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Diallyl disulfide inhibits the proliferation of HT-29 human
colon cancer cells by inducing differentially expressed genes
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Abstract. Diallyl disulfide (DADS), a sulfur compound
derived from garlic, has been shown to have protective effects
against colon carcinogenesis in several studies performed in
rodent models. However, its molecular mechanism of action
remains unclear. This study was designed to confirm the anti-
proliferative activity of DADS and to screen for differentially
expressed genes induced by DADS in human colon cancer cells
with the aim of exploring its possible anticancer mechanisms.
The anti-proliferative capability of DADS in the HT-29 human
colon cancer cells was analyzed by MTT assays and flow
cytometry. The differences in gene expression between DADS-
treated (experimental group) and untreated (control group)
HT-29 cells were identified using two-directional suppression
subtractive hybridization (SSH). Semi-quantitative reverse
transcription polymerase chain reaction (semi-RT-PCR) was
selected to confirm the results obtained by SSH. Based on
the results, a dose- and time-dependent growth inhibition
was observed in the DADS-treated HT-29 cells. Forty-nine
known genes and a new gene were found to be involved in the
anti-proliferative effects of DADS by SSH analysis, and two
c¢DNA libraries, DHDG and DHUG, containing both up- and
down-regulated genes in colon tumor cells, were constructed.
These genes were related to transduction, cell proliferation/
growth/apoptosis and secreted/extracellular matrix proteins.
Semi-RT-PCR results showed an expression pattern consistent
with that of the SSH analysis. In conclusion, DADS showed
anti-proliferative effects on colon cancer HT-29 cells, and
DHDG and DHUG genes were found to be involved in this
process. Further studies on the identification and description
of these genes may allow a better understanding of the protec-
tive roles of DADS in colon carcinogenesis.
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Introduction

Colon cancer is one of the major causes of cancer death
worldwide (1). An understanding of the mechanisms involved
in the occurrence and development of colon cancer would aid
in its therapy. Epidemiological investigations have provided
compelling evidence that environmental factors are modifiers
in colon cancer (1-3); diet has also been shown to be an impor-
tant determinant of cancer risk and tumor behavior (3-5).

Garlic consumption is very popular all over the world.
Epidemiological studies have shown an inverse correlation
between the consumption of garlic and colon cancer in certain
areas (6). Many in vivo experiments have revealed the antitu-
morigenic activity of garlic or of allyl sulfur compounds from
garlic (7-17).

Diallyl disulfide (DADS) is the major component of cooked
garlic and an oil-soluble organosulfur compound in processed
garlic that inhibits the proliferation of several human cancer
cells, including breast (11), hepatoma (12), colon cancer (13)
and human leukemia HL-60 cells (14). Previous studies from
our laboratory revealed that DADS suppresses gastric (15) and
colon cancer (16). Additionally, leukemia cell proliferation was
related to DADS (14,17), possibly because of its ability to induce
cell cycle arrest and apoptosis, inhibit ERK, activate p38, and
alter cell calcium homeostasis and gene expression. Recent
results from in vitro experiments showed that the pleiotropic
biological effects of DADS may be involved in the modulation
of gene expression (19,20). For example, with regard to apop-
tosis-associated genes, DADS enhances the expression of the
Fas-L gene and decreases the Bag-1 gene at the mRNA level
(20). However, the molecular mechanisms by which DADS
exerts protective effects on tumor cells are largely unknown,
thus this study was designed to confirm the anti-proliferative
activity of DADS on human colon cancer cells with the aim of
exploring its possible anticancer mechanisms.

