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Abstract
One approach to control colorectal cancer (CRC) is its preventive intervention by dietary agents or
those consumed as supplements. However, since most of these products are often consumed by
patients as an alternative and complementary medicine (CAM) practice, a scientific base such as
efficacy, mechanism and standardized preparation, needs to be developed. Grape seed extract (GSE)
is one such supplement widely consumed by humans for its several health benefits. We reported
recently that GSE inhibits CRC cell HT29 growth in culture and nude mice xenograft. Since GSE is
available commercially through different vendors, here we assessed whether GSE from two different
manufacturers produces comparable biological effects in a panel of human CRC cell lines. Our results
show that irrespective of source, GSE strongly inhibits LoVo, HT29 and SW480 cell growth, with
a G1 arrest in LoVo and HT29 cells, but an S and/or G2/M arrest in SW480 cell cycle progression.
GSE also induced Cip/p21 levels in all three cell lines. Furthermore, an induction of apoptosis was
observed in all three cell lines by GSE. Taken together, our findings suggest that GSE could be an
effective CAM agent against CRC possibly due to its strong growth inhibitory and apoptosis inducing
effects.
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Introduction
According to the American Cancer Society 2007 report, colorectal cancer (CRC) is the third
most common cancer in both men and women; the overall mortality due to this malignancy
accounts for 10% of all the cancer-associated deaths (1). CRC is one of the disease conditions
where dietary habits and life style are major etiological factors. Diets rich in fat, animal
proteins, and low in fiber are often considered risk factors for developing CRC, whereas those
rich in fruits, vegetables, and whole grains are often recommended for reducing the risk of this
malignancy (2). Once a full blown clinically evident case of colorectal cancer emerges,
treatment options include surgery, chemotherapy, and radiotherapy; however, most of the time,
the cancer resurfaces later and the patients have to undergo additional rounds of radiotherapy
or chemotherapy. Because of the severe toxicity and side-effects associated with current
treatment regimens for CRC, the patients often also drift towards using complementary and
alternative medicine (CAM) practices, such as consumption of health/dietary supplements,
chiropractic treatments, massage therapy, herbs, etc, in order to relieve the symptoms of pain
and to have better overall health. In the past few years, the increased popularity of CAM,
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especially among cancer patients, has been well-identified and recognized (3). With regard to
health/dietary supplements, a wide number of herbs and/or herbal extracts, such as milk thistle
extract, triptolide, Chinese herb extract, brucea fruit, European mistle toe, green tea extract,
soy isoflavones, and grape seed extract (GSE), are being frequently consumed by both healthy
people and patients as a CAM practice (4), mostly because of the strong belief that these agents
provide several health benefits.

