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Abstract

AIM: To investigate the anti-cancer mechanisms of
Korean mistletoe lectin (Viscum album coloratum
agglutinin, VCA) using a human colon cancer cell line
(COLO).

METHODS: Cytotoxic effects of VCA on COLO cells
were determined by 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay /n vitro and
tumor-killing effects /n vivo. To study the mechanisms
involved, the expression of various pro-caspases, anti-
apoptotic proteins, and death receptors was determined
by western blot. To determine which death receptor
is involved in VCA-induced apoptosis of COLO cells,
cytotoxicity was examined by MTT assay after treatment
with agonists or antagonists of death receptors.

RESULTS: VCA killed COLO cells in a time- and dose-
dependent manner and induced complete regression
of tumors in nude mice transplanted with COLO cells.
Treatment of COLO cells with VCA activated caspase-2,
-3, -8, and -9 and decreased expression of anti-apoptotic
molecules including receptor interacting protein, nuclear
factor-kB, X-linked inhibitor of apoptosis protein, and
Akt/protein kinase B. We then examined the involvement
of death receptors in VCA-induced apoptosis. Only tumor
necrosis factor receptor 1, among the death receptors
examined, was involved in apoptosis of COLO cells,
evidenced by inhibition of VCA-induced apoptosis and
decreased activation of caspases, particularly caspase-8,
by tumor necrosis factor receptor 1 antagonizing antibody.

CONCLUSION: VCA-induced apoptotic COLO cell death
is due to the activation of caspases and inhibition of anti-
apoptotic proteins, in part through the tumor necrosis
factor receptor 1 signaling pathway.

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION

Extracts from European white berry mistletoe (1/Zscum
album 1., Family Viscaceae) have been used in adjuvant
chemotherapy!!. Lectins were identified as one of the
therapeutically active molecules in mistletoe extracts'”,
European mistletoe lectins (VZscum album agglutinins,
VAAs) showed cytotoxic effects on tumor cells by
apoptotic cell death”. Korean mistletoe (Iiscum album var.
coloratum Kom.), a subspecies of BEuropean mistletoe, has
been used as a medicinal herb and has also been shown
to be cytotoxic against tumor cells”™, Tt was reported that
a lectin isolated from Korean mistletoe (Viscum album
var. coloratum agglutinin, VCA) was different from VAAs
in molecular weight, N-terminal amino acid sequence,
and structure. VCA has a molecular mass of 60 kDa,
consisting of a 31 kDa A chain and a 34 kDa B chain,
and binds preferentially to galactose and N-acetyl-D-
galactosamine””, VCA showed strong cytotoxic activity
against human and murine tumor cells"”. VCA inhibited
telomerase activity, resulting in DNA fragmentation and
tumor cell apoptosisl“’m.

There are two major pathways for apoptosis: the
death receptor-induced pathway and the mitochondria-
apoptosome-mediated pathway. The death receptor-
induced apoptotic pathway includes ligands such as Fas,
tumor necrosis factor (TNF), and death receptor (DR)3
and their receptors and downstream molecules such as
caspases' "’

"l The mitochondria-apoptosome-mediated
pathway includes apoptotic stimuli induced by radiation
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or chemotherapy. The caspase cascade is activated by
the release of cytochrome c, which is initiated by the
formation of apoptosomes'”. Cross-talk between these
two apoptotic pathways also exists! ™'\, Both VAAs
and VCA were shown to induce apoptosis of tumor
cells through the mitochondria-mediated pathway"™'".
However, it is not known whether the death receptor-
mediated apoptosis pathway is also involved in the killing
of tumor cells by VCA.

