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Abstract. Corn silk is an economically and nutritionally signifi-
cant natural product as it represents a staple food for a large
proportion of the world population. This study investigated the
anticancer activity of corn silk extract in human colon cancer
cells and human gastric cancer cells. Following treatment with
corn silk extract, certain apoptosis-related events were observed,
including inhibition of cell proliferation, loss of mitochondrial
membrane potential (A¥m), release of Ca** and release of cyto-
chrome ¢ from the mitochondria into the cytosol. Our results
revealed that corn silk extract inhibited the proliferation of
cancer cells and increased the level of apoptosis in a concen-
tration-dependent manner. Western blot analysis revealed that
corn silk extract upregulated the levels of Bax, cytochrome c,
caspase-3 and caspase-9, but downregulated the levels of B-cell
Ilymphoma 2. These results suggest that corn silk extract may
induce apoptosis through the mitochondria-mediated pathway.

Introduction

Colon cancer is one of the most prevalent cancers throughout
the world, and particularly in Western countries (1). There has
been an increase in the number of studies aiming to identify
novel sources of bioactive compounds that prevent colon
cancer. Bioactive compounds of natural origin, particularly
from a dietary source, are of significant interest (2).

Plants have a long history of use in the treatment of a
number of forms of cancer, and they provide leads for the
development of potential novel agents. Corn silk is made from
the stigmas and styles of the maize plant belonging to the grass
family (3) and it is a well-known traditional functional food
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and Chinese herbal medicine, which has significant effects
on human health (4). It has been reported that consumption of
corn silk has no adverse effects and that it is safe for human
use. Previous studies have confirmed the presence of multiple
bioactive compounds in corn silk, including proteins, poly-
saccharides (5), flavonoids (6), vitamins, tannins, alkaloids,
mineral salts (7) and steroids. There have been numerous
studies on the bioactivity of corn silk constituents, including
its antitumor capacities (8), anti-diabetic activity in hypergly-
cemia rats (5) and anti-fatigue activity (9). In our preliminary
experiments, corn silk extract was noted to inhibit cell growth
and trigger apoptosis (8). However, the specific active ingre-
dients in corn silk extract that induce cancer cell apoptosis
remain unknown.

In the present study we investigated whether corn silk
extract could induce apoptosis through the mitochondrial
pathway in LoVo human colon cancer cells, and whether
it could affect cell proliferation, cell cycle progression and
protein expression.

Materials and methods

Chemicals and reagents. Collected corn silk was extracted
in hot water three times and filtered; the brown filtrate with
most of the small soluble compounds was removed. The
rest of the corn silk was air-dried and then pulverized into
a homogeneous size by a disintegrator. To obtain aqueous
extracts, corn silk (500 g per sample) was resuspended in
500 ml 96°C hot water for 1 h at 100°C. Then, the extract was
obtained by centrifugation, filtering through a filter paper and
cellulose ester membrane with 0.22-um pores, followed by
freeze-drying. Corn silk extract, a light brown powder, was
dissolved in Dulbecco's modified Eagle's medium (DMEM),
filtered through a 0.22-ym filter and stored at -20°C.

DMEM and RPMI-1640 medium were purchased from
Gibco Chemical Co. (Invitrogen Life Technologies, Carlsbad,
CA, USA). Fetal bovine serum (FBS), ampicillin sodium
and streptomycin sulfate were purchased from Sangon
Biological Engineering Technology and Services Co.,
Ltd. (Shanghai, China). 3-(4,5-dimethylthiazol-2-yl)-2,
5-diphenyl tetrazolium bromide (MTT) was purchased from
Amersco (Cleveland, OH, USA). A DNA purification kit was
purchased from Promega Corporation (Madison, WI, USA).
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3,3'-dihexyloxacarbocyanine (DiOC6) and Fluo-3/AM were
purchased from Beyotime Biological Company (Shanghai,
China). Antibodies against caspase-3, caspase-9, cytochrome c,
B-cell lymphoma 2 (Bcl-2), Bax and goat anti-rabbit IgG were
obtained from ComWin Biotechnology Company (Beijing,
China).