One of the focuses of our research program is to determine the biological efficacy and
associated mechanisms of GSE in preventing CRC in pre-clinical models. GSE is rich in
proanthocyanidins, which are largely responsible for the spectrum of biological activities
exhibited by this extract. For example, GSE exerts anti-inflammatory, anti-bacterial, anti-viral,
anti-nociceptive, and other health beneficial effects in human disease conditions such as
atherosclerosis, hyperglycemia, etc (5-13). Also due to its high proanthocyanidins content,
GSE exhibits strong antioxidant activity, which is even more potent than known antioxidants
such as vitamin E and ascorbic acid (14). Regarding its efficacy against malignancy, several
studies during the last ten years from our laboratory as well as by others have convincingly
demonstrated that GSE exerts strong anti-cancer and cancer chemopreventive potential against
different cancers in both cell culture and animal models (15-29). However, the major concern
with GSE studies had been a lack of availability of uniformly standardized preparation to be
used in biological efficacy studies. Even in our own studies, we have initially used the GSE
prepared in the laboratory (30) followed by that obtained from different vendors (19,27), which
raises an important question whether different GSE preparations have comparable biological
activity and associated mechanism of action in a given biological system. Employing a panel
of well-defined human CRC cell lines, namely HT29, SW480 and LoVo, the present study was
designed to address this important issue. The selection of CRC as a cancer model was based
on our recently published studies showing that GSE (from Kikkoman Corporation, Japan)
causes strong growth inhibitory and apoptotic effects in HT29 human CRC cells in culture and
nude mice xenografts (19). Regarding the selection of a panel of human CRC cell lines for the
present study, the HT29 cell line was chosen based on already completed studies with GSE in
this cell line (19) and the fact that it is a widely used human CRC cell line possibly because it
retains biochemical and physiological characteristics of normal colorectal epithelial cells
(31). The selection of other cell lines was based on the degree of their differentiation and
invasion, where the SW480 cell line is moderately differentiated and invasive, and the LoVo
cell line represents a poorly differentiated, but highly invasive human CRC (32). We
anticipated that by selecting these three different cell lines, we would also be able to assess
and establish both selectivity and specificity of GSE effects on selected biological and
molecular endpoints in different human CRC cells. Our results show that irrespective of its
source, GSE causes strong growth inhibitory and cell death effects in all three human CRC cell
lines employed in the study. Furthermore, the growth inhibitory effects of GSE were possibly
due to a strong cell cycle arrest together with an induction in the levels of cyclin-dependent
kinase inhibitors (CDKIs), Cip1/p21 (in all three cell lines) and Kip1/p27 (in LoVo and HT29
cell lines), whereas its cell death effect was mostly apoptotic in nature.

Materials and Methods
Chemicals, Reagents and Cell Culture

GSE was procured from two different sources namely Traco Labs (Champaign, IL) and
Kikkoman Corporation (Noda City, Japan) referred hereafter as GSE-I and GSE-II,
respectively. Anti-Cip1/p21 antibody was from Calbiochem (Cambridge, MA), and anti-Kip1/
p27 and anti-tubulin antibodies were from Neomarkers, Inc. (Fremont, CA). Annexin V-
Vybrant apoptosis assay kit2 was from Molecular Probes (Eugene, OR). All the cell culture
materials were from Invitrogen Corporation (Gaithersberg, MD) and fetal bovine serum was

Kaur et al. Page 2

Nutr Cancer. Author manuscript; available in PMC 2009 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



from Hyclone (Logan, UT). Human CRC cell lines LoVo, HT29 and SW480 were from
American Type Culture Collection (Manassas, VA). LoVo cells were cultured in F-12 Nutrient
Mixture (HAM) with 10% fetal bovine serum, HT29 cells in DMEM with 10% fetal bovine
serum, and SW480 cells in Leibovitz's L-15 Medium with 10% fetal bovine serum under
standard culture conditions (37°C, 95% humidified air and 5% CO2).

Cell Growth and Death Assay
Cells (LoVo, HT-29 or SW480) were plated at a cell density of 5000 cells/cm2 in 60mm plates
under the standard culture conditions for 24h. Cells were treated subsequently either with
DMSO alone or with varying concentrations of GSE-I or GSE-II (25, 50 and 100μg/ml). At
the end of the respective treatment times (12, 24 or 48h), cells were harvested after brief
trypsinization and counted using a hemocytometer. Trypan blue dye exclusion was used to
differentiate live and dead cells.

Flow Cytometry Analysis for Cell Cycle Distribution
Cells (LoVo, SW480 or HT-29) were plated to 60% confluency overnight, and subsequently
treated with either DMSO alone or various doses of GSE-I or GSE-II (25, 50 and 100μg/ml).
After 12, 24 and 48h of treatment time, cells were collected and processed for cell cycle
analysis. Briefly, 0.5 × 105 cells were suspended in 0.5 ml of saponin/PI solution (0.3% saponin
(w/v), 25 μg/ml PI (w/v), 0.1 mM ethylenediaminetetraacetic acid and 10 μg/ml RNase A (w/
v) in phosphate-buffered saline) and incubated overnight at 4°C in dark. Cell cycle distribution
was then analyzed by flow cytometry using fluorescence-activated cell sorting analysis core
facility of the University of Colorado Cancer Center (Aurora, CO).