In this study, it was found that VCA treatment showed
a strong killing effect on COLO 320HSR (COLO) cells
both 7n vitro and in vivo. VCA treatment of COLO cells
resulted in the activation of caspase-2, -3, -8, and -9,
induced the degradation of Akt/protein kinase B (PKB)
and poly(ADP) ribose polymerase, and decreased the
expression of anti-apoptotic proteins such as receptot-
interacting protein (RIP) and X-linked inhibitor of
apoptosis (XIAP). Antagonizing anti-tumor necrosis
factor receptor (TNFR)1 antibody treatment partially
inhibited the activation of caspases and apoptosis induced
by VCA. These results suggest that TNFR1, a component
of the death receptor-mediated apoptosis pathway, may
be involved, in part, in activating caspases, resulting in the
apoptosis of colon cancer cells by VCA.

MATERIALS AND METHODS
VCA and antibodies

VCA was extracted from Viscunm album 1. coloratum and the
biochemical properties were characterized as described
elsewhere!™”. Anti-phospho-Akt/PKB (Ser-473), anti-
Akt/PKB, anti-caspase-8, anti-caspase-9, and anti-XIAP
antibodies were purchased from New England Biolabs
(Beverly, CA). Anti-caspase-2, anti-RIP, anti-FasL., anti-
Fas, and anti-caspase-3 antibodies were purchased from
BD Pharmingen (San Diego, CA). Anti-nuclear factor
(NF)-kB, and anti-TNFR2 antibodies were purchased
from Santa Cruz Biotechnology (Santa Cruz, CA). Anti-
[B-actin antibody was purchased from Sigma Chemicals
(St. Louis, MO). Anti-DR3 and anti-TNFR1 antibodies
were purchased from Stressgen Biotechnologies Corp.
(Victoria, BC, Canada). Activating anti-Fas antibody
(clone CH11) was purchased from Upstate Biotechnology
(Chatlottesville, VA). Antagonizing anti-TNFR1 antibody
and DR3/Fc chimeric protein were purchased from R &
D Systems (Minneapolis, MN).

Cell culture

The COLO 320HSR colon cancer cell line (COLO),
human epidermoidal cancer cell line (A253), and human
diploid cell line from normal embryonic lung tissue
(WI-38) were obtained from American Type Culture
Collection (Rockville, MD). COLO cells and A253 cells
were maintained in RPMI 1640 medium supplemented
with 10% fetal bovine serum (FBS) and gentamycin (50
Hg/ mlL). WI-38 cells were cultured in Minimum Eagle's
essential medium containing 2 mmol/L L-glutamine,
Earle's balanced salts, 0.1 mmol/L non-essential amino
acids, 1 mmol/L sodium pyruvate and 10% FBS with
antibiotics as above. Cells were cultured at 37C in a
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humidified atmosphere containing 5% CO.

Viability test

3- (4, 5-Dimethylthiazol-2-yl) -2, 5-diphenyltetrazolium
bromide (MTT; Sigma Chemicals) was used to measure the
cytotoxic effect of VCA. Cells (2 X 104/Well) were seeded
and cultured in 96-well plates for 24 h and treated with
various reagents. After treatment, 20 uL MTT (5 mg/mL)
was added and cells were incubated for 4 h at 37°C. After
removing the supernatant, the produced formazan crystals
were dissolved in dimethyl sulfoxide, and optical density
was measured at A570 nm and at A670 nm as reference
with a microplate reader (Thermo Labsystems, Helsinki,
Finland). The viability of the cells was calculated as: %
viability = (absorbance of treated cells)/(absorbance of
untreated cells) X 100.

FACS analysis

COLO cells were cultured with or without VCA for 9 h,
harvested, washed twice with PBS, and fixed with cold
70% ethanol at 4°C overnight. Fixed cells were stored
in absolute alcohol until staining with propidium iodide.
Cells were washed twice with PBS and incubated with a
propidium iodide mixture containing 100 pg/ml. RNase
A (Sigma Chemicals) and 50 pg/mL propidium iodide
(Sigma Chemicals) in PBS at 37°C for 30 min in the dark.
The numbers of cells in various phases of the cell cycle or
undergoing apoptosis were determined by flow cytometry.

