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Abstract
Introduction: Cholangiocarcinoma (CCA) is a highly progressive tumor. The standard chemotherapy varies in its 
effectiveness, with generally low efficacy. So, the discovery of novel chemotherapy is still required. The objective of this 
preliminary study was to determine the cytotoxic effects induced by three kinds of bamboo mushrooms (Dictyophora 
indusiata or Chinese bamboo mushroom; Ch-DTP, Short skirt bamboo mushroom (Thai isolate); Th-DTP, and orange 
skirt bamboo mushroom; Or-DTP) on CCA cells.

Materials and methods: CCA cell lines, including CL-6, HuCCT1, HuH28, and OUMS normal fibroblast cells, were 
treated with various concentrations of DTP extracts. The MTT assay was used to determine cytotoxicity, and cell 
morphology was observed by using phase-contrast microscopy.

Results and discussion: The results suggested that Ch-DTP effectively killed all three CCA cell lines in both low 
(0.3 mg/mL) and high (0.6 mg/mL) doses, but Th-DTP and Or-DTP had significantly reduced cell viability only 
at high doses (p<0.001). Ch-DTP had the best effect by showing a response of more than 50% at a concentration 
of 0.3 mg/mL. Th-DTP had moderate effects at a concentration of lower than 0.6 mg/mL but worthwhile at higher 
concentrations, whereas Or-DTP had limited effects at concentrations of 0.4 mg/mL and downward, although the 
effects were significantly increased in the higher concentration range. Morphology of the Ch-DTP treated cells was 
greatly transformed both at low and high doses, but Th-DTP and Or-DTP showed definite alteration only at high 
doses. The morphological changes revealed apoptotic induction. In OUMS cells, no effects were recognized with any 
of the three DTPs.

Conclusion: This study indicated that DTP extracts could induce cytotoxicity in cholangiocarcinoma, with a high 
potential of being an effective therapeutic agent.
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Introduction

Cholangiocarcinoma (CCA) is a highly proliferative and 
progressive tumor originating from cholangiocytes, the 
bile duct epithelium cells (Valle et al. 2016). The origin 
of CCA is not clearly described, but has been related 
to infection by liver flukes, Opisthorchis viverrini and 
Clonorchis sinensis, coupled with consumption of 
carcinogens, e.g. dimethyl nitrosamine (DMN) occurring 
in fermented meats (Sripa et al. 2007; Kirstein and Vogel 
2016). Early diagnostic tools, as well as effective drugs, 
are not available for controlling CCA, which is the major 
reason why patients present with severe complications 
and poor prognosis (Ustundag and Bayraktar 2008; 
Bertuccio et al. 2019). The current drugs of choice for 
the treatment of CCA are 5-Fluorouracil (5-FU) and 
gemcitabine used in combination therapy with varying 
effectiveness and low efficacy (Valle et al. 2010; 
Khan et al. 2012; Ramírez-Merino et al. 2013; Park 
et al. 2015). For these reasons, the discovery of novel 
chemotherapeutics is still required.

Dictyophora spp., or bamboo mushrooms, are a group 
of fungi in the family Phallaceae. They are distributed 
mainly in tropical areas of Asia, Africa, America, and 
Australia. They are characterized by a fruiting body with 
a conically shaped stalk and a delicate net-like white 
skirt arranged longitudinally (Elkhateeb et al. 2020). The 

most clearly known species is Dictyophora indusiata, or 
Chinese bamboo mushroom. D. indusiata has beneficial 
nutrients like other edible mushrooms. The composition 
of carbohydrates is about 47% of the dry weight with 
38% soluble polysaccharides. Meanwhile, crude fiber and 
crude protein contents are about 29% and 6%, respectively 
(Ker et al. 2011). Moreover, it is composed of essential 
amino acids, beneficial minerals with a high content of 
vitamin E, β-carotene, ascorbic acid, thiamine, riboflavin, 
nicotinic acid, phosphate, and calcium (Ouyang et al. 
1998; Mau et al. 2001; Ma and Zhang 2004).

