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ABSTRACT

Colorectal cancer is the most common malignant complication in patients with chronic inflammatory bowel disease
(IBD). In addition, these patients are at risk for developing painful complications during chemotherapy due to cytotoxic
effects of drugs currently in use. Past studies have suggested a protective effect of tea consumption on gastrointestinal
(GI) malignancies. Green tea polyphenols (GrTP) inhibited carcinogen-induced GI tumors in rodents and induced
apoptosis in various carcinoma cell lines. We hypothesized that GrTP and its polyphenolic compounds regulate apop-
tosis in the intestinal epithelia. In this study, the effects of GrTP and its polyphenolics on apoptosis was evaluated in
intestinal epithelial, IEC-6, cells grown to 85% confluency. GrTP (400-800 mg/ml) induced DNA fragmentation in a
dose dependent fashion. Higher concentrations (> 800 mg/ml) induced a mixed apoptosis and cytolysis. Epithelial cells
exposed to GrTP and a major polyphenol, EGCG, but not EGC or EC, increased caspase activities in a time and dose
dependent manner. The caspase inhibitors rescued cells from GrTP and EGCG-induced cell death. Concomitantly,
GrTP resulted in activation of fatty acid synthase (Fas)-associated protein with death domain (FADD) and recruitment
to Fas/CD95 domain 30 minutes following treatment. While GrTP also blocked NF-xB activation, an NF-xB inhibitor
(MG132) only promoted cytolysis. In conclusion, these data demonstrated GrTP and EGCG induced apoptosis in intes-
tinal epithelia mediated by caspase-8 through a FADD dependent pathway. Future investigation may warrant preven-
tive as well as therapeutic strategies for GrTP in GI malignancy.
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1. Introduction

Cancer is known as one of the most prevalent causes of
mortality, and colorectal cancer is the most common ma-
lignant complication in patients with chronic idiopathic
inflammatory bowel disease (IBD) [1]. It is estimated
that one in six IBD patients develop colorectal cancer [2],
suggesting a profound relationship between the chronic
inflammation of IBD and susceptibility to developing
colorectal cancer. In addition, these patients are at risk
for developing severe gastrointestinal (GI) complications,
including diarrhea, and abdominal pain during chemo-
therapy due to the cytotoxic effects of current anticancer
drugs.

In a normal individual, the number of intestinal epi-
thelial cells (IEC) on the villous and crypt are tightly
regulated. IEC are generated from stem cells in the crypt
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and migrate to the villous tip in about 2-3 days, then
“sloughed” [3-4], and replaced by new epithelial cells so
that the villous height remains constant. This process is
mainly regulated through apoptotic pathways.

Evidence indicates that defective apoptosis, impaired
intestinal epithelial barrier function, activation of ma-
crophages, and increased production of macrophage-
derived cytokines (i.e., TNFa) are critical in the inflam-
matory cascade leading to IBD (5-6). An additional trig-
ger of this process is the host response to the commensal
gut microbiota, through innate-defense mechanisms [5-7].
In Crohn’s patients the lamina propria T lymphocytes
(LPL) of the intestinal mucosa are chronically activated
(6). Defective apoptosis of activated LPL is considered a
key pathognomonic mechanism. In fact, increased ex-
pression of anti-apoptotic molecules is reported in LPL
from these patients [§].
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Apoptosis is a gene-directed cellular self-destruction and
is recognized by its distinctive morphology, including the
fragmentation of DNA into oligomers (180-200 bp) and
DNA-ladder formation resulting in later stage activation
of endonucleases. Initiation of apoptosis involves extrin-
sic and intrinsic pathways requiring enzymatic activities
of cysteine-aspartate specific proteases ‘“‘caspases cas-
cades” [9]. The fatty acid synthase (Fas) associated death
domain protein (FADD) dependent pathway initiates
apoptosis via its death domain which binds to sequence
motifs within the prodomain of FLICE/MACH/Caspase-
8 and thereby recruits this apical regulator protease that
initiates activation of downstream caspases (e.g., CPP32/
caspase-3).

The balance between generated proapoptotic and an-
ti-apoptotic proteins determines in part, how cells react to
apoptotic signaling. Cancerous cells are generally more
resistant to apoptotic pathways [9]. Specifically, resis-
tance to cell death (anoikis), triggered by the loss of an-
chorage to the substratum, has been reported as an essen-
tial prerequisite in the proliferation and diffusion of co-
lorectal cancer cells [10].