In vivo tumor-killing effect

Male CD1 nu/nu nude mice (5 wk old) were purchased
from Charles River (Wilmington, MA). Mice were adapted
for 1 wk before experiments and were allowed food and
water ad libitum during the experiments. COLO cells (1
X 10" cells/mouse) were subcutaneously injected into the
neck of nude mice. After 5 wk, the tumor-bearing mice
were injected with VCA (10 pg/kg in PBS; 30 uL./mouse)
around the tumor mass every 2 d for 5 wk. The use and
care of the animals in this study were approved by the
Animal Care Committee, Faculty of Medicine, University
of Calgary.

Western blot analysis

Cells cultured under various experimental conditions were
washed twice with ice-cold PBS and lysed in lysis buffer
containing 50 mmol/L Tris-HCl, pH 7.5, 150 mmol/L NaCl,
1 mmol/L EDTA, 0.5 mmol/L dithiothreitol, 1% NP-40,
0.05 mmol/L phenylmethylsulfonyl fluoride, phosphatase
inhibitor cocktail, and proteinase inhibitor cocktail (Sigma
Chemicals). After incubation for 30 min on ice, cell lysates
were centrifuged at 18300 X g at 4°C for 20 min. Protein
concentrations were determined using a protein assay kit (Bio-
Rad, Richmond, CA). Samples of cell lysate containing 50
ug of total protein were separated by 10%-12% SDS-PAGE
and transferred onto a polyvinylidene fluoride membrane
(Amersham Pharmacia Biotech, Buckinghamshire, UK).
After blocking with 5% skim milk in Tris-buffered saline
(50 mmol/L Tris-HCI, pH 7.6, 150 mmol/L NaCl, 0.05%
Tween-20), the membranes were incubated overnight at 4°C
with various primary antibodies and further incubated with
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horseradish peroxidase-conjugated secondary antibodies A 0 VCA 0 ng/mL (control)
(Santa Cruz). The membranes were visualized by an enhanced 1“or W VCA 10 ng/mL
chemiluminescence detection kit (Amersham Pharmacia 120 - W VCA 100 ng/mL
Biotech).

S 100 -
Statistical analysis g
The statistical significance of differences between groups u; 80 -
was analyzed by Student’s t-test. A level of P < 0.05 was 2 a
accepted as significant. Z 60 - a
8 a
2 4+
RESULTS S
Ability of VCA to kill human colon cancer cells in vitro and 20
in vivo 0 -
To determine the cytotoxic effects of VCA on cancer WI-38 coLo A253
cells, COLO (colon cancer), A253 (epidermal cancer), and
WI-38 (normal) cells were treated with VCA for 24 h and B 20 -
cell viability was examined by MTT assay. VCA showed
a strong killing effect on COLO cells, significantly less
on A253 cells, and no effect on WI-38 cells (Figure 1A). 100 -
COLO cells were treated with various doses of VCA for 5
various times and cell viability was examined by MTT g 80
assay. A dose- and time-dependent killing effect could kS
be seen between 10 ng/ml and 100 ng/mL VCA, with g 60 |
100 ng/mL showing the maximum effect (Figure 1B). % O VCAO ng/mL a
Propidium iodide staining and FACS analysis of VCA- 2 40 L (control)
treated COLO cells showed apoptosis in 64.7% of the 3 —@— VCA 10 ng/mL
cells (Figure 1C). To determine whether VCA shows a 50 | —C— VCA25ng/mL
tumor-killing effect on colon cancer cells iz vivo, COLO —m— VCA 50 ng/mL
cells were subcutaneously injected into the neck of 6-wk- —— VCA 100 ng/mL
old male CD1 nu/nu mice. Five weeks later when tumors 0 ‘ ‘
developed, VCA or PBS, as a control, was injected into the 0 ? L2 18 24
. ncubation time (h)
tumor every 2 d for 5 wk. We found that treatment with
VCA for 5 wk resulted in the killing of tumors (Figure c
2A). All of the tumors treated with VCA disappeared and 800 - PBS 800 - VA
were replaced by scar tissue, and this scar tissue healed in
mice kept for an additional 2 mo without further treatment 600 L
(Figure 2B). However, tumors remained in PBS-treated 0.7
mice (data not shown). %400 - N
Activation of caspase and inhibition of anti-apoptotic 200 i
proteins in COLO cells by VCA treatment ,
To examine the apoptosis of COLO cells by VCA, COLO %0 200 400 600 800 1000 %0 200 400 600 800 1000