There are bioactivity studies of D. indusiata extracts, 
both in vitro and in vivo. The water-soluble polysaccharide 
extracts have been shown to have a free radical 
scavenging effect against hydroxyl radicals (Wang et al. 
2019a, b). These effects were also shown with purified 
D. indusiata water-soluble β-d-glucan polysaccharides 
(Deng et al. 2012). For in vivo studies of antioxidant 
effects, the water-soluble polysaccharides administered 
to mice could interrupt increased malondialdehyde 
levels, while increasing levels of antioxidant proteins 
including superoxide dismutase, glutathione peroxidase, 
and catalase in the kidney and liver tissues (Wang et al. 
2019a, b). Regarding immunomodulatory effects, the 
D. indusiata polysaccharides could induce proliferation 
of macrophage cell lines with the up regulation of 
immunostimulant cytokine levels (Deng et al. 2016). 

https://pubchem.ncbi.nlm.nih.gov/compound/5-Fluorouracil
https://pubchem.ncbi.nlm.nih.gov/compound/5-Fluorouracil
https://pubchem.ncbi.nlm.nih.gov/compound/Vitamin-E
https://pubchem.ncbi.nlm.nih.gov/compound/beta-Carotene
https://pubchem.ncbi.nlm.nih.gov/compound/Ascorbic-acid
https://pubchem.ncbi.nlm.nih.gov/compound/Thiamine
https://pubchem.ncbi.nlm.nih.gov/compound/Riboflavin
https://pubchem.ncbi.nlm.nih.gov/compound/Nicotinic-acid
https://pubchem.ncbi.nlm.nih.gov/compound/Phosphate
https://pubchem.ncbi.nlm.nih.gov/compound/Calcium
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Moreover, the enhancement of NK cell killing ability 
and macrophage phagocytosis potential were observed 
in the cells treated with D. indusiata polysaccharides 
(Fu et al. 2015).

Regarding anticancer effects, the crude polysaccharide 
extract of D. indusiata has been shown to exert 
cytotoxicity in the osteosarcoma S180 cell lines (Zhong 
et al. 2013). The same trend of cytotoxic effects was also 
revealed in HeLa and hepatoma HepG2 cell lines when 
treated with water extract and crude polysaccharides of 
D. indusiata (Li et al. 2012). In breast cancer MCF-7 cell 
lines, the cytotoxicity of the polysaccharide derivatives 
of D. indusiata was shown via apoptotic induction, 
with evidence of cell cycle arrest, DNA fragmentation, 
and activation of caspase cascades (Liao et al. 2015). 
In an in vivo study, administration of the triple-helical 
polysaccharide has been shown to suppress tumor growth 
in S180 tumor-bearing mice (Deng et al. 2013). However, 
there is no determination of the anticancer effect of 
Dictyophora spp. extracts in CCA.

In this study, we evaluated the anticancer effects of 
three Dictyophora spp. ethanolic crude extracts on three 
cholangiocarcinoma cell lines (CL-6, HuCCT1, and 
HuH28). Our results suggested anticancer activity of 
Dictyophora spp. extracts that may be favorable for the 
treatment of cholangiocarcinoma in the future.

Materials and methods
Preparation of ethanolic crude extracts of bamboo 
mushrooms fruiting bodies

Three kinds of bamboo mushrooms (Dictyophora 
indusiata, or Chinese bamboo mushroom; Ch-DTP, 
short skirt bamboo mushroom (Thai isolate); Th-
DTP, and orange skirt bamboo mushroom; Or-DTP) 

were used in this study as they are the major bamboo 
mushrooms found in Thailand. The fruiting bodies of 
bamboo mushrooms were bought from farms located 
in Prachinburi, Nakhon-Ratchasima, and Khonkaen 
provinces. The external morphology of the three bamboo 
mushrooms is illustrated in Fig. 1. The ethanolic crude 
extract of Dictyophora spp. was prepared from the 
fruiting bodies of the mushrooms. In brief, the mushroom 
fruiting bodies were cleaned several times by tap water, 
cut into small pieces of approximately 2–3 mm and dried 
in a hot air oven (50–55 °C) for 2–3 days. The dried 
mushrooms were powdered by using an electric grinder, 
and 100 g of the powder was transferred to a stoppered 
flask containing 95% ethanol and incubated at room 
temperature (25–30 °C) for seven days. The ethanolic 
extract was filtered through Whatman no. 1 filter paper 
(Sigma-Aldrich, Darmstadt, Germany), evaporated in an 
evaporator, air dried in a hot air oven at 50 °C, and stored 
at -20 °C until use.