Quantitative Apoptotic Cell Death Assay
To quantify GSE-induced apoptotic death of human CRC cells, annexin V and PI staining was
performed followed by flow cytometry, as described recently (19). Briefly, cells (LoVo,
SW480 or HT-29) were plated to 60% confluency overnight, and subsequently treated with
either DMSO alone or various doses of GSE-I or GSE-II (25, 50 and 100μg/ml). After 24h of
treatment time, adherent cells were harvested by brief trypsinization, and both adherent and
non-adherent cells were collected together by centrifugation. Cells were then washed twice
with ice-cold PBS and subjected to annexin V and PI staining using Vybrant Apoptosis Assay
Kit2 (Molecular Probes, Oregon) following the step-by-step protocol provided by the
manufacture. After the staining, FACS analysis, utilizing the core service of the University of
Colorado Cancer Center (Aurora, CO), was performed for the quantification of the apoptotic
cells.

Western Immunoblotting
Cells (LoVo, HT-29 and SW480) were cultured under their standard culture conditions in 100
mm culture dishes. At 60% confluency, cells were treated with either DMSO or GSE-I at the
concentrations of 25, 50 and 100 μg/ml in DMSO for 12 or 24h. At the end of treatment time,
cell lysates were prepared in non denaturing lysis buffer (10mM Tris-HCL, pH7.4, 150mM
NaCL, 1% triton X-100, 1mM EDTA, 1mM EGTA, 0.3 mM phenylmethyl suflonyl fluoride,
0.2mM sodium orthovanadate, 0.5% NP-40, and 5 U/ml of aprotinin). Briefly, medium was
aspirated from the culture dishes followed by two washings with ice cold PBS, the adherent
cells were incubated in lysis buffer for 10 min over the ice, and then scraped and kept on ice
for additional 30 min. Finally, cell lysates were cleared by centrifugation at 4°C for 30min at
14,000 rpm, and protein concentration in cell lysates was estimated using Bio-Rad DC protein
assay kit (Bio-Rad, Hercules, CA).
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Statistical Analysis
Statistical significance of differences between control and treated samples were calculated by
Student's t-test (Sigma Stat 2.0, Jandel Scientific). P values of < 0.05 were considered
statistically significant. Each assay/observation represents a mean of three independent values.

Results
GSE Inhibits Growth and Induces Cell Death in a Panel of Human CRC Cell Lines

Our first aim was to examine the effect of GSE procured from two different vendors on the
growth of three different human CRC cell lines, namely LoVo, HT-29 and SW480. As shown
in Table 1, both GSE-I and GSE-II inhibited the growth of LoVo cells in a concentration- and
time-dependent manner. Whereas only the highest concentration of GSE-I showed strong
inhibition (38%, P<0.05) following 12h treatment, GSE-I at 25, 50 and 100μg/ml doses resulted
in 14-70% (P<0.01-0.001) and 48 to 87% (P< 0.05-0.001) growth inhibition of LoVo cells
after 24 and 48h of treatment, respectively (Table 1). Concomitantly, there was a significant
increase in the LoVo dead cell population [9-35% (P<0.01-0.001), 13-56% (P<0.05) and
14-44% (P<0.05)] at similar concentrations and treatment times of GSE-I (Table 1). With GSE-
II also, there was a significant growth inhibition in LoVo cells ranging from 15-48%
(P<0.01-0.001), 12-59% (P<0.01-0.001) and 20-85% (P<0.001) at 25, 50 and 100μg/ml
concentrations after 12, 24 and 48h of treatment (Table 1). GSE-II treatments also caused a
significant induction in dead cell population [8-47% (P<0.001), 12-55% (P<0.01-0.001) and
12-494% (P<0.001)] of LoVo cells under similar treatment conditions (Table 1).