cells were treated with VCA for 12 h and the amount of
procaspase was examined by western blot. Treatment
of COLO cells with VCA decreased the amount of
procaspases-2, -3, -8, and -9 as compared with untreated
COLO cells, whereas VCA treatment of control WI38
cells did not change the amount of these procaspases
(Figure 3A), indicating that VCA treatment activates
caspases specifically in COLO tumor cells. To determine
the time-dependent activation of caspases, COLO cells
were treated with VCA and harvested at 0.5, 1, 3, 6, 9, and
12 h after treatment and western blots were performed
using antibodies specific for each procaspase. It was found
that cleaved products from procaspase-2, -3, -8, and -9
were detected from 6 h after VCA treatment and the
corresponding procaspase bands were almost completely
absent at 12 h after treatment (Figure 3B). These results
indicate that VCA treatment activated caspase-2, -3, -8,

FL2-A FL2-A

Figure 1 Cytotoxic effects of VCA on COLO cells in vitro. A: Cells were treated
with VCA for 24 h and cell viability was determined by MTT assay. Values are
mean + SE; n = 4/group; B: COLO cells were incubated with the indicated
amounts of VCA for various times and cell viability was determined by MTT assay.
Values are mean + SE, n = 5/group. °P < 0.05 vs control group; C: COLO cells
were treated with or without VCA (100 ng/mL) for 9 h. Cells were harvested, fixed
in ethanol, and stained with propidium iodide in the presence of RNase A. The
stained cells were analyzed by flow cytometry.

and -9 in a time-dependent manner.

To further determine the mechanisms of the apoptotic
pathway involved in VCA-induced killing of COLO cells,
we examined the expression of adaptor molecules of
death receptors and their downstream molecules, including
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Figure 2 Tumor-killing effect of VCA in
vivo. COLO cells (1 x 10" cells/mouse)
were injected into the neck of CD1 nude
mice. Five weeks later, VCA was injected
around the developed tumors every 2 d
for 5 wk. (A) The tumors were measured
at0, 1, 3 and 5 wk after VCA treatment
and (B) were photographed at the end
of experiment. The size of the tumors
decreased (a-c) at 5 wk of treatment and
eventually disappeared at 2 mo after the
termination of VCA treatment (d).
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Figure 3 Activation of caspases in COLO cells treated with VCA. A: COLO and WI-38 cells were treated without (-) or with (+) VCA (100 ng/mL) for 12 h. Cell lysates
were prepared and western blots were performed using antibodies specific for each pro-caspase (PCas). Immunoreactive bands were visualized by chemiluminescence.
Representative western blots are shown (left panel). Each band was quantified and normalized against the internal control (®-actin). Normalized values were used to
calculate the relative expression of each procaspase as a percentage of PBS-treated WI-38 cells. WP: WI-38 cells treated with PBS, WV: WI-38 cells treated with VCA, CP:
COLO cells treated with PBS, CV: COLO cells treated with VCA. Values are mean=SE of three independent experiments (right panel). °P < 0.05 vs WP. °P < 0.05 vs CP;
B: COLO cells were treated without (-) or with (+) VCA (100 ng/mL) for various times and western blots were performed and quantified as described for (A). Representative
western blots of three independent experiments are shown (left panel). Each band was quantified and normalized against the internal control (®-actin). Normalized values
were used to calculate the relative expression of each procaspase as a percentage of COLO cells without VCA treatment at each time point (right panel).

