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Sasa veitchii extract induces anticancer effects via inhibition
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ABSTRACT

Sasa veitchii and other Sasa species are traditional medicinal herbs belonging to a group of Japanese
bamboos collectively called Kumazasa, and these species possess the potential for a wide variety of uses.
The present study aimed to elucidate the anticancer mechanisms exerted by S. veitchii extract (SE) against
a human breast cancer cell line, MCF-7 cells. Freeze-dried Sunchlon® was used as the SE, and cell
proliferation activity was measured using the [*H]-thymidine incorporation assay. Induction of apoptosis
was assessed via Annexin V and caspase-3 fluorescent staining, the induction of necrosis was measured
via propidium iodide staining, and cell cycle-related protein expression was determined using western blot-
ting. The ICso value of the SE was 7.7 ug/mL in MCF-7 cells. Although the primary active ingredient in
Sunchlon® is sodium copper chlorophyllin (0.25%), the present results indicated that ingredients other than
SCC exert anti-cancer activities (the ICso value of SCC was 715 pg/mL), and late apoptosis or necrosis was
induced in an SE dose-dependent manner. The expression levels of cyclin D1 and Cdk6 were decreased
after SE treatment, and there was no change in the Cdkl1/2 expression levels. Additionally, the expression
of the necrosis-related cell death indicators RIP1 and RIP3 was increased in response to high-dose SE
treatments, and this was indicative of cells preparing for programmed cell death. SE induces cell death
in MCF-7 cells via the inhibition of cyclin D1 expression at low concentrations, and this extract induces
programmed necrosis (necroptosis) by potentiating RIP1/RIP3 expression.
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PBS: phosphate buffered saline
RIP: receptor interacting protein
PVDEF: polyvinylidene difluoride
PI: propidium iodide

SCC: sodium copper chlorophyllin
SE: Sasa veitchii extract
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License. To view the details of this license, please visit (http://creativecommons.org/licenses/by-nc-nd/4.0/).

INTRODUCTION

Within the field of preventative medicine, extracts from natural products are increasingly being
considered as a potential source for cancer prophylaxis. Sasa veitchii (S. veitchii) is a traditional
medicinal herb that is derived from a genus of Japanese bamboos collectively called Kumazasa.
The leaves contain various active components such as polysaccharides, lignin, and chlorophyll.!?
Since ancient times, Kumazasa has primarily been used for the preserving of food due to its
antimicrobial activity. Additionally, Kumazasa leaves have been used as folk medicine to treat
stomach aches, diabetes, hypertension, and infectious diseases.*> In recent decades, several studies
have been conducted to identify the mechanisms underlying the medicinal properties of some
Sasa species. Our previous research has been particularly focused on the beneficial effects of
S. veitchii, and we have already revealed that Sunchlon®, a S. veitchii extract (SE), contributes
to the stability of liver function. For example, the anti-diabetes effects of SE are derived from
the prevention of hepatic steatosis through the modulation of adipose tissue differentiation.®
Additionally, SE prevents drug-induced acute hepatitis by exerting hepato-protective effects.” In
a broader sense, the above pharmacological actions are all associated with the inhibition of the
inflammatory response, and we therefore expect that SE could prove beneficial for the treatment
of cancer, as inflammation is associated with precancerous lesions.

Few studies have been conducted to examine the anticancer effects of S. veitchii. Suzuki et al
reported that S. veitchii leaf extracts exert toxic activity on human oral squamous cell lines,® and
this toxicity is more than doubled in tumor cell lines compared to that in normal cell lines. It
is unclear, however, how the S. veitchii leaf extract was purified in their study. Additionally, no
cytotoxic activity has been reported in other cancer cell lines. In regard to other Sasa species,
Ren et al reported that Sasa quelpaertensis (also called Kumazasa) exerts anti-tumorigenic and
anti-angiogenic activity in a spontaneous breast cancer mouse model.’ They used S. quelpaertensis
extract that was derived from Sasa Health® (commercially marketed by Daiwa Biological Research
Institute Co., Ltd.). Sasa Health® is an over-the-counter medicine, but its active ingredient is
unknown. Based on this, although an anticancer effect of SE has been reported, the underlying
mechanism remains unclear.

As described above, we have reported on several possible therapeutic mechanisms for SE from
Sunchlon®. It is known that Sunchlon® contains 0.25% sodium copper chlorophyllin (SCC) as
an active ingredient, and several epidemiological studies have demonstrated that a supplementary
amount of SCC in natural foods decreases the risk of cancer.!” Additionally, SCC is reported to
induce an anti-inflammatory response in lipopolysaccharide-stimulated macrophage cell lines.!!
These data suggest that SCC may be involved in the anti-cancer activity of SE.

