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Abstract

Non-small cell lung cancer (NSCLC) is the major cancer-related death worldwide with only 14% five-

year survival rate. Triticumoside, a phenolic compound present in Triticum aestivum sprout extract,

has been recognized to have antiobesity and anti-inflammatory effects. However, the effect of triticu-

moside on cancer cell proliferation andmigration has not been studied. In order to elucidatewhether

triticumoside exhibits an anticancer effect, cells were incubatedwith different doses of triticumoside,

and apoptosis was assessed by observing cell viability, cellular morphological changes, and

annexin-V-fluorescein isothiocyanate/propidium iodide staining. Cell cycle analysis, western

blotting, wound healing assay, and quantitative-polymerase chain reaction were also performed.

Triticumoside exhibited marked cytotoxicity in the cells in dose- and time-dependent manner.

Triticumoside caused morphological changes, including cellular rounding, nuclear condensation,

and shrinkage. Likewise, triticumoside enhanced the sub-G1 proportion of cells. Additionally, triticu-

moside regulated expression of apoptosis-associated proteins, such as B-cell lymphoma 2 (Bcl-2),

Bcl-2-associated X, and procaspase-3/9. Triticumoside also inhibited migration of the cells through

downregulation of matrix metalloproteinase-2/9 (MMP2/9). Collectively, these results suggest

that triticumoside induces apoptosis through caspase-dependent mitochondrial pathway and

suppresses migration via inhibition of MMP2/9 in NSCLC A549 cells.
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Introduction

Lung cancer is the major cause of cancer-related death worldwide
and 80% of them are non-small cell lung cancer (NSCLC) cases.
NSCLC patients show only 14% five-year survival rate [1]. The rea-
son behind the poor survival rate is that the most of the lung cancer

patients with late-stage disease are not curable by current therapeutic
strategies. Many new therapeutic agents that improve surgical tech-
niques and cause increased use of chemoradiotherapy for locally
advanced lung cancer have been proposed. However, the results
showed that they are not effective. Thus, effective diagnosis and
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identification of effective molecular therapeutic agents are required
to treat lung cancer [2].

Triticum aestivum (TA), commonly called as wheat, is one of the
cereal grain cultivated worldwide. During germination and sprouting,
many useful phenolic compounds occur in seeds of TA. The germi-
nated wheat leaves are consumed as a rich source of soluble fibers,
minerals, vitamins, and antioxidants [3]. Previous reports have indi-
cated that extract of TA has antidiabetic, antihyperlipidemic, and an-
ticancer effects [4–9]. Moreover, TA extract is known to contain
several phytocompounds such as leuteolin, isoscoparin, isoorientin,
and triticumoside [10–12]. However, there have not yet been any stud-
ies on the effects and potential mechanisms of anticancer effects of
compounds isolated from TA, until now.

This study was performed to evaluate the anticancer effects of the
phenolic compound, triticumoside, purified from TA in NSCLC A549
cells. Furthermore, we aimed to elucidate the underlying mechanisms
associated with its anticancer effects. Results demonstrated that triticu-
moside causes apoptosis via the mitochondria-dependent pathway, and
inhibits cell growth and migration. Triticumoside-mediated inhibition
of cell migration was due to reduced matrix metalloproteinase-2/9
(MMP2/9) expression. Additionally, triticumoside treatment increased
the percentage of cells in sub-G1 stage. Furthermore, triticumoside
treatment significantly increased the expression of Bcl-2-associated X
(Bax), while significantly decreased the expressions of B-cell lymphoma
2 (Bcl-2) and procaspase-3/9, which suggests that the cytotoxicity on
A549 cells was caused by cell cycle arrest and apoptosis. These results
suggest that triticumoside exerts apoptosis and diminishes migration
of A549 cells, and triticumoside may be used as a potential anti-lung
cancer drug.