RIP, Fas-associated death domain (FADD), NF-«B, Akt/
PKB, and XIAP, by western blot. The expression of RIP
and FADD started to decrease after 6 h of VCA treatment
and was correlated with a decreased expression of NF-xB,
Akt/PKB, and XIAP in COLO cells (Figure 4).

Involvement of TNFR1 in VCA-induced killing of COLO
cells

To determine whether death receptors are involved in
VCA-induced apoptosis of COLO cells, we examined the
expression of the death receptors TNFR1, TNFR2, DR3,
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Fas, and FasL in COLO and WI-38 cells by western blot.
The expression of TNFR1, TNFR2, DR3, and Fasl. was
higher in COLO cells as compared with WI-38 cells. Fas
expression was not detected in either cell type (data not
shown). Treatment of COLO cells with VCA significantly
decreased the expression of TNFR2, but not TNFR1,
DR3, or Fasl.. Treatment of WI-38 cells with VCA did not
change the expression of these molecules (Figure 5A).

To determine which death receptor is involved in
VCA-induced apoptosis of COLO cells, the killing
effect of VCA on COLO cells was examined in the
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Figure 4 Decreased expression of anti-apoptotic molecules in COLO cells
treated with VCA. COLO cells were treated without (-) or with (+) VCA (100 ng/
mL) for the indicated times. Cell lysates were prepared and western blots were
performed using specific antibodies. Immunoreactive bands were visualized by
chemiluminescence. Representative western blots are shown (A). Each band was
quantified and normalized against the internal control (®-actin). Normalized values
were used to calculate the relative expression as a percentage of COLO cells
without VCA treatment at each time point (B). p-Akt: phosphorylated Akt. Results
are representative of three independent experiments.

presence or absence of agonists or antagonists of death
receptors. Treatment of COLO cells with activating anti-
Fas antibody did not induce cell death or affect the killing
effect of VCA, which was expected as Fas is not expressed
in COLO cells (data not shown). In addition, anti-Fas
antibody did not affect the killing effects of VCA on

COLO cells. Treatment with DR3-Fc chimeric protein,
which inhibits the activation of DR3, did not affect the
cytotoxic effect of VCA on COLO cells (data not shown).
Treatment with antagonizing anti-TNFR1 antibody, which
blocks TNF-q-induced apoptosis, inhibited the killing
effect of VCA on COLO cells (Figure 5B).

Inhibition of caspase activation and subsequent apoptosis
in COLO cells by treatment with antagonizing TNFR1
antibody

To determine whether blocking TNFR1 inhibits VCA-
induced activation of caspase-2, -3, -8, and -9, resulting
in the inhibition of apoptotic death of COLO cells, the
expression of the respective procaspases in VCA-treated
COLO cells was determined in the presence or absence of
antagonizing anti-TNFR1 antibody by western blot. Anti-
TNFR1 antibody significantly inhibited the activation of
caspase-8 and caspase-2, as shown by the inhibition of the
dectrease of their respective procaspase, but not caspase
-3 or -9 (Figure 6A). VCA treatment of COLO cells
decreased the expression of anti-apoptotic molecules, such
as Akt/PKB and XIAP, and treatment with antagonizing
anti-TNFR1 antibody significantly inhibited this decrease
(Figure 6B).

DISCUSSION

It was previously reported that [scum album var. coloratum
agglutinin (VCA) had cytotoxic effects on cancer cells such
as hepatocarcinoma and HI.-60 leukemia cells by inducing
apoptosis' %, Consistent with this, it was found that VCA
selectively killed colon cancer cells (COLO 320HSR) 7
vitro and in vivo, but not normal human diploid cells (WI-38).
However, the detailed molecular mechanisms involved in
the killing of tumor cells by VCA have not been clearly
clucidated. In this study, it was found that VCA-induced
apoptosis of colon cancer cells is due to the activation of
caspases and inhibition of anti-apoptotic proteins partly
through the TNFR1 signaling pathway.