Materials and methods

Cell lines and reagents. The human colon cancer cell line
HT-29 and RPMI-1640 medium were purchased from China
Typical Culture Center and Gibco BRL, respectively. Fetal
bovine serum (FBS) was from Hangzhou Sijiging Corp. and
DADS was from Fluka. TRIzol reagent was purchased from
Sangon Co. (Shanghai, China). The Poly A* RNA Purification
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Table I. Location and sequences of the optimal primers.
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Primer PCR fragment size (bp) Sequence Location on cDNA
3'GAPDH 287 5'GCCAAAAGGGTCATCATCTC3' 406-425
5'GAPDH 287 3'GTAGAGGCAGGGATGATGTTCS' 672-692
3'ARPC3 392 S'ATCCTGCTCCTCTGGGTTGA3' 56-75
5'ARPC3 392 3'GTGAATTGCGTTAAATACGGS' 428-447
3'SPINT2 175 5'ACGCAGCATCCACGACTTCT3! 424-443
5'SPINT2 175 3TCACGGAGTTCTTTACACGGS' 579-598
3'SOD1 191 5'AATGTGACTGCTGACAAAGATG3' 407-428
5'SOD1 191 3'GCAAACCGAACACCACATTAS' 578-597
3'p21, Cipl 241 S'TGGACTGGAAGGGGAAGGGACS' 1626-1647
5'p21, Cipl 241 3'GGAGTAGGTGGGGTAGGGAGS3' 1847-1866
3'TACSTD2 386 5'CAGTGGCAGTAAGGGCAAGCS' 576-595
5'TACSTD2 386 3'GTAGGGAAGGAAGTGACGGG3' 943-962
3'TRA-1 254 STTCTTTCTCAACTGCTTCACG3' 568-589
5'TRA-1 254 3TGGGTCGGTACTTCATCTAAAS' 801-821
3'YWHAE 305 S'TGTCTCACTGATTTTCGTCTTCC3' 926-948
S'YWHAE 305 3 TTATCCTACGCAACCACCTTS' 1211-1230
3'RRM1 431 S'TATTGCCCCGATGCCTACAG3' 2026-2045
5'RRM1 431 3'GATGCCGACCTTCGTCCCAAYS' 2437-2456
3'DCBLD2 348 5'ACCTGAAAAGGGATGACTGC3' 1529-1548
5'DCBLD2 348 3 TATTAGACCACCGAGTCCGGS' 1857-1876
3'Rps6 437 5S'ACAGAAGTTGCTGCTGACGC3' 95-114
5'Rps6 437 3'CGTGGGTTCTAAGTCGCAGAS' 512-531

kit, pPGEM-T Easy Vector and JM109 bacteria were from
Promega. The PCR-Select cDNA Subtraction kit, Advantage
c¢DNA PCR kit and restriction enzyme were purchased from
Clontech; Ampicillin, MTT, X-gal and IPTG were from BBI.
The other chemicals used were of the purest grade available,
purchased from Sigma.

Cell culture and MTT assay. A tetrazolium salt, 3-(4,5-dim-
ethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
reduction assay was used to assess the cytotoxic effects of
DADS in HT-29 cells. The cells were cultured in RPMI-1640
medium supplemented with 100 ml/1 FBS with the addition of
100 U/ml penicillin and 100 U/ml streptomycin. The cultured
cells were plated in 96-well culture plates and incubated at
37°C in a humidified atmosphere of 50 ml/l CO, in air. When
these cells reached 80% confluence, the culture medium was
changed to a complete medium with final concentrations of 0,
30, 60, 120 and 240 umol/l DADS, and the cells were culti-
vated for an additional 12, 24 and 48 h. Subsequently, 20 pl
5 g/l MTT solution was added to each well, and the cultures
were further incubated in 100 x1 DMSO solution. A microplate
reader was used to measure the absorbance at 570 nm for each
well. The growth inhibition rate was calculated as follows:
growth inhibition rate = (1 - As;/nm of treated cells/As;/nm
of control cells) x 100%

Cell cycle analysis. HT-29 cells were grown to 80% conflu-
ence and the culture medium was replaced with complete
medium with a final concentration of 0, 30, 60 and 120 gmol/l

DADS. After 24 h, cells were harvested and fixed in 70%
ethanol at 4°C for 24 h. Fixed cells were washed with PBS
once and suspended in 1 ml of propidium iodide (PI) staining
reagents (20 mg/I ribonuclease and 50 mg/1 PI). Samples were
incubated in the dark for 30 min before cell cycle analysis.
The distribution of cells in the cell cycle was measured by a
flow cytometer.

Total RNA and mRNA isolation. Total RNA was isolated from
DADS-treated (120 uM) and -untreated cells using TRIzol
Reagent™ according to the manufacturer's instructions. Poly A*
mRNA was isolated from total RNA samples with mini-oligo
(dT) cellulose spin columns; synthesis of 1.2 yg of mRNA,
cDNA was performed using a PCR-Select cDNA Subtraction
kit according to the manufacturer's recommendations.

