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Abstract: Colon cancer cells resistance to apoptosis inducing factors, particularly those working through the
extrinsic apoptotic rout, such as Tumour necrosis factor alpha (TNF-a), may due to that these cells lack of the
presence of FAS receptor on their membrane, to which TNF-a binds and causes the recruitment of caspase-8 and
other caspases cascade required in apoptotic cell death. In addition to its reported impact as anti-tumour dietary
elements, Diallyl disulfide (DADS), a major organosulfur compound found in garlic oil, was examined in this
research for its ability to induce membrane FAS expression in colonic adenocarcinoma cell line (Caco-2), and
thereby synthetizes such cells to TNF-alpha-mediated apoptosis. Our results show that the administration of DADS
to Caco-2 cell cultures significantly increased the number of dead cells, exhibited morphological changes
characteristic to apoptosis and induced caspas-3 cleavage but not caspase-8. Western blot along with flow-cytometry
data confirmed the induction of FAS expression, at the protein level, after DADS treatment, RT-PCR also confirmed
FAS expression, at the transcriptional level. This resulted in restoring Caco-2 cells sensitivity to TNF-a and
initiating the extrinsic pathway through FAS and caspase-8 cleavage. These results suggest that DADS induces
apoptosis in colonic cancerous cells not only through the intrinsic pathways but also through enhancing the extrinsic
pathway.
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1. Introduction line) is among such cell types that has no detected FAS

Membrane FAS receptor or tumour necrosis receptors on their membrane surface [4, 8]. Which is
factor receptor superfamily member 6 (TNFRSf6), is the reason of making such kind of colonic
expressed in a variety of cell types including tissues adenocarcinoma cells resistant to apoptosis inducing
largely characterized by high rates of cellular turnover factors that work through FAS rout, e.g, tumour
and apoptotic cell death, such as colonic epithelial cells necrosis factors family (TNF-a and FAS ligand [FAS-
[1]. FAS receptor functions as cell surface-antigen L]) [9, 10]. This has led to the hypothesis of that the
when binds to FAS ligand forms the death-inducing induction of FAS expression on the surface of Caco-2
signalling complex (DISC), this results in cleavage of  cells may restore the sensitivity of such resistant cancer
caspase-8 and initiation of apoptotic cell death [2, 3]. cells to FAS dependent apoptosis inducing factors [11,
The sensitivity of FAS mediated apoptosis in a given 12].

cell type correlates with the level of FAS expression on The impact of certain dietary components in
the cell membrane. However, FAS receptors are highly colon cancer progression or prevention is having lots of
expressed in normal human colonic epithelial cells, scientific debate nowadays. Epidemiological studies

they are steadily decreased or commonly lost during conducted by collaborations of nutritionists, cell and
cancer progression, making many types of cancerous molecular biologists have categorized certain dietary
cells less- or completely insensitive to FAS mediated components into colon cancer inducing dietary agents,
apoptosis [4-6]. Tumour necrosis factor alpha (TNF-a), e.g., alcohol and red meat [13], higher salted foods
a cytokine produced primarily by macrophages, is [14], high fat diet [15], food colouring extracts from
known to induce apoptosis through binding to some plants such as Rubia tinctorum [16], food
membrane FAS receptors [7]. However, many cell additives such as Aloe arborescens Mill var extracted
types are resistant to TNF-a death receptor mediated from Aloe plant a member of the family Liliaceae [17],
killing. Caco-2 (human colonic adenocarcinoma cell and on the other hand colon cancer protective dietary
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agents, e.g., green tea extract [I8, 19], apple
polysaccharides [20], fermented milk products [21],
leafy vegetables rich in folic acid and fibres [22-24],
tomato enriched with lycopene [25], tributyrin, a short-
chain triglyceride oil [26], olive oil [27], seafoods and
soya foods [28, 29], fruits rich in polyphenolic
compounds, delphinidin and kaempferol, a major
component of flavonols [30-32], and konjac
glucomannan [33]; However the mechanism of action
of such dietary components remains unclear. In
addition to traditional use as a spice, garlic (A//ium
sativum) has well known medicinal benefits [34].
Diallyl disulfide (DADS), a major organosulfur
compound found in garlic oil is reported to exhibit
various  pharmacological  properties such as
antimicrobial [35], hypolipidemic [36], antithrombotic
[37], and anti-carcinogenic [38]. However, little is
known about the mechanism by which such an active
compound works. Some reports showed that DADS
plays a role in P53 and cyclin Bl protein regulation,
induces cell cycle arrest, inhibits  matrix
metalloproteinase and thereby stops migration and
invasion of cancerous cells and induces histone
acetylation [39-42]. Other reports indicated that DADS
induces a significant rise in Ca>" in colon cancer cells
by stimulating both extracellular Ca** influx and
intracellular Ca" release [43]; this suggests that DADS
indirectly modulate apoptosis in colon cancer cells as
Ca® level is known to affect Bcl-2 family proteins,
proteolytic enzymes of apoptosis, ensuing alterations
on the signalling patterns of extracellular stimuli and
the intracellular targets of apoptotic Ca*" signals, with
special emphasis on the mitochondria and cytosolic
Ca*"-dependent enzymes [44].
The impact of DADS on up-regulation of some genes
involved in cellular apoptosis of colonic cancer cells
was also studied. Genes such as tumour suppressor p53,
pro-apoptotic Bcl2 protein (Bax) and cell cycle
regulator cyclin B were up-regulated in HT29 and
COLO 205 colonic cancer cell lines upon DADS
treatment [45, 46]. In this study we investigated the
role of DADS in increasing the susceptibility of colonic
cancer cells (Caco-2) to apoptosis induced by TNF-a.
Our results suggested the ability of DADS to synthetize
human colonic adenocarcinoma cell line (Caco-2) to
TNF-a. dependent apoptosis through up-regulating
membrane FAS expression at both levels RNA and
protein.
2.Materials and Methods
Cell culture and treatments