Apoptotic morphological and biochemical changes,
including chromatin condensation, degradation of
chromosomal DNA, and membrane blebbing“”l],
after a cascade of cell signaling and caspase-mediated
events that regulate pro-apoptotic and anti-apoptotic
proteins!"****! Apoptosis is triggered by two major
pathways: the death-receptor-induced apoptotic pathway
and the mitochondria-apoptosome-mediated apoptotic
pathwaymj. Both of these pathways lead to caspase
activation and cleavage of specific cellular substrates' ™",
Inhibitors of apoptotic proteins such as XIAP, cellular
inhibitor of apoptosis proteins, phosphatidylinositol
3-kinase, Akt/PKB, NF-kB, and heat shock proteins
can interact with caspases and inhibit apoptosis'”. We
examined the activation of caspases in VCA-treated
COLO cells and found that caspase-2, -3, -8, and -9 were
activated as compared with PBS-treated COLO cells.

While the activation of caspases is critical for
the induction of apoptosism’m. The degradation of
anti-apoptotic proteins such as RIP, Akt/PKB, and XIAP
can accelerate the death of cancer cells. Consistent with
previous work!"", the present study found that treatment of

occur
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Figure 5 Inhibition of VCA-induced cytotoxicity of COLO cells by antagonizing anti-TNFR1 antibody (A) COLO and WI-38 cells were treated without (-) or with (+) VCA (100
ng/mL) for 12 h, cell lysates were prepared, and western blots were performed using specific antibodies. Immunoreactive bands were visualized by chemiluminescence.
Representative western blot is shown (left panel). Each band was quantified and normalized against the density of the internal control (®-actin). Normalized values were
used to calculate the relative expression as a percentage of PBS-treated WI-38 cells. WP: WI-38 cells treated with PBS, WV: WI-38 cells treated with VCA, CP: COLO cells
treated with PBS, CV: COLO cells treated with VCA. Values are mean=SE of three independent experiments (right panel). °P < 0.05 vs WP. °P < 0.05 vs CP. (B) COLO cells
were treated without (Control) or with VCA (100 ng/mL) in the absence (PBS) or presence of the indicated amounts of antagonizing TNFR1 antibody (®-TNFR1) for 12 h.
Cell viability was determined by MTT assay. Values are mean + SE (n = 4). °P < 0.05 vs the PBS-treated control group. °P < 0.05 vs the PBS/VCA-treated group.
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COLO cells with VCA significantly decreased the amount
of RIP, Akt/PKB, and XIAP. The cytotoxic effects of
VCA on COLO cells was more rapid and intense in serum-
free media (data not shown), probably due to the absence
of survival signals mediated by the Akt/PKB pathway by
growth factors in serum-containing media. These results
support the hypothesis that degradation of anti-apoptotic
proteins by VCA treatment contributes to the induction of
apoptosis in COLO cells.

