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Abstract
Objective: Gastric cancer is a major health issue worldwide. Using a therapeutic ap-
proach, with minor side-effects, is very essential for the treatment of the gastric cancer.
Shiraia bambusicola is a parasitic fungus which is widely used in China for curing several
diseases with little side-effects. However, the mechanisms are not well understood yet.
The aim of this study was to further understand the pharmacological mechanisms of Shi-
raia bambusicola and investigate whether it can be used for curing gastric cancer.

Materials and Methods: In this experimental study, we mainly tested the effect of active
components extracted from Shiraia bambusicola on BGC823, A549 and HepG2 cells. We used
MTT assay to test cell viability. We also analyzed morphologic changes caused by apoptosis
using Hoechst 33342 fluorescence staining, as well as cell cycle status and apoptosis ratio us-
ing flow-cytometer. In addition, protein expression level was tested by Western-blotting assay.

Results: BGC-823 cell proliferation was specifically inhibited by active components of
Shiraia bambusicola. Meanwhile, these active components could induce BGC-823 cells
apoptosis and retard the cell cycle in S/G2 phase. We also determined that two critical
protein markers cleaved Poly(ADP-ribose) polymerase-1 (PARP-1) and FLICE-inhibitory
protein (FLIP), involved in apoptosis process, were regulated by these active components.

Conclusion: These data shed light on the treatment of human gastric cancer and conclude
that Shiraia bambusicola can be a good therapeutic candidate for treatment of this malignancy.
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Introduction

Gastric cancer can be initiated in any part of the
stomach and may spread throughout this organ and
many others, particularly esophagus and the small in-
testine (1). This type of malignancy, as the most com-
mon cause of cancer-related death, is a major health
issue worldwide. Although, this malignancy repre-
sents roughly 2% (21,500) of all new diagnosed can-
cer cases, every year, in the United States, it is much
more common in Asia, including Japan and China (2,
3). Investigations report that this disorder is associated
with using high amount of salt in diet, smoking, as
well as low intake of fruits and vegetables (4).

Prognosis of the patients with gastric cancer is relat-
ed to tumor extent, including both nodal involvement
and direct tumor extension beyond the gastric wall.
Currently different types of therapeutic approach are
utilized for treatment of this disease including surgery,
chemotherapy and neo-adjuvant, adjuvant, and pallia-
tive therapies. Using the choice of surgical approach
in gastric cancer depends on the size, location, and lo-
cally invasive characteristics of this malignant tumor
(5). Current anti-neoplastic or combinational thera-
peutic agents, such as Epirubicin, Cisplatin, 5-FU,
Docetaxel and Irinoteca, used in managing gastric
cancer have very strong side-effects on the health of
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patients (6). Therefore, it is very necessary to find new
therapeutic agents to treat gastric cancer disease with
less side-effects (7).

Shiraia bambusicola P. Henn. is a parasitic fun-
gus on twigs of several kinds of bamboos, including
Brachystachyum densiflorum and relevant species
in China as well as Bambusa species in Japan (8, 9).
Generally, Shiraia bambusicola can cause bambu-
sicolous disease, leading to reverse effects on plant
growth. It is noteworthy to indicate that sporophores
of this fungus are widely used in the southern part of
China for the treatment of inflammation, apoplexy
and sciatica with little side-effect representations.
The chemical constituents of Shiraia bambusicola
include several bioactive compounds, such as ergos-
terol, hypocrellins, 1,8-dihydroxy anthraquinone and
dideoxyverticillin (10). However, the function of the
active components of Shiraia bambusicola is not well
understood yet. Previous results showed that hypo-
crellins extracted from Shiraia bambusicola are pho-
tosensitizers, acting as anti-tumor, anti-biotic, anti-vi-
ral and anti-inflammatory properties (8). In addition,
it has been demonstrated that 11,11'-dideoxyverticil-
lin isolated from Shiraia bambusicola has anti-angio-
genic activity (11). Regarding the low side-effects and
considerable efficiency, it is very important to know
whether these active components obtained from Shi-
raia bambusicola can potentially be used for treat-
ment of cancer, due to their low side-effects. In fact,
investigating the effect of these active components on
malignant cells and their mechanism of actions could
be a beneficial strategy to find better approach for
treatment of this type of cancer (12).

Poly(ADP-ribose) polymerase-1 (PARP-1) is a nu-
clear chromatin-associated enzyme involved in sev-
eral important cellular processes, particularly in the
DNA repair system (13). Within apoptosis, cleaved
PARP-1, as a crucial protein which could be in-
volved in DNA degradation and used as a biomarker
for detection of this procedure, is up-regulated (14).
Moreover, FLICE-inhibitory protein (FLIP) is a novel
determined apoptosis marker, potently blocking TNF-
related apoptosis-inducing ligand (TRAIL)-mediated
cell death by interfering with caspase-8 activation (15,
16). Pharmacologic down-regulation of FLIP protein
could serve as a therapeutic intervention to sensitize
cancer cells to apoptosis induced by TRAIL (17). Pre-
vious findings showed that both PARP-1 and FLIP
play very critical roles in the apoptosis process of gas-
tric cancer cells (18, 19).

