
INTRODUCTION

Gastric cancer is the most often diagnosed cancer in Korea (1).
Although the incidence and mortality of gastric cancer has
decreased, it is still the fourth most common type of cancer in the
world and the second most common cancer in Asia (2). Yang et al.
(3) performed a meta-analysis of epidemiologic studies to examine
the possible association between tomato products consumption and
gastric cancer. They systematically searched Medline and Embase
to identify potential studies published from January 1966 to June
2012. They suggested that consumption of large amounts of tomato
products is associated with a reduced risk of gastric cancer. Other
epidemiological studies also show that consumption of tomato
products and lycopene directly reduces the risk of gastric cancer (4-
6). High serum levels of lycopene were significantly associated
with reduced risk of developing gastric cancer (7).

It is known that cancer cells produce more reactive oxygen
species (ROS) than do normal cells (8). Several studies have
shown that ROS mediate transformations and tumorigenesis of
human cancer cells through their effects on several signaling
pathways such as janus kinase/signal transducers and activators
of transcription (JAK/STAT) and the Wnt/β-catenin pathways
(9-11). Therefore, substances that inhibit ROS production have
the potential of inhibiting growth and inducing apoptosis of
cancer cells. Recently, Cheng et al. (12) suggested that Wnt/β-
catenin signaling pathway has potential value as a therapeutic
target in the treatment of cancers.

Wnt/β-catenin signaling plays an important role in cell
proliferation and cancer development (13). Misregulation of β-

catenin signaling pathway is shown in gastric cancer (14). The
adenomatous polyposis coli (APC) tumor suppressor is a
negative regulator in β-catenin signaling pathway, and induces
proteasomal degradation of β-catenin (15). APC interacts with β-
catenin in a multi-protein complex containing β-transducin
repeats-containing proteins (β-TrCP) to regulate the level of β-
catenin (16). Phosphorylation of β-catenin by axis inhibition
protein (AXIN) -glycogen synthase kinase 3β (GSK3β) complex
targets β-catenin for ubiquitination-degradation. Phosphorylated
β-catenin is specifically recognized by β-TrCP for proteosomal
degradation. Therefore, β-TrCP plays a central role in recruiting
phosphorylated β-catenin for degradation (17).

