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Abstract

Cancer is a major public health burden in both developed and developing countries. The current conventional
cancer therapies like chemotherapy are expensive and inaccessible to many cancer patients. Commercial and
wild edible mushrooms are becoming more important for their nutritional value and are becoming an alternative
source of immune modulation and anticancer agents. Although Previous studies with Trametes versicolor
mushroom from various parts of the world have demonstrated antiproliferative activity on various cancer cell lines,
the antiproliferative activity of the recently identified Kenyan T. versicolor mushroom have not been studied. This
study examined the in vitro antiproliferative activity of an aqueous extract of the Kenyan T. versicolor mushroom
on breast cancer (4T1), prostate cancer (DU145), hepatocellular carcinoma (HCC), rat normal intestinal epithelial
cells (IEC-6) and African green monkey normal kidney (vero) cell lines using MTT assay. The results demonstrated
that the T. versicolor extract at 1.37 pg/ml to 1000 pg/ml dose-dependently inhibited the proliferation of DU145
and 4T1cell lines with IC,; values: DU145 (71.2 ug/ml) and 4T1 (188.5 ug/ml). The extract however did not exert
any significant antiproliferative effect on HCC, IEC-6 and Vero cell lines (IC,,>1000 pg/ml) when compared with a
chemotherapeutic anticancer drug, tamoxifen (p<0.05), confirming the tumor-selective cytotoxicity on cancer cell
lines and its safety on normal cell lines. In all cell lines, the extract showed a significant difference in inhibition of
cell proliferation between the untreated cells and the highest concentration (1000 pg/ml) (p<0.05). Presence of
phytochemicals such as saponins, tannins, steroids, terpenoids and flavonoids in the T. vesicolor extract used

might be the probable reason for its antiproliferative activity.

Keywords: Trametes versicolor; Antiproliferation; Cancer; Cell line;
Inhibition; Viability

Introduction

Cancer is a disease characterized by irregular proliferation of
cells with a manifestation of malfunctions in immunity as malignant
cells manage to escape recognition and elimination by the immune
system [1]. Cancer cells display a broad spectrum of genetic alterations
that may include gene rearrangements, point mutations, and gene
amplifications, leading to disturbances in molecular pathways
regulating cell growth, survival and metastasis [2]. Anyone can develop
cancer and the risk of being diagnosed with cancer increases with age.
About 77% of all cancers are diagnosed in people 55 years of age and
older [3].

Chemotherapy, surgery, immunotherapy and radiotherapy remain
to be the most effective conventional methods in cancer treatment.
However, they are expensive and can cause serious side effects as these
do not often show adequate differential effect between tumor and
normal cells [2], hence the need for affordable but effective ways of
cancer management.

More than 50% of all modern drugs in clinical use are of natural
product origins, many of which have antiproliferative ability [4].
According to World Health Organization estimates, more than 80%
of people in developing countries depend on traditional medicine
for their primary health needs including cancer management [5]. A
survey done in the year 2008 showed that more than 60% of cancer
patients use herbs as therapy [6]. An attempt has been made to
explore the potential of newly discovered anticancer compounds from
medicinal mushrooms as a lead for anticancer drug development [5].
Mushrooms have key medicinal uses including anticancer activity [7],
immunomodulating effects and antiproliferative activity [8]. Trametes
versicolor mushroom, also called ‘Turkey tail’ has been widely studied

and its antiproliferative activity on different cancer cell lines has been
well documented [9-11].

In Japan, polysaccharide-Krestin (PSK) extracted from T. versicolor
mushroom is prescribed to cancer patients routinely, both during and
after radiation and chemotherapy [12-15]. In the United States of
America, whole, freeze-dried T. versicolor is commonly prescribed to
breast cancer patients [16].