In the present research, using human gastric cancer
cell line (BGC823), lung carcinoma cell line (A549)
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and hepatocellular carcinoma cell line (HepG2), we
attempted to investigate the effects of recruited active
components from Shiraia bambusicola on different
cell models as well as the potential mechanisms in-
volved in these processes.

Materials and Methods
Extraction of Shiraia bambusicola

This experimental study was approved by the Ethi-
cal Committee of Second Xiangya Hospital of Cen-
tral South University. The Shiraia bambusicola was
milled and mixed with freshly prepared 80% ethanol
(EtOH, Dingguo, China) in erlenmeyer flask, fol-
lowed by smoothly stirring in a digital orbital shaker
for 6 hours at 70°C. After filtering the mixture and
discarding debris, the solvent named group 1 was
filtrated in a rotary evaporator. When incubated with
cells, the resulting solid was suspended in 80% EtOH
and preserved in a concentration of 5 mg/ml. Group
1 component was further extracted by Polyamide
column chromatography and the solvent was mixed
with 95% EtOH, alternatively named group 3. When
incubated with cells, the resulting solid (group 3) was
suspended in 80% EtOH and preserved in a concen-
tration of 2 mg/ml.

Cell culture

BGC823 cell line was purchased from the Shang-
hai Cell Collection (China). In addition, A549 and
HepG2 cell lines were prepared from American
Type Culture Collection (ATCC, USA). Cells were
cultured according to previously described method
(20). The cells were cultured in Dulbecc’s modified
Eagle’s medium (DMEM, Thermo Scientific, USA)
supplemented with 10% fetal bovine serum (Sijiging,
China) at 37°C with antibiotics, and were maintained
in a humidified environment containing 5% CO,.

MTT assay

MTT assay was used to assess cell viability. The
cells were grown in a 96-well plate for 48 hours, with
a density of 2x10* cells/well. They were subsequently
treated with different concentrations of components
obtained from Shiraia bambusicola. At the end of
treatment, the medium was carefully removed and
200 pl of medium containing 20 pul MTT [5 mg/ml in
phosphate-buffered saline (PBS), Sigma, USA] was
added to each well. The cells were then incubated for
4 hours at 37°C, followed by removing the medium
and adding dimethyl sulfoxide (100 pl) to each well.
The absorbance of each well was read at 490 nm.



Cell apoptosis detection by Hoechst 33342
fluorescence staining

BGC823 cells were cultured, with a density of 5000
cells/well in 12-well plates with coverglasses (Fisher
Scientific, USA) placed in advance. After treatment
with different concentrations of the extracted com-
ponents from Shiraia bambusicola, the cell culture
medium was removed and the cells were fixed us-
ing 0.5 ml stationary liquid (Dingguo, China), for 10
minutes. By removing the stationary liquid, the cells
were rinsed twice with PBS after 3 minutes incuba-
tion. The slides containing cells were then stained by
adding 0.5 ml Hoechst 33342 (Sigma, USA) and in-
cubation for 5 minutes, followed by three times rins-
ing with PBS before cell observations by microscope.
In this experiment, morphological changes leading to
condensed or fragmented nuclei were considered as
apoptotic cells (21).

Western blot

For western blotting, the cells were lysed in RIPA
buffer (Boston Bioproducts, USA) with protease in-
hibitor cocktail (Roche, Switzerland). Protein concen-
trations were determined using the BCA protein assay
kit (Thermo Scientific, USA). Samples of cell lysate
supernatant (50 g protein) were resolved on sodium
dodecyl sulfate- polyacrylamide gel electrophoresis
(SDS-PAGE) and electro-transferred into nitrocellu-
lose membranes. The membranes were then probed at
4°C overnight with the following dilutions of the indin
cated antibodies: cleaved-PARP (Abcam 1:1000, UK)
and FLIP (Abcam 1:1000, UK). Anti-rabbit secondary
antibodies (Santa Cruz Biotechnology, USA) were
used at a 1:4000 dilution. Immunocomplexes were
detected by incubating with enhanced chemilumines-
cence (ECL, Thermo Scientific, USA) and subsequent
exposure to x-ray film. Anti-B-actin polyclonal anti-
bodies (Sigma 1:4000, USA) were incubated with the
same membrane, following the membrane stripping.