Various studies suggest a protective effect of tea con-
sumption on GI health and in malignancies. Green tea
polyphenols (GrTP) from Camellia sinensis have been
reported to inhibit inflammatory responses [11-15] and
carcinogen-induced GI tumors in rodent models [16-17].
In addition, Gr'TP have been shown to inhibit cell growth
and are capable of inducing apoptosis in several carci-
noma cell lines [18-21]. These polyphenolic compounds
are constituted mainly from (-)-epigallocatechin gallate
(EGCG) among 4 polyphenolic catechins, (-)-epigallo-
catechin (EGC), (-)-epicatechin gallate (ECG), and
(-)-epicatechin (EC) [11].

However, the protective mechanism(s) of action of
GrTP for intestinal cell biology and the pathway(s) in-
volved in green tea-induced apoptosis in these tissues
remains unclear. In this study we investigated the effect
of GrTP and its major polyphenol, EGCG, on apoptosis
and caspase activation in intestinal epithelial cells.

2. Materials and Methods

Materials: Extracted green tea polyphenols (HPLC
graded GrTP; > 95% polyphenols) were purchased from
LKT Laboratories, Inc (St. Paul, MN). High-perfor-
mance liquid chromatography analysis of the green tea
extracts revealed the percentage composition of the four
polyphenols of interest: 35% EC, 4% EGC, 15% EGC,
and 38% EGCG. Individual polyphenolic constituent,
EC, EGC, EGC, and EGCG (> 98% pure) were pur-
chased from Sigma Chemical (St. Louis, MO). Disposa-
ble culture plasticware was purchased from Corning
(Corning, NY). Cell culture supplies were obtained from
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Invitrogen (Carlsbad, CA) and Bio-Whittaker (Walkers-
ville, MD). Material for electrophoresis was purchased
from BioRad (Hercules, CA) and the remaining bio-
chemicals were obtained from Sigma Chemical (St.
Louis, MO).

Cell culture and experimental design: The fetal rat
intestinal epithelial cell line, IEC-6, was initially ob-
tained from the American Type Culture Collection
(ATCC, Rockville MD). These non-tumorigenic cells
are derived originally from intestinal crypt epithelia, and
retain their distinct morphological and immunological
characteristics through serial culture.

The cells were grown in Dulbecco’s modified Eagle’s
medium (DMEM, Bio-Whittaker, Walkersville, MD)
supplemented with 10% (v/v) endotoxin-free fetal calf
serum, 2 mM glutamine, and 100 U/ml penicillin/100
pug/ml streptomycin, at 37°C in an atmosphere of 10%
CO, and 95% relative humidity. The media was changed
every 3 days. Passage consisted of incubating cells in
sterile trypsin/EDTA followed by resuspending the cells
in fresh medium. The cells were studied between pas-
sages 15 and 20. Approximately 1 x 10° cells per well
were plated in 6-well plates (Corning, Corning, NY) with
1 ml of media per well or seeded in 100-mm petri dishes
with 7 ml of media per petri dish. Cells were used for
experiments when they became confluent (85%), usually
within 3 to 5 days after plating.

Cell viability assays: Cell viability was assessed using
a formazan-based assay [22]. Following treatment of
cells in 96 wells at 1 x 10, the incubation medium was
removed and replaced with 80 pl of fresh medium.
Twenty pl of freshly prepared 3-(4,5-dimethylthiazol-
2-yl)-2,5 diphenyltetrazolium bromide (MTT, Sigma, St.
Louis) solution was added (5 mg/ml stock), and cells
were incubated at 37°C for 3 h. Medium was then re-
moved, and 150 pl of DMSO was added and allowed to
incubate for 10 min. The degree of formazan production
was measured by spectrophotometer at 490 nm. The av-
erage absorbance reading was taken from each time point
of each plate. Cell survival curves were constructed by
plotting cell survival against the various treatments. In
addition cells were further examined microscopically
using a trypan blue exclusion assay.