Materials and Methods

Materials and reagents

Dimethyl sulfoxide (DMSO), 4′,6-diamidino-2-phenylindole (DAPI),
and propidium iodide (PI) were purchased from Sigma (St Louis,
USA). Dulbecco’s modified Eagle’s medium (DMEM) and fetal bovine
serum (FBS) were from Hyclone (Logan, USA). TRIzol reagent and
SuperScript III kit were obtained from Invitrogen Life Technologies
(Carlsbad, USA). Cell counting kit-8 (CCK-8) was purchased from
Dojindo Molecular Technologies (Rockville, USA). Anti-Bax (sc-
6236), anti-procaspase-3 (sc-7148), anti-procaspase-9 (sc-8355),
anti-β-actin (sc-47778) antibodies, rabbit and mouse secondary anti-
bodies, and protein assay kit (RIPA buffer) were obtained from Santa

Cruz Biotechnology (Santa Cruz, USA). Annexin-V-fluorescein iso-
thiocyanate (FITC) staining antibody was obtained from Biolegend
(San Diego, USA). Anti-Bcl-2 antibody (BS 1511) was purchased
from Bioworld Technologies (St Louis Park, USA). The caspase-3 in-
hibitor (Z-DEVD; FMK004) and caspase-9 inhibitor (Z-LEHD;
FMK008) were obtained from R&D Systems, Inc. (Minneapolis,
USA). Curcumin (C7727) was obtained from Sigma.

Extraction and purification of triticumoside from TA

Triticumoside was prepared as previously described [10,12]. Briefly,
methanol extract of TA sprouts was partitioned with n-hexane, di-
chloromethane (CH2Cl2), ethyl acetate (EtOAc), and n-BuOH to
give hexane extract, CH2Cl2 extract, EtOAc extract, BuOH extract,
and water layer, respectively. EtOAc and BuOH extracts were com-
bined and fractionated on a silica gel column eluting with CHCl3/
MeOH (5/1, v/v), a YMC column eluting with MeOH/H2O (1/1, v/v),
and further purified on a silica gel column chromatography with CH2-

Cl2/MeOH (6/1, v/v) as eluent to yield triticumoside (Fig. 1).

Cell culture

Human NSCLC A549 and HEK293 cell lines were from American
Type Culture Collection (Manassas, USA). Calu-6 lung cancer cells
were generous gift of Professor Woo Hyun Park (Chonbuk National
University, Jeonju, Korea). Cells were grown in DMEM containing
10% FBS and 100 U/ml penicillin/streptomycin sulfate (Welgene,
Seoul, Korea). Cells were incubated in humidified 5% CO2 atmos-
phere at 37°C. Triticumoside was dissolved in 0.01% DMSO.
DMSO (0.01%) did not affect A549 cells and was used as vehicle.

Cell viability

The cells were treated with mentioned doses of triticumoside for indi-
cated time, and cell viability was measured using CCK-8, according to
the manufacturer’s recommendations. Absorbance was measured
at 450 nm on a microplate reader (Anthos Labtec Instruments
GmbH, Salzburg, Austria).

Real-time polymerase chain reaction

Total RNAwas extracted using TRIzol reagent, according to the man-
ufacturer’s protocol. And 2 µg RNA was used for cDNA synthesis
using Super Script™ III kit. Then mRNA expression was quantitative-
ly determined by ABI Real-Time polymerase chain reaction (PCR) sys-
tem from Applied Biosystem Inc. (Forster City, USA) using SYBR

Figure 1. Chemical structure of triticumoside
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Green PCR Master Mix (Invitrogen). GAPDH was the invariant con-
trol. The specific primers for the genes are listed in Table 1. Results
were expressed as relative expression to that of control.