In the case of HT29 cells, GSE-I had no significant effect on growth at 25 and 50μg/ml
concentration levels at 12, 24 and 48h treatment time; however, a strong effect was observed
at 100μg/ml concentration accounting for 38-60% (P<0.01) growth inhibition following
12-48h of treatment (Table 1). Under similar experimental conditions, the HT29 dead cell
population also increased compared to vehicle controls accounting for 2-6% (P<0.001), 5-14%
(P<0.001) and 7-18% (P<0.001) at 12, 24 and 48h of GSE-I treatment (Table 1). With GSE-
II as well, a strong growth inhibition was observed at 100μg/ml dose level (42-78%,
P<0.01-0.001) after 24 and 48h of treatment time only (Table 1). However, a better cell death
effect of GSE-II, compared to GSE-I, was observed in HT29 cells accounting for 4-12%
(P<0.05-0.01), 6-27% (P<0.01) and 10-33% (P<0.01-0.001) dead cell population following
25, 50 and 100μg/ml doses of GSE-II treatment for 12, 24 and 48h, respectively (Table 1).

The cell growth inhibitory effect of GSE-II was much stronger in SW480 cells as compared
to GSE-I (Table 1). In this case, GSE-I treatment at all the concentrations studied did not
produce any cell growth inhibitory effects in SW480 cells at 12h and 24h time-points, except
in the 100μg/ml concentration at 24h treatment showing 30% (P<0.001) inhibition; however,
the longer treatment time of 48h caused a dose-dependent effect accounting for 33% (P<0.01),
40% (P<0.001) and 57% (P<0.001) inhibition at 25, 50 and 100μg/ml concentrations,
respectively (Table 1). Interestingly, GSE-I treatment at 100μg/ml concentration showed a
strong cell death at all time-points studied accounting for 14% (P<0.05), 30% (P<0.01) and
37% (P<0.05) dead cell population in SW480 CRC cell line (Table 1). Regarding GSE-II, its
treatment led to a stronger effect on SW480 cells accounting for 25-42% (P<0.01), 31-54%
(P<0.01-0.001) and 64-68% (P<0.01-0.001) growth inhibition at 25, 50 and 100μg/ml doses
following 12, 24 and 48h of treatment, respectively (Table 1). Importantly, GSE-II also caused
a much stronger cell death effect in SW480 cells accounting for 5-21% (P<0.05-0.01), 15-40%
(P<0.01) and 15-56% (P<0.01-0.001) dead cell population under same doses and treatment
times (Table 1).
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GSE Induces Cell Cycle Arrest in a Panel of Human CRC Cell Lines
Based on our results showing that both GSE-I and GSE-II concentration - and time-dependently
inhibit the growth of a panel of human CRC cell lines, we next assessed whether an alteration
in cell cycle progression by these extracts is possibly involved in causing cell growth inhibition.
All the CRC cell lines were treated similarly as in cell growth assays with both GSE
preparations, and the distribution of cells in different phases of the cell cycle was analyzed. In
the case of LoVo cells, treatment with both GSE-I and GSE-II led to a marginal (though
statistically significant) accumulation of cells in G2/M phase at higher concentration(s)
following 12h of treatment time (Figure 1A and 1D). However, after 24 and 48h of similar
treatments, a significant (P<0.001) arrest of the cells in G1 phase of the cell cycle was observed
at all the dose levels with comparable response between two GSE preparations (Figure 1A-F).
In the case of HT29 cells, both GSE-I and GSE-II had no effect on any phase of cell cycle at
all the concentration levels tested after 12h of treatment time, except the highest concentration
showing a marginal increase in S phase (in case of GSE-I) or G2/M phase (in case of GSE-II).
However, similar to LoVo cell results, with an increase in treatment time to 24 and 48h, a
strong G1 arrest was also observed in case of HT29 cells at 50 and 100μg/ml concentrations
of both GSE-I and GSE-II, but to a lesser extent with GSE-I (Figure 2A-F). Unlike both LoVo
and HT29 cell lines, treatment of SW480 cells with both GSE-I and GSE-II for 12h led to the
arrest of the cells in the S phase of cell cycle at the highest concentration of 100μg/ml; however,
a longer treatment time of 24 and 48h caused a significant arrest of the cells in G2/M phase of
the cell cycle (Figure 3A-F). Together, these results clearly show that the observed cell growth
inhibitory effects of both GSE preparations were associated with their cell cycle arrest inducing
activity.

