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Abstract
The mycelial extract of the entomopathogenic fungus Ophiocordyceps sobolifera has recently been reported to have anti-
bacterial, anti-fungal and anti-cancer effects; however, there have been no reports on the medicinal value of the crude protein
against the Michigan Cancer Foundation-7 (MCF-7) human breast cancer cell line. Therefore, in this study, crude proteins from
11 isolates ofO. soboliferawere subjected to screening and evaluation for potential anticancer activity against a breast cancer cell
line. The cytotoxic and antiproliferative effects of the crude proteins on human breast cancer MCF-7 cell line was investigated
using the sulforhodamine B (SRB) assay and colony formation. The gene expression and cell cycle-associated protein levels were
assayed by reverse transcription-quantitative polymerase chain reaction and western blotting analysis. The results showed that the
crude proteins of all isolates had anti-cancer activity in a time- and dose-dependent manner. Among them, isolates Cod-KK1524,
Cod-KK1630, Cod-KK1643 and Cod-KS1601 had greater inhibitory effects against cancer cells; therefore, these were chosen for
further evaluation of anti-cancer mechanisms. These crude proteins exhibited a potent anticancer effect on the MCF-7 cells by
inhibiting colony formation in a dose-dependent manner. Furthermore, the crude proteins significantly decreased the cyclin-
dependent kinase 6 (cdk6) and cyclin D1 expression. Additionally, crude proteins significantly enhanced the potent cyclin-
dependent kinase inhibitor (p21) levels, and reduced the expression level of the cell cycle protein, cyclin D1. These findings
indicate that the crude protein of the entomopathogenic fungus O. sobolifera may be useful for developing an anti-cancer drug
candidate for breast cancer therapeutic treatment.
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Introduction

Breast cancer is a major cause of morbidity and mortality. In
Asia, breast cancer has caused a significant number of cases
and cancer-related deaths in women (Agarwal et al. 2007).
The development of novel agents based on the biological ac-
tivity of many compounds involving antimicrobial proteins

(AMPs) could be promising, and has emerged as a new strat-
egy to conquer cancer (Deslouches and Di 2017).
Antimicrobial proteins are small proteins that have activity
to inhibit or kill microbial pathogens, and AMPs have also
been reported to have anti-cancer activity. For example,
AMPs from the mushrooms Calvatia lilacina, Pleurotus
ostreatus and Volvariella volvacea could decrease cell viabil-
ity of the human colorectal adenocarcinoma cell line (SW480
cells) and a human monocytic leukemia cell line (THP-1 cells)
(Wu et al. 2011).

Some of the possible candidate medicinal fungi, include
the entomopathogenic fungi in the genera Cordyceps and
Ophiocordyceps, are known and reported to produce AMPs
contain anti-cancer, antifungal and anti-viral activities (Park
et al. 2009; Wong et al. 2011; Wang et al. 2012; Bai and Sheu
2018). For example, Wong et al. (2011) demonstrated that the
peptide cordymin from the medicinal fungus Cordyceps
militaris displayed anti-proliferative activity toward the breast
cancer MCF-7 cell line and had the ability to inhibit the fungal
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mycelial growth of Bipolaris maydis, Mycosphaerella
arachidicola, Rhizoctonia solani and Candida albicans. Bai
and Sheu (2018) reported that a novel protein from the fruiting
bodies of C. militaris had the ability to inhibit cell viability in
murine primary cells in a time- and dose-dependent manner.
Wang et al. (2012) found a novel alkaline serine protease
“Cordysobin” isolated from O. sobolifera had the HIV-1 re-
verse transcriptase inhibitory activity. Based on these abilities,
the entomopathogenic fungi in the genera Cordyceps and
Ophiocordyceps could be used as sources of novel AMPs
possessing a diverse spectrum of anti-cancer activities.

I n Tha i l a n d , t h e en t omopa t hog en i c f ungu s
Ophiocordyceps sobolifera (Ophiocordycipitaceae,
Ascomycota) have been found in various locations in the
northeastern region. Moreover, the anti-bacterial, anti-fungal
and anti-cancer activites (Sangdee et al. 2018a, b) of the my-
celial extract from this fungal species have been reported;
however, the activities of AMPs have not yet been investigat-
ed. Therefore, in this study we screened and investigated the
effects of the crude protein from O. sobolifera against the
human breast cancer MCF-7 cell line, and the mechanism of
action responsible was also examined.