Corn silk extract composition analysis. The extraction
of proteins was determined according to the Kjeldahl
method (10); total sugar was determined by the phenol-sulfuric
acid assay (11) and reducing sugar by the 3,5-dinitrosalicylic
acid (DNS) assay (12).

Cell culture. LoVo and HT-29 human colon cancer cells and
MGC-803 human gastric cancer cells were purchased from the
Type Culture Collection of the Chinese Academy of Sciences
(Shanghai, China). LoVo and MGC-803 cells were cultured
in DMEM, and HT-29 cells were cultured in RPMI-1640,
containing 10% FBS, ampicillin sodium and streptomycin
sulfate. All cells were cultivated under standard conditions at
37°C in a humidified atmosphere containing 5% CO,.

Cell proliferation assay. The effects of corn silk extract on
cell proliferation were evaluated by MTT assay. The cells were
harvested during the logarithmic growth phase and seeded at
a density of 2x10* cells/well in 96-well plates. Following over-
night growth, the culture medium was replaced with various
concentrations (1.25, 2.5, 5.0, 10.0 and 20.0 mg/ml) of corn
silk extract for 24, 48 and 72 h. Approximately 100 1 MTT
was added to each well for 4 h. Subsequently, the supernatant
was removed and the MTT crystals were dissolved in 200 yul
dimethyl sulfoxide. Thereafter, the absorbance was measured
at 570 nm using an enzyme-linked immunosorbent assay plate
reader.

The 50% inhibitory concentration (ICs,) was determined as
the anticancer drug concentration causing a 50% reduction in
cell viability, and calculated from the cytotoxicity curves. Cell
survival (percent) was calculated using the following formula:
survival (%) = [(mean experimental absorbance) / (mean
control absorbance)] x 100%.

Cell cycle analysis. LoVo cells were seeded in a six-well
plate at a density of 5x10° cells/well and treated with various
concentrations (5.0, 10.0 and 20.0 mg/ml) of corn silk extract
for 48 h. Then, the cells were trypsinized, collected, washed
with cold phosphate-buffered saline (PBS) and fixed in 70%
ethanol at -20°C overnight. The cells were incubated with
RNase A (0.1 mg/ml) and propidium iodide (PI; 50 mg/l) in the
dark for 30 min. The cell cycle distribution and the percentage
of apoptotic cells (sub-Gl1 fraction) were determined by flow
cytometry (13).

DNA gel electrophoresis. LoVo cells were seeded in a six-well
plate at a density of 5x10° cells/well, incubated with various
concentrations (1.25,2.5,5.0, 10.0 and 20.0 mg/ml) of corn silk
extract for 24, 48 and 72 h, and then harvested. The cells were
lysed in a cell lysis buffer (10 gmol/ml Tris-HCI, 10 gmol/ml
EDTA, 0.5% Triton X-100) at 4°C for 4 min. Following centrif-
ugation, the supernatant was treated with RNase A (20 mg/ml)
and proteinase K (20 mg/ml) for 30 min at 37°C. Then, DNA
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was extracted by NaCl-isopropanol (1:6) at -20°C overnight.
The extracted DNA was resuspended and loaded in each
well, and DNA gel electrophoresis was performed using 1.5%
agarose gel. Following ethidium bromide staining, images
of the DNA ladders were captured under UV as previously
described (14).

Determination of mitochondrial transmembrane potential
(A¥m) and Ca** levels. LoVo cells were seeded in six-well
plates at a density of 2x10° cells/well. Following treatment
with various concentrations (5.0, 10.0 and 20.0 mg/ml) of corn
silk extract for 48 h, the cells were pelleted by centrifugation
for 5 min, washed in cold PBS twice and loaded with specific
fluorochromes. For AWm analysis, the cells were resuspended
in 0.5 ul DIOC6 (40 umol/l), incubated at 37°C for 30 min
in the dark and analyzed by flow cytometry as previously
described (15,16).