Caco-2 cells [47] were routinely grown in
Dulbecco's modified Eagle's minimal essential medium
(DMEM, CAMBREX) supplemented with 25 mM
glucose, 20% inactivated (30 min, 56 °C) foetal calf
serum (Sigma), penicillin (50 U/ml), streptomycin (50
U/ml) and 1% nonessential amino acids (Sigma). The
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cell line was used between passages 163 and 181. Cells
were seeded in a concentration of 2 x 10* cells/cm® in
25 cm’ tissue culture flasks (Corning), and after 24 h
cultures were either supplied with DADS (Sigma) (final
concentration of 200 uM) for another 24 h or left
without any supplements. TNF-a (Sigma) was
administrated to both cultures (final concentration of 15
ng/ml) in order to obtain four different groups of
cultures as the following: none treated or control
cultures (have neither DADS nor TNF-a), DADS
treated cultures, TNF-a treated cultures and cultures
supplemented with TNF-o after 24 h of DADS
administration.

Cell viability

Viable cell counts were conducted using
Trypan Blue method and haemocytometer according to
Freshney, [48]. Briefly, 0.1 ml of 0.4% Trypan Blue
Stain (Sigma) was added to 0.5 ml of a cell suspension
diluted in complete medium without serum to a
concentration of 2 x 10° cells per ml and mixed
thoroughly. The cells were allowed to stand for 5 min
at room temperature, and then cells (viable non-stained
and dead blue stained) were counted using
haemocytometer.

Nucleic acid stain (DAPI staining)

DAPI staining was performed using DAPI
dihydrochloride nucleic acid stain (Invetrogen). Cells
were harvested; both detached cells (collected by
centrifugation) and attached cells (dissociated by 0.01%
trypsin-EDTA [Cambrex]) combined together to obtain
cell suspension. Cells were pelleted by centrifugation at
200 xg for 5 min and re-suspended in 1 ml PBS at room
temperature. Cells were then fixed by pipetting the cell
suspension over 4 ml of absolute ethanol at -20 °C
while vortexing at top speed and left for 15 min at -20
°C. After centrifugation and discarding ethanol, fixed
cells were rehydrated by adding 5 ml PBS and kept for
15 min at room temperature and pelleted again by
centrifugation, 200 xg for 5 min. DAPI [1 ml of 3uM in
staining buffer (100 mM Tris, pH 7.4, 150 mM NacCl, 1
mM CacCl,, 0.5 mM MgCl,, 0.1% Nonidet P-40)] was
added and cells were incubated for 15 min at room
temperature. Stained cells were then centrifuged, 200
xg for 5 min, and the pellet was re-suspended in 0.5 ml
of fresh staining buffer and one drop was applied into a
microscope slide and covered with a coverslip for
microscopic analysis. Images were acquired through
AXIOCAM and AXIOVISION software and Carl Zeiss
fluorescent microscope.

