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Abstract: Fungal extracts are extensively used as nutritional supplements in Far-Eastern
Asia. In this study, we aimed to evaluate the anti-cancer activities of some different fungal
species against different cancer cell lines. The water or ethanol extracts of Fomitopsis
pinicola (F. pinicola), Ganoderma sinense, Fomitopsis officinalis, Polyporus melanopus,
and Taiwanofungus camphorates were used to evaluate the anti-cancer activities in various
cancer cells. We found that all of the fungi ethanol extracts used in this study exert
anti-cancer activities in vitro, whereas water extracts show lower inhibitory activities as
determined by 3-(4,5-methylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assays. Among
the tested fungi species, F. pinicola ethanol extract exerts the most significant anti-cancer
activity (growth inhibitory ratio 82.8%, p < 0.001) by increasing cell apoptosis. Moreover,
F. pinicola ethanol extract significantly decreased tumor size (tumor growth inhibitory
ratio 54%, p < 0.05) and increased the lifespan in mice bearing sarcoma-180 tumors. Taken
together, this is the first study indicating the anti-tumor effect of F. pinicola in vivo and
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in vitro. F. pinicola ethanol extract induces cell apoptosis to exert a significant anti-tumor
activity, with potential to be a new alternative anti-tumor medicine.
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1. Introduction

Fungi species, including reishi mushrooms are attractive sources of physiologically functional
foods and drug precursors, displaying a wide range of pharmacological activities such as anticancer,
anti-inflammation and immunomodulatory effects [1]. A wide range of fungal species are extensively
used as nutritional supplements in Asia and are being increasingly used in Western countries too in
conjunction with or in place of allopathic medicines [2]. Fungal extracts produce a variety of
biologically active compounds and can therefore exert multiple biological functions. Increased evidence
indicates that fungal extract consumption may protect against certain types of cancers, specifically
gastrointestinal and breast cancer [3—5]. However, the efficacy of different fungal species in curing
cancer and as preventive treatments remains as questionable and has not been scientifically evaluated.

Fomitopsis pinicola (F. pinicola) is a brown-rot fungus, that grows on coniferous and broad-leaved
trees and is widespread in Asia and Europe [6]. It belongs to the Polyporaceae, traditionally
categorized as reishi fungus in Far-Eastern Asia. The dry fruiting bodies of different Fomitopsis
species have been used in folk medicine as haemostatics and anti-inflammation agents [7,8].
In addition, F. pinicola has been traditionally used as an anti-diabetic material in Korean folk medicine [9]
and is considered a nontoxic mushroom in Europe [7]. The principle components of F. pinicola, such
as triterpenes [10], steroids [7], and a heterogalactan [11] have been shown to exert medicinal effects,
including antimicrobial action [7] and the inhibition of cyclooxygenase activity [10]. However, to the
best of our knowledge, no report is available on the effect of F. pinicola on cancers.

In this article, we used different fungi water or ethanol extracts, including F. pinicola, Ganoderma
sinense (G. sinense), Fomitopsis officinalis (F. officinalis), Polyporus melanopus (P. melanopus),
Taiwanofungus camphorates (T. camphorates) to evaluate the corresponding anti-cancer activities in
different cancer cell lines. We also clarified the possible mechanisms of F. pinicola in anti-cancer
activity in vivo and in vitro.