GSE Modulates the Expression of p21 and p27 Proteins in Different Human CRC Cell Lines
Progression through different phases of the cell cycle is orchestrated by specific cyclins and
CDKs associated with a particular phase of the cell cycle, and is negatively controlled by the
inhibitors of CDKs; mostly the INK4 and CDKI family members (33,34). Our recent studies
have shown that GSE-II causes its in vitro and in vivo efficacy against human CRC HT29 cells
mostly via a strong induction in Cip1/p21 levels (19). Based on these recent findings and the
present results showing that both GSE preparations induce a strong cell cycle arrest in all the
three CRC cell lines, we next also studied the effect of GSE-I on the protein levels of two
CDKIs namely Cip/p21 and Kip1/p27. We observed that GSE-I treatment of LoVo and HT-29
cells increases the levels of both p21 and p27 with more prominent effect on p21 levels (Figure
4). In the case of SW480, an increase in the expression of p21 was also observed in time- and
concentration-dependent manner; however, GSE-I caused a decrease in the levels of p27 at all
the concentrations and treatment times (Figure 4).

GSE Induces Apoptosis in Various Human CRC Cell Lines
Since we also observed significant cell death upon GSE treatment in all the three CRC cell
lines, we next assessed whether this was apoptotic in nature. For this, all the three cell lines
were treated with either GSE-I or GSE-II under similar conditions as in above mentioned
studies, and the extent of apoptotic cell death was measured by flow cytometric analysis of
annexin-V/ PI stained cells. As depicted in Figure 5A, GSE-I and GSE-II treatment of LoVo
cells led to a significant increase in early and late apoptosis in a concentration-dependent
manner. GSE-I treatment for 24h resulted in 7-35% cells in early apoptosis and 3-28% cells in
late apoptosis (Figure 5A). Treatment of LoVo cells with GSE-II resulted in almost comparable
early (7-31%; P<0.001) and late apoptotic cell population (3-47%; P<0.001, Figure 5B). In the
case of HT29 cells, GSE-I treatment induced a significant early (4-22%; P<0.001) and late
(3-6%; P<0.01) apoptotic cell death at highest concentration of 100μg/ml after 24h of treatment
time (Figure 5C). However, with GSE-II, a significant increase in early apoptotic cells from
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4% to 13% (P<0.001) was observed even at 50μg/ml concentration, which increased further
to 34% (P<0.001) with the increase in concentration to 100μg/ml (Figure 5D). In the case of
late apoptotic event, a significant increase (P<0.001) was observed at highest concentration of
100μg/ml GSE-II (Figure 5D). Treatment of SW480 cells with GSE-I induced a significant
early (3-28%; P<0.001)) and late (3-21%; P<0.001)) apoptotic cell death only at 50 and
100μg/ml concentrations after 24h of treatment time (Figure 5E). Under similar conditions,
GSE-II significantly induced both early (3-32%; P<0.001) and late (3-32%; P<0.001) apoptotic
cell death at 25, 50 and 100μg/ml concentrations after 24h of treatment time (Figure 5F).
Together, these results clearly show that the observed cell death effects of both GSE
preparations were mostly apoptotic in nature.

Discussion
GSE is a commonly used dietary supplement marketed in the United States and Europe for its
different health benefits including strong antioxidant activity (5-14). In the last ten years,
several studies by our laboratory and by others have also convincingly documented the anti-
cancer and cancer chemopreventive efficacy of GSE against various cancers (15-29); however,
the major caveats had been the composition of various preparations of GSE being marketed
under different names, and those being used under laboratory conditions. Furthermore, the lack
of standardized preparations has also limited the validity and translational potential of the
research findings obtained in the laboratory setting using different preparations/source of GSE.
To address some of these issues, we compared the biological effects of GSE procured from
two different vendors against three different human CRC cell lines. The central findings of our
study are that irrespective of its source, GSE produces strong biological effects in different
human CRC cell lines, which include growth inhibition, cell cycle arrest, induction of negative
regulators of cell cycle progression namely Cip1/p21 and Kip1/p27, and apoptotic cell death.