Western Blotting

Total protein was extracted from 10’ Caco-2
cells by adding 1ml of Radio-Immuno Precipitation
Assay buffer [RIPA (50 mM Tris-HCI pH 8§, 150 mM
NaCl, 0.02% sodium azide, 0.1% SDS, 100 pg/ml
PMSF [phenylmethylsulphonyl fluoride], 1 pg/ml
aprotinin, 1% NP-40)]. Cells were incubated for 30 min
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on crushed ice. The cellular lysate was then centrifuged
at 12,000xg for 2 min at 4 °C in order to eliminate the
cellular debris. The supernatant was then transferred to
a fresh Eppendorf tube, and total protein concentrations
were determined using the BioRad protein assay [49].
Denaturation of protein samples was performed by
adding loading buffer (0.125 M Tris-HCI, 4% SDS,
20% v/v glycerol, 0.2 M dithiothreitol, 0.02%
bromophenol blue, pH 6.8), 1:1 (v/v) at 100 °C for 10
min followed by centrifugation 3000xg for 1 min.
Samples (50 pg of protein) were immediately
electrophoresed by SDS-PAGE (BioRad Mini Protein
IT Electrophoresis gel). Molecular weight markers (See
Blue® Plus 2 pre-stained protein standards, UK) were
used as a size ladder. Protein bands were transferred to
a nitrocellulose membrane (Amersham). The
membranes were then incubated in blocking solution
[5% non-fat dry milk in TBS (20 mM Tris-HCI, 500
mM NaCl, pH 7.5)] overnight on a shaker at 4 °C,
immuno-stained for pro- and active caspases -8 and -3
using rabbit polyclonal primary antibodies (Abcam),
and for membrane FAS receptor using mouse anti-FAS
monoclonal antibody (Stressgen), and for B-Actin using
anti- B-Actin mouse monoclonal primary antibody
(Abcam) as a loading control, was conducting
according to manufacturer’s instructions. Immuno-
detected band visualisation was carried out using the
chemiluminescent alkaline phosphatase substrate
(Immobilom™ Western).
Flowcytometric  analysis
expression:
Membrane FAS quantification by flowcytometry was
carried out according to [50]. Harvested cells were re-
suspended in serum-free tissue culture medium
containing 4 pg/ml mouse anti-FAS monoclonal
antibody (Stressgen) and incubated at 4 °C for 45 min.
Cells were washed twice in serum-free mediul and re-
suspended again in serum-free medium containing
FITC-conjugated goat anti-mouse IgG, x200 diluted,
and incubated for an additional 30 min at 4 °C. Cells
were then washed twice with PBS. The expression of
membrane FAS receptors was assessed using a flow
cytometer (Becton Dickinson). Data analysis was
carried out using WinMDI 2.8 and Microsoft Excel
software.
RNA purification and RT-PCR of FAS mRNA
Caco-2 cells were cultured as above, the
culturing medium was supplemented with DADS (200
uM), 5-aza-2-deoxycytidine [Sigma-Aldrich] (5-azadC,
1 uM), in order to induce membrane FAS expression in
Caco-2 cells [4], or none. After 24 h Cells were
harvested and total RNA was isolated using TRIZOL®
Reagent (Invitrogen) according to manufacture
instructions. RNA (2ug) was reverse transcribed into
cDNA using High Capacity cDNA Reverse
Transcription Kit (Applied Biosystems) according to

of membrane FAS
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manufacture instructions. Amplification of cDNA for
FAS and f-actin were conducted using semi-
quantification PCR and specific primer pairs [4].
FAS specific primer pair:
[F]15’- GACCCAGAATACCAAGTGCAGATGTA
[R] 5-CTGTTTCAGGATTTAAGGTTGGAGATT
B-actin specific primer pair:
[F]15-GTGGGGCGCCCCAGGCACCA
[R] 5'-CTCCTTAATGTCACGCACGATTTC

The PCR conditions for amplification of FAS
and B-actin cDNA to yield 289 and 540 bp products
respectively were: initial denaturation at 94°, 3 min; 25
cycles at 94°, 1 min; 60°, 2 min; 72°, 2 min; and a final
extension of 72°, 4 min. The PCR products were
resolved on 1.2% agarose gel, stained with Ethidium
bromide and visualized by UV.
Statistical analysis

All data were obtained from 3 independent
experiments, and all results are expressed as mean +SE.
We employed the 2-tailed (or paired) Student’s t-test,
using Microsoft Excel, to determine significant
differences. In all analysis, differences with probability
values < 0.05 were considered significant.

3. Results
Apoptosis induction by DADS and/or TNF-a
Trypan blue staining showed significant

increase in dead cells, 1.53 fold (»p < 0.0013), upon
DADS treatment (200 uM) compared with the dead
cells numbers in the control cultures, while there was
no significant change observed after TNF-a (15 ng/ml)
treated cells (p < 0.18). However, dead cells in cultures
supplemented with DADS for 24 h prior to TNF-a
administration for another 24 h were significantly
greater in number, 2.34 fold (p < 8.86E-09), than it in
case of control cultures, and also was significantly
greater, 1.54 fold (p < 1.01E-05), than the dead cells
numbers in cultures treated with DADS alone (Fig.
1A).
Nucleic acids staining (DAPI) reviled morphological
changes characteristics to apoptosis, nuclear shrinkage
and fragmentation (Fig. 1B), in the cells treated with
DADS alone, for 48 hrs, and also in the cells treated
with DADS, for 24 hrs followed by TNF-a for another
24 hrs. such morphological changes were not seen
neither in control cells or in cells treated with TNF-a
alone for 48 hrs.
Caspase-3 and -8 activation

Caspases activation was monitored by
Western blotting of cellular extracts of Caco-2 cells
using specific antibodies for caspase-3 or caspase-8.
The active forms (cleaved) of caspase-3 were seen as
protein bands at 17 and 21 kDa in cells treated with
DADS as well as in cells treated with DADS, for 24 hrs
followed by TNF-a for another 24 hrs, indicative of
caspase-3 activation; and no active caspase-3 bands
were seen in the control cells and in the cells treated
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with TNF-a alone (Fig. 2A). Cleaved caspase-8 bands,
at (18/20) kDa were seen only in cells treated with
DADS for 24 hrs followed by TNF-a for another 24
hrs. none of active caspase-8 bands were seen in
control, DADS and TNF-a treated cells (Fig. 2A).
Induction of membrane FAS expression

