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Abstract: The pPeOp is a protein extracted from the sclerotium of Omphalia lapidescens. Herein, we explored the
effect of pPeOp inhibition of cell proliferation and induction of cell apoptosis in colon cancer cell line SW620. Cell
viability was detected by the MTS assay. Cell proliferation was tested by the EdU assay. Apoptosis was assessed
by flow cytometry and Hoechst staining. The apoptosis proteins expression of Fas, FasL, Cleaved-caspase-3, Cas-
pase-8, and Bcl-2 was analyzed by western blotting. We treated SW620 colon cancer cells with 0, 30, 60, 90 or
120 ug/ml pPeOp and studied the impact it had on the viability, the proliferation and apoptosis of treated cells. A
24-hour treatment with pPeOp inhibited the viability of SW620 cell in a dose-dependent manner, wherein 85.24 ug/
ml was sufficient to inhibit cell viability by 50% (IC50). Besides, the proliferation of SW620 cells was significantly
inhibited by pPeOp. Our microscopy images show that SW620 cells treated with > 60 pyg/ml pPeOp became round in
morphology and appeared to shrink. pPeOp also enhanced the rate of apoptosis in a dose-dependent manner. Fas,
FasL, Cleaved-caspase-3, and Caspase-8 were significantly up-regulated and Bcl-2 was significantly down-regulated
relative to control cells. Our data suggest that pPeOp is able to suppress tumor growth by inducing the apoptosis of
human colon cancer cells. Accordingly, pPeOp may serve as a novel therapeutic agent for colorectal cancer.
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Introduction

Colorectal cancer (CRC) is the third most com-
monly diagnosed cancer and the fourth most
common cause of cancer deaths worldwide,
wherein 608,000 patients succumb to the
disease each year [1]. Although considerable
advances in screening and treatment have
been made, a significant number of patients
are still diagnosed during the late stages of the
disease associated with dismal outcomes [2].

Omphalia lapidescens - “Lei Wan” in Chinese -
isafungus used in Traditional Chinese Medicine
(TCM) to treat numerous parasites, including
roundworms [3]. This fungus was originally re-
ported in the Shen nong Materia Medica and
was attributed to the stomach and large intes-
tine meridians, which indicated its potential
effects on these two organs [4]. Numerous
studies have reported that O. lapidescens pos-
sesses anti-tumor properties, including sup-
pressing proliferation and inducing apoptosis

of cancer cells [5, 6]. Accordingly, the China
Food and Drug Administration (CFDA) have
approved Lei Wan pill and Lei Wan capsule as
anti-tumor drugs.

pPeOp is a protein extracted from the sclero-
tium of O. lapidescens with PVP extraction buf-
fer. Previous studies demonstrated that pPeOp
promoted the apoptosis, inhibited migration
and arrested cell cycle of MC-4 gastric cancer
cells, whilst causing no toxicity to MC-1 normal
gastric cells [3, 4].

To date, however, no studies have investigated
its efficacy for treating colorectal cancer. The
present study aimed to investigate the influ-
ence that pPeOp has on the cell viability and
apoptosis of SW620 human colon cancer cells.
Besides, cells treated with 120 ug/ml PVP was
regarded as a negative control. Furthermore,
we also studied the expression of apoptosis-
associated proteins.
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Figure 1. Morphology analysis and MTS cell viability assay. Following treatment with 0-120 pg/ml pPeOp or 120 pg/
ml PVP for 24 h, cell morphology was observed under the light microscope. A: Control SW620 cells. B: PVP treated
SW620 cells. C-F: SW620 cells treated with different doses of pPeOp. G: MTS assay cell viability of SW620 cells

(*P < 0.05, **P < 0.01, compared with the control group).

Materials and methods
pPeOp extraction and purification

The fruiting body of O. lapidescens was provid-
ed by Fang Hui Chun Tang (Hangzhou, China).
Protein extraction and purification were per-
formed according to a previously published
protocol [4].

Cell line and cell culture

Human SW620 colon cancer cells were provid-
ed by the Zhejiang Provincial Center for Disease
Control and Prevention (ZJCDC). SW620 cells
were cultured in RPMI 1640 medium (Hang-
zhou Genom Biomedical Company) supple-
mented with 10% fetal bovine serum at 37°C
in a humidified atmosphere containing 5% CO,,.