Migration assay

Migration assay was performed using 35 mm µ-dish culture inserts
(Ibidi, Martinsried, Germany), according to manufacturer’s recom-
mendations. Briefly, cells were cultured in complete medium in the
inserts and left for confluency (>90%). After 16 h, inserts were
detached and cells were washed two times with phosphate buffered
saline (PBS) to remove the cellular debris in order to yield an accelu-
lar line per well. To initiate migration, cells were treated with or
without triticumoside in the medium. Cells were then allowed to mi-
grate during 18-h incubation. At 0 and 18 h, cells were photo-
graphed with an Olympus IX71 microscope (Olympus Optical
Co., Ltd, Tokyo, Japan), and distance of the migrated cells’ margin
was measured using I’MEASURE software (INGPLUS Co., Ltd,
Seoul, Korea).

DAPI and phase contrast microscopy

Cells were cultured at 1 × 105 cells/well in 48-well plates. After over-
night incubation, cells were treated with or without indicated doses
of triticumoside and further incubated for 48 h. Then, cells were
washed two times with PBS, and phase contrast microscopy was per-
formed. Then, cells were fixed with 3% paraformaldehyde for 10 min,
washed with PBS, and permeabilized with 0.1% Triton-X for 5 min.
After this, cells were rinsed with PBS, and covered with 1 µg/ml DAPI
in PBS at dark for 5 min. Cells were washed three times with PBS and
were visualized by fluorescence microscopy.

Annexin-V FITC PI staining

A549 cells were cultured in 6-well cell culture plates and incubated in
5% CO2 at 37°C for 24 h. Triticumoside was diluted to the desired
concentrations with culture medium and added to each well. Cell cul-
ture was continued for 48 h at 37°C, 5% CO2, and 1 × 105 cells were
collected, centrifuged at 400 g for 5 min, and resuspended in 100 μl of

binding buffer. Annexin V-FITC (5 μl) was added and mixed. After
the addition of 5 μl of PI staining solution, the cells were incubated
for 15 min in the dark at room temperature, 400 μl of binding buffer
was added, and the cells were analyzed using a FACSort Becton Dick-
inson Flow Cytometer to detect cell apoptosis.

Cell cycle analysis

The suspended single cell solutions treated with triticumoside at indi-
cated concentrations for 24 h were harvested, washed with PBS, and
fixed with 70% ethanol overnight at −20°C. Then, the cells were
washed with PBS again and treated with 100 μl of 100 mg/l PI at 4°C
for 20 min in the dark. Finally, cells were assayed using the flow
cytometer at 488 nm, and data were analyzed with FlowJo software
(Tree Star, Inc., Ashland, USA). For each sample, 10 000 cells were
analyzed.

Western blot analysis

Cells were lysed in ice-cold RIPA buffer for 40 min and centrifuged
(12,000 g) for 20 min at 4°C. Protein concentration was measured
using a bicinchoninic acid method. Thirty micrograms of lysates
were subject to 8% sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis and transferred to polyvinylidene difluoride membranes
(Amersham Pharmacia Biotech, Piscataway, USA). Then, blocking
was performedwith 5% skimmedmilk in Tris-buffered saline contain-
ing 0.1% Tween-20 (TBST) for 1 h at room temperature, and the
membranes were probed with primary antibodies as indicated at 4°C
overnight, washed with TBST for four times, and subsequently incu-
bated with horseradish peroxidase-conjugated secondary antibody
for 45 min. Membranes were washed with TBST for three times and
proteins were visualized using an enhanced chemiluminescence detec-
tion kit (Millipore, Billerica, USA). For stripping the blot, BlotFresh
Western Blot Stripping Reagent (Ver. II) (SignaGen, Gaithersburg,
USA) was used according to manufacturer’s recommendations. Mem-
branes were washed two times with TBST, and then the blocking and
subsequent steps were followed.