The above data showed that DADS treatment
(200 uM) 24 hrs prior to TNF-a administration to
Caco-2 cells (15 ng) for another 24 hrs, initiated an
additional apoptotic cell death pathway, which is
caspase-8 route. As active caspase-8 bands were not
seen in all other treatments. Caspase-8 activation upon
TNF-a treatment is a downstream molecular event of
TNF-0 — membrane FAS binding [2]; however, Caco-2
cells are among colonic cancer adenocarcinoma cells
that have no FAS receptors expressed on their
membrane [4, 8]. This suggested DADS may induce
FAS expression in Caco-2 cells. In order to confirm
this hypothesis membrane FAS expression was
examined at both protein and mRNA levels.

Western Blot analysis of Caco-2 cellular
lysates using specific anti-FAS antibody showed
protein band specific to FAS at 48 kDa in cultures
treated with DADS and no such protein band was seen
in control or TNF-o treated cultures (Fig. 2A).
Concurrently, mean channel fluorescence (MCF)
acquired by flocytometeric analysis of Caco-2 cells
labelled with specific anti-FAS primary antibody and
FITC-conjugated secondary antibody, showed that
MCEF values of Caco-2 cells increased up to 3 fold (p <
1.85E-09) greater than those of control or TNF-a
treated Caco-2 cells (Fig. 2B).

In order to determine the impact of DADS at
the transcriptional level, total RNA was isolated and
cloned into cDNA. Levels of FAS mRNA ware
monitored in Caco-2 cells using simi-quantitative PCR
and specific primer pairs for FAS transcript. 5-azadC is
a chemical compound known to induce membrane FAS
expression in Caco-2 cells [4], so that it was used as
positive control. Analysis of PCR products on agarose
gel electrophoresis showed clear DNA bands at 298 bp
specific to FAS transcript in Caco-2 cells treated with 1
uM 5-azadC as well as in cells treated with 200 uM
both for 48 h (Fig. 3A). Gel analysis for band volume
was performed using TotalLab™ software based on
reference band volume of DNA ladder (HyperLadder I,
Bioline, UK) entered to the software. The obtained data
determined that FAS band volume in case of DADS
treatment was 18.63 ng, which is 2 fold less (37.27
ng) than it in case of 5-azadC treated cells and no
detected bands in control cells; while there were no
significant differences among band volume values of
transcribed B-actin mRNA in control, 5-azadC or
DADS treated cells (Fig. 3B).

4. Discussion
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DADS synthetizes Caco-2 cells to TNF-a induced

apoptosis
FAS receptors are not expressed on Caco-2
cell Membrane [8] making such colonic

adenocarcinoma cells resistant to FAS-mediated death;
the hypothesis of restoring the sensitivity of Caco-2
cells to FAS-mediated apoptosis, through induction of
membrane FAS expression, has been previously proven
by Petak et al., [4]; they induced the expression of
FAS wusing 5-azadC, and as a result Caco-2 cells
responded to the extrinsic apoptotic signal induced by
anti-FAS antibody (CH-11). In this research we studied
one of the most popular dietary ingredient, garlic oil,
particularly Diallyl disulphide (DADS), a major
organosulfur compound found in garlic oil in a
quantity of more than 60% [51], for its ability to
synthetizes Caco-2 cells to TNF-a (the cytokine
naturally produced by  macrophages) -mediated
apoptosis through up-regulation of membrane FAS
levels. The results presented here showed that Caco-2
cells are insensitive to TNF-o and there was no
significant difference between numbers of the dead
cells in control and TNF-a treated cultures; and no
morphological changes characteristic to apoptosis were
seen. However, numbers of the dead cells, in DADS
treated cells were significantly greater than those of
control, 1.53 fold (» < 0.0013), with clear
morphological changes, such as apoptotic bodies and
nuclear shrinkage, indicative of apoptosis. DADS
induced apoptosis in Caco-2 cells were previously
investigated, Jakubikova et al., reported that the
apoptotic effect of DADS implies in its ability to
induces Go/M cell cycle arrest [38], Druesne et al.,
stated that DADS could inhibit nuclear histone
deacetylase activity [52], other studies by Ban et al.,
and Yang ef al., indicated that DADS induces apoptosis
in colon cancer cell lines through the induction of
reactive oxygen species, endoplasmic reticulum stress,
caspases cascade and mitochondrial-dependent
pathways [53, 54]. The results currently presented in
this study are consistent with the above mentioned
regarding DADS ability to elicit intrinsic apoptotic
pathway through caspase-3 activation but not capase-8
(Fig. 2). However, active caspase-8 bands were
detected in the cellular lysate of Caco-2 cells treated
with TNF-a after 24 hrs of DADS administration.
Recruitment of active caspase-8 is involved in the
apoptotic cell death induced by membrane FAS upon
binding to FAS ligand or TNF-a cytokine. This causes
the recruitment of FAS-Associated protein Death
Domain (FADD) followed by activation of caspase-8
[3]. The detection of active caspas-8 in cells treated
with DADS prior to TNF- a, but not in cells treated
separately with DADS or TNF- a, led to the suggestion
that FAS expression on Caco-2 cell membrane may
occur as a result of DADS treatment; and in order to
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examine this possibility, FAS expression was
monitored at both protein and transcriptional levels.
DADS induces FAS receptor expression on Caco-2
cell membrane