Cell culture

Three CCA cell lines, including of intrahepatic origin; 
CL-6 and HuCCT1, and extrahepatic origin; HuH28, 
were cultured in RPMI-1640 supplemented with 10% 
(v/v) fetal bovine serum and 100 U/mL penicillin/
streptomycin (Gibco, ThermoFisher Scientific, Rockford, 
IL, USA) at 37 °C under a 5% CO2 atmosphere. CL-6 
cell was kindly provided by Associate Professor Adisak 
Wongkajornsilp, Department of Pharmacology, Faculty 
of Medicine, Sirisaj Hospital, Mahidol University, 
Thailand. HuCCT1 and Huh28 cells were obtained 
from the Japanese Collection of Research Bioresources 
Cell Bank (JCRB Cell Bank, Osaka, Japan). The cells 
were regularly sub-cultured according to the doubling 
time of each cell line, by using 0.25% trypsin-EDTA 
(Gibco, ThermoFisher Scientific, Rockford, IL, USA). 

Figure 1. External morphology of three bamboo mushrooms used in this study. (A) Dictyophora indusiata, or Chinese bamboo 
mushroom; Ch-DTP, (B) short skirt bamboo mushroom (Thai isolate); Th-DTP, and (C) orange skirt bamboo mushroom; Or-DTP.

https://pubchem.ncbi.nlm.nih.gov/compound/Ethanol
https://pubchem.ncbi.nlm.nih.gov/compound/Penicillin-g
https://pubchem.ncbi.nlm.nih.gov/compound/Streptomycin
https://pubchem.ncbi.nlm.nih.gov/compound/Trypsin
https://pubchem.ncbi.nlm.nih.gov/compound/Edetic-acid
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OUMS fibroblast cells were used as a normal control of 
treatment by Dictyophora spp. fruiting body ethanolic 
crude extracts. They were cultured in Dulbecco’s 
modified eagle medium (DMEM) supplemented with 
10% (v/v) fetal bovine serum and 100 U/mL penicillin/
streptomycin (Gibco, ThermoScientific, USA) under the 
same conditions as the CCA cells.

Cell viability assay

The CL-6, HuCCT1, HuH28, and OUMS cells were 
plated onto 96-well microtiter plates (1×104 cells/
well) and cultured at 37 °C under 5% CO2 atmosphere 
for 24 h. The quality of the cells was observed under 
an inverted light microscope before treating with 
ethanolic crude extract of Dictyophora spp. fruiting 
bodies. For evaluation of cytotoxicity, the cells were 
treated with various concentrations of ethanolic crude 
extracts of Ch-DTP, Th-DTP, and Or-DTP fruiting 
bodies (800, 700, 600, 500, 400, 300, 200, 100, 
and 50 µg/mL) diluted in 50% ethanol. The vehicle 
control (final concentration of 5% ethanol) was tested 
simultaneously. 5-Fluorouracil (5-FU) was used as a 
reference compound. The cells were incubated at 37 
°C under 5% CO2 for 48 h. After incubation, 20 µL 
of MTT reagent (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide, Sigma Aldrich, St. Louis, 
MO, USA) was added to each well and incubated for 3 
hours. The culture media containing MTT reagent were 
removed by careful pipetting, and the precipitates were 
dissolved by DMSO. The absorbance was measured at a 
wavelength of 570 nm. The experiment was performed 
in three independent assays, each in triplicate. The IC50 
(concentration that inhibits cell growth by 50%) was 
calculated using CalcuSynTM (Biosoft, Cambridge, UK).

