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Induction of apoptosis in target cells is a key mechanism by which chemotherapy promotes
cell killing. The purpose of this study was to determine whether Indole-3-Carbinol (13C)
and Genistein in combination with tumor necrosis factor-related apoptosis-inducing ligand
(TRAIL) induce apoptosis in endometrial cancer cell (Ishikawa) and to assess apoptotic
mechanism. The MTT assay and flow cytometry were performed to determine cell viability
and cell cycle. The induction of apoptosis was measured by caspase-3 activity test, DNA
fragmentation assay, annexin V binding assay and western blot analysis. There was no
effect in cell growth inhibition and cell cycle progression alone or in two-combination.
However, the treatment of I3C and Genistein followed by TRAIL showed significant cell
death and marked increase in sub-G1 arrest. Three-combination treatment revealed
elevated expression of DR4, DR5 and cleaved forms of caspase-3, caspase-8, PARP. The
Flip was found down regulated. Moreover, increase in caspase-3 activity and DNA
fragmentation indicated the induction of apoptosis. The results indicate that I3C and

Genistein with TRAIL synergistically induced apoptosis via death receptor dependent
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INTRODUCION

Endometrial cancer is the fourth most common gynecologic
malignancy in women in developed countries (1) which arises
from the endometrial lining of the uterus. Patients with early
stage disease have good prognosis and can be cured with sur-
gery but there is no effective therapy for advanced or recurrent
endometrial cancer (2). The incidence and mortality rates of
endometrial carcinomas have increased in recent years. This
emphasizes the need for a detailed understanding of the mech-
anism of the disease. From clinical perspectives, it is desirable
to concomitantly target the molecular abnormalities by using a
combination drug or agent therapy to optimize therapeutic
outcomes (3). To improve the treatment strategy of the prob-
lem, we investigated the combination effect of Indole-3-Carbi-
nol (I3C), Genistein and tumor necrosis factor-related apopto-
sis-inducing ligand (TRAIL) comparatively in nontoxic doses.
13C, a common phytochemical in the human diet, is present
in all members of the cruciferous vegetable family which in-
cludes cabbage, broccoli, brussels sprouts, cauliflower and
kale. It has multiple facets of oncogenic signaling and is consid-
ered a promising agent for the protection of estrogen enhanced
cancers (4). Genistein is a soy-derived isoflavone with multiple
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pathway. Our findings might provide a new insight into the development of novel
combination therapies against endometrial cancer.

Key Words: Apoptosis; Indole-3-Carbinol; Genistein; TRAIL; Endometrial Neoplasms

biochemical effects, including the cell cycle regulatory kinase
activities (5, 6). It is believed to be a potent anticancer agent and
found to inhibit tyrosine protein kinase (7). TRAIL is a member
of the tumor necrosis factor gene superfamily that displays
great apoptosis inducing activity against cancer cells both in vi-
tro and in vivo (8) and known to bound death receptors via
their intracellular death domain (9). TRAIL has been shown to
be safe following administration in mice (10). However, many
tumors remain resistance to the treatment with TRAIL and this
resistance may be caused by the deregulated expression of
apoptosis related molecules. Thus combination regimes need
to be identified that potently enhances TRAIL mediated apop-
tosis.

The aim of our study was to further elucidate the synergistic
interaction between I3C, Genistein and TRAIL for the treat-
ment of endometrial cancer. The enhancement of TRAIL-me-
diated programmed cell death by phytochemicals may support
antitumor immune responses. Therefore, we tested the cyto-
toxic and apoptotic effects of I3C and Genistein in combination
with TRAIL in endometrial cancer. The combination treatment
may offer a promising new approach in effective treatment of
human endometrial cancers.
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METERIALS AND METHODS

Reagents and cell lines

Dulbecco’s modified eagle medium was obtained from GIBCO
BRL (Grand Island, NY, USA). Indole-3-Carbinol, Genistein and
TRAIL were purchased from Sigma-Aldrich (St. Louis, MO, USA)
and Enzo Life Sciences (Farmingdale, NY, USA), respectively.
The human endometrial cancer cell line Ishikawa was obtained
from European collection of cell cultures (ECACC, Salisbury,
UK). The cells were cultured and incubated at 37°C in 5% COs..

Cell viability assay

The number of viable cell exposed to I3C, Genistein and TRAIL
were evaluated by a colorimetric 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) assay. Initially, cells
were seeded in 96-well plate, and then cultured for 24 hr to al-
low their adhesion to the plate. After pre-incubation, the cul-
ture medium was changed to experimental medium supple-
mented with DMSO (0.1%) control, I3C (50 pM), Genistein (20
puM) and TRAIL (10, 20, and 50 ng/mL) alone or in combination
for 24 hr. The intensity of the purple color formed by this assay
is proportional to the number of viable cells. MTT reagent was
added and incubated for an additional 4 hr at 37°C. The optical
density (OD) was measured at 540 nm. The mean values and
their standard deviations were calculated from triplicate experi-
ments.