Based on this, in the present study, we examined the anticancer activity of SE and SCC using
the human breast cancer cell line MCF-7 cells.
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MATERIAL AND METHODS

Materials

S. veitchii extract was kindly provided by Sunchlon Co. Ltd (Nagano, Japan) in the form of
the over-the-counter medicine Sunchlon® (2.82 g of S. veitchii leaf extract is dissolved in 1 mL
of Sunchlon®).” In our experiments, freeze-dried and powdered Sunchlon® (S. veitchii extract, SE)
was prepared for use by dissolving it in phosphate buffered saline (PBS). SCC was purchased
from Nacalai Tesque, Inc. (Kyoto, Japan). All other chemicals used in this study were of the
highest grade of purity commercially available.

Cell culture

Human breast cancer cells (MCF-7) were obtained from the American Type Culture Collection
(ATCC, Manassas, VA, USA) (Catalog#, ATCC HTB-22). MCF-7 cells were maintained in MEM
containing 2 mM L-glutamine (Nacalai Tesque) that was supplemented with 10% FBS and a 1%
MEM nonessential amino acid solution (Nakalai Tesque). MCF-7 cells were cultured at 37°C in
a humidified atmosphere containing 5% CO..

Cell proliferation assay

To examine cellular DNA synthesis (cell proliferation), we used the [*H]-thymidine incor-
poration assay. MCF-7 cells (3 x 10° cells/well) were seeded onto 96-well plates. After 24 h,
cells were cultured in the presence of various concentrations of SE (0.1-1000 pg/mL) or SCC
(0.25-250 pg/mL) for 24 h. Each culture was pulsed with 1.85 kBq of [*H]-thymidine for 2 h.
To measure radioactivity, cell lysates were prepared by the addition of 100 uL of deionized water
for 5 min. The lysates were added dropwise onto a glass filter (GA-100, Advantec, Tokyo, Japan)
to adsorb cellular DNA, and they were then vacuumed and washed with 5 mL deionized water.
Radioactivity of the glass filter was quantified using a liquid scintillation counter.

Detection of apoptotic and necrotic cells

To detect apoptotic and necrotic cells, we used the Apoptotic, Necrotic & Healthy Cells
Quantification Kit (Biotium Inc, Fremont, CA, USA) according to the manufacturer’s instruc-
tions. MCF-7 cells (1 x 10° cells/well) were seeded onto 24-well plates and pre-cultured at
37°C for 24 h. The cells were then cultured in the presence of various concentrations of SE
(10-1000 pg/mL) for an additional 6 h and stained with Annexin V-FITC, propidium iodide
(PI), and Hoechst 33342. The presence of apoptotic and necrotic cells was qualitatively analyzed
using fluorescence microscopy (EVOS® FLoid® Cell Imaging Station, Thermo Fisher Scientific,
Waltham, MA, USA).

Caspase-3 assay

To measure apoptotic cells, we used a Dual Apoptosis Assay Kit with NucView 405 Caspase-3
Substrate (Biotium Inc) and an Annexin V-FITC Detection kit (Nacalai Tesque) according to the
manufacturer’s instructions. MCF-7 cells (1 x 10° cells/well) were seeded onto 24-well plates
and pre-cultured at 37°C for 24 h. The cells were then cultured with 10 ug/mL of SE for an
additional 6 h and stained with Annexin V and NucView 405. The presence of apoptotic cells
was qualitatively analyzed using fluorescence microscopy (EVOS® FLoid® Cell Imaging Station,
Thermo Fisher Scientific).

Western blotting
MCEF-7 cells (5 x 103 cells/well) were seeded onto 6-well plates and pre-cultured at 37°C for
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24 h. The cells were then cultured in the presence of various concentrations of SE (10-1000
pg/mL) for another 24 h and harvested using RIPA buffer (Nacalai Tesque) supplemented with
protease inhibitor cocktail (Nacalai Tesque). Harvested cells were centrifuged at 18,000 x g for
20 min at 4°C. The resulting supernatants from each sample were collected, and total protein
levels were determined using the BCA protein kit (Nacalai Tesque). Protein samples (20 ug)
were subjected to sodium dodecyl sulfate—polyacrylamide electrophoresis on a 10% gel and
then transferred to a polyvinylidene difluoride (PVDF) membrane. Mouse anti-glycogen synthase
kinase-30/f (GSK-30/B) monoclonal antibody (Santa Cruz Biotechnology, CA, USA), mouse anti-
cyclin D1 monoclonal antibody (Santa Cruz Biotechnology), mouse anti-cyclin dependent kinase 6
(Cdk6) monoclonal antibody (Santa Cruz Biotechnology), mouse anti-Cdk1/2 monoclonal antibody
(Santa Cruz Biotechnology), mouse anti-receptor-interacting protein 1 (RIP1) monoclonal antibody
(Santa Cruz Biotechnology), mouse anti-RIP3 monoclonal antibody (Santa Cruz Biotechnology),
and mouse anti-B-actin monoclonal antibody (MBL, Aichi, Japan) were used as primary antibodies
(1:1500 dilution) for immunoblotting. A peroxidase-conjugated anti-mouse IgG (GE Healthcare
Japan, Tokyo, Japan) was used as a secondary antibody (1:5000 dilution). Immunoreactive bands
were visualized using the ECL system (LAS-1000®, GE Healthcare).