Materials and methods

Fungal strains and crude protein preparation

Eleven potential strains of the medicinal fungus identified as
O. sobolifera based on the internal transcribed spacers of nu-
clear ribosomal DNA repeats (ITS-DNA) sequencing in pre-
vious studies (Jaihan et al. 2016; Sangdee et al. (2018a)
(Table 1) were used to preliminary screen anti-breast cancer
activity by evaluation of cell viability and the anti-breast can-
cer mechanisms in this study. The crude protein of these fun-
gal isolates was prepared according to the method previously
described by Sangdee et al. (2015) Briefly, the fungal mycelial
of all the isolates were cultured in induced medium (Huang
et al. 2009) at 28 °C for 20 days. After that, the mycelium was
harvested, dried and powdered. Then, 50% ethanol was added
to dried mycelium at a final concentration of 100 mg/mL
(w/v). Then, the mixture was sonicated, centrifuged and fil-
tered through a 0.2-µm filter. Following this, three milliliters
of the 50% (v/v) ethanol extract were pipetted into 15-mL
Focal tubes before precipitating the crude protein by adding
three volumes of protein precipitation buffer and mixed by
inverting 20 times. Then, the mixture was incubated at -20
°C for 2 h before being centrifuged at 9100 × g for 20 min.
The total protein pellets were dissolved in 500 μL of 1 × PBS
and were then quantized by a Micro-Volume UV-Vis
Spectrophotometer (Nanodrop 2000, USA) at an optical den-
sity of 280 nm and then adjusted to the final protein

concentration was 5 mg/mL before being used to investigate
the anti-breast cancer activity.

Sulforhodamine B (SRB) assay

The human breast cancer cell line MCF-7 was obtained from
the American Type Culture Collection (ATCC, USA) and
maintained according to ATCC’s recommendations. SRB as-
say was used to measure the effect of the crude protein from
11 strains of O. sobolifera on the cell viability of MCF-7 cells
as previously described Buranrat et al. (2016) Sangdee et al.
(2018b) Briefly, breast cancer cells (1 × 104 cells/well) were
seeded in 96-well plates and incubated overnight at 37 oCwith
5% CO2. After incubation, the growth medium was discarded
and replaced with fresh DMEM medium (Gibco BRL Life
Technologies, USA) containing each crude protein extract.
The MCF-7 cells were further incubated for 24–72 h prior to
the viability being examined by SRB assay. Briefly, cancer
cells were fixed with 10% trichloroacetic acid, stained with
0.4% SRB (Sigma-Aldrich, St. Louis, MO, USA) and solubi-
lized with 10 mM Tris base. Next, the optical density was
measured by a spectrophotometer at 540 nm. The IC50 con-
centration (50% inhibition of cell viability) was calculated
from the dose-response curves.

For the combination treatment between the crude protein of
fungal strain Cod-KK1524, Cod-KK1630, Cod-KK1643, Cod-
KS1601 and doxorubicin were investigated by SRB as de-
scribed above. Cancer cells were treated with various concen-
trations of the crude protein of these isolates (0-250 μg/mL)
with 1 μM doxorubicin (Sigma-Aldrich, St. Louis, MO, USA)
for 24 h. Then the cancer cell viability was dertermined by SRB
assay.

Table 1 The effects of 11 isolates of O. sobolifera on MCF-7 viability

Fungal isolates IC50 of cell viability (μg/mL)

24 h 48 h 72 h

Cod-KK1506 305.13 ± 16.54 a 257.20 ± 10.21 b 151.90 ± 4.62 c

Cod-KK1524 205.27 ± 20.75 a 62.21 ± 4.21 b 24.64 ± 1.53 c

Cod-KK1625 299.30 ± 26.54 a 162.87 ± 6.22 b 42.11 ± 0.44 c

Cod-KK1630 345.80 ± 15.22 a 88.22 ± 1.74 b 37.48 ± 2.57 c

Cod-KK1634 522.99 ± 47.62 a 432.77 ± 26.36 b 100.94 ± 12.94 c

Cod-KK1643 206.60 ± 10.08 a 44.51 ± 2.91 b 26.10 ± 1.74 c

Cod-KS1601 185.27 ± 12.7 a 45.45 ± 3.59 b 26.80 ± 1.12 c

Cod-NB1302 294.69 ± 24.69 a 222.50 ± 21.58 b 202.47 ± 22.92 b

Cod-SN1606 300.23 ± 7.44 a 168.47 ± 3.48 b 105.26 ± 12.56 c

Cod-SN1610 173.87 ± 16.06 a 141.53 ± 6.25 a 49.77 ± 2.32 c

Cod-SN1626 343.10 ± 10.66 a 322.70 ± 7.31 a 78.68 ± 8.33 b

* Different letters indicate statistically significant differences
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Colony formation assay