To detect Ca** release, the cells were resuspended in 1 ul
Fluo-3/AM (5 umol/l) and incubated at 37°C for 30 min in
the dark. Following incubation, the cells were washed twice
with PBS and analyzed by flow cytometry as previously
described (16,17).

Western blot analysis. LoVo cells were seeded in six-well
plates at a density of 2x10° cells/well and incubated with
various concentrations (5.0, 10.0 and 20.0 mg/ml) of corn silk
extract for 48 h. The cells were harvested and extracted using
a nuclear and cytoplasmic extraction kit. Then, the proteins
were resolved by sodium dodecyl sulphate-polyacrylamide gel
electrophoresis. The separated proteins were transferred to
polyvinylidene difluoride membranes and blocked with bovine
serum albumin blocking buffer for 2 h at room temperature.
The membranes were incubated with specific antibodies
overnight at 4°C and washed three times with Tris-buffered
saline containing 0.1% Tween-20. On the second day, the
membranes were incubated with the relevant secondary anti-
bodies (1:2,000) for 90 min at room temperature. Finally, the
transferred proteins were visualized using diaminobenzidine
as previously described (18,19).

Statistical analysis. All data are presented as the means + stan-
dard deviation of three experiments. Statistical differences
between corn silk extract-treated and control groups were
evaluated using Student's t-test with SPSS 18.0 (SPSS, Inc.,
Chicago, IL, USA). P<0.05 was considered to indicate a statis-
tically significant difference.

Results and Discussion

Corn silk extract composition analysis. As shown in Table I,
corn silk extract contained 21.80% proteins, 51.70% total sugar
and 10.43% reducing sugar (Table I). In a previous study, Ooi and
Liu observed that the anticancer activity of polysaccharides may
be a consequence of the stimulation of cell-mediated immune
response (20). In another study, Yang et al demonstrated that
corn silk polysaccharides not only inhibited the tumor growth,
but also extended the survival time of H22 tumor-bearing
mice (21). Food proteins may be considered as a source of nutra-
ceutical peptides and amino acids that exert biological functions
to promote health and prevent disease, including cancer (22).
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Table I. Results of corn silk extract composition analysis.

Composition Content/%
Total sugar 51.70
Reducing sugar 10.43
Proteins 21.80
Moisture content 11.40
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Figure 1. Effects of corn silk extract on proliferation of MGC-803 cells (A),
HT-29 cells (B) and LoVo cells (C). The cells were exposed to various con-
centrations of corn silk extract for 24, 48 and 72 h. Data are presented as
the means + standard deviation of three independent experiments. "P<0.05,
“P<0.01, compared with the control sample.

Effects of corn silk extract on cell proliferation of cancer cells.
As shown in Fig. 1, MTT assay revealed that corn silk extract
inhibited cell proliferation in a dose- and time-dependent
manner. By integrating these data, the 48 h ICy, of corn silk
extract on MGC-803 cells (Fig. 1A), HT-29 cells (Fig. 1B)
and LoVo cells (Fig. 1C) was 6.09, 5.38 and 4.52 mg/ml,
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Figure 2. Effects of corn silk extract on cell cycle distribution. LoVo cells
were treated with (A) 0, (B) 5, (C) 10 and (D) 20 mg/ml corn silk extract for
48 h then stained with propidium iodide for flow cytometry analysis. The
histograms reveal the percentage of cells in the indicated phases of the cycle.
(E) The graph reveals the distribution of cells in different phases of the
cell cycle by flow cytometry in LoVo cells, and demonstrates that corn silk
extract arrests cells in the S phase. Data are presented as the means + stan-
dard deviation of at least three independent experiments. “P<0.05 compared
with the control sample.

respectively. Compared with the MGC-803 cells and HT-29
cells, LoVo cells were more sensitive to corn silk extract and
thus were used to explore the related mechanism of corn silk
extract-induced apoptosis in LoVo cells.