Statistical Analysis

Statistical analysis was performed using one-way analysis of variance (ANOVA) with Tukey-
Kramer’s post-hoc test for multiple comparisons. All statistical analyses were performed using
SPSS 24.0 software (Chicago, IL, USA), and values of p < 0.05 were considered statistically
significant.

RESULTS

Cell proliferation assay

We determined cytotoxicity in MCF-7 cells treated with SE or SCC using a [*H]-thymidine
incorporation assay. This assay provides an effective method for detecting proliferative activity
by quantifying cellular DNA synthesis. The results are shown in Figure 1. The half-maximal
inhibitory concentration (ICsy) values of SE and SCC against MCF-7 cells were 7.72 ug/mL
and 715 pg/mL, respectively. These values indicate that SE is approximately 100 times more
cytotoxic than SCC. The SE we used contains SCC at 0.25%, and based on this, 1000 ug/mL
of SE (which killed the vast majority of cells) contains 2.5 pg/mL of SCC. However, 2.5 ug/
mL of SCC exerted almost no cytotoxic effect on MCF-7 cells. These results indicated that the
cytotoxicity of SE is derived from an active ingredient other than SCC.

Identification of apoptotic and necrotic cells

We assayed for living and apoptotic/necrotic cells using Hoechst 33342 (blue), Annexin V
(green), and PI (red) fluorescent triple staining. The fluorescence microscopy images are shown
in Figure 2. Very few cells in the control group were stained with Annexin V/PI, and treatment
with SE increased the number of Annexin V/PI positive cells in a dose-dependent manner.
Therefore, the double staining results indicate that SE increased the late apoptotic or necrotic
activity of MCF-7 cells in a dose-dependent manner.

Effect of SE on RIPI/RIP3 expression and caspase-3 levels
Annexin V and PI double positive staining is known to be present in both apoptotic and
necrotic cells.’? To distinguish the necrotic cells, we measured RIP1 and RIP3 via immunoblotting,
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Fig. 1 Cytotoxic activity of Sasa veitchii extract (SE) (A) and sodium copper chlorophyllin (SCC) (B) in a
human breast cancer cell line (MCF-7 cells)

MCEF-7 cells were treated with various concentrations of SE or SCC for 24 h at 37°C in a humidified atmosphere

containing 5% CO,. Each plot indicates the proliferative activity relative to vehicle control (mean + standard

deviation (SD), n = 5).

as RIPI1 (also called RIPK1) and RIP3 (also called RIPK3) are key regulators of necrosis-induced
cell death.!® As shown in Figure 3, 10 pg/mL of SE had no effect on RIP1 and RIP3 levels. SE
strongly induced RIP1 and RIP3 expression at levels greater than 100 pg/mL in MCF-7 cells.

Additionally, we measured caspase-3 activity at 10 pg/mL to more directly detect apoptosis.
As shown in Figure 4, cells that were positive for both Annexin V and caspase-3 were detected.
These results suggest that SE treatment induced apoptosis at concentrations from 10 pg/mL and
induced necroptosis at concentrations greater than 100 pg/mL.

Effects on the expression of cell cycle-related proteins

To estimate the expression of cell cycle-related proteins, we performed western blotting
analysis as shown in Figure 5. Cyclin D1 and Cdk6 expression levels were decreased depending
on SE concentration, while GSK-30/f and Cdk1/2 expression levels remained constant. Cyclin
D1 and Cdké6 are the key proteins that initiate cell cycle progression, and in contrast, Cdk1/2
is required to maintain cell cycle progression. Therefore, our results suggest that SE suppresses
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Fig. 2 Identifying the induction of apoptosis and necrosis relative to SE concentration
MCEF-7 cells were treated with various concentrations of SE for 6 h. Cells were triple-stained with Hoechst 33342
(blue), Annexin V-FITC (green), and propidium iodide (PI; red) and visualized using fluorescence microscopy.
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Fig. 3 Evaluation of RIP1 and RIP3 expression levels relative to SE concentration
Western blot analysis using RIP1 and RIP3 antibodies were performed on total lysates from MCF-7 cells treated
with SE for 24 h. Anti-B-actin immunoblotting was used as a loading control.