DNA fragmentation: DNA from treated cells was ex-
tracted and assayed as follow. Cells were collected and
lysed with 1.0 ml of lysis buffer [100 mm NaCl, 10 mm
Tris (pH 8.0), 25 mm ethylenediaminetetraacetic acid,
0.5% sodium dodecyl sulphate (SDS), 200 pg/ml of
DNase free proteinase K (Sigma)] and treated with
DNAse free RNase (40 pg/ml) in the presence of 0.1%
SDS for 1 h at 37°C. DNA was reextracted with phenol/
chloroform, precipitated with 100% ethanol and resus-
pended in sterile-distilled water. Ten pg of extracted
DNA were loaded into each well and electrophoresed in
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1.5% agarose gel (BioRad, Hercules, CA). Gels were
stained with ethidium bromide and visualized by ultra-
violet fluorescence and photographed with a Polaroid
camera system.

Caspase activity assay: Caspase activity was detected
by a Quantizyme Assay System (Biomol, Plymouth, PA).
The enzyme activities and cleavage of caspase 3 and
caspase 8-9 were determined colorimetrically using Ac-
DEVD-pNa (N-acetyl-Asp-Glu-Val-Asp-p-nitroaniline)
and Ac-ITED-pNA as substrates respectively and absor-
bance monitored at405 nm. The specific caspase-3
(z-DEVD 100 pmol) and caspase-8 and -9 inhibitors
(Z-ITETD) were added to the cells immediately before
stimulation with GrTP and EGCG. The cells were
washed with cold phosphate-buffered saline (PBS) and
adherent cells were pelleted by centrifugation at 400 g
for 5 min at 4°C. The cell pellet was washed with ice-
cold PBS and resuspended in 100 mmol/l HEPES buffer
(pH 7.4) containing protease inhibitors (5 pg/ml aproti-
nin, 10 pg/ml leupeptin, and 0.5 mmol/l phenyl methyl
sulfonyl fluoride (PMSF). The cell suspension was lysed
by 3 freeze/thaw cycles, and the cytosolic fraction was
obtained by centrifugation at 12,000 g for 20 min at 4°C.
Protein concentration was determined using the BCA
assay (Sigma, St Louis MO). Cytosolic protein (50 to
100 ng) was combined with 100 pmol/L (2 pl) of the
synthetic substrate for caspases-3, -8, and -9 in a total
volume of 100 pl of HEPES (100 mmol/l, pH 7.4) con-
taining protease inhibitors. The reaction was conducted
for 1 h at 37°C. Cytosolic caspase activities were assayed
by measuring the increased absorbance and caspase ac-
tivity.

Fas/FADD complex analysis: The Fas/CD95 and its
associated proteins were immunoprecipitated from cell
lysates using mouse anti-Fas antibody and protein G plus
agarose. After extensive washes the immuno-complex
was denatured, and resolved by 15% SDS-PAGE per-
formed in mini slab gel unit (BioRad, Hercules CA).
The proteins were electrophoretically transferred to a
nitrocellulose membrane. The membrane was blocked in
PBS-Tween buffer [80 mM Na,HPO,, 10 mM NacCl, and
0.05% Tween-20 (pH 7.5)] containing 10% nonfat milk.
To identify FADD the membrane was incubated for 2 h
with specific anti-FADD antibody. To ensure equal load-
ing of samples the membrane was re-probed with mouse
anti-Fas antibody. Anti-FADD and anti-Fas antibodies
were visualized by an enhanced chemiluminescence blot-
ting kit (ECL, Amersham, Bioscience, Pittsburgh, PA).
Band intensity was quantified by the absolute integrated
optical intensity.

Statistical analysis: Results are expressed as mean +
SD unless otherwise stated. Data were evaluated using
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ANOVA, followed by appropriate post hoc test using
GraphPad Instat version 3 for Windows (GraphPad
Software, San Diego, CA). Statistical significance was
setatp < 0.05.