The inhibition of cell growth in GSE-treated LoVo and HT-29 cells was possibly due to the
induction of sustained G1 cell cycle arrest and a transient G2/M arrest during short treatment
time. We observed that both GSE preparations produce similar effect in terms of an arrest at
the particular phase of cell cycle in the context of the individual CRC cell line, though the
extent of the effect and the GSE dose at which the effect was significant varied to some extent
between the two preparations. In the case of SW480 cells, though we observed that GSE
treatment results in S and/or G2-M arrest at the expense of the cells in G1 phase, the effect was
comparable for both the preparations. The progression through various phases of cell cycle is
a tightly regulated process involving the activities of various cyclins and CDKs, which are
specific for different cell cycle phases (33). The activity of cyclin-CDK complexes, in a
controlled cell cycle progression, is regulated by two different families of proteins known as
INK4 and CDKI (34,35). Cancer manifests itself as uncontrolled proliferation of cells wherein
the tight regulation of cell cycle progression is compromised (36). In this regard, several studies
have shown that both INK4 and CDKI family members are often non-functional in various
malignancies including CRC, which results in an uncontrolled cell cycle progression and
cancer growth (37,38,39). Therefore, the molecular players such as cyclins, CDKs and their
inhibitors serve as potential targets to halt the uncontrolled proliferation (40-42). Specifically,
it could be argued that the agents which induce the level and/or function of cell cycle inhibitory
regulators (INK4 and Cip/Kip family members) might be useful in the control of various
malignancies including CRC. In our recently published studies with GSE-II, we have reported
that this extract inhibits cell cycle progression of human CRC HT29 cells mostly via an
upregulation in the levels of p21 under both in vitro and in vivo conditions (19). In the present
study, we employed only GSE-I to assess whether it produces similar effects on CDKI
induction as observed with GSE-II in a recently published study (19). Our results clearly
showed an induction in the levels of Cip1/p21 by GSE-I in all three cell lines, together with
an increase in Kip1/p27 in the LoVo and HT29 cells, which is in line with the observed G1
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arrest by this extract in these two CRC cell lines. Importantly, GSE-I caused a dose- and time-
dependent decrease in the levels of Kip1/p27 in SW480 cells, which is consistent with its cell
cycle arrest effect in S or G2/M phase in this cell line, as Kip1/p27 is mostly involved in G1
phase whereas Cip1/p21 is a universal CDKI (34). From these observations, it could be
suggested that in case of SW480 cells, GSE causes the degradation of p27, by a mechanisms
yet to be established, which drives the cells to S followed by G2/M phases of the cell cycle
where an induction in Cip1/p21 (by GSE) arrests the cells in these cell cycle phases.