The colony formation assay was performed as described by
Zhang et al. (2012) and Buranrat et al. (2016) with some
modifcations. Briefly, MCF-7 cells were seeded at the density
of 500 cells/well in six-well plates for 24 h. Breast cancer cells
were then treated with various concentrations (0-250 µg/mL)
of crude protein of strains Cod-KK1524, Cod-KK1630, Cod-
KK1643 and Cod-KS1601 for 24 h. Then, the breast cancer
cells were grown for another 14 days to form colonies. The
tissue culture medium was discarded and replaced with fresh
complete DMEM medium every 2–3 days. The cancer cells
were fixed with 100% cold methanol for 15 min, stained with
0.5% crystal violet (Millipore, Bedford,MA, USA) for 15min
and colonies were observed and counted under the
microscope.

Gene expression assay

The effect of the crude protein on cyclin-dependent kinase
6 (cdk6), cyclin D1 and cyclin E gene expressions were
determined using real-time polymerase chain reaction
(RT-PCR) as described Buranrat et al. (2019) with some
modifcations. Briefly, MCF-7 cells were plated in 6-well
plates at the density of 2.5 × 105 cells/well for 24 h and
then incubated with 250 μg/mL of crude protein of iso-
lates Cod-KK1524, Cod-KK1630, Cod-KK1643 and Cod-
KS1601 for 24 h. The total RNA was extracted from
breast cancer cells using Trizol reagent (Invitrogen,
Grand Island, NY, USA) according to the manufacturer’s
instructions, and the total RNA was then reverse tran-
scribed to single-stranded cDNA using iScript reverse
transcriptase (Bio-Rad, Hercules, CA, USA). Real-time
PCR was carried out using specific primers for the target
gene from PrimerBank (MGH CCIB DNA core) as fol-
lows: cdk6 forward 5’ GCT-GAC-CAG-CAG-TAC-GAA-
TG 3’ and cdk6 reverse GCA-CAC-ATC-AAA-CAA-
CCT-GAC-C 3’; cyclin D1 forward 5’ GCT-GCG-AAG-
TGG-AAA-CCA-TC 3’ and cyclin D1 reverse 5’ CCT-
CCT-TCT-GCA-CAC-ATT-TGA-A 3’; cyclin E forward
5’ ACT-CAA-CGT-GCA-AGC-CTC-G 3’ and cyclin E
reverse 5’ GCT-CAA-GAA-AGT-GCT-GAT-CCC 3’; and
beta-actin forward 5’ GTG-ACG-TTG-ACA-TCC-GTA-
AAG-A 3’ and beta-actin reverse 5’ GCC-GGA-CTC-
ATC-GTA-CTC-C 3’. The PCR was performed with
SsoFastTM EvaGreen Supermix with low Rox (Bio-Rad,
Hercules, CA, USA) using a CFX96 Touch Real-Time
PCR Detection System (Bio-Rad, Laboratories, Inc.) un-
der the following conditions: denaturation at 95 °C for
3 min and amplification by cycling 40 times at 95 °C
for 15 s and 60 °C for 31 s. The relative expression ratio

of the target gene was calculated compared to the refer-
ence beta-actin gene.

Protein expression assay

The effect of the crude protein on protein expression was
assessed as described by Wang et al. (2017) and Buranrat
et al. (2017a) with some modifcations. Briftly, the MCF-7
cells were seeded at 2.5 × 105 cells/well in 6-well plates
for 24 h before treatment with 250 μg/mL of the crude
protein of isolates Cod-KK1524, Cod-KK1630, Cod-
KK1643 and Cod-KS1601 for 24 h. The whole cell ly-
sates were prepared using RIPA cell lysis buffer supple-
mented with protease cocktail inhibitor according to the
manufacturer’s instructions. The proteins (20 μg) were
resolved with SDS-PAGE using 12% polyacrylamide gel
(Bio-Rad, Laboratories, Inc.) and the separated proteins
on the gel were electrophoretically transferred to a
PVDF membrane (Millipore, USA). The PVDF mem-
branes were blocked for 2 h with 5% (w/v) bovine serum
albumin in Tris buffered saline containing 0.1% Tween-20
(TBST). Expression of the cell cycle regulator and
protein-related cell cycle were assessed by incubation
with primary antibodies (p21, cyclin D1 and beta-actin,
Cell Signaling Technology, Beverly, MA, USA) overnight
at 4 °C, followed by incubation for 2 h at room tempera-
ture with HRP-conjugated secondary antibody (Cell
Signaling Technology, Beverly, MA, USA). To determine
the expressions of the proteins, the membranes were
probed with Clarity™ Western ECL substrate and cap-
tured using ChemiDoc™ Touch Imaging System (Bio-
Rad, Laboratories, Inc.).