2. Results and Discussion
2.1. Different Fungi Extracts Exhibit Anti-Tumor Activities in Different Cancer Cells

The number of new cancer cases each year is projected to rise worldwide by about 70% by
2030 due to demographic changes alone, with the largest increases in the lower-income countries.
Lung, liver, colorectal and breast cancers are the most commonly diagnosed in males and females
respectively, and these cancers also represent the most frequent types of cancer related deaths.
Thus, medical advances in disease treatment are an issue at a later stage and should be made available
globally [12]. In order to evaluate the anti-cancer activity of different fungal species, different cancer
cells lines, including Homo sapiens hepatoma (HepG2), lung cancer (A549), colorectal cancer
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(HCT-116), breast cancer (MDA-MB-231) cells and Mus musculus sarcoma (S-180) cells were treated
with same concentration at 50 pg/mL of the water or ethanol extracts of different fungi (Table 1). The
tested fungal samples in the study, including G. sinense and T. camphorates have been reported to
exert anti-cancer activities. G. sinense has an antiproliferation effect on tumors through both the
apoptosis pathway and cell cycle arrest effects, and besides triterpenoids, some other compounds such
as sterols and nucleosides may contribute to these activities [13]. Triterpenoids isolated from
T. camphorates are considered to be potential anticancer agents [14]. Among the tested fungal
samples, F. officinalis, P. melanopus and F. pinicola were not reported to have effects on cancer cells,
so this is the first report indicating that F. officinalis, P. melanopus, and F. pinicola exert anti-cancer
effects in vitro. Water extracts of the different fungi species exert more moderate anti-cancer activities
than that of ethanol extracts. Some of the fungi species water extracts even shows no inhibitory effect
on HepG2 and A549 cells. In contrast to water extracts, ethanol extracts of different fungal species
show significant anti-cancer activities. In addition, among the various fungal ethanol extracts, F. pinicola
ethanol extract exerts the strongest inhibitory effect on the tested cancer cell lines. To the best of our
knowledge, this is the first report indicated that the ethanol extract of F. pinicola shows an anti-tumor
activity, although it is extensively used in Asia and Europe as a non-toxic anti-diabetes fungus [9].

Table 1. Growth-inhibition effect of different reishi mushroom extracts on different cancer
cell lines. Mouse sarcoma 180 cells (S-180), human hepatoma (HepG2), lung cancer
(A549), colon cancer (HCT-116) and breast cancer (MDA-MB-231) cells were treated with
different fungus water or ethanol extracts at a dose of 50 pg/mL for 24 h. The viability of
the cells was determined by MTT assay. Data were presented as mean + S.E.M, and
obtained from three independent experiments with four replicates for each experiment.
*p <0.05, ** p<0.01 and *** p < 0.001 compared with the cell viability of control group
which was set as 100%.

S-180 HepG2 A549 HCT-116 MDA-MB-231
F. pinicola
Water extract 789+5.6* 96.6 £5.8 97.0+£24 62.5 + 8.5 ** 60.1 + 7.2 **
EtOH extract 172 4£34*%*% 28 74£75*¥*% 71 £32%¥*  12.1+£29%** 34 1£5] *¥**
G. sinense
Water extract 477 £3.5 ** 94.6+3.5 96.9+2.3 72.1+£5.7* 61.3+6.9 **
EtOH extract 31.2£ 102 ***  412+102** 803+£7.6* 14721 *** 28.5+48 ***
F. officinalis
Water extract 64.0£4.9 ** 98.9+0.9 979+14 20.6 £6.2 *¥**  60.8 + 8.8 **
EtOH extract 34.1+£9.1 ** 31.1£5.1 ** 62.0+44%* 157+£4.0**¥* 288+ 1.1 ***
P. melanopus
Water extract 61.7£8.1 ** 99.9 + 0.1 97.7+0.9 48.4 £ 4.6 ** 73.6+4.9 *
EtOH extract 33.3£7.7 ¥** 31.5£2.7 ** 82.5+£75% 16.0£3.3**¥* 287+ 58***
T. camphoratus
Water extract 98.2+£5.6 44.8 £ 5.6%* 94.6+2.5 72.5+6.7%* 51.1£4.2 **
EtOH extract 48.5£3.2 ** 3.2+ 62 %% 98+24 %% 129419 %* 201436 ***
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2.2. Ethanol Extract of F. pinicola Significantly Decreases S-180 Cell Viability