In addition to an aberrant cell cycle progression, loss of apoptotic function is a major contributor
towards the resistance of cancer cells to cytotoxic chemotherapeutic agents (43-45), and
accordingly, an induction of apoptosis under such circumstances is also highly desirable for
preventive intervention of various malignancies including CRC. Consistent with this notion,
our results, showing an induction of apoptotic death in all three human CRC cell lines by GSE,
identify yet another anticancer mechanism (apart from cell cycle arrest) of this extract for its
possible application in CRC control. Lastly, we would also like to emphasize here that the
observed biological effects of both GSE preparations including an induction of Cip1/p21 seem
independent of p53 involvement, as these responses were comparable in non-functional p53
harboring CRC cell lines (HT29 and SW480 cell lines) versus that carrying wild-type p53
(LoVo cell line). As mutation in p53 is a hallmark of CRC growth and progression in both
clinical and pre-clinical settings (46), our results showing that GSE exerts its biological efficacy
in human CRC cells independent of their p53 status are extremely important outcomes for
future translational potential in preventive intervention of CRC in the clinic.
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complimentary and alternative medicine
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FIG. 1.
GSE-I and GSE-II preparations induce cell cycle arrest in LoVo cells. Cells were plated as
described in the Materials and Methods and treated with either DMSO alone (control) or
varying concentrations of GSE-I or GSE-II (25-100μg/ml) for 12, 24 and 48h. At the end of
these treatments, cells were collected and incubated with saponin/PI solution at 4°C for 24 h
in dark and subjected to FACS analysis as detailed in the Materials and Methods. Panels A, B
and C represent data for GSE-I at 12, 24 and 48h, and panels D, E and F represent data for
GSE-II at 12, 24 and 48h of treatment, respectively. The data shown are mean ± SD of three
independent plates. *, P < 0.05; #, P < 0.01; and $, P < 0.001, control (DMSO) versus various
GSE-I/GSE-II treatments as indicated in the figure.
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FIG. 2.
GSE-I and GSE-II preparations induce cell cycle arrest in HT29 cells. Cells were plated as
described in the Materials and Methods and treated with either DMSO alone (control) or
varying concentrations of GSE-I or GSE-II (25-100μg/ml) for 12, 24 and 48h. At the end of
these treatments, cells were collected and incubated with saponin/PI solution at 4°C for 24 h
in dark and subjected to FACS analysis as detailed in the Materials and Methods. Panels A, B
and C represent data for GSE-I at 12, 24 and 48h, and panels D, E and F represent data for
GSE-II at 12, 24 and 48h of treatment, respectively. The data shown are mean ± SD of three
independent plates. *, P < 0.05; #, P < 0.01; and $, P < 0.001, control (DMSO) versus various
GSE-I/GSE-II treatments as indicated in the figure.
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FIG. 3.
GSE-I and GSE-II preparations induce cell cycle arrest in SW480 cells. Cells were plated as
described in the Materials and Methods and treated with either DMSO alone (control) or
varying concentrations of GSE-I or GSE-II (25-100μg/ml) for 12, 24 and 48h. At the end of
these treatments, cells were collected and incubated with saponin/PI solution at 4°C for 24 h
in dark and subjected to FACS analysis as detailed in the Materials and Methods. Panels A, B
and C represent data for GSE-I at 12, 24 and 48h, and panels D, E and F represent data for
GSE-II at 12, 24 and 48h of treatment, respectively. The data shown are mean ± SD of three
independent plates. *, P < 0.05; #, P < 0.01; and $, P < 0.001, control (DMSO) versus various
GSE-I/GSE-II treatments as indicated in the figure.
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FIG. 4.
GSE-I modulates Cip1/p21 and Kip1/p27 levels in a panel of human CRC cell lines. LoVo,
HT29 and SW480 cells were treated with either DMSO alone (control) or varying
concentrations of GSE-I (25-100μg/ml) for 12 and 24 h. At the end of these treatments, total
cell lysates were prepared and analyzed by western blotting for p21 and p27 levels as detailed
in the Materials and Methods. Membranes were stripped and reprobed for tubulin as a loading
control.
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FIG. 5.
GSE-I and GSE-II preparations induce apoptotic cell death in a panel of human CRC cell lines.
LoVo, HT29 and SW480 cells were plated and treated with DMSO (control) or varying
concentrations of GSE-I or GSE-II (25-100μg/ml) as detailed in the Materials and Methods.
Following 24h of these treatments, adherent and non-adherent cells were collected by brief
trypsinization and processed for FACS analysis following annexin V-PI staining. Panels A and
B represent data for GSE-I and GSE-II treatment of LoVo cells; panels C and D represent data
for GSE-I and GSE-II treatment of HT29 cells; and panels E and F represent data for GSE-I
and GSE-II treatment of SW480 cells. The data shown are mean ± SD of three independent
plates. *, P < 0.05; #, P < 0.01; and $, P < 0.001, control (DMSO) versus various GSE-I/GSE-
II treatments as indicated in the figure.
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