The obtained results confirmed the induction
of FAS expression. At the protein level, Western
blotting of Caco-2 cellular lysate, using anti-FAS
monoclonal antibody specific for FAS, detects FAS
protein band at 48 kDa in cells treated with DADS but
not in control or cells treated with TNF- o alone.
Similarly, flocytometric analysis, FITC conjugated
secondary antibody, quantified the difference between
the florescence emitted from control and DADS treated
cells population by 3 fold greater (p < 1.85E-09) (Fig.
2). At the transcriptional level, FAS mRNA was
detected in positive control samples, cells treated with
5-azadC [4], and in DADS treated cells, but not in
control or TNF-a treated cells (Fig. 3). However, the
impact of 5-azadC was -2 fold greater than it of DADS.
These results confirm that DADS induced FAS receptor
expression on Caco-2 cell membrane at both levels,
transcriptional and protein expression, which explains
caspase-8 cleavage as a result of TNF-o binding to FAS
receptor, and also explains the maximisation of
apoptotic signal (working through intrinsic as well as
extrinsic pathways) seen in the high number of dead
cells in cultures treated with DADS 24 h prior to TNF-
a treatment, 1.54 fold (p < 1.01E-05) greater than the
dead cells numbers in cultures treated with DADS

alone, and 2.34 fold (p < 8.86E-09) greater than the
dead cells numbers in control cultures.

The above findings re-introduce DADS as a
multipotent  anticancer dietary element induces
apoptosis in colonic cancerous cells not only through
the intrinsic pathways, as previously proved, but also
through enhancing the extrinsic pathway, as we proved,
mediated by the induction of membrane FAS

expression and recruiting the initiator caspas-8
cleavage.
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DISC death-inducing signalling complex
FAS-L FAS ligand
TNF-a Tumour necrosis factor alpha

5-azadC 5-aza-2-deoxycytidine

DADS Diallyl disulfide
DAPI 4',6-diamidino-2-phenylindole
FITC Fluorescein isothiocyanate

PBS Phosphate Buffered Saline
RIPA
buffer

Radio-Immuno Precipitation Assay
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Figure 1. [A]; Dead cells count via Trypan blue dye exclusion method (expressed as percentage of total cell count) in Caco-2 cell cultures in
response to DADS and / or TNF-a treatment. The results are reported as mean + SE of 3 independent experiments. *Significant
(P <0.05). [B]; Fluorescence photomicrograph, x 100 objective (bar = 10 pm), of Caco-2 cells stained with DAPI nucleic acid
binding dye; (a) none treated control, (b) DADS treated, (¢) TNF-o treated and (d) cells treated with TNF-o after 24 h of DADS
administration as in materials and methods. Arrows show nuclear condensation and arrow heads show fragmented nuclei and

apoptotic bodies.
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Figure 2. [A] Western blot analysis of different cellular lysates of Caco-2 cells, none treated control, treated with
DADS and / or TNF-a as in materials and methods. The blots show the impact of such treatments on caspase-8 and -
3 cleavages and on the expression of membrane FAS receptors; B-actin antibody was used as a loading control. [B]
Flowcytometric histogram shows the induction of membrane FAS expression in Caco-2 cells after DADS treatment.
Cells were labelled with anti-FAS monoclonal antibody, followed by FITC-conjugated secondary antibody. Mean
channel fluorescence (MCF) was acquired by flowcytometer (Becton Dickinson) and data were analysed using
WinMDI 2.8 software. Data are expressed as mean of three independent experiments; (P < 0.05) considered
significant.
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Figure 3. Agarose gel electrophoresis of PCR product and gel analysis using TotalLab™ software, show the up-
regulation of FAS expression by 5-azadC and DADS [A]; and B-actin (loading control) [B] in Caco-2 cell line. Total
RNA was reverse transcribed into cDNA; amplification of cDNA of FAS and B-actin mRNA were conducted using
semi-quantification PCR and specific primer pairs as in materials and methods. Agarose gel and software analysis
show that FAS mRNA was up-regulated (289 pb) in both 5-azadC and DADS treated cells and no bands were
detected in control cells; however the pixel intensity and band volume were greater in 5-azadC than in DADS

treated cells. No such an effect is seen in -actin bands (540 pb), as both pixel intensity and band volume were
uniform (to large extent) in control and treated cells.

178



Journal of American Science 2013;9(3)

http://www.jofamericanscience.org

References

L.