We then investigated the half maximal inhibitory concentration (ICs) values of different F. pinicola
extracts on S-180 cells (Figure 1). Ethanol extract of F. pinicola shows stronger inhibitory effect on
cancer cells (ICsp = 7.4 pg/mL) than a 50% ethanol extract (ICsp = 12.2 pg/mL), whereas the inhibitory
effect of water extract was weaker than that of the ethanol extracts (ICso > 100 pg/mL). This result
implies that the main components that contribute to the anti-tumor effects of F. pinicola may be
hydrophobic. In addition, we found that F. pinicola ethanol extract inhibited S-180 cell growth at
12 h and significant cell death was observed at 24 h after treatment, implying the mediation of
programmed cell death (Figure 2). The anticancer activities of fungi are mainly linked to the
modulation of the immune system by branched polysaccharides (glucans), glycoproteins or
peptide/protein-bound polysaccharides [15,16]. Moreover, mushrooms contain minerals, vitamins
(e.g., thiamin, riboflavin, ascorbic acid, and vitamin D), amino acids, and other organic compounds [17].
Some of these natural mushroom compounds have demonstrated specific activity against aberrantly
activated signaling pathways in cancer cells and were able to modulate specific molecular targets in the
cell function including cell proliferation, cell survival and angiogenesis [18]. F. pinicola has been
studied over the last years and a number of triterpenic compounds have been isolated [10,19], many of
them possessing antimicrobial and anti-inflammatory activities. In this study, we found that F. pinicola
ethanol extract also exerts an effect on anti-tumor.

Figure 1. Anti-tumor effect of different F. pinicola extracts on S-180 cells. Sarcoma S-180
cells were treated with different F. pinicola extracts at indicated doses for 24 h. Cells were
then incubated with 0.2 mg/mL MTT in culture medium for 4 h. MTT reagent was
discarded and DMSO was added. The absorbance was measured at the wavelength of 570 nm.
The data is expressed as means = S.E.M. and obtained from three independent experiments
with four replicates for each experiment. * p < 0.05, ** p < 0.01 and *** p < 0.001
compared with the control group.
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Figure 2. Ethanol extract of F. pinicola inhibits S-180 cells proliferation in a time-dependent
manner. Sarcoma S-180 cells were treated with F. pinicola ethanol extract at a dose of
12.5 pg/mL for various durations as indicated. Cells were then incubated with 0.2 mg/mL
MTT in culture medium for 4 h. MTT reagent was discarded and DMSO was added.
The absorbance was measured at the wavelength of 570 nm. The data is expressed as
means £ S.E.M and obtained from three independent experiments with four replicates for
each experiment. * p <0.05, ** p <0.01 and *** p <0.001 compared with the control group.
# p <0.05 and ### p < 0.001 compared with the F. pinicola ethanol extract-treated group.
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2.3. Ethanol Extract of F. pinicola Induces Cell Apoptosis in Cancer Cells

We further investigated the possible mechanism of the inhibitory effect on cancer cells for
F. pinicola ethanol extracts (Figure 3). Treatment of F. pinicola ethanol extract increased the
expression of cleaved-caspase 3 in different cancer cell lines, implying the induction of cell apoptosis.
In addition, we found the increased expression of apoptosis-related proteins, such as Apaf,
cleaved-caspase 3 and PARP. Treatment of S-180 cells with F. pinicola ethanol extract significantly
and dose-dependently increased the expression of Apaf, cleaved caspase 3 and PARP (Figure 3),
implying the F. pinicola ethanol extracts induces cell apoptosis.

2.4. Anti-Tumor Activity of F. pinicola Ethanol Extract In Vivo

To clarify the usefulness of F. pinicola ethanol extract as an alternative medicine for cancer
therapy, mice were mice fed a diet containing 0.5% F. pinicola ethanol extract. As shown in Figure 4
this significantly inhibited 46% tumor growth without causing sudden death (data not shown). There
was no marked weight loss in these mice after the high dose treatment of F. pinicola ethanol extract
(data not shown). In addition, administration of F. pinicola ethanol extract prolonged the survival
time of S-180 cell-bearing mice (Figure 5). It was reported that the constituents of F. pinicola
regulate hyperglycemia via either increased insulin secretion during recovery or the prevention of
streptozotocin-induced pancreatic damage and there is no evidence of toxicity in F. pinicola
extract-treated rats [9]. In this study, no significant toxicity was observed in F. pinicola extract-treated
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mice, consistent with the previous study [9]. Therefore, ethanol extract of F. pinicola may be a new
alternative medicine for the treatment of cancer.