Flow cytometric analysis for cell cycle and apoptosis

To determine the distribution of cells in the different phases of
cell cycle profile, flow cytometric analysis was performed. Cells
were treated with DMSO (control) or I3C (50 pM), Genistein (20
uM) and TRAIL (10, 20, and 50 ng/mL) alone or in combina-
tion. After treatment, cells were harvested by trypsinization and
centrifugation, washed with ice-cold phosphate buffered saline
(PBS), and was fixed in ice-cold 70% ethanol at 4°C for 24 hr.
Ethanol fixed cells were washed and treated with RNase A for
30 min at 37°C and were stained with propidium iodide. DNA
fluorescence was measured by flow cytometer using a FACS
Calibur cell sorter (Becton Dickinson, San Jose, CA, USA). The
staining of apoptotic cells was performed by using annexin V-
FITC/PI apoptosis detection kit (BD Pharmingen, San Diego,
CA, USA) according to the manufacturer’s instructions. The de-
termination of apoptotic cells was calculated using Cellquest
software (Becton Dickinson).

Caspase-3 activity test

Endometrial cancer cells were treated with DMSO (control) or
I3C (50 uM), Genistein (20 pM) and TRAIL (10, 20, and 50 ng/
mL) alone or in combination for 24 hr. After drug treatment,
cells were harvested with lysis buffer. DTT Mix and 2 x Reac-
tion buffer was added in supernatants and incubated on ice for
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30 min. Caspase-3 substrate (DEVD-pNA; 50 uM final concen-
tration) was added and incubated at 37°C for 1 hr in water bath.
Caspase-3 activity was measured by microplate reader (Tecan,
Durham, NC, USA) at 405 nm followed by ApoAlert Caspase
Colorimetric Assay kits User Manual (Clontech, Mountain View,
CA, USA).

Agarose gel electrophoresis and quantitation of DNA
fragmentation

Cells were harvested, centrifuged and washed once in PBS. Cell
pellets were lysed in DNA isolation buffer and centrifuged at
4°C for 20 min. After treated with Tris saturated phenol (pH 8.0),
the extraction was further treated with equal volume of phenol/
chloroform/isoamyl alcohol (25:24:1 v/v) and chloroform/iso-
amyl alcohol (24:1 v/v) separately. The DNA was precipitated
by addition 0.1 volume of 3 M sodium acetate and two volume
of ice-cold ethanol and incubated at -70°C for at least 2 hr. The
samples were then loaded into a 1.8% agarose gel and electro-
phoresed for 40 min at constant 100V. DNA was visualized by
UVillumination.

Fragmented nucleosomal DNA was quantified by Cell Death
Detection ELISA Plus kit (Roche Diagnostics, Mannheim, Ger-
many) as described in the manufacture’s manual. The absor-
bance was measured at 405 nm using microplate reader (Tecan).

Protein isolation and immunoblotting

Cell (4 x 10°/mL) extracts were prepared in lysis buffer (10 mM
Tris [pH 7.4], 5 mM EDTA, 130 mM NaCl, 1% Triton X-100, ser-
ine protease inhibitor phenylmethylsulphonyl fluoride [10 pg/
mL], leupeptin [10 pg/mL)], aprotinin [10 pg/mL], 5 mM phen-
anthroline and 28 mM benzamidine-HCI). Protein concentra-
tions were measured using Bio-Rad Protein Assay Reagent (Bio-
Rad, Hercules, CA, USA) following the manufacturer’s protocol.
Aliquots of protein were separated by 8%-15% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis and transferred to
polyvinylidine difluoride membrane (Millipore, Billerica, MA,
USA). The membranes were blocked with Tris-buffered saline
containing 0.05% Tween 20 and 5% skim milk (Becton Dickin-
son). After washing, the membranes were incubated with pri-
mary antibodies of DR4 (Santa Cruz Biotech, Santa Cruz, CA,
USA), DR5 (Koma Biotech, Seoul, Korea), cleaved caspase-3,
cleaved caspase-8 and PARP (Cell Signaling, Danvers, MA, USA),
Flip (Enzo Life Science) and B-actin (Santa Cruz Biotech). After
reaction with horseradish peroxidase conjugated secondary
antibodies (Santa Cruz Biotech) bands on the membranes were
visualized by an enhanced chemiluminescence system (Ther-
mo Scientific, Rockford, IL, USA) following the manufacturer’s
suggested procedure. The density of respective bands was ana-
lyzed by the chemi-Doc XRS imaging system (Bio-Rad). The
data were presented as % of controls.
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Statistical analysis

The data are presented as mean + SD. Statistical analysis was
conducted using one-way analysis of variance (ANOVA) follow-
ed by Duncan’s multiple range test for a post hoc comparison
by using the Statistical Package for Social Science (SPSS 17.0)
statistical software. Statistical significance was set at P < 0.05.