the initiation of the cell cycle rather than cell cycle progression.
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Annexin V Caspase-3/7 Merge

Fig. 4 Identifying the induction of caspase-3 activity relative to SE concentration
MCE-7 cells were treated with 10 pg/mL of SE for 6 h. Cells were double-stained with caspase-3 (blue) and
Annexin V-FITC (green) and visualized using fluorescence microscopy.
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Fig. 5 Evaluation of cell cycle-related protein expression relative to SE concentration
Western blot analysis using cyclin D1, Cdk6, Cdk1/2, and GSK-30/f antibodies were performed on total lysates
from MCF-7 cells treated with SE for 24 h. Anti-B-actin immunoblotting was used as a loading control.

DISCUSSION

The present study we determined that SE-induced apoptosis was initiated at low doses of
SE (10 pug/mL) in MCF-7 cells. SE treatment also decreased the expression of cyclin D1 and
Cdk6. Cyclin D1 expression levels increase in response to mitogen stimulation, and this protein
subsequently forms a complex with Cdk6."* The cyclin-Cdk complex is a primary factor that
induces cell-cycle initiation. The cyclin D1-Cdk6 complex inhibits the suppression of cell
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proliferation and advances the GI phase of cell cycle."* However, as SE did not influence the
expression level of Cdkl1/2, we speculated that its influence on the cell cycle is limited to the G1
phase. The cyclin D1-Cdk6 complex inhibits the induction of cellular apoptosis.'® Therefore, the
decrease in the expression of cyclin D1 and Cdk6 may have induced apoptosis in MCF-7 cells. A
number of cancer cells overexpress cyclin D, and this overexpression is strongly associated with
the proliferation of cancer cells.'® As cyclin D1 is a downstream target of the HER2 signaling
pathway,'” the effect of SE on HER2-positive cancers is of particular interest.

Cyclin D is degraded and inactivated by GSK-3[ after completing its role within the cell.'®
Based on our observation that SE did not affect the expression level of GSK-30/f in MCF-7
cells, we believe that SE decreased the production of cyclin D1 rather than enhancing its
degradation. Furthermore, high doses (greater than 100 ug/mL) of SE increased the expression
of RIP1 and RIP3, which are biomarkers for programmed necrosis (necroptosis).'* Although the
mechanisms underlying the RIP pathway have not been fully elucidated, this pathway has gained
attention as a potential mechanism to promote anticancer effects.

“Kumazasa” is a traditional medicinal herb that is frequently used throughout Japan. In many
cases, the name Kumazasa is used not only for S. veitchii, but also for several other variants. In
Japan, many Sasa species are commercially produced and are extracted using different methods.
In the present study, we used S. veitchii extract obtained from Sunchlon Co. Ltd. The main
active ingredient in S. veitchii extract (Sunchlon®) is SCC, which provides nourishment. Min et al
reported anticancer activity in the colon by S. quelpaertensis, a distinct species of plant from
S. veitchii.'® Additionally, the authors revealed that the active ingredients in S. quelpaertensis
were not p-coumaric acid or tricin. Using cancer cell lines other than colon lines, Jang et al
also concluded that p-coumaric acid is not the main anti-cancer component of S. quelpaertensis
Nakai.' As mentioned above, the active ingredient in Sasa Health® responsible for its anti-breast
cancer activity has not been elucidated.® Sasa Health® is an alkaline extract of Sasa senanensis
rehder or Sasa albo-marginata. The anticancer effects of lignin and various polysaccharides
have also been determined®; however, there is a lack of evidence regarding Sasa sp., and the
mechanism by which Sasa extracts function has not been extensively investigated. In the present
study, we were unable to determine the active ingredient in SE. The SE used in the present
study contained SCC in abundance (0.25%), and SCC has been reported to exert anticancer
activity by suppressing cyclin D1 expression in MCF-7 cells.?! However, to achieve cyclin DI
suppression by SCC alone, the required SCC concentration was 400 pg/mL. In the present study,
we demonstrated an anticancer effect for SE at 10 ug/mL. Additionally, from our previous report,
the analysis of SE composition revealed several peaks that were not specific for SCC.? Therefore,
we ruled out the possibility that the anticancer activity of SE was derived solely from SCC.
We are currently attempting to isolate the individual components of SE using various organic
solvent/water extractions. In the future, as analysis of the components of S. veitchii and other
Sasa sp. progresses, our goal is to further elucidate the identity of the anticancer ingredients
within these extracts.

In conclusion, we demonstrated that SE treatment induces apoptosis at low doses and necrop-
tosis at high doses. Although the active components of SE have not been fully elucidated, the
results of our investigation may be helpful for improving cancer prevention and quality of life
for cancer patients.
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