10.

11.

12.

13.

14.

French L E ,Hahne M ,Viard I ,Radlgruber G, Zanone R, et
al. s.: Fas and Fas ligand in embryos and adult mice: ligand
expression in several immune-privileged tissues and
coexpression in adult tissues characterized by apoptotic cell
turnover. J Cell Biol. 133, 335-43, (1996).

Cappello P, Novelli F, Forni G and Giovarelli Ms.: Death
receptor ligands in tumors. J Immunother. 25, 1-15, (2002).
Kruidering M and Evan G Is.: Caspase-8 in apoptosis: the
beginning of "the end"? I[UBMB Life. 50, 85-90, (2000).
Petak I ,Danam R P ,Tillman D M ,Vernes R ,Howell S R,
et al. s.. Hypermethylation of the gene promoter and
enhancer region can regulate Fas expression and sensitivity
in colon carcinoma. Cell Death Differ. 10,211-7, (2003).
Moller P ,Koretz K ,Leithauser F ,Bruderlein S ,Henne C, et
al.s.: Expression of APO-1 (CD95), a member of the
NGF/TNF receptor superfamily, in normal and neoplastic
colon epithelium. Int J Cancer. 57,371-7, (1994).
Leithauser F ,Dhein J ,Mechtersheimer G ,Koretz K
,Bruderlein S, et al.s.: Constitutive and induced expression
of APO-1, a new member of the nerve growth factor/tumor
necrosis factor receptor superfamily, in normal and
neoplastic cells. Lab Invest. 69, 415-29, (1993).

Hofmanova J, Vaculova A, Hyzd'alova M and Kozubik As.:
Response of normal and colon cancer epithelial cells to
TNF-family apoptotic inducers. Oncol Rep. 19, 567-73,
(2008).

Larrosa M, Tomas-Barberan F A and Espin J Cs.: The
dietary hydrolysable tannin punicalagin releases ellagic acid
that induces apoptosis in human colon adenocarcinoma
Caco-2 cells by using the mitochondrial pathway. J Nutr
Biochem. 17, 611-25, (2006).

Lacour S ,Micheau O ,Hammann A ,Drouineaud V
,Tschopp J, et al.s.: Chemotherapy enhances TNF-related
apoptosis-inducing ligand DISC assembly in HT29 human
colon cancer cells. Oncogene. 22, 1807-16, (2003).

Velthuis J H, Rouschop K M, De Bont H J, Mulder G J and
Nagelkerke J Fs.: Distinct intracellular signaling in tumor
necrosis factor-related apoptosis-inducing ligand- and CD95
ligand-mediated apoptosis. J Biol Chem. 277, 24631-7,
(2002).

Kim J M, Kim J S, Jung H C, Song I S and Kim C Ys.:
Apoptosis of human gastric epithelial cells via caspase-3
activation in response to Helicobacter pylori infection:
possible involvement of neutrophils through tumor necrosis
factor alpha and soluble Fas ligands. Scand J Gastroenterol.
35, 40-8, (2000).

Tillman D M, Harwood F G, Gibson A A and Houghton J
As.: Expression of genes that regulate Fas signalling and
Fas-mediated apoptosis in colon carcinoma cells. Cell
Death Differ. 5, 450-7, (1998).

Morita M ,Le Marchand L ,Kono S ,Yin G ,Toyomura K, e?
al.s.: Genetic polymorphisms of CYP2El and risk of
colorectal cancer: the Fukuoka Colorectal Cancer Study.
Cancer Epidemiol Biomarkers Prev. 18, 235-41, (2009).
Murata A ,Fujino Y ,Pham T M ,Kubo T ,Mizoue T, et al.s.:
Prospective cohort study evaluating the relationship
between salted food intake and gastrointestinal tract cancer
mortality in Japan. Asia Pac J Clin Nutr. 19, 564-71,
(2010).

Butler L M ,Wang R ,Koh W P ;Stern M C ,Yuan J M, et
al.s.: Marine n-3 and saturated fatty acids in relation to risk
of colorectal cancer in Singapore Chinese: a prospective
study. Int J Cancer. 124, 678-86, (2009).

Inoue K ,Yoshida M ,Takahashi M ,Fujimoto H ,Shibutani
M, et al.s.: Carcinogenic potential of alizarin and rubiadin,

179

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

components of madder color, in a rat medium-term multi-
organ bioassay. Cancer Sci. 100, 2261-7, (2009).

Yokohira M ,Matsuda Y ,Suzuki S ,Hosokawa K
,Yamakawa K, et al.s.: Equivocal colonic carcinogenicity of
Aloe arborescens Miller var. natalensis berger at high-dose
level in a Wistar Hannover rat 2-y study. J Food Sci. 74,
T24-30, (2009).

Stingl J C ,Ettrich T ,Muche R ,Wiedom M ,Brockmoller J,
et al.s.: Protocol for MInimizing the Risk of Metachronous
Adenomas of the CoLorectum with Green Tea Extract
(MIRACLE): a randomised controlled trial of green tea
extract versus placebo for nutriprevention of metachronous
colon adenomas in the elderly population. BMC Cancer. 11,
360, (2011).