MTS assay

Cell viability was determined by MTS assay.
SW620 cells (1 x 10%/ml) were seeded in
96-well plates and cultured with varying con-
centration pPeOp (0, 30, 60, 90 or 120 pg/ml)
for 24 h at 37°C. Subsequently, 20 yl MTS
(Promega Corporation) were added to each
well, agitated lightly for 30 s, and then incu-
bated for 2 h at 37°C in the dark. The optical
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density (OD) was measured at 490 nm using
a microplate reader (Labsystems).

5-ethyny-2’-deoxyuridine (EdU) cell prolifera-
tion assay

EdU assay was used to test cell proliferation.
Human SW620 cells (1 x 10%/ml) were seeded
in 24-well plates and cultured with different
dose of pPeOp (0, 30, 60, 90 or 120 pg/ml) for
24 h. BeyoClick™ EdU Cell Proliferation Assay
Kit with Alexa Fluor 594 was purchased from
Beyotime Biotechnology. EdU assay were fol-
lowed by product instruction. Briefly, EdU solu-
tion (10 pM, dissolve in culture medium) were
employed to cultured SW620 cells for 2 h at
room temperature. Then, 4% Paraformaldehyde
(4 ml/well) was added and incubated for 30
min in the room temperature. After wash three
times with wash buffer (Beyotime), cells were
incubated with 0.3% Triton X-100 (1 ml/well)
for 15 min at the room temperature. Then,
cells were incubated with Click Reaction solu-
tion (Beyotime) for 30 min in the dark. After
wash three times with wash buffer, the Hoe-
chest 33342 solution was applied to incubate
cells 30 min in the dark. Stained cells were
examined using a Leica DMIRE inverted fluores-
cence microscope system (Leica Microsystems
Corp). Under the fluorescence microscope, five
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fields were randomly selected to calculate the
number of EdU-positive cells.

Flow cytometry assay

Flow cytometry assay was employed to detect
apoptosis and necrotic cells by Annexin V-FITC
and propidium iodide (Pl) double staining. After
treated with gradient concentration pPeOp (O,
30, 60, 90 or 120 pg/ml) for 24 h, SW620 cells
were subsequently collected and re-suspended
with ice-cold PBS. Next, cells were stained with
the FITC/Annexin V/PI reagent (BD Biosciences)
and incubated for 15 min at room temperature
in the dark. Apoptotic cells were analyzed using
a Beckman FC500 flow cytometer (Beckman
Coulter).

Hoechst staining assay

Human SW620 cells (1 x 10° cells/well) were
seeded in 6-well plates and then treated with

5685

Merge

* & 1
* % I 1

g 300 [ !

E _*.‘._|

38 T

9.-‘-'E?200-

=%

w =

o T 100

>

= 0

S ‘ “ ||’1|"‘|

[

[v'4 04 . . : . T

PSSP
44 pPeOp(ug/ml)

Figure 2. EdU cell proliferation assay.
After treated with 0-120 ug/ml pPeOp
or 120 ug/ml PVP for 24 h, EdU was
added and incubated for 2 h. The EdU-
positive cells were calculated under a
fluorescence microscopy. (*P < 0.05,
**P < 0.01, compared with the con-
trol group).

pPeOp (O, 30, 60, 90 or 120 ug/ml) or PVP
(120 ug/ml) for 24 h. Treated cells were stained
with the Hoechst 33258 reagent (Beyotime) of
the apoptotic nuclear chromatin staining Kkit.
Stained cells were examined for signs of apop-
tosis, as determined by condensed and frag-
mented nuclei, and imaged using a Leica
DMIRE inverted fluorescence microscope sys-
tem (Leica Microsystems Corp).