Because APC is part of the complex that induces destruction
of β-catenin, loss of APC function leads to an accumulation of β-
catenin in the cytosol and the nucleus (18). In its stable form, β-
catenin accumulates in the nucleus where it binds to TCF. The β-
catenin/TCF complex serves as a transcriptional regulator (19) to
induce expression of cyclin D1 and c-myc, which is important
for cancer cell survival and progression (20). Recent study
showed that gonadotropin-releasing hormone (GnRH)-neuron-
mediated network activity alters transcription of nuclear receptor
subfamily 5 group by modulation of β-catenin in the female rat
pituitary gland in vivo (21). Rybicka et al. (22) showed that
macrophages have an impact on cancer stem-like cells
increasing secretion of pro-angiogenic factors. Cancer stem-like
cells, which were cocultured with macrophage, induced
overexpression of genes involved in non-canonical Wnt
pathway. This study suggest the role of Wnt/β-catenin signaling
on cancer development.
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Reactive oxygen species (ROS) promote the development and progression of cancer by their effects on several signaling
pathways. Lycopene, a major carotenoid natural product, is known to display antioxidant activity and to induce apoptosis
of cancer cells. The aim of the present study was to investigate the mechanism by which lycopene induces apoptosis of
the human gastric cancer AGS cells. In the present study, we showed that lycopene reduces the viability of AGS cells
by inducing DNA fragmentation and increasing the Bax/Bcl-2 ratio. To determine the mechanistic basis for these effects,
studies were conducted to assess the effects of this carotenoid on activation and nuclear translocation of β-catenin, and
the expression of β-catenin target genes in AGS cells. The results showed that lycopene reduces the levels of ROS. It
also inhibits activation of β-catenin signaling by changing the Wnt/β-catenin multi-protein complex such as a reduction
in phosphorylation of glycogen synthase kinase 3β [GSK3β] and an increase in adenomatous polyposis coli [APC] and
β-transducin repeats-containing proteins [β-TrCP]). It suppresses nuclear translocation of β-catenin and the expression
of the β-catenin target survival genes c-myc and cyclin D1. Lycopene induces apoptosis by reducing ROS levels and
suppressing β-catenin-c-myc/cyclin D1 axis. Thus, lycopene induces apoptosis of gastric cancer cells by disrupting
nuclear translocation of β-catenin and expression of key cell survival genes.
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Lycopene is a naturally synthesized carotenoid and an active
component of tomatoes and other red fruits and vegetables such as
grapefruits, red watermelon, and guava. It is a highly unsaturated
acyclic isomer of β-carotene; its hydrocarbon chain contains 11
conjugated and 2 nonconjugated bonds (23). Due to its highly
unsaturated acyclic structure, lycopene quenches singlet oxygen,
scavenges free radicals, and prevents the oxidative damage of
DNA, resulting in protecting transformation of normal cells to
cancer cells (24, 25). Lycopene plays a potential anticancer activity
against many types of cancers including prostate, pancreatic, breast
and gastric cancer (26-28). The proposed anticancer mechanisms
of lycopene are 1) modulation of gene functions, carcinogen-
metabolizing enzymes, and apoptosis (24, 25, 29), 2) increasing
gap junction communications, anti-proliferation, and antioxidant
and anti-lipid peroxidation activities which are shown in oral
cancer and precancerous lesions (24), and inhibition of G0/G1 and
S-phase of the cell cycle (25, 30). Lycopene inhibited the growth of
cancer cells by inactivation of β-catenin signaling in prostate
cancer cells (31) and phosphoinositide 3-kinase/Akt survival
signaling in colon cancer cells (32). Studies on gastric cancer
models, lycopene reduced lipid peroxidation and oxidative injury
by increasing reduced glutathione (GSH ) levels and the activities
of GSH-dependent enzymes in gastric cancer rats (33, 34). ROS
promote activation of Wnt/β-catenin signaling, which was shown
in podocyte injury (35), renal arteriolar dysfunction in diabetic
mice (36), and Helicobacter pylori-infected gastric epithelial cells
(37). WNT/β-catenin signaling is upregulated in inflammation and
oxidative stress and in many cancers (38). Therefore, reducing
ROS by lycopene may inhibit Wnt/β-catenin signaling and
oncogene expression, which may lead to apoptosis of gastric
cancer cells.

The aim of the present study was to explore the mechanism by
which lycopene induces apoptosis of the human gastric cancer
AGS cells. For this purpose, the apoptotic effect of lycopene on
growth of gastric cancer cells was first assessed by determining
the apoptotic indices, including cell viability, DNA fragmentation,
annexin V-positive cells, and Bax/Bcl-2 ratio, and the levels of
ROS. Next, the effects of lycopene on activation of Wnt/β-catenin
as well as the expression of β-catenin targeted c-myc and cyclin
D1 genes were determined.

MATERIALS AND METHODS

Cell lines and culture conditions

The human gastric cancer cell line AGS (gastric
adenocarcinoma, ATCC CRL 1739, Rockville, MD, USA) was
purchased from the American Type Culture Collection (Rockville,
MD, USA). Cells were grown in complete medium consisting of
RPMI 1640 medium (GIBCO, Grand Island, NY, USA)
supplemented with 10% fetal bovine serum, 2 mM glutamine, 100
U/mL penicillin, and 100 µg/mL streptomycin (Sigma-Aldrich, St.
Louis, MO, USA). The cells were cultured at 37ºC under a
humidified atmosphere consisting of 95% air and 5% CO2.