Effects of corn silk extract on cell cycle arrest in LoVo cells.
PI staining was used to detect the effects of corn silk extract at
various concentrations on colon cancer cells. Forty-eight hours
after treatment, a sub-diploid peak was present in the left part of
the graph. With the increase in corn silk extract concentration,
the sub-diploid peak became increasingly evident, representing
a gradient of mortality. As shown in Fig. 2A to D, the sub-Gl
fractions in the corn silk extract-treated groups were 7.86,
12.93 and 16.44%, which was significantly higher than the
4.71% of the negative control group. These results reveal that
corn silk extract has a significant inhibitory effect on cancer
cell growth. Moreover, the sub-G1 fraction was increased in
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Figure 3. Effects of corn silk extract on DNA fragmentation and apoptosis
in LoVo cells. The results revealed that DNA was isolated for DNA gel
electrophoresis.

a drug concentration-dependent manner. As shown in Fig. 2E,
flow cytometry revealed that the percentage of cells in the Gl
phase was 56.56, 50.92, 46.57 and 30.62% following treatment
with 0, 5, 10 and 20 mg/ml corn silk extract, respectively, for
48 h. The number of S-phase cells was 30.28, 39.72, 43.57
and 55.21% with 0, 5, 10 and 20 mg/ml corn silk extract for
48 h. The data revealed that the relative proportion of cells
in the S phase increased when the concentration of corn silk
extract was increased. Experiments revealed that the corn
silk extract inhibited the proliferation of cells mainly through
S-phase arrest, blocking cells from entering the G2/M phase of
mitosis. Correspondingly, cells in the sub-Gl phase were also
increased in a drug concentration-dependent manner, which
was consistent with the flow cytometry data. Therefore, the cell
cycle inhibitory effect of the corn silk extract mainly involved
S-phase arrest.

Effects of corn silk extract on DNA fragmentation and
apoptosis in LoVo cells. As shown in Fig. 3, the formation of
the DNA ladder occurred 48 h after treatment with corn silk
extract, and this effect was concentration-dependent from
1.25 mg/ml up to a maximum of 20 mg/ml. We observed that,
in contrast to the control group, treatment of LoVo cells with
corn silk extract for 48 h resulted in internucleosomal DNA
fragmentation consisting of 180-200 bp, a characteristic of
apoptosis, exhibiting a typical ladder-like pattern of degraded
DNA products on agarose gel electrophoresis. A previous study
reported that in the event of apoptosis, DNA gel electrophoresis
exhibited a clear ladder. DNA gel electrophoresis is considered
one of the gold standards in the determination of apoptosis (23).
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Figure 4. Effects of corn silk extract on mitochondrial membrane potential
(AWm) and releasing Ca* in LoVo cells. Cells were treated with various
concentrations of corn silk extract for 48 h, and then harvested for staining
by 3,3'-dihexyloxacarbocyanine and Fluo-3/AM for A¥m (A) and Ca** (B).
“P<0.05 compared with the control sample.