Concentration-response analysis

The concentration-response of the three CCA cell 
lines following exposure to various concentrations 
of ethanolic crude extracts of Ch-DTP, Th-DTP, and 
Or-DTP fruiting bodies (800, 700, 600, 500, 400, 
300, 200, 100, and 50 µg/mL), was determined by 
MTT assay (Sigma-Aldrich, Mannheim, Germany) as 
mentioned earlier. The concentration-response curves 
were calculated using the analysis software CalcuSyn 

(Biosoft, Cambridge, UK).

Statistical analysis

The statistical analysis was performed using Prism 
GraphPad version 6 (GraphPad Software, San Diego, 
CA, USA). Data are expressed as mean ± SD values. 
A comparison of more than two quantitative data sets 
was performed using ANOVA. A comparison of the two 
quantitative data sets was performed using an independent 
t-test or paired t-test, where appropriate. The statistical 
significance was set at α = 0.05.

Results
All ethanolic crude extracts of Dictyophora spp. 
fruiting bodies effectively killed CCA cells

Cell viability results suggest that Ch-DTP effectively killed 
all three CCA cell lines at both low (0.3 mg/mL) and high 
(0.6 mg/mL) doses. Th-DTP and Or-DTP had nominal 
effects at low doses, but significantly reduced cell viability 
at high doses as shown in Fig. 2, while the vehicle control 
(ethanol) had no effect on cell viabilities (data not shown).

The observation of cell morphological alterations after 
treatment with ethanolic crude extracts of Ch-DTP, Th-
DTP, and Or-DTP fruiting bodies was performed under a 
phase-contrast microscope in order to verify the efficacy 
of the extracts. The untreated cells and ethanol-treated 
cells were not different. In contrast, the Ch-DTP treated 
cells were greatly transformed at both low and high doses. 
Correspondingly, in cell viability assays, Th-DTP and Or-
DTP showed little alteration at low doses, but a major change 
at high doses. In OUMS, no effects were recognized for any 
DTP extracts. Cell appearance is illustrated in Figs 3–6.

Figure 2. Cell viabilities of three CCA cell lines (CL-6, 
HuCCT1, and HuH28) and OUMS normal fibroblasts treated 
with ethanolic crude extracts of (A) Ch-DTP, (B) Th-DTP, and 
(C) Or-DTP fruiting bodies. (* represents statistically signifi-
cant differences at p<0.001, Chinese bamboo mushroom; Ch-
DTP, short skirt bamboo mushroom (Thai isolate); Th-DTP, 
orange skirt bamboo mushroom; Or-DTP).

https://pubchem.ncbi.nlm.nih.gov/compound/Penicillin-g
https://pubchem.ncbi.nlm.nih.gov/compound/Streptomycin
https://pubchem.ncbi.nlm.nih.gov/compound/Ethanol
https://pubchem.ncbi.nlm.nih.gov/compound/Ethanol
https://pubchem.ncbi.nlm.nih.gov/compound/5-Fluorouracil
https://pubchem.ncbi.nlm.nih.gov/compound/5-Fluorouracil
https://pubchem.ncbi.nlm.nih.gov/compound/22288011
https://pubchem.ncbi.nlm.nih.gov/compound/22288011
https://pubchem.ncbi.nlm.nih.gov/compound/Dimethyl-sulfoxide
https://pubchem.ncbi.nlm.nih.gov/compound/Ethanol
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Figure 3. Cell morphological changes after treating with ethanolic crude extracts of Ch-DTP fruiting bodies in three CCA cell lines 
(CL-6, HuCCT1, and HuH28) and OUMS normal fibroblasts (Chinese bamboo mushroom; Ch-DTP) (20X amplification).

Figure 4. Cell morphological changes after treating with ethanolic crude extracts of Th-DTP fruiting bodies in three CCA cell 
lines (CL-6, HuCCT1, and HuH28) and OUMS normal fibroblasts (Short skirt bamboo mushroom (Thai isolate); Th-DTP) 
(20X amplification).
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Ch-DTP had the lowest IC50 value among three bamboo 
mushrooms in each CCA cell line