Table 1. Primers used for quantitative-polymerase chain reaction

Gene Forward primer (5′→3′) Reverse primer (5′→3′) Size (bp)

MMP2 GTCCAGAGGCAATGCAGTGGG TCACTAGGCCAGCTGGTTGGTTC 100
MMP9 GCGGTGATTGACGACGCCT ATACCCGTCTCCGTGCTCCG 135
GAPDH GTTAGGAAAGCCTGCCGGTG GCATCACCCGGAGGAGAAATC 118

Figure 2. Triticumoside inhibits lung cancer cell viability without causing cytotoxicity to normal HEK293 cells Cells were cultured in 48-well plates and exposed to

indicated concentrations of triticumoside for 24 and 48 h. Cell viability of A549 (A), Calu-6 (B), and HEK293 (C) cells was analyzed by CCK-8 assay. Bars represent the

mean ± SEM of experiments performed in triplicate. *P < 0.05 vs (−).
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Statistical analysis

All values are presented as the mean ± SEM. Statistical significance
was determined using the Student’s t-test. P values lower than 0.05
were considered statistically significant.

Results

Triticumoside induces cytotoxicity in NSCLC A549 cells

To observe the effect on viability of the cells upon triticumoside treat-
ment, we performed cytotoxicity test using the CCK-8 kit in the cells

Figure 3. Effect of triticumoside on morphology of A549 cells (A) Cells were cultured in 48-well plates for 48 h with or without various doses of triticumoside and

change inmorphological features of cells was visualized using an invertedmicroscope (magnification ×10). (B) After 48 h of culture in 48-well dishes in the presence

or absence of triticumoside at indicated concentrations (as described in Materials andMethods), the cells were stained by DAPI and visualized using a fluorescence

microscope (magnification ×10).

Figure 4. Effect of triticumoside on apoptosis induction and cell cycle regulation in A549 cells (A) Cells were treated with or without mentioned doses of

triticumoside for 48 h and the presence of apoptotic cells was analyzed by flow cytometry using annexin-V-FITC and PI staining. (B) Bars represent the

mean + SEM of three experiments. (C) Cells were treated with or without indicated concentrations of triticumoside for 24 h. Then, cells were harvested, fixed,

and stained with PI. Cell cycle analysis was performed by flow cytometry. (D) Bars shown are mean ± SEM of three independent experiments. *P < 0.05 vs (−).
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treated with or without various doses of triticumoside at different time
points. As shown in Fig. 2A,B, triticumoside substantially enhanced
the death of the NSCLC A549 and Calu-6 cells in time- and dose-
dependent manner. At 0.3 mM, triticumoside caused ∼20% and
50% cell death at 24 and 48 h, respectively. However, no significant
cell death was observed at mentioned doses of triticumoside in normal
HEK293 human cells (Fig. 2C), suggesting that triticumoside specific-
ally renders cytotoxicity toward cancer cells.

Microscopic examination of NSCLC A549 cell

morphology upon triticumoside treatment

To confirm the results obtained from CCK-8 assay and to check the
morphological patterns of the cells after triticumoside treatment, we
employed phase contrast and fluorescence microscopy technique to
observe the cells after triticumoside treatment for 48 h. After being

treated with various concentrations of triticumoside for 48 h, a signifi-
cant proportion of cells showed cytoplasmic shrinkage and cell round-
ing, and the cell density was reduced in a dose-dependent manner
(Fig. 3A,B). Figure 3B also indicated that untreated cells did not ap-
pear to have cytoplasmic shrinkage and had homogenous nuclei,
whereas triticumoside-treated cells showed condensed nuclei and
apoptotic bodies.