Effects of corn silk extract on mitochondrial membrane
potential and Ca’* release from LoVo cells. Flow cytometric
analysis indicated a significant decrease in mitochondrial
membrane potential (AWm) (Fig.4A) and a significant increase
in cytosolic Ca®* levels (Fig. 4B) in corn silk extract-treated
cells when compared with the control cells. As illustrated in
Fig. 4A, in LoVo cells exposed to corn silk extract for 48 h,
AWm was decreased, particularly in the 10 mg/ml dose group.
Cytosolic Ca** release increased. As shown in Fig. 4B, cyto-
solic Ca** levels peaked in the 10-mg/ml dose group, with
levels being higher than those of the control cells at 48 h. In
the mitochondrial apoptosis pathway, the decrease in mito-
chondrial membrane potential is an early event in apoptosis. It
was reported that the proteins extracted from corn silk could
decrease mitochondrial membrane potential (22), which is
in accordance with our results. However, in the low-dose
group, the mitochondrial membrane potential was increased
compared with other corn silk extract-treated groups, which
may be related to the selection of cells. The elevation of
calcium ion levels is associated with signal transduction in
the early stages of apoptosis. Mitochondria represent one of
the intracellular calcium pools. It was reported that stored
Ca?* was released from the mitochondria, which significantly
increased the intracellular calcium level in the early stages
of apoptosis (24). This process was synergized by other
pro-apoptotic factors leading to apoptosis of a large number
of cells. This indicates that corn silk extract could induce
apoptosis through the upregulation of intracellular Ca*
levels. Fan et al reported that the changes of intracellular
calcium homeostasis and A¥m could contribute to apoptosis
in treated cells (23).
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Figure 5. Effects of corn silk extract on apoptosis-associated proteins in LoVo cells. Cells were treated with various concentrations of corn silk extract for 48 h,
then apoptosis-associated proteins were examined by western blot analysis as described in Materials and methods. Bcl-2, B-cell lymphoma 2.
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Figure 6. Effects of corn silk extract on apoptosis-associated proteins in LoVo cells. Western blot analysis data are presented as the relative expression of
selected proteins compared with GAPDH. Data are presented as the means + standard deviation of at least three independent experiments. "P<0.05, “P<0.01,

compared with the control sample. Bcl-2, B-cell lymphoma 2.

Effects of corn silk extract on apoptosis-associated protein
expression in LoVo cells. As shown in Fig. 5, corn silk
extract upregulated the levels of cytochrome c, caspase-3,
caspase-9 and Bax, but reduced the levels of Bcl-2, which
led to apoptosis. Western blot analysis data are presented as
the relative expression of selected proteins compared with

GAPDH (Fig. 6). Using western blot assay, we have shown
above that apoptotic pathway induction by corn silk extract
treatment was mediated by affecting the Bax and Bcl-2
levels, causing dysfunction of mitochondria, promoting
the release of cytochrome ¢ and activating caspase-9 and
caspase-3 (15,25).
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Caspase is a family of proteases that plays a significant
role in the process of apoptosis. Caspase-9 is involved in the
upstream stages of the signal transduction cascade of apoptosis.
Following the release of cytochrome ¢ from mitochondria,
caspase-9 is activated to form a complex with cytochrome c.
The activation of caspase-9 then activates caspase-3, thereby
facilitating subsequent apoptotic signaling. Caspase-3 is a key
enzyme in the apoptotic cascade, playing an essential role
in chromatin condensation, DNA fragmentation and other
nuclear apoptotic processes (26). This further supports the
hypothesis that corn silk extract significantly induced apop-
tosis in LoVo cells. Bcl-2 family proteins also play crucial roles
in apoptosis. This family consists of two types of proteins:
anti-apoptotic and pro-apoptotic. It was demonstrated that
the change in mitochondrial outer membrane permeability
could lead to apoptosis, and this change could be directly
mediated by the Bcl-2 family proteins. In addition, the main
activity of the Bcl-2 family proteins takes place on the mito-
chondrial membrane (27). In the present study, the decrease
in the Bcl-2/Bax ratio might have led to a decrease in AWm
and subsequent activation of caspase-3 via the cytochrome ¢
and caspase-9 pathway. Corn silk extract induced LoVo cell
apoptosis features, including nuclear condensation, DNA
fragmentation, dysfunction of mitochondria, Ca** production
and caspase activation.

Based on the results of the present study, it is hypothesized
that corn silk extract may inhibit the proliferation of LoVo
cells through S-phase arrest, and induce apoptosis through the
mitochondria-mediated pathway. At present, the purification
of the antitumor components of corn silk extract is in process,
which is likely to aid in identifying the mechanisms under-
lying the antitumor activity of corn silk extract.
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