It was previously reported that the activation of
caspase-8 by VAAs, European mistletoe lectins, was
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Figure 6 Inhibition of VCA-induced
caspase activation and VCA-induced
decrease of anti-apoptotic molecules
in COLO cells treated with anti-TNFR1
antibody. COLO cells were treated
without (-) or with (+) VCA (100 ng/mL)
for 12 h in the presence (+) or absence
() of anti-TNFR1 antibody (o-TNFR1, 10
ng/mL). Cell lysates were prepared and
western blot was performed using specific
antibodies for (A) various procaspases
(PCas) and (B) anti-apoptotic molecules.
Immunoreactive bands were visualized
by chemiluminescence. Representative
western blot is shown (left panels). Each
band was quantified and normalized
against the density of the internal control
(actin). Normalized values were used
to calculate the relative expression as a
percentage of COLO cells without VCA or
anti-TNFR1 antibody treatment. Values
are mean * SE of three independent
experiments (right panels). °P < 0.05 vs
VCA-treated cells without anti-TNFR1.
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not mediated by death receptorsm]. Transfection of
a dominant-negative FADD into BJAB cells did not
affect the induction of apoptosis by VAAs, suggesting
that VAAs trigger a mitochondria-mediated apoptotic
pathwaym. In our study, it was found that VCA treatment
activated caspase-2, -3 and -8, which are mediated by
death receptors“s‘m’zsl, and caspase-2 and -9, which are
mediated by the mitochondrial pathway[zs'm. Therefore,
VCA appears to induce activation of caspases by both
mitochondria-mediated and death receptor-mediated
pathways. VCA, from Korean mistletoe, and mistletoe
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lectin (ML) I, an isotype of VAAs from European
mistletoe, have the same sugar-binding characteristics;
however, the structures of these lectins are different.
Variations in VAAs (ML I, ML I, and ML IIl) result from
different degrees of glycosylation™, whereas variations in
VCA result from amino acid sequence variation in the A
and B chains, which are 10%-27% different from ML,
These differences in amino acid sequence may result in
different cytotoxic mechanisms between VCA and VAAs.

COLO cells were found to express a high level of
the death receptors TNFR1, TNFR2, and DR3, but did
not express Fas. The expression of Fasl. was also high in
COLO cells, probably as a mechanism to escape immune
attack™. The expression of TNFR2 was decreased in
COLO cells by VCA treatment, suggesting that VCA may
inhibit survival signals through TNFR2, since TNFR2
mediates both survival and apoptotic signals[zs’?’”. However,
this should be addressed further. To determine if any
of these death receptors is involved in VCA-induced
apoptosis of COLO cells, we activated or inhibited their
signaling pathways in VCA-treated COLO cells using
antibodies. Activating anti-Fas antibody did not affect the
viability of COLO cells, as expected by the absence of Fas
in these cells. Since DR3 is expressed on COLO cells, VCA
may bind to DR3 and trigger apoptotic signals, resulting in
cell death. Thus, DR3-Fc chimeric protein, which binds to
the DR3 ligand and inhibits DR3-mediated apoptosis, was
used to determine whether VCA-mediated apoptosis could
be inhibited by blocking the interaction between VCA and
DR3. DR3-Fc chimeric protein did not affect the cytotoxic
effect of VCA on COLO cells.

TNF-a induced apoptosis of COLO cells sensitized
with actinomycin D (data not shown)™, indicating a role
for TNFR in apoptosis of COLO cells. In our study,
antagonizing anti-TNFR1 inhibited the cytotoxicity of
VCA in COLO cells, suggesting that the TNFR1 pathway
is involved in VCA-induced cell death. This antibody
also inhibited VCA-induced apoptosis and activation
of caspase-8 and -2, confirming the involvement of
TNFR1 in VCA-induced apoptosis. This finding is
supported by previous reports that TNIFR1 induces both
receptor-mediated (activation of caspase -3 and -8) and
mitochondria-mediated (activation of caspase -2 and
-9) apoptosis'**, The exact mechanism by which VCA
activates TNFRT1 is not known; however, VCA was co-
precipitated when TNFR1 was immunoprecipitated with
TNFRI1 antibody in VCA-treated COLO cells (unpublished
data). Thus, we speculate that VCA might bind to TNFR1
and trigger cell death. This mechanism needs further
investigation. Based on the results obtained in this study,
we suggest that VCA may induce the activation of the
TNFRI1 signal transduction pathway, which contributes, in
part, to the activation of caspases and degradation of anti-
apoptotic molecules, resulting in the death of colon cancer
cells.
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