RESULTS

Effect of I3C and Genistein with TRAIL on cell viability in
endometrial cancer cells

To determine whether I3C and Genistein can sensitize endo-
metrial cancer, Ishikawa and HECI1A cells were grown in pres-
ence of I3C, Genistein and TRAIL for 24 hr. I3C and Genistein
did not show significant cell death alone or in combination.
TRAIL only also could not affect in cell viability. However, three-
combination (I3C and Genistein with TRAIL) treatment induced
significant suppression of cell proliferation in Ishikawa and
HECI1A (data not shown). The finding indicated the potency of

three-combination over the endometrial cancer and only Ishi-
kawa cells were selected for the further experiments (Fig. 1).
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Fig. 1. Growth inhibitory effect of I3C, Genistein (G) and TRAIL (T) in Ishikawa cells.
Cells were treated with DMSO (control) or 13C (50 uM) and Genistein (20 pM) and
TRAIL (10, 20, and 50 ng/mL) alone or in combination for 24 hr. Cell viability was
measured by MTT assay and the results were expressed in percentage of viable cells.
Values are means £ SD. *P < 0.05.
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Fig. 2. Effect of 13C, Genistein (G) and TRAIL (T) in cell cycle profile and apoptosis. (A) After treatment with DMSO (control) or I3C (50 pM), Genistein (20 uM) and TRAIL (10, 20,
and 50 ng/mL) alone or in combination, cultured endometrial cancer cells were harvested, fixed, stained with Pl and analyzed by flow cytometric analysis. The values represent
the number of cells in different phases of the cell cycle progression as a percentage of total cells. (B) The dual parameter dots combining annexin V-FITC and P! fluorescence
showed apoptotic cells in the lower right quadrant (annexin V*PI') and necrotic cells in the upper left quadrant (annexin V'PI").
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Effect of combination treatment on cell cycle progression
Flow cytometric analysis of cell cycle was performed to exam-
ine the mechanism of inhibition of cell growth following I3C,
Genistein and TRAIL treatment. There was no significant alter-
nation in the cell cycle population in individual or two-combi-
nation treatment. However, remarkable increase in sub-G1 ar-
rest was observed in the combination of three drugs. The treat-
ment increased the ratio of sub-G1 fraction from 5.25% (DMSO
control) to 44% (I3C Genistein and TRAIL). Consequently, the
GO0/Glphase decreased from 55.5% (DMSO control) to 19.35%
(I3C, Genistein and TRAIL) (Fig. 2A). To observe the apoptosis,
we examined Ishikawa cells for annexin V-FITC staining. In-
duction of apoptosis was substantiated by examining the flow
cytometry pattern of annexin V-FITC stained. Apoptotic cells
accounted for 3.6% (TRAIL), 4.8% (I3C and Genistein), and
13.3% (I3C, Genistein and TRAIL) (Fig. 2B).

Effect of Combination of I3C, Genistein and TRAIL on
caspase-3 activity and DNA fragmentation

In order to study the apoptotic response, we examined the cas-
pase-3 activity with the treatment of I3C, Genistein and TRAIL.
The TRAIL alone and combination of I3C and Genistein treat-
ment did not show significant changes. The caspase-3 activity

Caspase-3 activity (fold-increase)

Cytoplasmic histone-associated
DNA fragments (A 405 nm)
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was increased in dose dependent manner when TRAIL was
added with I3C and Genistein (Fig. 3A). ELISA analysis showed
increase of histone-associated DNA fragments (Fig. 3B). The
presence of distinct bands after electrophoresis of genomic DNA
of cells has become a hallmark of apoptosis (Fig. 3C).

Induction of apoptosis by I3C and Genistein followed by
TRAIL

To show whether potential reduction of cell viability and cell ar-
rest was due to apoptosis, the apoptosis inducing genes were
examined. The up-regulated expression of DR4, DR5, cleaved
caspase-8 and degradation of Flip was observed in three-com-
bination treatment. In addition, the increased expression of
cleavage of caspase-3 and PARP confirmed the caspase cascade
in apoptotic signaling pathway (Fig. 4).