Insome studies done in China to test for the antiproliferative activity
of T. versicolor extract, results showed that the extract could inhibit
the proliferation of four breast cancer cells (T-47D, Bcap37, ZR75-
30, MCF-7), B-cell lymphoma (Raji), human promyelocytic leukemia
(HL-60, NB-4) and liver cancer cell line (7703) [17,18]. However, the
extracts of T. versicolor mushroom have been reported to be non-toxic
to several normal cells [19-21] and in cancer patients on clinical trials
[22-24]. Differences in the ecological zones where mushroom exist
and the influence of some environmental factors may account for the
overall composition and activity of compounds present in mushrooms
[25,26]. This study therefore investigated the antiproliferative potential
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of the recently identified Kenyan T. versicolor mushroom against breast
cancer (4T1), prostate cancer (DU145), hepatocellular carcinoma
(HCC), rat normal intestinal epithelial cells (IEC-6) and African green
monkey normal kidney (vero) cell lines. We report significant anti
proliferative activity of T. versicolor aqueous extract on DU145 and 4T1
cell lines, with insignificant antiproliferative activity on HCC, IEC-6
and vero cells.

Material and Methods

Reagents

The cells used were Breast cancer cell line (4T1), hepatocellular
carcinoma cell line (HCC), human prostate cancer cell line (DU145),
African green monkey kidney cell line (Vero) and rat normal intestinal
epithelial cell line (IEC-6) which were obtained from the center for
traditional medicine and drug research (CTMDR) at Kenya medical
research institute (KEMRI). The RPMI-1640 medium and fetal calf
serum were purchased from Gibco Laboratories (Grand Island, NY,
USA). The MTT (3-(4,5-dimethylthiazolyl)-2, 5-diphenyl-tetrazolium
bromide), dimethyl sulfoxide (DMSO) and other chemicals used were
purchased from Sigma Chemical Co. (St. Louis, MO, USA).

Collection and preparation of mushrooms

Trametes versicolor were botanically identified by a botanist
and collected from Arabuko Sokoke forest at the Kenyan coast and
evaluated at KEMRI laboratories. Voucher specimens were deposited
at the University of Nairobi herbarium. The mushroom T. versicolor
were cut into small pieces and dried at room temperature. The dried
materials were ground in a food grinder (mincer) to a fine powder,
packed in bags, and stored at room temperature until use.

Aqueous extraction of the mushrooms

Aqueous extraction of T. versicolor was done according to Piero [27]
and Kigondu [28] with modifications. Briefly, 100 g of the previously
prepared powder of the mushroom T. versicolor was measured using
an electrical beam balance and put into a 500 ml conical flask. Double
distilled water was added until the sample was completely submerged.
The mixture was then transferred into a water bath at 80°C for 3 hours
and cooled to room temperature. The mixture was then filtered using
Whatman no.1 filter paper into a clean sterile 1000 ml conical flask
and the solvent removed using a freeze drying machine. The resulting
extract was weighed and stored in an airtight bottle at -20°C until use.

Antiproliferative activity

The antiproliferative activity of the mushroom extract was
evaluated using MTT (3-(4,5-dimethylthiazolyl)-2, 5-diphenyl-
tetrazolium bromide) assay (Sigma, USA). The assay detects the
reduction of MTT by mitochondrial dehydrogenase to blue formazan
product, which reflects the normal function of mitochondria and cell
viability [18]. Formazan, which is an insoluble yellow colored product
can be measured spectrophotometrically [29,30] and the activity of
mitochondrial dehydrogenase enzyme to produce formazan is directly
and inversely proportional to the level of cell viability and inhibition
respectively [31].

Cells were maintained as monolayer cultures in RPMI-1640
medium supplemented with 10% fetal bovine serum and incubated
at 37°C in a humidified incubator at 5% CO,. Five types of cells were
seeded in 96-well plates with the final volume 100 pl containing 24,000
cells per well, with the cell density determined using trypan blue
exclusion assay. The fourth, eighth and twelfth columns of the 96 well

plates contained 100 pl RPMI-1640 with no cells as they were treated as
blanks for each cell line. The plates were incubated at 37°C for 48 hours.
The T. versicolor extract in PBS was proportionally diluted with RPMI-
1640, and 50 pl of each solution was added to triplicate wells in the
concentrations: 1000 pg/ml, 333.33 pg/ml, 111.11 pug/ml, 37.04 ug/ml,
12.35 pg/ml, 4.12 pug/ml and 1.37 pg/ml with the last raw of the 96 well
plate left untreated to serve as a cell control. After 48 hours incubation
in 5% CO, humidified environment at 37°C, a volume of 10 ul of PBS
containing 5 mg/ml MTT was then added into each well including all
the controls and plates further incubated for 3 hours. The medium
was removed and 100 ul DMSO added into each well. After the plates
were shaken mildly, the absorbance of the samples was measured at
560 nm with a Multiskan Spectrum Microplate Spectrophotometer.
Determination of cell proliferation was achieved using the formular
developed by Patel et al. [30] and Awasare et al. [32], as follows;