Construction of subtracted ¢cDNA library. SSH (21) was
performed using the Clontech PCR-Select cDNA Subtraction
kit and advantage polymerase mix according to the manu-
facturer's instructions, with slight modifications. Briefly,
the cDNAs obtained as described above were digested with
restriction enzyme Rsal to obtain the blunt-ends necessary
for adaptor ligation. cDNA subtraction was carried out in two
directions, one for use in the test group as the driver and the
control group as the tester, and the other for use in the control
group as the driver and the test group as the tester. The effi-
ciency of cDNA subtraction was evaluated by comparing the
expression levels of glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH), a housekeeping gene, in the subtracted cDNA
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fragment by RT-PCR. The subtracted cDNA fragments were
then inserted into pPGEM-T Easy Vector and transformed into
Escherichia coli strain DH5a, and two SSH cDNA libraries
were constructed.

Sequencing of the subtracted cDNA clones and bioinformatics
analysis. From the two SSH libraries, 200 white colonies were
randomly selected and incubated in LB medium containing
100 mg/ml ampicillin overnight at 37°C. Sequencing was
carried out at Shanghai Sangon with the M13 reverse primer
(included in the Advantage cDNA PCR kit). Nucleic acid
homology searches for the cDNA clones were performed by
comparison to the NCBI RefSeq, GenBank, and expressed
sequence tags databases (dbEST) using BLAST. All database
versions were taken as a snapshot from public releases avail-
able as of April, 2010.

Semi-quantitative reverse transcription-polymerase chain
reaction analysis (RT-PCR). Total RNA from DADS-treated
and -untreated control cells after cultivation were reverse
transcribed to cDNA by Superscript II reverse transcriptase
in a 20-ml reaction volume. The PCR reaction was carried
out in 25 ul of buffer (16.6 mM ammonium sulfate, 67 mM
Tris-HCI, pH 8.8, 0.01% Tween-20) containing 0.2 mM dNTP
mix, 0.25 uM of each primer and 1 unit 7ag DNA polymerase,
and subjected to 30 cycles of amplification at 94°C for 30 sec,
60°C for 30 sec and 72°C for 40 sec. GAPDH was used as an
internal control in each PCR amplification process. The PCR
primers for individual genes (listed in Table I) were synthe-
sized by Sangon Ltd. For RT-PCR, the primer pairs were
designed to generate a DNA fragment spanning an exon-exon
junction. The PCR products were separated by electrophoresis
on 1.5% agarose gel stained with ethidium bromide, and
photographed under UV light. The images obtained were
processed for quantitative analysis using Gel-Pro analyzer
software version 3.1 (Media Cybernetics, Inc., Silver Spring,
MD, USA). The densitometric measurements of the bands of
the testing genes from each pair of DADS-treated/DADS-
untreated sample were normalized to those of GAPDH in the
same sample. The sample was considered positive if the ratio
was >1.5 when comparing the data from DADS-treated HT-29
to DADS-untreated HT-29 cells.

Statistical analysis. Results were analyzed by SPSS17.0
statistical software. Data were expressed as the mean + SD.
Comparisons between groups were made by one-way ANOVA
(with LSD for post hoc analysis) or the x> test. P<0.05 was
considered statistically significant.

Results

Cytotoxic effect of DADS on HT-29 cells. To confirm the anti-
proliferative activity of DADS, the cytotoxic effects of DADS
on HT-29 cells were measured by MTT assays. As shown
in Fig. 1, a dose-dependent (Fig. 1A) and time-dependent
(Fig. 1B) growth inhibition was observed when cells were
exposed to various concentrations of DADS for 12, 24 or
48 h. Treatment with 30, 60, 120 and 240 uM DADS for 24 h
suppressed HT-29 cell growth by 5.3, 23.1, 45.6 and 68.3%
(P<0.05 vs. control), respectively; treatment with 120 yM
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Figure 1. DADS showed a dose-dependent (A) and time-dependent (B)
inhibitory effect on HT-29 cells.
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Figure 2. Effect of DADS on the cell-cycle distribution of HT-29 cells by
flow cytometry. "P<0.05 vs. control, “P<0.01 vs. control.

DADS for 12, 24 and 48 h suppressed HT-29 cell growth by
36.7, 45.6 and 58.7% (P<0.05 vs. control), respectively. The
concentration of DADS that induced the half maximal effect
(EDsy) was ~120 uM after treatment for 24 h.