DISCUSSION

Despite the large number of individuals affected by endometri-
al cancer, the mechanism involved in the pathology of this gy-
necologic cancer remains elusive. New combination regimens
have become the major strategies for cancer treatment and im-
proving response rates. Here, we have presented the evidence
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Fig. 3. Effect of 13C, Genistein (G) and TRAIL (T) on caspase-3 activity and DNA
fragmentation. Cells were treated with DMSO (control) or I13C (50 uM), Genistein
(20 pM) and TRAIL (10, 20, and 50 ng/mL) alone or in combination for 24 hr. (A)
Cell lysates were prepared and used to profile caspase-3 activity. (B) DNA frag-
mentation was analyzed using an ELISA and (C) agarose gel electrophoresis. Val-
ues are means £ SD. *P < 0.05.
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Fig. 4. Effect of I3C and Genistein followed by TRAIL on apoptosis in Ishikawa cells. Cells were exposed to 13C (50 pM), Genistein (20 uM) and TRAIL (10, 20, and 50 ng/mL)
alone or in combination for 24 hr. After treatment, total protein was isolated. Expression of DR4, DR5 cleaved caspase-3, caspase-8, PARP and Flip proteins were analyzed by
western blotting. Beta-actin was used as an internal loading control. Each band was quantified by densitometric analysis and presented in a bar graph.

of a synergistic effect of I3C, Genistein and TRAIL in endome-
trial cancer.

In this study, the combination of I3C, Genistein and TRAIL
showed efficacy to inhibit cell proliferation and to induce apop-
tosis in human endometrial cancer cell line Ishikawa whereas
potential changes was not observed in individual and two-com-
bination treatment. The present results demonstrated that three
combination treatments disturbed cell cycle progression by
sub-G1 arrest. Synergistic action of this combination treatment
defined a greater therapeutic effect than the single component
drug. However, it was previously reported that the co-treatment
of I3C and Genistein suppressed the viability of human colon
cancer HT-29 cells (11). Ouyang et al. (12) also documented
that the Genistein inhibited the proliferation of human ovarian

http://dx.doi.org/10.3346/jkms.2013.28.4.527

cancer cells in high concentrations. Choi et al. (13) showed that
Genistein has antiproliferative activity and causes cell cycle ar-
rest at the G1 or G2/M phase through the regulation of gene ex-
pression that controls cell cycle in human ovarian cancer SK-
OV-3 cells. The difference in result cannot be answered defini-
tively in the present work, but a possible explanation can be
outlined based on systemic differences and mechanism of ki-
nase activities.

Previously, it has also been reported that the endometrial
carcinoma cell line Ishikawa and KLE did not undergo apopto-
sis with the TRAIL treatment alone (14). Agreeing with above
statement we have evaluated the combination effect of I3C and
Genistein with TRAIL. Interestingly, we observed the combina-
tion treatment upregulated the DR4 and DR5 receptors. More-
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over, the combination treatment enhanced the activation of
caspase-8 and suppressed the expression level of Flip. TRAIL
bind to the death receptors DR4 and DR5 and process of apop-
tosis was caspase dependent (15). It is known that activated
caspase-8 released into cytoplasm, where it initiates a protease
cascade which activates effector caspases (16). In addition, it
has also been shown that the caspase-8 cleavage can be inhib-
ited by c-Flip through DISC formation (17, 18). The cellular form
of Flip protein blocks the death receptor and induced apopto-
sis. Flip is involved in the resistance to chemotherapy (19, 20)
and high expression of Flip has been correlated with TRAIL re-
sistant tumors including ovarian cancer (21, 22).

Membranous death receptor expression on tumor is pre-
requisite for drugs to be effective as anticancer agent, but func-
tionally the downstream signaling pathway is of equally impor-
tant. Our result also demonstrated the elevated level of cas-
pase-3 activity and cleaved PARP protein in I3C, Genistein and
TRAIL treatment. However, it was previously documented that
I3C induced cell death in prostate cancer cells with the release
of cytochrome-c, caspase-3 activation and PARP cleavage in
apoptotic cascade (23). Jeon et al. (24) demonstrated 13C aug-
mented TRAIL induced apoptosis through activation of cas-
pase-3, and DR4, DR5 up regulation in TRAIL resistant prostate
cancer cell line. Additionally, treatment of Genistein and TRAIL
activated the caspase-3 in TRAIL resistant human gastric ade-
nocarcinoma AGS cells (25). The recent studies are correlated
with our result that the dietary flavonoids sensitize prostate,
hepatoma and HeLa cells to TRAIL mediated apoptosis (26-28).

In conclusion, our current findings are consistent with the
hypothesis that the combination treatment can sensitize the
cancer cells effectively than the individual therapy. We reported
that combination treatment of I3C, Genistein and TRAIL syner-
gistically inhibited the cell growth and induced apoptosis through
the upregulation of DR4 and DR5 expressions. These findings
also highlight the potential genotoxic effects and anticancer
mechanisms of I3C, Genistein and TRAIL to maximize the apop-
totic effect against endometrial cancer. However, the detailed
molecular pathway involved in this mechanism remains to be
further investigated.
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