Flow-cytometer assay

The cells were harvested and prepared as single cell
suspension in washing buffer. They were then washed
twice and re-suspended in a 2x10° cells/ml concentra-
tion. 1 ml of the cells were transferred into a 15 ml
polypropylene tube on ice and 3 ml cold (-20°C) absoe
lute ethanol was added. The cells were incubated for
at least 1 hour at 4°C, for fixation. They were subsea
quently washed twice with PBS. Later, 1 ml of propid-
tum iodide (PI, 40 pg/ml PI in PBS) staining solution
was added to the cell pellets and mixed well. Ulti-
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mately, cell cycle and apoptosis rate of the BGC823
cells was analyzed by flow-cytometer (FACSCalibur,
BD, USA) using manufacturer’s protocol.

Statistical analysis

Statistical analysis of the results was carried out
using one-way ANOVA as well as Student’s t test.
P<0.05 was considered statistically significant. Data
from all experiments are presented as mean + SD of
at least three independent experiments, performed in
duplicate for each construct.

Results

BGC-823 cell proliferation can specifically be
inhibited by active components of Shiraia
bambusicola

BGC823, A549 and HepG2 cell lines were consid-
ered as good models in vitro to investigate potential
treatment strategy for human gastric cancer, lung car-
cinoma and hepatocellular carcinoma, respectively.
Using BGC823, A549 and HepG?2 cells treated with
extracts of Shiraia bambusicola, we found that only
BGC823 proliferation can be inhibited by the active
components group 1 and group 3 (Fig.1A). These ac-
tive components have no effect on A549 and HepG2
cells growth (Fig.1B, C). Meanwhile, we found that
BGC823 cells proliferation can be inhibited by group
3 in a lower rate than group 1 (Fig.1A), confirming
the fact that group 3 is the component extracted from

group 1.

Active components of Shiraia bambusicola can
induce BGC-823 morphological cell changes
and apoptosis

Human gastric cancer is one of the most common
malignant tumors with a high rate of death. Using
gastric cancer cell line, BGC823, we have already de-
termined that active components group 1 and group
3 could prevent cell growth. Subsequently, we inves-
tigated whether these active components can induce
cell apoptosis in BGC823 cells, using Hoechst 33342
fluorescence staining. Findings showed a significant
change in the morphology of cells treated with dif-
ferent concentration of active components, in a dose-
dependent manner (Figs.2A-E, 3A-E). In this
context, several visible condensed or fragmented
nuclei were observed by treating the cells with 80
ng of group 1 (Fig.2D), or 32 pg of group 3 extract
(Fig.3D), while the former cells (containing con-
densed nuclei) were determined as apoptotic cells
(Figs.2D, 3D, white arrows).
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Fig.1: Active components of Shiraia bambusicola can specifically inhibit BGC823, but not A549 and HepG2 cell proliferations. Using MTT
assay, the images show cell growth inhibition of A. BGC823 cells, B. A549 cells, and C. HepG2 cells, induced by group 1 and group 3 at
different concentrations. *; P<0.05, n=6.

CELL JOURNALaknen), Vol 18, No 2, Jul-Sep (Summer) 2016 152



Zhang et al.

0 pg/ml 5.00 pg/ml

20.00 pg/ml 80.00 pg/ml

E 15
*
S
7]
Q
(=]
g 10+
=
o
e
(=]
Q
[]
S 5
]
= *
0
0 5 20 80

Concentration of group 1 (4g)

Fig.2: Morphological changes of BGC823 cells treated with different concentrations of group 1 obtained from Shiraia bambusicola, using
Hoechst 33342 fluorescence staining. These morphological changes were analyzed in the treated cells with A. 0 pg, as negative control, B.
5 ug, C. 20 pg, D. 80 pg concentration of group 1, and E. Image shows percentage of the cells with morphological changes. White arrow
shows the condensed nucleus cell. *; P<0.05.
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Fig.3: Morphological changes of BGC823 cells treated with different concentrations of group 3 obtained from Shiraia bambusicola, using
Hoechst 33342 fluorescence staining. These morphological changes were analyzed in the treated cells with A. 0 pg, as negative control, B.