The IC50 (mean ± SD) of Ch-DTP against CL-6, 
HuCCT1, and HuH28 were 0.32±0.06, 0.29±0.03, and 
0.33±0.001 mg/mL, respectively. The IC50 of Th-DTP 
against CL-6, HuCCT1, and HuH28 were 0.48±0.01, 
0.49±0.02, and 0.47±0.01 mg/mL, respectively. The 
IC50 of Or-DTP against CL-6, HuCCT1, and HuH28 
were 0.53±0.03, 0.50±0.03, and 0.48±0.02 mg/mL, 
respectively. Lastly, the IC50 of the standard drug (5-
FU) were 0.09±0.02, 0.09±0.01, and 0.12±0.02 mg/mL, 
respectively. The IC50 of Ch-DTP-treated cells were 
significantly different from other DPT-treated cells with 
p<0.05 in all three cells. The IC50 of all three cells are 
summarized in Table 1.

All three ethanolic crude extracts of Dictyophora spp. 
fruiting bodies showed various effects in three CCA 
cells with no effect on OUMS cells

The concentration-response analysis showed the efficacy 
of ethanolic crude extracts of Ch-DTP, Th-DTP, and Or-
DTP fruiting bodies against three cholangiocarcinoma 
cell lines. Ch-DTP had the best effect, showing a response 
of more than 50% at a concentration of 0.3 mg/mL to 
nearly 100% at 0.6 to 0.8 mg/mL in all CCA cell lines. 
The Th-DTP had moderate effects at concentrations below 
0.6 mg/mL, but worthwhile ones at higher concentrations. 
On the other hand, Or-DTP had limited effects below 
0.4 mg/mL, but the effects were significantly increased 
at higher concentrations. In OUMS fibroblasts, ethanolic 
crude extracts of Ch-DTP, Th-DTP, and Or-DTP fruiting 
bodies had no effect. The concentration-response curves 
are shown in Fig. 7.

Discussion

Mushrooms have been valued throughout the world, both 
as food and medicine because they possess high contents 
of nutrients (Okhuoya and Okogbo 1990; Elkhateeb 
et al. 2019). Dictyophora spp., or bamboo mushrooms, 
are a group of fungi in the family Phallaceae, found 
mainly in tropical areas of Asia, Africa, America, and 

Figure 5. Cell morphological changes after treating with ethanolic crude extracts of Or-DTP fruiting bodies in three CCA cell lines 
(CL-6, HuCCT1, and HuH28) and OUMS normal fibroblasts (Orange skirt bamboo mushroom; Or-DTP) (20X amplification).

Table 1. IC50 of Ethanolic Crude Extracts of Ch-DTP, Th-DTP, 
and Or-DTP Fruiting Bodies Against Three Cholangiocarcinoma 
Cell Lines in Units of mg/mL

Bamboo 
mushrooms

IC50 (mean ± SD) against CCA cell lines (mg/mL)
CL-6 HuCCT1 HuH28

Ch-DTP 0.32±0.06 0.29±0.03 0.33±0.001
Th-DTP 0.48±0.01 0.49±0.02 0.47±0.01
Or-DTP 0.53±0.03 0.50±0.03 0.48±0.02
5-FU 0.09±0.02 0.09±0.01 0.12±0.02

Note: Chinese bamboo mushroom; Ch-DTP, Short skirt bamboo mush-
room (Thai isolate); Th-DTP, Orange skirt bamboo mushroom; Or-DTP).

https://pubchem.ncbi.nlm.nih.gov/compound/5-Fluorouracil
https://pubchem.ncbi.nlm.nih.gov/compound/5-Fluorouracil
https://pubchem.ncbi.nlm.nih.gov/compound/5-Fluorouracil
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Australia. D. indusiata has nutritional values, and its 
proteins, carbohydrates, and dietary fiber contents have 
been extensively studied (Ker et al. 2011; Sitinjak 2017). 
Modern studies suggest that D. indusiata polysaccharides 
exert many biological effects, such as anticancer, antitumor, 
anti-proliferative and neuroprotective activities (Yu et al. 
2017). Consequently, the present study has focused on 
examining Dictyophora spp. extracts for cytotoxicity 
against cultured cholangiocarcinoma cells (CCA).