Western blotting assay

Treated cells were harvested and total protein
was extracted with ice-cold lysis buffer (Be-
yotime) and quantitated with a BCA protein
assay kit (Keygen Biotech). Next, 20 pg protein
was resolved by SDS-PAGE, transferred onto
a PVDF membrane (Millipore Company) and
blocked with skim milk solution for 2 h. The
membrane was then incubated with rabbit an-
tibodies against Fas, FasL, Cleaved-caspase-3,
Caspase-8, and Bcl-2 overnight at 4°C. All pri-
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Figure 3. Morphological analysis of SW620 cells by Hoechst staining. After treated with 0-120 pg/ml pPeOpor 120

ug/ml PVP for 24 h, cell nuclei fragments were observed under a fluorescence microscopy. A: Control SW620 cells.
B: PVP treated SW620 cells. C-F: SW620 cells treated with different doses of pPeOp (30, 60, 90 or 120 ug/ml).

mary antibodies were purchased from Cell
Signaling Technology. Membranes were wash-
ed three times with TBST and incubated with a
goat anti-rabbit secondary antibody (Sangon)
for 2 h and washed three times with TBST. Blots
were visualized by an Aplegen Omega Lum G
Gel Documentation System.

Statistical analysis

All experiments were conducted in triplicate.
Data are expressed as the mean + SD. SPSS
software was used for statistical analyses.
Results of the MTS cell viability assay and Flow
cytometry-based analysis were subjected to
one-way analysis of variance (ANOVA). Western
blotting results were quantitated using Image J
software and analyzed by ANOVA.

Results

pPeOp changes the morphology of SW620
cells

Light microscopy was applied to analyze the

morphological changes of the SW620 cells.
Control cells were used to determine baseline
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cellular morphology (Figure 1A). When treated
with PVP buffer (120 ug/ml), as shown in Figure
1B, SW620 cells retained a normal morphology
compared to control cells. When exposed to
30-120 ug/ml, however, cells became marked-
ly damaged, reverting to a spherical morpho-
logy and showing signs of shrinkage (Figure
1C-F).

Under a fluorescence microscopy, morphologi-
cal changes of cell nuclei were further observ-
ed after Hoechst 33258 staining. In control
group, SW620 cells nuclei remain round in
shape and were homogeneously stained by
Hoechst 33258 (Figure 3A). A similar morphol-
ogy was observed in the PVP-treated group
(Figure 3B). However, as shown in Figure 3C-F,
some fragmentation and condensation of nu-
clei were seen. Taken together, these results
show that pPeOp induced morphological ch-
anges in a dose-dependent manner; changes
that were not observed when cells were not
exposed to pPeOp.

pPeOp inhibiting cell viability of SW620 cells

The MTS assay was employed to measure the
inhibitory activity of pPeOp on cell viability.
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Figure 4. Cell apoptosis was detected by flow cytometry analysis. The proportion of SW620 cells treated with 0-120 ug/ml pPeOp or 120 ug/ml PVP for 24 h un-
dergoing apoptosis. A: Control SW620 cells. B: PVP treated SW620 cells. C-F: SW620 cells treated with different doses of pPeOp (30, 60, 90 or 120 ug/ml). G:
Apoptosis rate of cells with different treatments. H: Survival rate of cells with different treatments (*P < 0.05, **P < 0.01, compared with the control group).
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SW620 cells were exposed to varying concen-
tration of pPeOp or 120 ug/ml for 24 h, after
which the cells were assayed for their viability.
As shown in Figure 1G, when compared with
control group, the inhibition of cell viability in
colon cancer cells become more significant
with increasing concentration of pPeOp (P <
0.05 and P < 0.01). On the contrary, there was
no significant difference in the viability of cells
treated with PVP. The concentration at which
SW620 viability was inhibited by 50% (IC50)
was 85.24 pg/ml. These data indicate that
pPeOp inhibited the viability of SW620 cancer
cells in a dose-dependent manner.

pPeOp exhibits anti-proliferative activity
against SW620 cells

The EdU cell proliferation test was used to
assay cell proliferation. As shown in Figure 2,
the relative EdU-positive cell numbers signifi-
cantly decrease with increasing concentration
of pPeOp (P < 0.05 and P < 0.01). On the
other hand, there was no significant difference
in the EdU-positive cell numbers with PVP.
Our data suggested the proliferation activity
of pPeOp was significantly inhibited by pPeOp.

pPeOp triggers apoptosis in SW620 cells

To test the effect of pPeOp on apoptosis of
colon cancer cells, SW620 cells were treated
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with varying concentration of pPeOp, and then
stained with Annexin V-FITC and PI, and the
apoptotic cells were distinguished by flow
cytometry. Flow cytometry-based analysis in-
dicated that the percentage of SW620 cells
undergoing apoptosis was significantly incre-
ased (Figure 4A-F). Furthermore, the number of
surviving cells was significantly decreased with
the increasing dose of pPeOp (Figure 4H),
which is consistent with the cell viability ob-
tained by MTS analysis. Thus, our data confirm
that pPeOp is able to induce apoptotic in a
dose-dependent manner.