Figure 3. Ethanol extract of F. pinicola induced apoptosis to exert anti-tumor effect in
cancer cells. Different human cancer cell lines as indicated were treated with 12.5 pg/mL
F. pinicola ethanol extract for 18 h. The cleaved-caspase 3 levels were detected by western
blots (left panel). Mouse sarcoma S-180 cells were treated with 12.5 pg/mL F. pinicola
ethanol extract for 18 h. The apoptosis-related protein expressions were detected by
Western blots (middle and right panels). * p < 0.05, and ** p < 0.01 compared with the
control group.
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2.5. F. pinicola Ethanol Extract Synergistically Enhances Anti-Tumor Activity of Cisplatin in S-180
Mouse Sarcoma Cells

In order to develop new therapeutic options with high efficacy and low toxicity, we tested by MTT
assay the effectiveness of combining a conventional antineoplastic drug, cisplatin, with F. pinicola
ethanol extract in the treatment of S-180 mouse sarcoma cells. We found that the use of F. pinicola
ethanol extract as monotherapy reduced the viability of the S-180 cell line. Combining F. pinicola
ethanol extract with cisplatin produced a synergistic effect and was more effective than was the use of
cisplatin as monotherapy (Figure 6). Taken together, these results indicate that F. pinicola ethanol
extract could be a potential alternative adjuvant anti-tumour medicine representing a promising
approach to the treatment of some cancers in the future.
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Figure 4. Administration of F. pinicola ethanol extract in S-180 tumor-bearing mice
decreased tumor size and prolonged the survival time of the mice. Mice were
pre-treated with a diet supplemented with different doses of F. pinicola ethanol extract as
indicated for 3 days. Solid-type sarcoma S-180 was subcutaneously injected in mice on day 0.
The indicated amounts of F. pinicola ethanol extract were supplied for 27 consecutive
days. The tumor volume was determined by direct measurement with calipers and
calculated every 3-day. Results are expressed as means + S.E.M. n = 10. * p < 0.05 and
** p <0.01 compared with normal chow group.
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Figure 5. Administration of F. pinicola ethanol extract in S-180 tumor-bearing mice
prolonged the survival time of the mice. Mice were pre-treated with a diet supplemented
with different doses of F. pinicola ethanol extract as indicated for 3 days. Solid-type
sarcoma 180 was subcutaneously injected in mice on day 0. The indicated amounts of
F. pinicola ethanol extract were supplied for 27 consecutive days. Survival times of the
S-180 tumor-beaing mice were recorded after after tumor inoculation. Results are
expressed as the numbers of survival animals, n = 10.
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Figure 6. F. pinicola ethanol extract enhances the anti-tumor activity of cisplatin. Sarcoma
S-180 cells were treated with F. pinicola ethanol extract, cisplatin or F. pinicola ethanol
extract plus cisplatin at indicated doses for 24 h. Cells were then incubated with 0.2 mg/mL
MTT in culture medium for 4 h. MTT reagent was discarded and DMSO was added.
The absorbance was measured at the wavelength of 570 nm. The data was obtained from
three independent experiments with four replicates for each experiment. ** p < 0.01 and
*##% 1 < (.001 compared with the control group. * p < 0.01 and * p < 0.001 compared with
F. pinicola ethanol extract-treated alone group. * p < 0.05 and ** p < 0.01 compared with
cispltin-treated alone group.
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3. Experimental
3.1. Plant Material and Extraction

Different fungal fruit bodies were purchased from the Agricultural Production and Marketing
Groups of the Hualien District Agricultural Research and Extension Station (Ji-An Country, Hualien
County, Taiwan) in September 2011. The identification of the fungi was confirmed by macroscopic
and microscopic examinations, as well as thin-layer chromatography and HPLC methods. The fungal
fruit bodies were dried under shade at 25 °C. The dried samples (1 kg) were cut into small pieces,
immersed, and extracted three times with ethanol, 50% ethanol or distilled water (10 L x 3) for 24 h at
room temperature. After filtration, the solvent was removed by distillation under reduced pressure and
the remaining solution was lyophilized to obtain a brown powder, and the samples were stored at 4 °C.