Lambert J D, Sang S, Hong J and Yang C Ss.: Anticancer
and anti-inflammatory effects of cysteine metabolites of the
green tea polyphenol, (-)-epigallocatechin-3-gallate. J Agric
Food Chem. 58, 10016-9, (2010).

LiY ,Niu Y ,Wu H ,Sun Y ,Li Q, ef al.s.: Modified apple
polysaccharides could induce apoptosis in colorectal cancer
cells. J Food Sci. 75, H224-9, (2010).

de Moreno de Leblanc A and Perdigon Gs.: The application
of probiotic fermented milks in cancer and intestinal
inflammation. Proc Nutr Soc. 69, 421-8, (2010).

Holmes R S ,Zheng Y ,Baron J A ,Li L ,McKeown-Eyssen
G, et als.: Use of folic acid-containing supplements after a
diagnosis of colorectal cancer in the Colon Cancer Family
Registry. Cancer Epidemiol Biomarkers Prev. 19, 2023-34,
(2010).

Levine A J ,Figueiredo J C ,Lee W ,Conti D V ,Kennedy K,
et als.: A candidate gene study of folate-associated one
carbon metabolism genes and colorectal cancer risk. Cancer
Epidemiol Biomarkers Prev. 19, 1812-21, (2010).

Uchida K ,Kono S ,Yin G ,Toyomura K ,Nagano J, et al.s.:
Dietary fiber, source foods and colorectal cancer risk: the
Fukuoka Colorectal Cancer Study. Scand J Gastroenterol.
45, 1223-31, (2010).

Liu A G, Volker S E, Jeffery E H and Erdman J] W, Jr.s.:
Feeding tomato and broccoli powders enriched with
bioactives improves bioactivity markers in rats. J Agric
Food Chem. 57,7304-10, (2009).

LiY, Le Maux S, Xiao H and McClements D Js.: Emulsion-
based delivery systems for tributyrin, a potential colon
cancer preventative agent. J Agric Food Chem. 57, 9243-9,
(2009).

Sanchez-Fidalgo S ,Villegas 1 ,Cardeno A ,Talero E
,Sanchez-Hidalgo M, et al.s.: Extra-virgin olive oil-enriched
diet modulates DSS-colitis-associated colon carcinogenesis
in mice. Clin Nutr. 29, 663-73, (2010).

Kurotani K ,Budhathoki S ,Joshi A M ,Yin G ,Toyomura K,
et al.s.: Dietary patterns and colorectal cancer in a Japanese
population: the Fukuoka Colorectal Cancer Study. Br J
Nutr.104,1703-11, (2010).

Raju J ,Bielecki A ,Caldwell D ,Lok E ,Taylor M, et als.:
Soy isoflavones modulate azoxymethane-induced rat colon
carcinogenesis exposed pre- and postnatally and inhibit
growth of DLD-1 human colon adenocarcinoma cells by
increasing the expression of estrogen receptor-beta. J Nutr.
139, 474-81, (2009).

Tan A C, Konczak I, Ramzan I and Sze D Ms.: Native
Australian fruit polyphenols inhibit cell viability and induce
apoptosis in human cancer cell lines. Nutr Cancer. 63, 444-
55, (2011).

Yun J M, Afaq F, Khan N and Mukhtar Hs.: Delphinidin, an
anthocyanidin in pigmented fruits and vegetables, induces



Journal of American Science 2013;9(3)

http://www.jofamericanscience.org

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

apoptosis and cell cycle arrest in human colon cancer
HCT116 cells. Mol Carcinog. 48, 260-70, (2009).

Li W, Du B, Wang T, Wang S and Zhang Js.: Kaempferol
induces apoptosis in human HCT116 colon cancer cells via
the Ataxia-Telangiectasia Mutated-p53 pathway with the
involvement of p53 Upregulated Modulator of Apoptosis.
Chem Biol Interact. 177, 121-7, (2009).

Wu W T and Chen H Ls.: Effects of konjac glucomannan
on putative risk factors for colon carcinogenesis in rats fed a
high-fat diet. J Agric Food Chem. 59, 989-94, (2011).
Matsuura N ,Miyamae Y ,Yamane K ,Nagao Y ,Hamada Y,
et als.: Aged garlic extract inhibits angiogenesis and
proliferation of colorectal carcinoma cells. J Nutr. 136,
842S-8468, (20006).

Lu X ,Rasco B A ,Jabal ] M ,Aston D E ,Lin M, et als.:
Investigating antibacterial effects of garlic (Allium sativum)
concentrate and garlic-derived organosulfur compounds on
Campylobacter jejuni by using Fourier transform infrared
spectroscopy, Raman  spectroscopy, and electron
microscopy. Appl Environ Microbiol. 77, 5257-69, (2011).
Gebhardt R and Beck Hs.: Differential inhibitory effects of
garlic-derived organosulfur compounds on cholesterol
biosynthesis in primary rat hepatocyte cultures. Lipids. 31,
1269-76, (1996).