Experimental protocol

AGS cells (5 × 104/mL) were incubated with lycopene
(L9879, Sigma-Aldrich) dissolved in tetrahydrofuran (THF) (final
concentration of 0.5, 1 or 2 µM) for 3 hours for the determination
of ROS, and for 6 hours to determine the levels of Wnt/β-catenin
multi-protein complex molecules (APC, β-TrCP, phospho- and
total forms of GSK3β, and β-catenin). Following a 24-hour
incubation period, cell viability, DNA fragmentation, the levels of
Bax and Bcl-2, the ratio of Bax/Bcl-2, and expression of c-myc
and cyclin D1 (both mRNA and protein) were analyzed in the cells

treated with 0.5, 1 or 2 µM of lycopene. Non-treated cells
(control) received THF (less than 0.3%) alone instead of lycopene.

For the determination of annexin V/PI-stained cells, 2 µM
lycopene were treated to the cells for 24 hours. The levels of
phospho- and total forms of Bcl-2 and Bax in the cells treated
with 2 µM lycopene were measured at 0, 6, 12, and 24 h-culture.
In separate experiment, the cells were treated with 2 µM
lycopene for 6 hours for determining nuclear β-catenin using
immunofluorescence staining.

Determination of cell viability

The cells were incubated for 3 hours with MTT (thiazolyl
blue; Sigma-Aldrich, St. Louis, MO, USA) dissolved in
phosphate-buffered saline (PBS). The cells were lysed and
viable cells were measured spectrophotometrically (37).

Annexin V - fluorescein isothiocyanate/propidium iodide
staining

AGS cells were seeded on glass cover slip coated with poly-
L-lysine. Cells were treated with 2 µM lycopene and incubated
for 24 hours. After incubation period, cells were washed with
PBS, and stained with binding buffer containing 1% fluorescein
isothiocyanate (FITC) annexin V and 1% propidium iodide (PI)
solution. The cells were incubated, washed, and mounted. The
cells were observed under fluorescence microscope using a dual
filter set for FITC-annexin V (green) and PI (red) (39).

DNA fragmentation

The degree of DNA fragmentation was assessed by
determining the amount of oligonucleosome bound DNA
contained within the cell extracts by using the sandwich ELISA
assay (Cell Death Detection ELISAPLUS kit; Roche, Indianapolis,
IN, USA) (40).

Measurement of intracellular reactive oxygen species levels

AGS cells were treated with 10 µg/mL of 2’,7’-
dichlorofluorescein diacetate (DCF-DA; Sigma-Aldrich).
Intensities of DCF were measured with a Victor5 multi-label
counter (PerkinElmer, Boston, MA, USA) (35).

Real-time PCR analysis

Cellular RNA was isolated by using the reagent TRI
(Molecular Research Center, Inc., Cincinnati, OH, USA). The
RNA was converted to cDNA by reverse transcription using a
random hexamer as template, MuLV reverse transcriptase
(Promega, Madison, WI, USA) as catalyst and the reaction
conditions: 23ºC for 10 min, 37ºC for 60 min and 95ºC for 5 min
(41). The cDNA was used for real-time PCR with specific
primers for c-myc, cyclin D1, and β-actin. The primers used in
this study are described in Table 1. The cDNA was amplified by
using 45 repeat denaturation cycles at 95ºC for 30 s, annealing at
55ºC for 30 s and extension at 72ºC for 30 s. During the first
cycle, the 95ºC step was extended to 3 min. The β-actin gene was
amplified in the same manner to serve as the reference gene.