3. Results

Intestinal cells were treated with different concentrations
of GrTP (100-400 pg/ml) or EGCG and EGC (10-500
uM) for a period of 24 h. Cell viability and death were
determined with trypan blue exclusion and confirmed
with MTT assay. While lower doses of GrTP had no sig-
nificant effect on the viable cells, higher concentrations
caused cell death in a dose dependent manner. GrTP in-
duced (43 + 0.5) cell death at a high dose of 400 pg/ml
(Figure 1(a) which correlated with DNA fragmentation
and ladder formation in these cells (Figure 1(b)). There
was no significant differences (p > 0.05) detected be-
tween untreated control cells and those treated with low-
er doses of GrTP (100-200 pg/ml). GrTP at higher con-
centrations (400-800 pg/ml) induced DNA fragmentation
in a dose responsive fashion, although, higher concentra-
tions (> 800 pg/ml) of GrTP promoted a mixed portrait
of apoptosis and cytolysis (data not shown). Accordingly,
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Figure 1. Intestinal Epithelial Cells (IEC-6) were treated
with different concentrations of Green tea polyphenols
(GrTP) for 24 h. (a) GrTP induced cell death in IEC-6 cells.
The data is expressed as mean + SD, n = 3; (b) GrTP in-
duced DNA fragmentation in IEC-6. Cells were treated with
indicated doses of GrTP for 24 h.
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GrTP upregulated caspase-3 activity that was detected
within 2 h (p < 0.01) and increased after 4 h (»p < 0.001)
of intestinal epithelial cell” exposure (Figure 2(a)). GrTP
also increased caspase-8 activity in a similar fashion with
a sharp peek after 4 h (p < 0.001) of exposure (Figure
2(b)). GrTP (Figure 3(a)) and EGCG (data not shown)
blocked TNFa induced IL-8 release from intestinal epi-
thelial cells in a dose dependent fashion (p < 0.001).
TNFa by itself (25 ng/ml) did not induce DNA fragmen-
tation in intestinal epithelial cells, nor did it synergize
with GrTP in this outcome (Figure 3(b)).

Although, GrTP decreased NF-kB activation in intes-
tinal epithelial cells, the NF-kB inhibitor (MG132) pro-
moted only cytolysis and with no induction of apoptotic
events (Figure 4). In contrast, treatment of cells with
specific translational inhibitors, staurosporine and acti-
nomycin D (50 ng/ml), provoked DNA fragmentation of
intestinal epithelia is similar to high doses of GrTP (400
pg/ml) (Figure 4). In addition, epithelial cells were pre-
treated with actinomycin D, staurosporine or sham con-
trol (saline) for 30 min and then TNFa (25 ng/ml) or PBS
was added for 15 h. TNFa treatment alone or in combina-
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Figure 2. (a) Activation of caspase-3 and (b) caspase-8. IEC-
6 cells were treated with 400 pg/ml of GrTP for the indi-
cated time. Caspase activities were significantly increased
following exposure of cells to GrTP after 4 h (p <0.001) into

the incubation. Data is expressed as mean + SD, (n = 3).
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Figure 3. GrTP prevented NF-xB activation and IL-8 re-
lease mediated by TNFa stimulation of IEC-6 cells. (a)
shows a dose dependent response of GrTP treatment; (b)
demonstrates inhibition of DNA degradation.
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Figure 4. Induction of DNA fragmentation in IEC-6 cells.
Cells were treated with indicated stimuli for 24 h. (M) de-
notes molecular weight marker, (1) Untreated cells; (2)
Staurosprine (0.5 pM); (3) TNFa (25 ng/ml); (4) TNFa (25
ng/ml) + Actinomycin D (50 ng/ml); (5) MG132 (20 pM); (6)
GrTP (400 pg/ml).

tion with these translational inhibitors did not provoke
nor synergize in eliciting DNA laddering.

Concomitantly, GrTP activated FADD and recruited
the Fas/CD95 domain in a time dependent manner evi-
denced 30 minutes after cell treatment. This increased at
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1 h, as shown by Western blot analysis (Figure 5) de-
monstrating activation of death pathways through a
FADD dependent pathway.

We measured apoptosis induced by different concen-
trations of various catechins in Gr'TP. The major catechin
component of GrTP is EGCG (approx. 40%). Amongst
polyphenols, EGCG at 100 uM caused activation of cas-
pase-3 and caspase-8 in a time dependent manner which
sharply increased after 8 h of treatment (Figure 6). Mi-
nimal caspase activation was induced by other polyphe-
nolic constituents (EC or EGC data not shown). Lower
doses of EGCG (10-50 pM) did not promote caspase
activation. The caspase activity was prevented by specif-
ic (caspase-3) and general (caspase-8 and -9) caspase
inhibitors leading to cell survival rescued after treatment
which mimicked untreated normal intestinal epithelia.

4. Discussion

We investigated the efficacy of GrTP and its polyphe-
nolic constituents to regulate apoptosis in fetal rat intes-
tinal epithelial cells. While GrTP and EGCG in lower
doses had no significant effect on cell viability, higher
concentrations provoked apoptosis in a dose and time
dependent manner which correlated with caspase (3,8
and 9) activation.