Apoptosis analysis by flow cytometry using

annexin-V-FITC and PI staining

As we observed significant cell death in triticumoside-treated cells, we
performed flow cytometric analysis after annexin-V-FITC and PI
staining to measure apoptotic cell death. NSCLC A549 cells were in-
cubated in the presence or absence of various doses of triticumoside
for 48 h, followed by analysis of the apoptotic cells. As shown in

Figure 5. Effect of triticumoside on expression of apoptosis-associated proteins (A) Cells were cultured in 10-cmdishes in the presence or absence of triticumoside

for indicated time. Then, cells were washed two times with ice-cold PBS and lysed using RIPA buffer. Then, equal amount of proteins was analyzed using western

blotting technique (as described in Materials and Methods) for the expression of indicated proteins. Each membrane was also probed with anti-actin antibody to

confirm equal loading of protein. (B) Bars represent the ratio of Bax/Bcl-2 band intensities. (C) Bars shown are the ratio of procaspase-3/actin band intensities. (D)

Bars shown are the ratio of procaspase-9/actin band intensities. Error bars indicate mean ± SEM of three separate experiments. (E) Cells were treated with 0.3 mM

triticumoside and 15 µm caspase inhibitors for 48 h. Then, cell viability was measured using CCK-8 method. Error bars indicate the mean ± SEM of three separate

experiments. *P < 0.05 vs (−); #P<0.05 vs T. T, triticumoside.
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Fig. 4A,B, the percentage of apoptotic cells was increased dose de-
pendently after triticumoside treatment. Furthermore, cell cycle ana-
lysis data showed that triticumoside treatment for 24 h substantially
enhanced sub-G1 cell population in a dose-dependent manner. As
shown in Fig. 4C,D, 1.9% of cells were apoptotic in untreated cells,
while the percentage of cells in sub-G1 was increased up to 23.4% fol-
lowing triticumoside treatment. These data suggest that triticumoside
suppresses the growth of NSCLC A549 cells and induces apoptosis,
implying its anticancer potential against human cancers.

Triticumoside affects the levels of apoptosis-associated

proteins in NSCLC A549 cells

To elucidate that triticumoside-related apoptosis was due to changes
of expression in apoptosis-related proteins, cells were exposed to
0.3 mM triticumoside for 0, 0.5, 1, 2, and 4 h, and then the levels
of apoptosis-associated proteins were analyzed by western blotting
technique. As shown in Fig. 5A, triticumoside increased the level of
Bax (pro-apoptotic protein), but it reduced the levels of procaspase-

3/9 and Bcl-2 (antiapoptotic protein). Similarly, Bax/Bcl-2 ratio of
band intensities of specific bands at Fig. 5Awas also significantly up-
regulated in a time-dependent manner. Furthermore, the ratios of
procaspase-3/actin and procaspase-9/actin were markedly reduced
after 2 h of triticumoside treatment (Fig. 5C,D). Importantly, when
the cells were treated with caspase inhibitors in the presence of
0.3 mM triticumoside for 48 h, the cell viability was increased when
compared with control cells (Fig. 5E).

Triticumoside inhibits migration of NSCLC A549 cells

through inhibition of MMP2/9 expression

We further sought to examine whether triticumoside suppresses
NSCLC A549 cell motility. To do so, would healing assay was
used. Results showed that 0.05 mM triticumoside significantly inhib-
ited the cell migratory potential after 18 h incubation when com-
pared with untreated cells (Fig. 6A). We also sought to investigate
whether there was a change in the molecular pathways mediating
these functions. As several reports have indicated that MMPs are

Figure 6. Effect of triticumoside on A549 cells migration (A) Migration of cells was analyzed using µ-dish culture inserts as mentioned in Materials and Methods.

Images were acquired at 0 or 18 h of the wells treated with or without triticumoside (magnification ×10). Images shown represent the experiments performed in

triplicate. RNA was isolated from the cells using TRIzol method treated with or without indicated doses of triticumoside for 6 h, and reverse transcribed to cDNA

using Super Script™ III kit. Then, MMP2 (B) andMMP9 (C) mRNA expressions were analyzed by quantitative-PCRmethod. The cells were treated with triticumoside