pPeOp alters the expression of apoptosis regu-
latory proteins

To elucidate the mechanism underlying the
pPeOp-induced apoptosis of SW620 cells, we
assayed the expression of Fas, FasL, Cleaved-
caspase-3, Caspase-8 and Bcl-2 by Western
blotting. Following 24 h of treatment with
30-120 pPeOp pg/ml, as shown in Figure 5, the
expression of Fas, FaslL, Cleaved-caspase-3
and Caspase-8 were significantly elevated (P <
0.05, P < 0.01), whereas the expression of
Bcl-2 was significantly down-regulated (P <
0.05, P < 0.01). By contrast, as shown in Fi-
gure 5, there was no significant difference
between cells treated with 120 pg/ml PVP
and control cells (P > 0.05). Accordingly, the
expression of numerous apoptosis regulators
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is modulated post pPeOp treatment. These
results show that pPeOp modulates the expres-
sion of apoptosis-related proteins in colon can-
cer cells.

Discussion

Apoptosis is a normal physiological process
essential to development and homeostasis
[7], by which organisms eliminate superfluous,
harmful or unhealthy cells [8, 9]. Cells under-
going apoptosis go through a series of charac-
teristic morphological changes, including cell
shrinkage, membrane blebbing, nuclear frag-
mentation and poly-nuclear DNA fragmenta-
tion [10].

Apoptosis is activated mainly through two dis-
tinct pathways-namely the death receptor
(extrinsic) pathway or mitochondrial (intrinsic)
pathway [11, 12]. The death receptor pathway
is the most detailed and well-studied apoptosis
pathway and the one in which the Fas/FasL
and TNFR pathways transduce through. Fas is a
type |-membrane protein and an important
member of the tumor necrosis factor receptor
(TNFR) superfamily [13]. When the Fas ligand
(FasL) binds to Fas, a death-inducing signaling
complex (DISC) is formatted, which includes
the adaptor recruitment protein FADD and
Caspase-8. Then, activation of Caspase-8 initi-
ates a caspase cascade leading to the activa-
tion of Caspase-3, which results in the execu-
tion of apoptosis [14]. The Bcl-2 family of
proteins is located in the inner mitochondrial
membrane wherein they play a pivotal role in
mitochondrial apoptosis pathway [15]. The
Bcl-2 family proteins subdivided into three
classes: anti-apoptosis regulators (such as Bcl-
2, Bel-xl, Bcl-w), pro-apoptotic regulators (such
as Bax, Bak) and the BH3 (Bcl-2 Homology 3)
only proteins [16]. In the mitochondrial apop-
tosis pathway, the apoptosis is initiated by Bak
and Bax through the process of increasing the
mitochondrial outer member permeability and
release the cytochrome c to the cytosol. How-
ever, Bcl-2 protein inhibits this process [17].
Numerous proteins and enzymes are involved
in the initiation, amplification, or even suppres-
sion, of apoptosis, but it is generally the cyste-
ine and aspartic acid-containing proteases
(Caspases) that mediate the final process of
cell death [18, 19].
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In the present study, SW620 cells treated with
different doses of pPeOp turned round and
appeared to shrink. Besides, we subsequently
showed by flow-cytometry that pPeOp induced
apoptosis in a dose-dependent manner. For
the death receptor apoptosis pathway, the ini-
tiation proteins (Fas, FasL) were significantly
up-regulated. Caspase-8, act as amplification
proteins in death receptor apoptosis pathway,
was also significantly up-regulated. Besides,
cells treated with pPeOp significantly up-regu-
lated the execution protein (Cleaved-caspase-
3). Furthermore, the protein levels of Bcl-2 sig-
nificantly down-regulated. Therefore, pPeOp-
induced apoptosis in SW620 cells may be relat-
ed to the death receptor and mitochondrial
pathway. In summary, pPeOp significantly in-
hibits proliferation and induces apoptosis in
SW620 cancer cells and has the potential to be
used as a treatment for CRC.
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