Under normal circumstances, the gut immune system
is in a constant balance between inflammatory and apop-
totic states, as epithelial cells and activated T lympho-
cytes are rapidly and efficiently eliminated via apoptosis.
However, IBD patients develop a dysfunction in apopto-
sis [23-25], that can contribute an increased incidence of
colorectal carcinoma, and chemotherapy cytotoxicity of
the gut epithelia. Apoptosis can be initiated from cell
cycle activation [26-27], cytokine production [28], infec-
tive agents [29], or as an adverse response to drugs
[30-31]. Based on the agonist or initiating milieu, apop-
tosis is accompanied by the activation of various cells

GrTP 0 05 1 15 3 6 (hour)

S ®P®Me » = FAD

A e e e = Fas/CD95

Figure 5. GrTP induced recruitment of FADD to Fas/CD95.
IEC-6 cells were treated with 400 pg/ml of GTP for the in-
dicated time. The Fas/CD95 and its associated proteins were
immuno-precipetated using anti-Fas antibody. The pres-
ence of FADD was identified by Western immunoblotting.
Equal loading of samples was verified by re-probing the
membrane with anti-Fas antibody.
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pase’ activity was measured (b-c). EGCG at 10-50 pM had
no caspase activity (p > 0.05). Caspase inhibitor rescued the
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time depended response. Data expressed as mean + SD (n =
3). Also, caspase inhibitors rescued the cells from EGCG
apoptotic effects.

death pathways such as caspases, altered gene expression,
mitochondrial dysfunction and consumption of ATP with
DNA repair [32]. Apoptosis is crucial in maintenance of
intestinal epithelial integrity and regulated by numerous
factors including NF-kKB activity [33]. It is speculated
that excessive secretion of cytokines including IL-6 in
the gut of Crohn’s disease patients, upregulates expres-
sion of antiapoptotic molecules and impairs mucosal
homeostasis [34]. The transcription inhibitor and chemo-
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therapeutic agent, actinomycin D, elicits apoptosis in cell
types, by anchoring into (purine—pyrimidine) DNA-base
pairs via intercalation and inhibiting mRNA biosynthesis
[35]. Early studies demonstrated that actinomycin D en-
hanced the rate of apoptosis in the intestinal epithelial
crypts in mice [36] and the apoptotic bodies were either
extruded into the lumen or phagocytized and degraded by
adjacent cells with essentially different ultrastructure
than necrosis induced in the center of tumors [36]. The
distinctive morphology of apoptotic cells included, chro-
matin condensation, cytoplasmic shrinkage, and mem-
brane-bound apoptotic bodies and genomic breakdown.
In this study high dose GrTP provoked fragmentation of
the intestinal epithelial genome into oligomers similar to
actinomycin D and staurosporine.

TNFa a pleiotropic cytokine is involved in regulation
of proinflammatory gene expression [37-38], cytotoxicity,
apoptosis and pathogenesis in IBD patients [5,39] and in
IBD-models [13,40]. Therapeutic modalities using mo-
noclonal antibodies to neutralizing or reducing TNFa
result in reduction in mucosal inflammatory response
[5,41]. GrTP significantly lowered TNFa production, cy-
clooxygenases and B-cell lymphoma (BCL)-2 upregula-
tion, and restored glutathione resources, which protected
against acetaminophen induced hepatotoxicity [12].
TNFa treatment alone or combined with specific transla-
tional inhibitors actinomycin D and staurosporine did not
provoke nor synergize in eliciting DNA laddering in
these epithelia cells. The present data also extends these
findings by confirming that, TNFa stimulation, by itself,
is not a major factor inducing apoptosis in intestinal epi-
thelia [42-43]. Also, caspase activation is required in
these cells for the progression of apoptosis [44-45].
EGCG treatment of cells resulted in a significant increase
in protein expression and activation of caspases and in-
duced proteolytic cleavage of NF-KB/p65 subunit, lead-
ing to the loss of transactivation domains, and apoptosis
[46]. In addition, Gr'TP and EGCG-mediated apoptosis
was significantly blocked by caspase inhibitors.