Flow cytometric analysis of cell cycle distribution. To further
examine the anti-proliferative effect of DADS, cell cycle
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Figure 3. Evaluation of the efficiency of suppression subtractive hybridization. PCR amplification of the housekeeping gene GAPDH verifying the loss of non-
differentially expressed cDNA following the SSH experiment. PCR from the subtracted cDNA pool was positive following 30 cycles, while only 15 cycles
were necessary to detect GAPDH in the non-subtracted cDNA pool. As a difference of 5 cycles roughly corresponds to a 20-fold cDNA concentration differ-
ence, this indicates that the SSH experiment was successfully performed. (A) Forward-subtracted cDNA pool. (B) Reverse-subtracted cDNA pool M, marker,

cycles 15, 20, 25 and 30.
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Figure 4. Semiquantitative reverse transcriptase-mediated PCR on DADS-treated and untreated HT-29 cells. Verification of differential expression of ten
arbitrarily selected clones was performed by semi-quantitative RT-PCR. RNA samples were normalized using the housekeeping gene GAPDH, which did not

show a differential signal between the untreated and treated samples.

distribution was detected by flow cytometry after treatment
with 0, 30, 60 and 120 M DADS for 24 h, and the percentage
of cells in the G2/M-phase was found to be 23.6, 25.9, 39.7
and 61.0%, respectively (Fig. 2). The proportion of cells in the
G2/M phase after treatment with 120 M DADS for 24 h was
61.0%, three times higher than that observed in untreated cells
(23.6%) (P<0.01). No significant difference in the percentage
was observed between the Gl and S phase or between
different treatment lengths. These results indicated that DADS
induced cell cycle arrest in the G2/M-phase in HT-29 cells in
a concentration-independent manner. Thereafter, we used the
concentrations of 120 #M in the subsequent SSH analysis.

SSH screening of mRNAs induced by DADS exposure. Test
groups of HT-29 cells were incubated in medium containing
120 uM DADS for 24 h, then both the DADS-treated and
-untreated cells were pooled before screening for the DADS-
inducible genes by SSH. Two cDNA libraries containing
up- and down-regulated genes in the tumor cells were
constructed: DHUG (the up-regulated genes group induced
by DADS in the HT-29 cells) and DHDG (the down-regulated
genes group induced by DADS in the HT-29 cells). The
subtraction efficiency was evaluated using the housekeeping
gene GAPDH. The amount of GAPDH transcripts was
reduced 40-fold after subtraction (Fig. 3). After ensuring that
the housekeeping gene had been extensively removed from the

subtraction reactions, the subtracted cDNA was cloned into a
pGEM-T easy vector for screening.

Approximately 500 colonies containing cDNA frag-
ments potentially representing DADS-inducible mRNA were
obtained after the SSH screening, of which 120 colonies were
randomly selected and amplified for sequencing. As a result,
40 genes that appeared at least twice were identified. All
were identical to known human genes, including a new EST.
The genes were categorized into three groups based on their
biological functions (Tables II and III). All the EST sequences
are available from NCBI (GenBank: HO004746-HO004785).

Expression pattern of genes induced by DADS exposure. To
confirm the results of SSH, ten different clones were randomly
selected for semi-quantitative RT-PCR. The primer sequences
used are summarized in Table I. Fig. 4 shows the results of
RT-PCR; the signals were normalized to the housekeeping
gene GAPDH for comparisons. It was found that the mRNA
levels of ARPC3, SPINT?2, SODI, p21 and TACSTD2 in the
DADS-treated HT-29 cells were 3.52-, 7.98-, 15.6-, 13.47- and
5.92-fold higher than those in the primary cultured cells
(P<0.05), respectively. Correspondingly, the expression of
Rps6, DCBLD2, RRM1, YWHAE and TRA-1 in primary
cultured HT-29 cells was 2.87-, 14.31-, 7.34-, 35.17- and
30.29-fold higher than that in DADS-treated cells (P<0.05),
respectively. GAPDH levels were unchanged.
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Table II. Up-regulated genes induced by DADS exposure in
HT-29 cells.
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Table III. Down-regulated genes induced by DADS exposure
in HT-29 cells.