2 ug, C. 16 pg, D. 32 pug concentration of group 3, and E. Image shows percentage of the cells with morphological changes. White arrow
shows the condensed nucleus cell. *; P<0.05.
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Cell cycle was retarded in S/G2 phase and
apoptosis ratio was increased by treatment
of BGC-823 cells with group 3 at high concentration

Although both group 1 and group 3 can pro-
hibit BGC823 cell growth and induce apoptosis,
we focused on study of active components group
3 as the candidate of therapeutic approach, since
it was extracted from group 1. Using flow-cy-
tometer, we found that BGC823 cell cycle was
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retarded in S/G2 phase (Figs.4, 5SA). Meanwhile,
the apoptosis ratio of BGC823 cells was also el-
evated, by gradually increasing concentration
of group 3 extract treatment (Figs.4, 5B). These
results implicated that group 3 could have an ef-
fect on both cell cycle and apoptosis processes
at BGC823 cells, suggesting that active compo-
nents group 3 could be a good candidate for the
treatment of gastric cancer.
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Fig.4: The representative image of flow-cytometer assay results. Images show the BGC-823 cells while they were treated with A. 0 ug, as
negative control, B. 2 pg, C. 16 pg, and D. 32 ug of group 3 extracts.
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Fig.5: Images represent the percentage of A. Cell cycle phase
blockage and B. Apoptosis ratio in the BGC-823 cells treated with
0, 2, 16 and 32 g of the group 3 extracts.*; P<0.05

Treatment with group 3 can affect cleaved
PARP-1 and FLIP protein expression levels in
BGC-823 cells

To further understand the mechanism in-
volved in the physical process of BGC823 cells
induced by group 3, we tested the protein levels
of cleaved PARP-1 and FLIP by western-blot-
ting assay. Regarding that both of these proteins
are crucial markers for apoptosis, the aim of this
study was to find out whether cleaved PARP-1
and FLIP protein expression levels were mod-
ulated during BGC823 cell apoptosis, due to
treatment with group 3. Findings demonstrated,
respectively up-regulation and down-regulation
of cleaved PARP-1 and FLIP protein levels in
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BGC823 cells treated with gradually increasing
concentration of group 3, 0-32 pg (Fig. 6A, B).
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Fig.6: Images show the A. Qualitative and B. Quantitative effects
of cleaved PARP-1 and FLIP protein expression levels in BCG823
cells treated with different concentrations (0, 1, 2, 4, 8, 16 and 32
ug) of group 3, using western blotting assay. In this experiment,
two primary antibodies were employed to determine cleaved
PARP-1 as well as FLIP. B-actin was also used as internal control.
*: P<0.05.

Discussion

Fungus Shiraia bambusicola has been used
for the treatment of different diseases for long
time, among Chinese population. Thus far, very
rare side-effects have been determined from this
parasite, turning that into a reliable treatment ap-
proach for long time administration. Previous
reports implicated on several active components
isolated from sporophores of Shiraia bambusi-
cola (8), however, the functions of these active
components are not clear yet. Regarding that
many classical chemotherapy agents cause strong
side-effects on patients, it is crucial to find novel
agents with minor side-effects for the treatment
of gastric cancer.



In this experiment, we used different types of hu-
man cancer cell line, as in vifro models, to investigate
the function of active components isolated from Shi-
raia bambusicola. Our results showed that both group
1 and group 3 can specifically inhibit proliferation
and stimulate apoptosis of the BGC823 cells. These
results suggest that Shiraia bambusicola could be a
candidate for human gastric cancer treatment. Since
group 3 is a component extracted from group 1, the
percentage of useful materials from group 3 may be
higher compared to group 1. Hence, we focused on
the effects of group 3 on BGC823 cell cycle blockage
and apoptosis. Our findings confirmed that group 3
can dose-dependently promote BGC823 cell apopto-
sis and retard cell cycle in the S/G2 phase.

Cell apoptosis is a process of the programmed
cell death that may occur in multicellular organ-
isms and be involved in many biochemical events,
leading to characteristic cell morphology changes
and death. Many critical genes, such as P53, Bcl-
2, Caspases, PARP-1 and FLIP can participate in
apoptosis process (22, 23). Therefore, we focused
on two apoptotic markers, PARP-1 and FLIP, to
determine their effects in apoptosis of the treated
BGC823 cells with group 3. Our findings showed
that cleaved PARP-1 protein level was increased,
while the expression of FLIP protein was de-
creased. These data confirmed that both PARP-1
and FLIP are key proteins, during the apoptosis
process of BGC823 cells induced by the group 3.

It is very promising that the active components
of Shiraia bambusicola can induce BGC823 ap-
optosis and we propose that Shiraia bambusicola
might be a good candidate for treatment of human
gastric cancer. However, it is noteworthy to indi-
cate that these active components could only have
effect on some types of gastric cancer. Further in-
vestigations are required in vitro and in vivo to de-
termine the precise effect of Shiraia bambusicola
on human gastric cancer.

Conclusion

Together, our data shed light on the treatment of
human gastric cancer. The active components of
Shiraia bambusicola, which can inhibit BCG823
proliferation, block cell cycle on S/G2 phase and
induce cell apoptosis, might be useful for treatment
of this malignancy. Meanwhile, we confirmed that
PARP-1 and FLIP proteins play important roles dur-
ing apoptotic process of the BGC823 cells, induced
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by active components of Shiraia bambusicola.
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