Results

Effects of crude protein on human breast cancer
MCF-7 cell line viability

The effects of the crude protein from 11 strains of
O. sobolifera were investigated against the human breast
cancer cell line MCF-7 using the SRB assay. The results
clearly indicated that the crude proteins of each isolate had
anti-cancer activity against the MCF-7 cells. The crude
proteins from seven isolates, Cod-KK1524, Cod-
KK1625, Cod-KK1630, Cod-KK1643, Cod-KS1601,
Cod-SN1610 and Cod-SN1626, had a high percentage of
MCF-7 cell death with quite low IC50 values (less than 100
μg/mL) for 72 h (Table 1). Among them, the isolates Cod-
KK1524, Cod-KK1630, Cod-KK1643 and Cod-KS1601
had the greater activities while showing the lowest IC50

values of 24.64 ± 1.53 μg/mL, 37.48 ± 2.57 μg/mL,
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26.10 ± 1.74 μg/mL and 26.80 ± 1.12 μg/mL, respectively,
for 72 h. The IC50 values of the remaining isolates on the
cell viability of MCF-7 cells ranged from 42.11 ± 0.44 μg/
mL to 202.47 ± 22.92 μg/mL (Table 1). Moreover, increas-
ing the concentrations of the crude proteins, resulted in
increasing the percentage of MCF-7 cell death (Fig. 1).
This finding indicates that the crude proteins exhibited
concentration-dependent cytotoxic activity against the
MCF-7 cell line.

Based on the IC50 values of the cell viability for 48 and
72 h, isolates Cod-KK1524, Cod-KK1630, Cod-KK1643
and Cod-KS1601 were chosen for further investigation of
the anti-cancer activity. Next, the combination treatment

between the crude proteins of these fungal strains and
doxorubicin were also investigated. The data indicated
that doxorubicin alone caused induced MCF-7 cells death
in a dose-dependent manner with an IC50 value of 5.32 ±
0.23 μM at 24 h and for the next study, doxorubicin was
chosen at 1 μM in combination as a treatment with in-
creasing cell death by approximately 20%. The results
revealed that the combination treatments had the ability
to cause MCF-7 cell death more than the individual crude
protein treatments. The IC50 values of the crude protein
and crude protein plus 1 μM doxorubicin on the cell vi-
ability of MCF-7 cells are shown in Fig. 2. This result
indicates that the anticancer activity may be due to an

Fig. 1 Effects of crude protein from 11 isolates ofO. sobolifera onMCF-7 cell viability. Cells were treated with various concentrations of crude proteins
for 24–72 h and measured cancer cell death with SRB assay. Results are mean ± SEM of three independent experiments
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additive effect from a combination of crude protein plus
1 μM doxorubicin and the combination significantly ac-
celerated the MCF-7 cancer cell death when compared to
the crude protein treatment alone (Fig. 2; Table 2).

Effects of crude protein on MCF-7 colony
formation

The effects of the crude proteins of isolates Cod-KK1524,
Cod-KK1630, Cod-KK1643 and Cod-KS1601 onMCF-7 cell
growth were investigated using the colony formation assay.
The results showed that the crude protein of isolates Cod-
KK1524, Cod-KK1630, Cod-KK1643 and Cod-KS1601 de-
creased the colony forming ability (Fig. 3). This finding indi-
cates that the crude protein caused dose-dependent cytotoxic
and anti-proliferative effects against the MCF-7 cancer cell
type (Fig. 3).