Category EST accession no. Name of the Category EST accession no. Name of the
(GenBank) proteins/genes (GenBank) proteins/genes
Cell cycle and Cell cycle and
metabolism HO004746 p21 metabolism HO004772 PABPCI1
HO004747 MRPS27 HO004773 RACI1
HO004748 MM1 HO004774 RRM1
HO004749 galectin 8 HO004775 ATP6AP1
HO004750 ARPC3 HO004776 TRIP13
HO004751 DNCLI Apoptosis and
HO004752 SOD1 signaling system HO004777 ATP1A1
HO004753 Citrate HO004778 YWHAE
synthase Others
HO004754 HNRPAB HO004779 Homo sapiens
HO004755 FTH1 FLI25150 fis
HO004757 UBAS2 HO004781 HSP90B1
Apoptosis and HO004782 TMEDS
signaling system HO004758 TACSTD2 HO004783 NCAPD3
HO004759 S100A6 HO004784 RPS6
HO004760 PSMD12 HO004785 Heat shock
HO004761 GNBI1 protein 8
HO004762 GPCR175
HO004763 NSFLIC
HO004764 MTOl with unknown functions (Tables IT and IIT). In order to confirm
HO004765 DPCD the differential expression of the subtracted genes in DHDG
Others and DHUG, ten sequences in DADS-treated and -untreated
HO004766 Ribosomal HT-29 cells were randomly detected by semi-quantitative
protein S3 RT-PCR. The positive result indicated that SSH is a powerful
HO004767 KRTS80 method for the detection and comparison of differential gene
HO004768 ANKRD39 expression.
HO004769 RPL35A Previous studies in our laboratory showed that DADS
HO004770 DHUG25 arrests unsynchronized tumor cells in the G2/M phase of the
(new EST) cell cycle, inhibits cell proliferation and induces tumor cell
apoptosis by inhibiting the ERK signaling pathways, activating
the p38 signaling pathways, or by increasing the expression of
p21%4% (14-17). In the present study, we observed that DADS
Discussion up-regulated the expression of p21 and MMI and suppressed

DADS is a major organosulphur compound present in garlic,
with an anti-mitotic potential against colon neoplasic lesions
(in vivo) and colon tumor cell growth (in vitro), that influences
the metabolism, adherence and cell cycle of HT-29 colon
carcinoma cells (13,16). In this study, the anti-proliferative
activity and a dose-dependent growth inhibition was observed
when colon cancer HT-29 cells were exposed to various
concentrations of DADS.

To better understand the molecular mechanism involved
in the antitumorigenic effects of DADS, the SSH technique,
which enables the identification of rarely expressed, but
specific, DADS-inducible genes (21), was applied. Forty
different DADS-inducible genes, including a new EST, were
identified. These identified genes were classifiable into three
categories: genes involved in the signaling system and apop-
tosis, genes related to the cell cycle and metabolism and genes

YWHAE and RRM1.

P21 encodes a potent cyclin-dependent kinase inhibitor
(22). The encoded protein binds to and inhibits the activity
of the cyclin-CDK2 or -CDK4 complexes, and thus functions
as a regulator of cell cycle progression. Cell cycle arrest can
be caused by increasing the expression of p21¥*7P (22,23). In
certain tumor cell lines, it was possible to alter the phase of
cell cycle arrest caused by the inhibition of c-Myc by depleting
the tumor suppressor protein p21**%¥ (24), MM1 is associ-
ated with c-myc and is believed to supress the transcriptional
activity of c-myc (25). Evidence indicates that the expression
of p21 and MMI is capable of inducing cell cycle arrest and
inhibiting neoplastic cell growth (26,27).

YWHAE (other designations: 14-3-3¢ and 14-3-3¢) product
belongs to the 14-3-3 family of proteins and interacts with the
CDC?25 phosphatases and RAF1, RS1, DP3 and E2F proteins.
This suggests that it plays a role in diverse biochemical
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activities related to signal transduction, such as cell division,
apoptosis and the regulation of insulin sensitivity (28-30).
Studies have suggested that the cleavage of YWHAE during
apoptosis promotes cell death and induces cell cycle G2 arrest
(30); while apoptosis was induced by the expression of E2F,
it was less significant in the presence of YWHAE. RRMI, a
pRB/E2F cell-cycle target gene (31), encodes one of two non-
identical subunits that constitute ribonucleoside-diphosphate
reductase, an enzyme essential for the production of deoxy-
ribonucleotides prior to DNA synthesis in the S phase of
dividing cells. The decrease in RRMI1 expression supresses
cancer cell proliferation by reducing DNA synthesis in the
S phase of dividing cells (32). Our results were consistent with
previous data. These studies indicated that the expression of
p21, MM1, YWHAE and RRMI may be involved in DADS-
induced cell apoptosis and anti-proliferative effects.