At— Ab

Proliferation rate =——
Ac—Ab

At— Ab
Ac— Ab

Percentage viability = X100

Percentage inhibition =100 — LAZ)XIOO
Ac—A4b

Where At=Absorbance value of test compound

Ab=Absorbance value of Blank

Ac=Absorbance value of negative control (untreated Cells)
Statistical analysis

Results were expressed as the mean + standard error of the mean
(SEM) for all the different concentrations of the mushroom extracts.
Statistical differences between the concentration means were assessed
by One-way ANOVA and the means subjected to Tukey’s post-hoc test
for pairwise comparison with values of p<0.05 considered as statistically
significant. Generated dose response curves were used to determine
IC,, values. Student’s unpaired t-test was then used to compare the IC, |
values of T. versicolor to that of Tamoxifen. Data analysis was done
using Excel spread sheets and Minitab statistical software version 17.0.

Qualitative phytochemical analysis of Trametes versicolor
extract

A qualitative phytochemical analysis of the crude mushroom
extract was performed using standard protocols described by Odebiyi
and Sofowora [33].

Test for alkaloids: Weight of 0.5 g of the extract was stirred with 5
ml of 1% aqueous hydrochloric acid for two minutes on a steam water
bath. The mixture was filtered and few drops of Dragendorff’s reagent
was added. The sample was then observed for color change or turbidity
to draw inference.

Test for saponins: The persistent frothing test for saponin described
by Odebiyi and Sofowora [33] was used. A volume of 30 ml distilled
water was added to 1 g of the mushroom extract. The mixture was
vigorously shaken and heated on a steam water bath. The sample was
observed for the formation of stable froth to draw inference.

Test for phlobatannins: Weight of 0.2 g of the mushroom extract
was dissolved in 10 ml of distilled water and filtered. The filtrate was then
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boiled with 2% hydrochloric acid solution and observed for deposition
of red precipitate which indicates the presence of phlobatannin.

Test for tannins: The method of Trease and Evans [34] was adopted
where 0.5 g of the mushroom extract was dissolved in 5 ml of distilled
water, then, boiled gently and cooled. One ml of the solution was
dispensed in a test tube and 3 drops of 0.1% ferric chloride solution
were added and observed for brownish green or blue black colouration
which indicates the presence of tannins.

Test for terpenoids: The Salkowski test was used. A weight of 5 g
of the extract was dissolved in 5 ml distilled water. The mixture was
then added in 2 ml of chloroform, and 3 ml concentrated sulphuric acid
was carefully added to form a layer. The solution was then observed for
reddish brown colouration which confirms the presence of terpenoids.

Test for steroids: A volume of 2 ml acetic anhydride was added to
0.5 g of the mushroom extract and filtered. Two ml of Sulphuric acid
was added to the filtrate and observed for colour change from violet to
blue or green, which indicates the presence of steroids.

Test for flavonoids: A volume of 5 ml diluted ammonia solution
was added to 0.5 g of the mushroom extract dissolved in 5 ml distilled
water. This was then followed by the addition of a concentrated
sulphuric acid. The solution was observed for yellow colouration that
disappears on standing to confirm the presence of flavonoids.

Test for anthraquinones (Borntrager’s test): A weight of 0.5 g of the
mushroom extract was shaken with 10 ml of benzene, filtered and 5 ml
of 10% ammonia solution added to the filtrate. The mixture was then
shaken and observed for the presence of pink red or violet colour in the
ammonia layer which indicates the presence of free anthraquinones.

Phytochemical extract T. versicolor aqueous

Saponin +
Tannin +
Steriod +
Alkaloid -

Terpenoid
Flavonoids

Anthraquinone -
Phlobatannin -
The (+) sign denotes presence of phytochemicals while (-) sign denotes absence
of phytochemicals.