Western blot analysis

Whole-cell extracts were prepared by the method previously
described (41). Aliquots from whole-cell extracts were loaded onto
7 – 10% SDS polyacrylamide gels (20 – 40 µg protein/lane) and
subjected to electrophoresis under reducing conditions. The
isolated proteins were transferred onto nitrocellulose membranes.
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The transfer of protein was verified using reversible staining with
Ponceau S. The nitrocellulose membranes were blocked using 3%
non-fat dry milk in TBS-T (Tris-buffered saline and 0.2% Tween
20). The proteins were detected using antibodies for β-catenin
(610154, BD Transduction Laboratories, Franklin Lakes, NJ,

USA), APC (sc-896, Santa Cruz Biotechnology, Dallas, TX, USA),
β-TrCP (sc-8862, Santa Cruz Biotechnology), p-GSK3β (#5558,
Cell Signaling Technology), GSK3β (sc-7291, Santa Cruz
Biotechnology), Bcl-2 (sc-492, Santa Cruz Biotechnology),
phospho-Bcl-2 (#2827, Cell Signaling Techmology), Bax (sc-526,
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Fig. 1. The effect of lycopene on cell
viability, annexin V/PI-stained cells,
DNA fragmentation, protein levels of
phospho- and total forms of Bcl-2 and
Bax, and intracellular ROS levels in
AGS cells. Cells were treated with the
indicated concentrations of lycopene for
24 h for determining cell viability,
annexin V/PI-stained cells, DNA
fragmentation, protein levels of
phospho- and total forms of Bcl-2 and
Bax and the Bax/Bcl-2 ratios, and for 3 h
for measurements of intracellular ROS
levels. (A) Cell viability measured by
MTT assay. *P < 0.05 versus the
corresponding Control. Control
corresponds to the untreated cells; 0.5, 1
and 2 correspond to the cells treated with
0.5, 1, and 2 µM lycopene, respectively.
(B) DNA fragmentation determined by
the amount of oligonucleosome-bound
DNA. *P < 0.05 versus Control. (C)
Fluorescent microscopic image of
annexin V-FITC/PI staining. AGS cells
were stained with annexin V and PI after
incubation with 2 µM lycopene for 24 h,
and examined under fluorescence
microscope. (D) Levels of Bcl-2 and Bax
in whole-cell extracts determined by
Western blot analysis. The ratio of
Bax/Bcl-2 determined from the Bax and
Bcl-2 protein band densities. *P < 0.05
versus Control. The Bax/Bcl-2 ratio for
Control was set at 100. (E) Levels of
phospho- and total forms of Bcl-2 and
Bax determined by Western blot
analysis. (F) Intracellular ROS level
measured by DCF-DA fluorescent dye.
*P < 0.05 versus. Control.

        
 

    Target gene         Primer                             Sequence (5’-3’)
 

    c-myc                  forward primer               GGACGACGAGACCTTCATCAA 
                                 reverse primer                CCAGCTTCTCTGAGACGAGCTT 

 
    cyclin D1            forward primer                ACAAACAGATCATCCGCAAACAC 
                                reverse primer                 TGTTGGGGCTCCTCAGGTTC  

 
    β-actin                forward primer                 ACCAACTGGGACGACATGGAG 
                               reverse primer                   GTGAGGATCTTCATGAGGTAGTC 

 
 
 

Table 1. Primers for RT-PCR.



Santa Cruz Biotechnology), phospho-Bax (ab111391, Abcam,
Cambridge, MA, USA), c-myc (sc-40, Santa Cruz Biotechnology),
cyclin D1 (sc8396, Santa Cruz Biotechnology), and actin (sc-1615,
Santa Cruz Biotechnology) in TBS-T solutions containing 3% dry
milk and incubating overnight at 4ºC. After washing the
membranes with TBS-T, the primary antibodies were detected
using horseradish peroxidase-conjugated secondary antibodies
(anti-mouse, anti-rabbit, anti-goat), and visualized by exposure to
BioMax MR film (Kodak, Rochester, NY, USA) using an
enhanced chemiluminescence detection system (Santa Cruz
Biotechnology). Actin served as a loading control. Bax/Bcl-2 ratios
were determined using the densities of the protein-bands for Bax
and Bcl-2. The values obtained from four different experiments are
expressed as mean ± S.E.