Srivastava K C and Tyagi O Ds.: Effects of a garlic-derived
principle (ajoene) on aggregation and arachidonic acid
metabolism in human blood platelets. Prostaglandins
Leukot Essent Fatty Acids. 49, 587-95, (1993).

Jakubikova J and Sedlak Js.: Garlic-derived organosulfides
induce cytotoxicity, apoptosis, cell cycle arrest and
oxidative stress in human colon carcinoma cell lines.
Neoplasma. 53, 191-9, (2006).

Altonsy M O and Andrews S Cs.: Diallyl Disulphide, a
Beneficial Component of Garlic Oil, Causes a
Redistribution of Cell-Cycle Growth Phases, Induces
Apoptosis, and Enhances Butyrate-Induced Apoptosis in
Colorectal Adenocarcinoma Cells (HT-29). Nutr Cancer.
(2011).

Liao Q J ,Su J ,Zhou X T ,Tang H L ,Song Y, et als.:
[Inhibitory effect of diallyl disulfide on proliferation of
human colon cancer cell line SW480 in nude mice]. A4i
Zheng. 26, 828-32, (2007).

Lai KC ,Hsu S C ,Kuo CL,YangJ S Ma CY, et als.:
Diallyl sulfide, diallyl disulfide, and diallyl trisulfide inhibit
migration and invasion in human colon cancer colo 205
cells through the inhibition of matrix metalloproteinase-2, -
7, and -9 expressions. Environ Toxicol. (2011).
Druesne-Pecollo N, Chaumontet C and Latino-Martel Ps.:
Diallyl disulfide increases histone acetylation in colon cells
in vitro and in vivo. Nutr Rev. 66 Suppl 1, S39-41, (2008).

1/20/2013

180

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Chen C Y, Huang C F, Tseng Y T and Kuo S Ys.: Diallyl
disulfide induces Ca(2+) mobilization in human colon
cancer cell line SW480. Arch Toxicol. (2011).

Rizzuto R ,Pinton P ,Ferrari D ,Chami M ,Szabadkai G, et
al.s.: Calcium and apoptosis: facts and hypotheses.
Oncogene. 22, 8619-27, (2003).

Pratheeshkumar P, Thejass P and Kutan Gs.: Diallyl
disulfide induces caspase-dependent apoptosis via
mitochondria-mediated intrinsic pathway in BI16F-10
melanoma cells by up-regulating p53, caspase-3 and down-
regulating pro-inflammatory cytokines and nuclear factor-
kappabeta-mediated Bcl-2 activation. J Environ Pathol
Toxicol Oncol. 29, 113-25,(2010).

Huang Y S ,Xie N ,Su Q ,Su J ,Huang C, et als.: Diallyl
disulfide inhibits the proliferation of HT-29 human colon
cancer cells by inducing differentially expressed genes. Mol
Med Report. 4,553-9, (2011).

Fogh Bs.: [Prevalence of symptomless malignant gastric
tumors]. Ugeskr Laeger. 136, 2455-8, (1974).

Freshney R, Culture of Animal Cells: A Manual of Basic
Technique. Alan R. 1987, New York: Liss, Inc. 117.
Bradford M Ms.: A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing the
principle of protein-dye binding. Anal Biochem. 72, 248-54,
(1976).

Ciccolini J ,Peillard L ,Evrard A ,Cuq P ,Aubert C, ef al.s.:
Enhanced antitumor activity of 5-fluorouracil in
combination with 2'-deoxyinosine in human colorectal cell
lines and human colon tumor xenografts. Clin Cancer Res.
6, 1529-35, (2000).

Athanasios C ,Kimbaris N G ,Siatis C S ,Pappas P A
,Tarantilis D J, ef al.s.: Quantitative analysis of garlic
(Allium sativum) oil unsaturated acyclic components using
FT-Raman spectroscopy Food Chemistry. 94, 287-295,
(2006).

Druesne N ,Pagniez A ,Mayeur C ,Thomas M ,Cherbuy C,
et als.: Diallyl disulfide (DADS) increases histone
acetylation and p21(wafl/cipl) expression in human colon
tumor cell lines. Carcinogenesis. 25, 1227-36, (2004).

Ban J O ,Yuk D Y ,Woo K S ,Kim T M ,Lee U S, et als.:
Inhibition of cell growth and induction of apoptosis via
inactivation of NF-kappaB by a sulfurcompound isolated
from garlic in human colon cancer cells. J Pharmacol Sci.
104, 374-83, (2007).
ang J S ,Chen G W ,Hsia T C ,Ho H C ,Ho C C, et als.:
Diallyl disulfide induces apoptosis in human colon cancer
cell line (COLO 205) through the induction of reactive
oxygen species, endoplasmic reticulum stress, caspases
casade and mitochondrial-dependent pathways. Food Chem
Toxicol. 47, 171-9, (2009).