The effects of garlic on the activities of a number of
antioxidant enzymes have been studied (19,33), and it has
been demonstrated that garlic scavenges free radicals and is
a successful antioxidant, wherein DADS has the potency to
activate the antioxidant enzymes (19). In the SSH performed
here, two genes, SODI1 and FTHI, were found to be associated
with the antioxidant.

Free iron is toxic because it facilitates the generation of
highly reactive oxy radical species that damage cellular
constituents. Balancing the deleterious and beneficial effects
of iron is an essential aspect of cell survival (34,35). Ferritin
plays a key role in the cellular metabolism of iron for almost
all organisms. Mammalian ferritins are commonly hetero-
polymers of 24 subunits of H and L types. Functionally, the
H-chain contains a dinuclear ferroxidase center of A and B
binding sites. This center facilitates the rapid oxidation of Fe**
by O, or H,0,, followed by Fe* hydrolysis and mineraliza-
tion to form the iron core within the protein interior (40,41).
Overexpression of human H-chain ferritin (HuHF) is known
to impart a degree of protection to cells against oxidative
stress (35,36).

The protein encoded by superoxide dismutase-1 (SODI)
binds copper and zinc ions and is one of two isozymes respon-
sible for destroying free superoxide radicals in the body. The
encoded isozyme is a soluble cytoplasmic protein with an
essential role in antioxidant defense (37). The expression of
SODI reduces cellular resistance to oxidative stress, and the
silencing of its expression is related to various diseases (38).
The functional status of SODI is considered a reliable index
of the ability of an organism to withstand various pathological
conditions (38). The increased expression of SODI1 and FTH1
in HT-29 cells after DADS exposure suggest their role in the
antioxidant effect of DADS.

Numerous data have shown that calcium reduces the risk of
colorectal cancer (39,40). DADS induces the elevation of cyto-
solic Ca?* and activates the cell apoptotic program (18,19). In
the present study, four genes, including S100 A6, TACSTD2,
PABP (found in DHUG) and DNCLI (found in DHDG), were
potentially related to cell apoptosis and cytosolic Ca**.

TACSTD2 is a member of a family including at least
two type I membrane proteins that transduce an intracellular
calcium signal and act as a cell surface receptor. TACSTD2
induces Ca?* release from intracellular stores (41). SI00A6
is a 10-kDa protein that belongs to the S100 subfamily of
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EF-hand: calcium binding proteins that may be involved in
the regulation of the proliferation of normal and tumor tissues
in a calcium-dependent manner (42). SI00A6 may also be
related to increased expression after calcium exposure (43).
The activity of PABP and DNCLI is believed to be related
to cell apoptosis and cytosolic Ca** levels (44,45). This is in
agreement with our findings, supporting the hypothesis that
DADS induces an increase in cytosolic Ca** and activates the
cell apoptotic program.

Recent studies have reported that the ability of DADS to
up-or down-regulate the mRNA expression of some genes is
related to its signal pathway (17-20,46). Our results revealed
that DADS may be involved in mediating multiple signal
pathways in HT-29 cells by up-regulating the expression
of GPCRI175, GNB1, PSMDI12, S100A6, TACSTD2 or by
suppressing ATP1A1, YWHAE and FLJ25150 fis.

Other genes detected by SSH were UBAS2, FTAI,
MRPS27 and LGALS28, whose functions were unclear.
However, they may also be involved in the antitumorigenic
effects of DADS in the HT-29 cells. In addition, we found a
new EST expressed in DADS-treated HT-29 cells, DHUG2S5,
showing a high sequence homology with the genes for
Homo sapiens oligonucleotide/oligosaccharide-binding fold
containing 1 mRNA. However, its function is also unknown.

In conclusion, the anti-proliferative activity of DADS in
colon cancer HT-29 cells is associated with numerous genes
that are differentially expressed and involved in various physi-
ological systems. Further investigation of the induction of
these genes at the protein and functional levels is necessary to
support our findings.
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