Immunofluorescence staining for β-catenin

ASG cells (3 × 104 cells) seeded on a slide glass (a 6-well
plate with Lab-Tek chamber slide) were treated with 2 µM
lycopene for 6 hours. β-catenin was detected using confocal
microscopy. For this purpose, the cells were fixed with cold
methanol and then blocked by treating with blocking solution
(1% BSA, 0.1% gelatin) for 1 hour, and then incubated with β-
catenin antibody for 1 hour. After washing with PBS, the cells
were treated with FITC-conjugated mouse anti-goat IgG
antibody (Santa Cruz Biotechnology) for 1 hour. Five µg/mL of
4’,6-diamidino-2-phenylindole (DAPI) in blocking solution was
added (for nucleus detection) before subjecting the cells to laser
scanning confocal microscope analysis (Zeiss LSM510, Carl
Zeiss AG Corporate, Oberkochen, Germany).

Statistical analysis

Statistical analysis was performed using one-way ANOVA,
followed by Newman-Keul’s post hoc test. All data are reported
as the mean ± S.E. of four independent experiments. A P-value
of 0.05 or less was considered statistically significant.

RESULTS

Lycopene induces apoptosis and reduces reactive oxygen species
in AGS cells

Cell viabilities were measured using the MTT assay to
determine the effect of lycopene on the growth of AGS cells. As
shown in Fig. 1A, the viability of cells treated with lycopene

decreases in a dose-dependent manner in contrast to those not
exposed to lycopene. To assess the apoptotic effect of lycopene,
DNA fragmentation was probed by measuring the amount of
nucleosome-bound DNA in lycopene-treated versus untreated
cells. Fig. 1B demonstrates that the degree of DNA fragmentation
increases in response to lycopene in a dose-dependent manner. To
further assess whether the decrease in cell viability is due to
apoptotic effect of lycopene, AGS cells were stained with annexin
V and PI after incubation with 2 µM lycopene for 24 hours, and
examined under fluorescence microscope. Annexin V-FITC stain
binds to phosphatidylserine (PS) exposed on the membrane of
apoptotic cells. PI stain binds to the damaged nucleus of cells. Live
cells stain weak for both annexin V and PI. Fluorescent image in
Fig. 1C shows that lycopene increased annexin V and PI-stained
cells. The results indicate that lycopene induced apoptosis of the
cells. Lycopene also induced a dose-dependent increase in the level
of pro-apoptotic Bax and a decrease in the level of anti-apoptotic
Bcl-2 (Fig. 1D), which resulted in an increase in the Bax/Bcl-2
ratio (Fig. 1E). Lycopene (2 µM) increased levels of phospho- and
total Bax, and decreased levels of phospho- and total Bcl-2 at 24
hours (Fig. 1E). Intracellular ROS levels of AGS cells reduced by
lycopene treatment in a dose-dependent manner (Fig. 1F).

Lycopene suppresses activation of Wnt/β-catenin signaling
molecules and decreases nuclear β-catenin levels in AGS cells

To explore the inhibitory effect of lycopene on activation of
Wnt/β-catenin signaling molecules in AGS cells, levels of multi-
protein complex molecules (APC, β-TrCP, phospho- and total
GSK3β, β-catenin) were determined by using Western blotting.
The results show that lycopene treatment causes an increase of
APC and β-TrCP levels while it decreases the levels of p-GSK3β,
and β-catenin (Fig. 2A). Total GSK3β was not changed by
lycopene treatment (Fig. 2A). The effect of lycopene on the nuclear
level of β-catenin was determined by using immunofluorescence
staining. The results show that AGS cells treated with lycopene
contain lower levels of β-catenin in their nuclei than non-treated
cells (control) (Fig. 2B). This finding indicates that lycopene
inhibits activation of Wnt/β-catenin signaling in AGS cells.