3.2. Cell Cultures

The cancer cell lines, HepG2 and S-180 cell lines were purchased from the Bioresource Collection
and Research Center (Food Industry Research and Development Institute, Hsinchu, Taiwan). HCT-116
and MDA-MB-231 are gifts from Prof. M.D. Lai, and A549 is from Prof. C.L. Wu (Department of
Biochemistry and Molecular Biology, College of Medicine, National Cheng Kung University, Tainan,
Taiwan). Cells were maintained in Dulbecco’s modified Eagle medium (Hyclone, South Logan, UT,
USA) supplemented with 10% heat-inactivated fetal bovine serum. Cell viability is determined by
trypan blue staining and calculated as the number of viable cells divided by the total number of cells
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within the grids on the hemacytometer. If cells take up trypan blue, they are considered non-viable.
% Viable cells = [1.00 — (Number of blue cells/Number of total cells)] x 100%. Cell viability should
be at least 95% for healthy log-phase cultures.

3.3. MTT Assay

Cells (5 x 10" cells per well) were seeded in a 96-well flat-bottom culture plate. After the additional
treatments for indicated intervals, 100 pL of 0.2 mg/mL 3-(4,5-methylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT, USB Corporation, Cleveland, OH, USA) was added per each well, and
cells were incubated for four hours at 37 °C. After incubation, the MTT reagent was discarded, and
100 pL of DMSO was then added. The experiment was performed at room temperature for 20 min.
The absorbance was then measured with Multiskan GO spectrophotometer (Thermo Scientific,
Waltham, MA, USA) at the wavelength of 570 nm. The viability of control group was set as
100% and the cell viability of each tested groups was calculated by the following formula:
Cell viability (%) = (ODxreated/ODcontrot) * 100%.

3.4. Western Blotting

The cells were harvested at the indicated times and lysed with a buffer containing 1% Triton X-100,
50 mM of Tris (pH 7.5), 10 mM of EDTA, 0.02% NaN3, and a protease inhibitor cocktail
(Sigma-Aldrich, St. Louis, MO, USA). The protein concentration was determined by BCA assay kit
(Pierce Biotechnology, Rockford, IL, USA). Protein lysates (50 pg) were separated using 10%
SDS-polyacrylamide gel electrophoresis and transferred to a polyvinylidene difluoride membrane
(Millipore, Billerica, MA, USA). The membrane was blocked at room temperature for 1 h in TBS-T
(10 mM Tris, 150 mM NaCl, and 0.05% Tween 20, [pH 7.6]), containing 10% skim milk, and probed
with 1:1,000 primary antibodies, such as Apaf, caspase 3, PARP (Cell Signaling Technology, Beverly,
MA, USA) and actin (Santa Cruz Biotechnology inc, Santa Cruz, CA, USA) at 4 °C overnight.
Subsequently, the blots were washed with TBS-T and incubated with a 1:5,000 dilution of horseradish
peroxidase-conjugated secondary antibodies at room temperature for 1 h. The protein bands were
visualized using Immobilon™ (Millipore). Actin was used as the internal control. The relative signal
intensity was quantified using Image] software from W. Rasband (National Institutes of Health,
Bethesda, MD, USA).

3.5. §-180 Bearing Animal Model

Eight-week-old BALB/c male mice were purchased from the Animal Center of National Cheng
Kung University Medical College. Mice were housed in a temperature (25 £ 1 °C) and humidity
(60% =+ 5%) controlled room and kept on a 12:12 light-dark cycle (light on at 0600). The animal
procedures were performed according to the Guide for the Care and Use of Laboratory Animals of the
National Institutes of Health, as well as the guidelines of the Animal Welfare Act. The mice were fed
with a chow diet supplied with 1.25, 2.5, and 5 g/kg diet F. pinicola ethanol extract for 3 days, and
then S-180 tumor cells (107 cells/200 uL) were implanted subcutaneously into the left hind groin of the
experimental mice followed by a previous study [20].
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3.6. Statistical Analysis

Data are expressed as means + S.E.M. Student’s 7-test was used to determine the source of significant
differences where appropriate. Significance was declared when the p value was less than 0.05.

4. Conclusions

Ethanol extracts of different fungal species show significant inhibitory effects on cancer cells as
compared with the water extracts. In addition, among the different fungi species, F. pinicola ethanol
extract induces cancer cell apoptosis to display a strong anti-cancer activity in vitro and in vivo.
F. pinicola ethanol extract may serve as a potential complementary and alternative medicine to treat
patients suffering from cancer.
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