRAIL, and 0.44±0.02 µmol·L-1 IC50 when
combined with 1 000 µg·L-1TRAIL.

Effect of TRAIL and doxorubicin on SW480 cells
SW480 cells were treated by doxorubicin alone, TRAIL alone,
and a combination of doxorubicin and TRAIL, and cell viability
after each treatment was determined by MTT assay. The cell
growth inhibitory effects of the combined treatment were
synergistic and more significant in proportion to the increasing
concentrations of TRAIL as compared with doxorubicin alone.
Furthermore, TRAIL could cause a decrease in doxorubicin
IC50 (as shown in Figure 2).

Effect of subtoxic TRAIL with subtoxic doxorubicin on
SW480 cells
Subtoxic concentration TRAIL of 100 µg·L-1, with subtoxic
concentration doxorubicin of 0.86 µmol·L-1 was capable of
killing 80.12±2.67 % cells by MTT assay. Much more
apoptotic cells were observed under phase-contrast microscope
in the group treated by this combination compared with those
treated by TRAIL or doxorubicin alone. Flow cytometry assay
also measured  apoptosis rate of  76.82±1.93 % and obvious
pre-G1 apoptotic DNA peak among the cells (as shown in
Figure 3). And electron microscopy observed a large number
of apoptosis cells in them  (as shown in Figure 4).

Figure 3  Apoptosis assay by flow cytometry. SW480 cells were
treated with doxorubicin (0.86 µmol·L-1) alone, TRAIL (100 µg·L-1)
alone or a combination of them for 24 h. The apoptosis-induc-
ing effect was quantified by PI stain flow cytometry assay.  A:
There was no hypodiploid DNA peak before G1 phase which
was similar to normal cells when treated with TRAIL (100 µg·L-1)
or doxorubicin (0.86 µmol·L-1) alone. B: There was an obvious
hyperdiploid DNA peak before G1 phase in combination
treatment, with apoptotic rate of 76.82±1.93 %. It was in accor-
dance with cytotoxicity by MTT assay.

Protein level of mutant p53 before and after treatment of
TRAIL and/or doxorubicin
SW480 cells were treated with 100 µg·L-1 TRAIL alone, 0.86
µmol·L-1 doxorubicin alone, and their combination or complete

control medium for 24 h. The protein level of mutant p53 was
not different among them, with P>0.05 (as shown in Figure5).
Variation of agent concentration turned out similar result.

Figure 4  Subcellular morphology of SW480 cells under treat-
ment of TRAIL (100 µg·L-1), doxorubicin (0.86 µmol·L-1), or the
combination of them. The electron microscopic morphology was
observed after 24 hours treatment at the given concentration. A:
TRAIL (100 µg·L-1) or doxorubicin (0.86 µmol·L-1) alone didn’t
affect the morphology of cells, with complete construction and
evenly distributed chromatin (×5 000). B: The combination of
TRAIL (100 µg·L-1) and doxorubicin (0.86 µmol·L-1) induced
apoptosis in many cells, presented as condensed chromatin, dis-
tributing along nuclear perimeter (×15 000).

Figure 5  p53 protein level by Western blot assay. They were
detected after 24 hours of treatment. A, B, C, D were respec-
tively normal control, TRAIL (100 µg·L-1), doxorubicin (0.86
µmol·L-1) and TRAIL (100 µg·L-1) + doxorubicin (0.86 µmol·L-1)
groups. There was no difference in p53 protein expression
among these four groups (P>0.05).
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DISCUSSION
TRAIL, also named Apo-2L, is a new member of the TNF
cytokine family. It resembles Fas/Apo-2L in its amino acid
sequence, as well as in its ability to induce apoptosis. It conducts
or regulates the activities via a set of receptors on the surface
of various cells[15-24]. TRAIL has attracted much interest for a
profound feature since its discovery in 1995. That is the
selectivity of killing cells, namely, TRAIL only induces
apoptosis in transformed or tumor cells, but does not damage
the normal ones[1,2]. There was a proposal for its clinical use
after a series of in vitro experimentations. But a variety of
cancer cells of breast, lung, prostate, colon and bladder were
reported resistant to the effect of TRAIL[5-7].
     Results in this study demonstrated that colon cancer cell
line SW480 was relatively resistant to TRAIL, compared with
TRAIL-sensitive leukaemic cell line Jurkat. The mechanisms
of the underlying resistance was not clear update[7-9]. The
conditions of decoy receptors, caspase-inhibition protein
(FLIP), caspases and some apoptosis-related genes might
attribute to the different responses[25-34]. It’s necessary to find a
way to reverse the resistance if it is used in clinic in the future.
Previous articles indicated some chemotherapeutic drugs could
sensitize the cancer cells to TRAIL-mediated apoptosis[10-15].
Doxorubicin is a member of antibiotics, specifically for cancer
cells. It belongs to the classical chemotherapeutic agents, with
high anti-cancer efficacy. However, severe cardiac toxicity
limits its broad use in clinic. Reducing concentration and
maintaining efficacy of doxorubicin should be necessary for
continuing its work. This study also demonstrated the
sensitivity of SW480 cells to doxorubicin and its synergistic
effect with TRAIL when percentage of cell viabilities were
significantly decreased by the combined treatment at any dose
as compared with those treated by doxorubicin or TRAIL alone.
The degrees of growth inhibition were greater accompanied
by the increased concentrations of TRAIL. Furthermore,
augmentation of the cytotoxic effect of doxorubicin with TRAIL
was significant even at low Doxorubicin (0.86 µmol·L-1) and
low TRAIL (100 µg·L-1) concentrations in SW480 cells. It
presented the evidence that TRAIL could reduce the dose of
doxorubicin against tumor cells, which ultimately resulted in
minimizing risks for systemic side effects while increasing the
efficacy of doxorubicin, suggesting the clinical applicability
of this combination for colon cancers.
     Concentrations of TRAIL that were completely inactive on
their own, boosted the activity of doxorubicin in the SW480
cells. This correlated well with the increased ability of this
drug when combined with TRAIL to induce apoptosis and it
did not correlate with the status of p53. Mutant-type p53 was
said to contribute to drug-resistance of most cancer cells[27, 28].
The precise mechanisms enabling TRAIL to augment the
cytotoxicity of chemotherapeutic agents in the p53 mutant-
type cells have not been extensively investigated; however,
recent evidence has suggested several possibilities: First, the
augmentation of TRAIL-induced apoptosis by adriamycin or
5FU in p53 wild- and mutant-type breast cancer cell lines was
mediated through a selective activation of caspases by these
agents[28]. Subsequent investigations demonstrated that caspase
activation, which was not observed with TRAIL or doxorubicin
alone, became more evident after the combined treatment in
p53 mutant-type cell lines. These findings implied that the up-
regulation of intracellular apoptotic signaling events
contributed to overcome resistance to TRAIL alone even in
p53 mutant-type cells. Second, the increase of KILLER/DR5
expression by certain genotoxic stresses, which resulted in the
enhancement of TRAIL, is regulated in a p53-dependent and -
independent manner[29, 30]. Finally, another TRAIL receptor,
DR4, which transmitted a death signal through its binding with

TRAIL, is regulated in a p53-independent manner[31-34].
   The finding that TRAIL could boost the activity of
doxorubicin against colorectal carcinoma cells should have
important therapeutic implications. Since TRAIL itself is
thought to have no apparent toxicity to normal cells and to be
safe in systemic administration, the combination of doxorubicin
and TRAIL will result in minimization of the toxicity and
maximization of the antitumor activity.
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