(0.3 mM) for 6 h following 1 h preincubation with curcumin (0.03 mM). Then MMP2 (D) and MMP9 (E) mRNA expressions were analyzed by quantitative-PCR

method. Error bars indicate mean ± SEM of experiments performed in triplicate. *P < 0.05 vs (–); #P<0.05 vs T. T, triticumoside and C, curcumin.
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the key molecules associated with migration and invasion of cancer
cells, we checked the levels of MMP2/9 expression in the cells
exposed to vehicle only or triticumoside. As shown in Fig. 6B,C,
triticumoside significantly inhibited MMP2/9 expression in a dose-
dependent manner, suggesting that triticumoside modulates the
expression of MMPs to inhibit cancer cell metastasis. In order to con-
firm these results, we utilized curcumin as MMP2/9 inhibitor [13]
and performed gene expression analysis after triticumoside treatment
following preincubation with curcumin. Results indicated that pre-
treatment with curcumin strongly inhibits MMP2/9 expression in
triticumoside-treated cells (Fig. 6D,E). These results suggest that
similar to curcumin, triticumoside is an inhibitor of MMP2/9 expres-
sion in cancer cells.

Discussion

This study has beneficial findings in terms of lung cancer treat-
ment. Firstly, a novel compound isolated from TA, triticumoside,
could be applied as a pharmacological anticancer agent to induce
NSCLC A549 cell apoptosis, and secondly, it could suppress their
migration.

This is the new finding about the role of TA, and particularly its
active compound, triticumoside, in cancer cell apoptosis and migra-
tion. Many patients develop tumor metastasis and show poor progno-
sis when compared with the patients with no metastasis [14].
Therefore, adequate therapy to block cancer cells proliferation andmi-
gration has become an area of deep research interest [14]. Our study
shows that triticumoside causes significant and growth inhibition in
lung cancer cells. Light and fluorescent microscopy using DAPI stain-
ing showed that it caused morphological changes, including rounding
of cells, shrinkage, and nuclear condensation in the cells. Consistent
with our results, a previous report has shown that luteolin causes dis-
tinctive morphological changes in 786-O renal cancer cells, leading to
their apoptosis [15]. Additionally, the decreased procaspase-3/9 and
Bcl-2 levels and enhanced Bax levels and sub-G1 proportion of cells
suggested that the growth inhibition caused by triticumoside was
due to apoptosis. Notably, both caspase-3 and caspase-9 inhibitors at-
tenuated the apoptosis induced by triticumoside. Therefore, the acti-
vation of caspase-dependent pathway seemed to be involved in
NSCLC A549 cell death caused by triticumoside. Similar to our re-
sults, a recent study also showed that Tetrastigma hemsleyanum ex-
tract induces apoptosis in liver cancer cells via modulation of
mitochondrial protein expression and cell cycle arrest [16]. In line
with our findings, another study showed that matrine, a component
of the extracts from the dry roots of Sophora flavescens, upregulates
Bax, inhibits Bcl-2 levels, and activates caspase-3 cascade, leading to
apoptosis in rat osteosarcoma UMR-108 cells [17]. Furthermore, tri-
ticumoside (0.05 mM) at nontoxic dose significantly inhibited migra-
tion of the cells as demonstrated by wound healing assay. During
cancer cell metastasis, MMPs play crucial role in breaking tissue bar-
rier. Among MMPs, MMP2 and MMP9 are known to be closely re-
lated to cancer cell invasion and metastasis [18,19]. In our study, we
found that triticumoside significantly suppressedMMP2/9 mRNA ex-
pression in a dose-dependent manner. In line with our results, one
study showed that crude extract of Euphorbia formosana inhibits
MMP2/9 expression in DU145 human prostate cancer cells to inhibit
their migration, suggesting that the extract acts as an antimetastatic
agent [20].

Taken together, these data show that triticumoside may be a nat-
ural anticancer molecule that inhibits NSCLC A549 cell prolifer-
ation and migration. Additional in vivo studies are needed to

confirm the signaling pathways associated with anticancer effects
of triticumoside.
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