Effects of crude protein of O. sobolifera
on downstream gene expression in MCF-7 cancer cell

The effects of the crude protein on downstream gene expres-
sion of the cell cycle regulator and protein-related cell cycle in

Fig. 2 Effects of crude protein
from isolates Cod-KK1524 (b),
Cod-KK1630 (c), Cod-KK1643
(d) and Cod-KS1601 (e) plus
1 μM doxorubicin on MCF-7 cell
viability. Cells were treated with
various concentrations of crude
protein from each isolate supple-
mented with 1 μM doxorubicin
for 24 h and measured viability of
cancer cells with SRB assay.
Results are mean ± SEM of three
independent experiments. Dox;
doxorubicin (a)

Table 2 IC50 of cell viability of the crude protein from 4 isolates of
O. sobolifera with anticancer drug (Doxorubicin) for 24 h

Treatment groups IC50 of cell viability (μg/mL)

Doxorubicin alone 5.32 ± 0.23 (μM)

Cod-KK1524 alone 693.33 ± 90.04

Cod-KK1524 +Dox 85.95 ± 10.71*

Cod-KK1630 alone 57.65 ± 12.75

Cod-KK1630 +Dox 51.47 ± 6.82*

Cod-KK1643 alone 47.19 ± 9.59

Cod-KK1643 +Dox 20.21 ± 1.48*

Cod-KS1601 alone 353.33 ± 116.42

Cod-KS1601 + Dox 59.61 ± 4.04*

* The difference from crude extracts treatment alone
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MCF-7 cancer cells, mRNA expression of cdk6, cyclin
D1 and cyclin E were examined. The results revealed
that the treatment of the MCF-7 cells with each crude
protein modulated the cdk6, cyclin D1 and cyclin E
mRNA expressions in MCF-7 cancer cells (Fig. 4).
Interestingly, Cod-KS1601 showed a significant reduc-
tion of all mRNA gene expression levels. Moreover, the
effects on protein related to cell death, p21 and cyclin D1

were also determined by western blot analysis. The re-
sults clearly indicated that the crude proteins significantly
induced p21 expression to inhibit the cell cycle. This is
correlated with a reduction in the cyclin D1 protein ex-
pression in MCF-7 cancer cells (Fig. 5). This evidence
confirmed that MCF-7 cancer cell proliferation was
inhibited by increasing p21 and reducing cyclin D1 pro-
tein expression.

Fig. 3 Effects of crude protein of
O. sobolifera isolates Cod-
KK1524 (a), Cod-KK1630 (b),
Cod-KK1643 (c) and Cod-
KS1601 (d) on MCF-7 cell colo-
ny formation. Cells were treated
with various concentrations of
crude protein of each isolate for
24 h. Cancer cell colony forma-
tion was assessed after 14 days of
treatment. Results shown are
mean ± SEMof three independent
experiments. *p < 0.05 versus
control
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Discussion

Cancer is one of most common fatal diseases that causes mor-
bidity and mortality worldwide. In Asia, breast cancer caused
a significant number of cases and cancer-related deaths in
women (Agarwal et al. 2007). It was estimated that
1,671,149 new cases of breast cancer were identified and
521,907 cases of death due to breast cancer occurred in the
world in 2012 (Ghoncheh et al. 2016). Resection, chemother-
apy and radiotherapy are the most effective strategies used for
breast cancer treatment (Pagani et al. 2010). However, the
resistance of breast cancer to some anti-cancer drugs has
now been reported (O’Driscoll and Clynes 2006); therefore,
alternative strategies including new improved drugs or bioac-
tive compounds from natural sources are being identified and
screened. The medicinal entomopathogenic fungus
O. sobolifera is a possible candidate that has been reported
to have anti-cancer cell activities, including against breast
cancer (Sangdee et al. 2018a) and colon cancer (Yang and
Zhang 2016). Based on these activities, we screened and eval-
uated the potential of strains of O. sobolifera against human
breast cancer MCF-7 cells using antimicrobial proteins, be-
cause AMPs from many medicinal entomopathogenic fungi
have been reported to have great potential to inhibit cancer
cells (Wong et al. 2011; Bai and Sheu 2018).

In this study we provided evidence for the anticancer ac-
tivities of crude protein from each tested strain of

O. sobolifera on breast cancer cells using established assays
for measuring the cytotoxic activity of cancer cells. Among
the tested isolates, Cod-KK1524, Cod-KK1630, Cod-
KK1643 and Cod-KS1601 have the best inhibitory effects
against cancer cells; therefore, they were chosen for further
evaluation of the mechanism of action. Interestingly, the four
isolates combined with doxorubicin, a standard anticancer
drug for breast cancer, showed additive effects when com-
pared with the extract treatment alone, especially in Cod-
KK1524. Likely, as Buranrat et al. indicated, simvastatin plus
doxorubicin induced MCF-7 cells death more than simvastat-
in treatment alone (Buranrat et al. 2017a). After evaluation,
the crude protein of the isolates Cod-KK1524, Cod-KK1630,
Cod-KK1643 and Cod-KS1601 exhibited a marked effect on
the breast cancer MCF-7 cells by inhibiting colony formation.
In addition, we found that 250 μg/mL of crude protein de-
creased cdk6, cyclin D1 and cyclin E mRNA expression and
also reduced the expression level of the cell cycle protein,
cyclin D1, which resulted in enhanced breast cancer cell death
and inhibition of cell proliferation. This was correlated with
Lamb et al. (Lamb et al. 2013), who found that the migration
and stem-like cell activity of the four cell lines and primary
cells from six breast cancers were decreased when inhibited
by cyclin D1 and cdk4/6. As the level of cyclin D1 protein
expression may effect breast cancer cell proliferation, such
that the overexpression ranged from 25 to 60% of cyclin D1
it plays an important role in invasive breast cancer cells