Lycopene decreases expression of c-myc and cyclin D1 in AGS
cells

c-Myc and cyclin D1 are the proteins involved in cell
proliferation and survival. To examine the effect of lycopene on
the expression of the c-myc and cyclin D1 genes, AGS cells were
treated with lycopene for 24 hours before determining the levels
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Fig. 2. Effects of lycopene on levels of
Wnt/β-catenin signaling molecules and
nuclear β-catenin in AGS cells. Cells were
treated with the indicated concentrations
of lycopene for 6 h. (A) Western blot
analysis of APC, β-TrCP, phospho- and
total GSK3β, and β-catenin present in
untreated cells (column Control), and
cells pre-treated with 0.5, 1 and 2 µM
lycopene, respectively (columns 0.5, 1
and 2). (B) Confocal microscope images.
Fixed cells were stained with β-catenin
antibody to identify β-catenin, and with
DAPI to locate the nucleus. The row of
images labeled Control corresponds to
untreated cells and that labeled Lycopene
corresponds to the cells treated with 2 µM
lycopene.



of mRNA and protein. Cells treated with lycopene expressed
lower levels of mRNAs as well as proteins (Fig. 3A and 3B). The
results demonstrate that lycopene induces apoptosis of AGS
cells by suppressing expression of c-myc and cyclin D1.

DISCUSSION

The abnormal activation of Wnt/β-catenin signal pathway is
one of the critical mechanisms of human tumorigenesis.
Overexpression of β-catenin is the main manifestation of the
activation of this signal pathway (42). Several studies
demonstrated that suppression of Wnt/β-catenin signaling
pathway, by bioactive compounds curcumin and resveratrol,
inhibited the growth of gastric cancer cells (43, 44). These
studies suggested that abnormal activation of Wnt/β-catenin
signaling is associated with gastric cancer development.
Moreover, β-catenin target genes cyclin D1 and c-myc play
important roles in cell proliferation and are correlated with the
incidence of many tumors (45).

In the present study, we found that lycopene reduced cell
viability in gastric cancer AGS cells. Moreover, lycopene
induced apoptosis by increasing the Bax/Bcl-2 ratio and the
level of DNA fragmentation and annexin V/PI-positive cells. In
addition, lycopene increased the levels of APC and β-TrCP
while it decreased total and active β-catenin levels and the
nuclear β-catenin in AGS cells. In addition, lower level of
nuclear β-catenin was shown in lycopene-treated cells. In
general, levels of β-catenin are controlled by complex proteins
including the tumor suppressor gene, APC. APC serves as a
negative regulator of β-catenin/TCF transcriptional activity by
inducing degradation of β-catenin in the cytoplasm. APC
interacts with β-catenin in a multi-protein complex containing
β-TrCP, which phosphorylates β-catenin for degradation (46,
47). Thus, a reduction in the levels of APC causes accumulation
of β-catenin and consequent tumor growth.

Since lycopene increased the levels of APC and β-TrCP in
the present study, we hypothesize that lycopene may induce

phosphorylation and degradation of β-catenin, resulting in
decreasing nuclear translocation of β-catenin in gastric cancer
cells. This hypothesis was proven by the results showing that
AGS cells treated with lycopene contain lower β-catenin in their
nuclei than non-treated cells, determined by using
immunofluorescence staining. The results showed that lycopene
inhibits activation of Wnt/β-catenin signaling and nuclear
translocation of β-catenin in gastric cancer AGS cells.

Here, we showed that lycopene down-regulated the β-
catenin target genes c-myc and cyclin D1 in AGS cells. These
observations clearly demonstrate that lycopene causes an
increase in the levels of the β-catenin destruction complex
including APC and β-TrCP and, as a result, it inhibits expression
of c-myc and cyclin D1 in AGS cells. Therefore, lycopene
induces apoptosis of gastric cancer cells by suppressing the
Wnt/β-catenin signaling pathway.