One distinct property of cancer cell is their resistance 
to apoptotic induction (Hanahan and Weinberg 2011). 
Hence, newly developed alternative chemotherapeutic 
agents should have cytotoxicity via apoptotic induction. 
Apoptosis is a type of programmed cell death resulting 
in nuclear condensation, cytoplasmic shrinking, and cell 
membrane blebbing (Burz et al. 2009). In the present 
study, it was revealed that Dictyophora spp. extracts 
of Chinese bamboo mushrooms (Ch-DTP), Short skirt 
bamboo mushrooms (Thai isolate, Th-DTP) and Orange 
skirt bamboo mushrooms (Or-DTP) induced cytotoxicity 
in cholangiocarcinoma cells. Normal OUMS fibroblast 
cells were not affected, which indicates that the extracts 
would probably induce limited adverse effects when 
administered to patients. The relative cell viability 
results suggest that Ch-DTP effectively killed all three 
CCA cell lines at both low and high doses, while Th-
DTP and Or-DTP had minimal effects at low doses, but 
led to significantly reduced cell viabilities at high doses. 
Furthermore, the concentration-response and IC50 analyses 
showed that the efficacy of ethanolic crude extracts of Ch-
DTP, Th-DTP, and Or-DTP fruiting bodies against three 
cholangiocarcinoma cell lines corresponded to the cell 
viability results. Our results suggest that Ch-DTP may 

Figure 6. CCA cell morphological alteration after treatment 
with Ch-DTP, Th-DTP, and Or-DTP showing cytosol shrinking 
with nuclear condensation, suggesting that those cells were 
undergoing apoptosis (arrows)

Figure 7. The concentration-response curves of ethanolic crude extracts of Ch-DTP, Th-DTP, and Or-DTP fruiting bodies in CCA 
cells (A) CL-6, (B) HuCCT1, and (C) HuH28 and (D) OUMS fibroblasts.
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have the highest potential by showing a response of more 
than 50% at a concentration of 0.3 mg/mL, and nearly 
100% at 0.6 to 0.8 mg/mL in all CCA cell lines. Th-DTP 
had moderate effects at concentrations below 0.6 mg/
mL, but pronounced effects at higher concentrations. 
Similarly, Or-DTP had limited effects below 0.4 mg/mL, 
but significantly increased effects at higher concentrations. 
The IC50 values of all DTPs from our study were higher 
than those of the standard drug (5-FU). However, the IC50 
alone does not represent the whole effects of the extracts, 
especially the alteration of intracellular signaling cascades 
that need to be proved further. In the morphological study, 
the Ch-DTP treated cells were greatly transformed at both 
low and high doses, whereas Th-DTP and Or-DTP showed 
limited alteration at low doses, but substantial changes at 
high doses. Nonetheless, DTP-treated CCA cells showed 
cytosol shrinking with nuclear condensation (Fig. 6), 
suggesting that those cells were undergoing apoptosis. 
Taken together, the results suggest that Ch-DTP revealed 
the best cytotoxicity effect against all CCA cells, followed 
by Th-DTP, and Or-DTP, respectively.

In the present study, the ethanolic crude extracts of three 
bamboo mushrooms (Dictyophora spp.) fruiting bodies 
exerted cytotoxicity on cholangiocarcinoma cell lines. 
We have hypothesized that this effect was exerted through 
apoptotic induction regarding the characteristics of cellular 
morphological changes after treatment. Nevertheless, other 
anticancer effects of those extracts, including autophagy 
and cell cycle arrest induction, as well as the related 
signaling pathways, should be further elucidated.

Conclusion

The cytotoxicity of ethanolic crude extracts of three bam-
boo mushrooms (Dictyophora spp.) fruiting bodies, inclu-
ding Chinese bamboo mushroom (Ch-DTP), short skirt 
bamboo mushroom (Th-DTP), and orange skirt bamboo 
mushroom (Or-DTP), against cholangiocarcinoma (CAA) 
were determined by cell viability, IC50, concentration-res-
ponse, and morphological change analyses. The results 
suggest that Ch-DTP revealed the best cytotoxicity effect 
against cholangiocarcinoma cells followed by Th-DTP, 
and Or-DTP, respectively.
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