Fig. 4 Effects of crude protein of
O. sobolifera isolates Cod-
KK1524, Cod-KK1630, Cod-
KK1643 and Cod-KS1601 on
downstream gene expression of
MCF-7 cell. Cells were treated
with crude protein at the concen-
tration of 250 μg/mL for 24 h,
then mRNAwas extracted and
cdk6 (a), cyclin D1 (b) and cyclin
E (c) gene expressions were de-
tected by RT-PCR. Results are
expressed as mean ± SEM of
three independent experiments.
*p < 0.05 versus control
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(McIntosh et al. 1995; Courjal et al. 1996; Gillett et al. 1996;
Arnold and Papanikolaou 2005; Akin et al. 2014). Moreover,
breast cancer cell activation and cell proliferation occurred
when the cyclin D1 bound to the partner cdk6, then eventual
modification of the Rb phosphorylation (Lundberg and
Weinberg 1998; Ezhevsky et al. 2001) and have been inde-
pendently implicated in breast cancer (Lamb et al. 2013).

In addition, in this study, crude proteins at a concentration
of 250 μg/mL induced an expression level of cyclin-
dependent kinase inhibitor protein (p21) that is responsible
for inhibiting cellular growth and promoting cell apoptosis
(Xiong et al. 1993). The protein p21 may effectively bind
cdk4 and cdk6, resulting in preventing cyclin D1 form binding
to these protein kinases (Gray-Bablin et al. 1996; Buranrat

et al. 2017a). In addition, the protein p21 can bind the cyclin
E/cdk2 complex and cause the inactivation of the protein ki-
nase activity, and then eventually causing G1 arrest due to Rb
phosphorylation (Zhang et al. 1994; Harper et al. 1995; Sherr
and Roberts 1995). This supported our findings and indicated
that crude protein enhances breast cancerMCF-7 cell death by
reducing cdk6, cyclin D1 and cyclin E mRNA expression as
well as by inducing p21 protein expression. Moreover, in this
study, the combination treatment between the crude protein of
the fungal strains Cod-KK1524, Cod-KK1630, Cod-KK1643,
Cod-KS1601 and doxorubicin were also investigated. The
results showed that the percentage of cell viability reduced
in the combination treatment group (crude protein of the fun-
gal strains plus 1 μM doxorubicin) more than those of breast

Fig. 5 Effects of crude protein ofO. sobolifera isolates Cod-KK1524 (a),
Cod-KK1630 (b), Cod-KK1643 (c) and Cod-KS1601 (d) on the protein
expression ofMCF-7 cancer cell. Cells were added to crude protein at the

concentration of 250 μg/mL for 24 h and protein expression of p21 and
cyclin D1 were measured by Western blotting. Results are expressed as
mean ± SEM of three independent experiments. *p < 0.05 versus control
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cancer cells that were treated with crude protein alone. This
finding indicates that the anticancer activity may be due to an
additive effect. This was supported by the study of Buranrat
et al. (2017b) who found the potentiate effects of Cratoxy
formosum leaf extract on four anticancer drugs including
doxorubicin, cisplatin, 5-fluorouracil (5-FU) and gemcitabine.
The percentage of cell viability of MCF-7 cells reduced in the
combination treatment group more than in the treatment with
C. formosum extract or the anticancer drugs alone.

Based on the presented findings, we suggest that the crude
protein of O. sobolifera enhances breast cancer MCF-7 cell
death by reducing cdk6, cyclin D1 and cyclin E mRNA ex-
pression as well as by inducing p21 protein expression. This
fungus could be used as a novel source of anticancer agents
for therapeutic strategies for breast cancer; however, the deep
mechanism of this crude protein-induced potentiation needs to
be identified in further study.
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