Murine intestinal epithelial cells (IEC-18) exposed to
oxidants, peroxynitrite and H,O,, and pretreated with low
dose green tea were protected against necrotic cell death
[31]. Dysregulation of intracellular redox balance with
depletion of antioxidant reserves is associated with the
activation of transcription factors like NF-KB, and genes
associated with apoptosis (TNFa), proliferation and in-
flammation [12,28,33,47]. Indeed, dietary antioxidants
including green tea [46,48] inhibited gene expression
associated with inflammation, and immune activation,
and protected the gut from pro-apoptotic oxidant stress at
levels distinct from the scavenging of the oxidant signal
alone. Taken together, these studies demonstrate that
GrTP and EGCG-mediated activation of caspases is crit-
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ical, at least in part, for inhibition of NF-KB and subse-
quent apoptosis.

The 2 principal signaling pathways that mediate apop-
tosis are associated with the secondary generation of
ROS [49], and mitochondrial dysfunction in cells, which
trigger mitochondria-dependent apoptosis (intrinsic path-
way) [10]. Alternatively, over-expression of antioxidants
such as intracellular superoxide dismutase reduced in-
duction of cell death [50]. The extrinsic pathway (Fas/
FasL) initiates recruitment of FADD to the death recep-
tors (TNF receptor, Fas/CD95) and causes autocatalytic
activation of caspases leading to apoptosis [10]. Colonic
cancer tissues show alterations in the CD95 (Fas/FasL)
as tumors progress from local to metastatic disease. Fas
antigen inhibits apoptosis by increasing Fas-mediated
proliferation and cell survival in local colonic tumor
growth, and coexpression of FasL may be involved in
metastatic nature of these neoplastic tumors [10].

GrTP have been shown to inhibit carcinogenesis and
tumorigenesis on different organs in models. Green tea is
speculated to modulate the signaling pathways leading to
transformation, and apoptosis of preneoplastic and neop-
lastic cells, as well as inhibition of tumor invasion and
angiogenesis [16]. For instance, EGCG exerts grow- th
inhibitory effects on a number of human tumor cells
[20-21,49,51] including colorectal cancer (Caco-2) cells
[18]. The anti-proliferative effect of EGCG in Caco-2
cells is possibly modulated by c-fos and c-myc gene ex-
pression [18]. Based on these findings, EGCG may be a
candidate for consideration as treatment option for sever-
al human carcinomas.

GrTP induced DNA fragmentation in IEC-6 cells in a
dose and time dependent manner. At doses above 200
pg/ml GrTP activated caspase-3 and caspase-8 in these
cells that peaked 4 h following exposure consistent with
increased recruitment of FADD to Fas/CD95 and forma-
tion of Fas/FADD complex. Overall GrTP and EGCG
may be useful in the chemoprevention of carcinomas
with overexpression of Fas signaling. Tumor cells with
deleted caspase-3 gene treated with GrTP did not under-
g0 apoptosis, suggesting GrTP-induce apoptosis is a mi-
tochondria-targeted and, caspase-3 executed mechanism
in the tumor cells [52]. In addition Fas/Fas ligand dele-
tion was associated with increased levels of IFNy, TNFa
and Fas expression and significant reduction in mouse
intestinal epithelial damage and apoptosis [53].

Our previous investigations demonstrated that GrTP
and EGCG in low concentrations blocked NF-KB activa-
tion and translocation in intestinal epithelial cells [11].
The NF-«kB inhibitor, MG132, promoted only cytolysis
with no induction of apoptotic events, indicating that
GrTP may act by different mechanism(s) than solely in-
hibiting NF-kB activation. At low concentrations GrTP
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acts as an antioxidant and inhibits NF-kB activation [11-
14], while in higher doses it provoked apoptosis, as do-
cumented in this study. The anti-tumor efficacy of sever-
al chemotherapeutic agents is correlated with their ability
to induce apoptosis [54,55]. Some of these regimens are
partially effective in tumor cells being particularly resis-
tant to radiotherapy and/or chemotherapy [55]. These
data support that apoptosis induced by GrTP is caspase-
dependent and involves both extrinsic and intrinsic path-
ways. EGCG has been reported (800 mg/day) to be safe
with minor side effect in a preclinical trial [56]. There-
fore, a safer and effective apoptotic agent represents an
attractive approach for the development of potential an-
ticancer agents and, GrTP may serve as a candidate for
future translational cancer studies and preventive or the-
rapeutic modality for GI malignancy.
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