The excess amounts of cellular ROS in cancer cells stimulate
carcinogenesis-related signaling pathways, leading to
progression of cancer (48). Among carcinogenesis-related
signaling pathways, Wnt/β-catenin signaling is known to be
associated with proliferation and oncogenesis of cancer cells
including gastric cancer cells (49, 50). In present study, we
demonstrated that lycopene reduces ROS levels. Since ROS
activate Wnt/β-catenin signaling in various cells (35-38),
lycopene may suppress Wnt/β-catenin signaling by reducing
ROS in gastric cancer cells. Further studies are needed to
determine the precise mechanism how antioxidants modify
activation of Wnt/β-catenin signaling molecules.

In the present study, we found that lycopene showed potent
effect at a concentration of 2 µM for reducing ROS, cell viability,
and expression of c-myc and cyclin D1, and for increasing DNA
fragmentation and the Bax/Bcl-2 ratio, and for changing the Wnt/β-
catenin multi-protein complex (such as a reduction in β-catenin and
phosphorylation of GSK3β, and an increase in APC and β-TrCP) in
AGS cells. Thus, we used 2 µM of lycopene for the studies on
annexin V/PI-stained cells, the levels of phospho- and total forms
of Bax, and nuclear β-catenin in AGS cells. We also demonstrated
that 2 µM of lycopene significantly reduced annexin V/PI-stained
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Fig. 3. Effects of lycopene on c-myc and
cyclin D1 expression in AGS cells. Cells
were treated with the indicated
concentrations of lycopene for 24 h for
assessing c-myc and cyclin D1 expression
(A, B). (A) The relative levels of c-myc
and cyclin D1 mRNA, determined by
using real-time PCR analysis. *P < 0.05
versus Control. Column Control
corresponds to untreated cells; columns
0.5, 1 and 2 correspond to the cells treated
with 0.5, 1, and 2 µM lycopene,
respectively. (B) Western blot detection of
c-myc and cyclin D1.



cells, the levels of phospho- and total forms of Bax as well as
nuclear localization of β-catenin in AGS cells. Palozza et al. (51)
showed that lycopene (2 µM) inhibited cell growth by arresting cell
cycle progression and by promoting apoptosis in immortalized
fibroblasts exposed to cigarette smoke condensate. Salman et al.
(26) reported that lycopene (2 µM) induces apoptosis of prostate,
lung, and digestive tract cancer cells. Therefore, 2 µM of lycopene
can be used for further studies to investigate anti-cancer
mechanism of lycopene in various cancer cells.

In the present study, statistical analysis was performed using
one-way ANOVA, followed by Newman-Keul’s post hoc test. To
fully understand group differences in an ANOVA, researchers
must conduct tests of the differences between particular pairs of
experimental group and control group. The most commonly used
multiple comparison analysis statistics include Tukey, Newman-
Keuls, Scheffee, Bonferroni and Dunnett. However, the
Newman Keuls statistic is appropriate for studies in which even
very small differences are important to find (52). Thus, we used
Newman-Keul’s post hoc test in the present study.

The limitation of the present study is that we only used one
gastric cancer cell line. Further study should be performed using
more gastric cancer cell lines to determine the inhibitory effect
of lycopene on activation of Wnt/β-catenin signaling and cell
survival in gastric cancer cells.

In conclusion, lycopene-induced apoptosis is accompanied
by an increase in DNA fragmentation and a decrease in the ratio
of anti-apoptotic protein Bcl-2 to pro-apoptotic protein Bax in
gastric cancer cells. Lycopene inhibits activation of the β-catenin
signalling, which down-regulates the expression of β-catenin
targeted survival genes c-myc and cyclin D1 genes in gastric
cancer cells. Taken together, lycopene induces apoptosis of
gastric cancer cells by inhibiting Wnt/β-catenin signalling,
disrupting nuclear translocation of β-catenin, and suppressing
expression of key cell survival genes.

List of abbreviations: APC, adenomatous polyposis coli;
DCF-DA, dichlorofluorescein diacetate; FITC, fluorescein
isothiocyanate; GSK3β, glycogen synthase kinase 3beta; MTT,
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide;
PI, propidium iodide; ROS, reactive oxygen species; β-TrCP,
beta-transducin repeats-containing proteins.
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