Table 1: Qualitative phytochemical screening of T. versicolor aqueous extract.

o/ \fiahili o .
Concentra- % Viability % Inhibition

tion (ug/ml) | 4T1 DU145 HCC|IEC-6 Vero 4T1 DU145 HCC IEC-6 Vero

Untreated 0, 100 100 100 100 O 0 o 0 o
cells
1.37 9% 84 95 92 97 4 16 5 8 3
4.12 94 74 90 89 94 6 26 10 11 6

12.35 83 68 89 86 | 92 17 32 1 14 8
37.04 70 52 85 70 | 88 30 48 15 | 30 12
11111 60 41 81 | 65 86 |40 59 19 | 35 | 14
333.33 31 35 65 60 74 69 65 35 | 40 26
1000.00 22 9 59 56 | 57 78 91 41 | 44 43

Results are expressed as the Mean of three independent experiments of
three wells each which were calculated from the OD values obtained from a
spectrophotometer.

Table 2: Percentage viability and percentage inhibition for effect of aqueous extract
of T. versicolor mushroom on 4T1, DU145, HCC, IEC-6 and vero cell lines.

Cell line Drug IC,, (ng/ml) £ SEM
4T1 1 188.53 + 4.812
4T1 2 163.33 + 8.822

DU145 1 71.16 + 3.48°
DU145 2 63.33 + 3.48
IEC-6 2 42.20 + 5.64~
HCC 2 41.37 + 5.49%
Vero 2 36.46 + 2.69¢
IEC-6 1 -
HCC 1 -
Vero 1 -

1= T. versicolor, 2=Tamoxifen (Reference drug).

Results are expressed as the Mean + SEM of three independent experiments of
three wells each. Values that do not share a superscript are significantly different
(P>0.05). i.e: IC, values on 4TI cells treated with drug 1 and drug 2 are statistically
not different. Drug 1 (T. versicolor) did not produce IC,, values on IEC-6, HCC and
vero cell lines (IC,,>1000 pg/ml).

Table 3: Statistical comparison on the IC, values between T. versicolor extract and
Tamoxifen (reference drug) on the 5 cell lines.

Results

Qualitative phytochemical analysis of T. versicolor aqueous
extract

Results from the phytochemical analysis of the aqueous extracts of
the Kenyan T. versicolor mushroom revealed the presence of saponins,
tannins, steroids, terpenoids and flavonoids while anthraquinones,
alkaloids and phlobatannins were absent (Table 1).

Antiproliferative potential of T. versicolor aqueous extract

This study evaluated the antiproliferative potential of T. versicolor
aqueous extracts on five cell lines namely 4T1, DU145, HCC, IEC-6 and
Vero cell lines. The T. versicolor aqueous extract at 1.37 ug/ml to 1000
pug/ml exhibited dose-dependent inhibitory effects on the proliferation
of DU145 and 4T1 cells with more than 90% and 70% suppression
respectively at the highest concentration (Table 2). However, the
extract induced a low level of suppression on the proliferation of
HCC, normal IEC-6 and normal Vero cells showing values of 41.19%,
43.85% and 42.64% respectively at the highest concentration (Table 2).
Table 3 shows the concentrations producing 50% growth inhibition
(IC,) of the T. versicolor extract on the five cell lines of which DU145
proliferation was most potently suppressed with the lowest IC,,
value (71.16 pg/ml) followed by 4T1 cells (IC_=188.53 ug/ml) after
incubation with the T. versicolor extract. The T. versicolor extract did
not record any IC, values against HCC, vero and IEC-6 cell lines
even at the highest concentration (1000 pg/ml). The IC, values of T.
versicolor against all cell lines used were statistically compared to those
of the reference drug (Tamoxifen) where results revealed that there was
no statistical difference between the IC, values of T. versicolor extract
and Tamoxifen against DU145 and 4T1 cells (Table 3).

All cell lines treated with the aqueous extract of T. versicolor had a
general reduction in their viability with the extract showing a general
increase in the percentage inhibition on all cell lines used (Table 2).
The mushroom extract demonstrated a dose dependent inhibition
of cell proliferation in all cell lines used. As the concentration of the
mushroom extract increased from 1.37 pg/ml to 1000 pg/ml, the
percentage viability decreased, showing the lowest viability at 1000
pg/ml and the highest in untreated cells with HCC and DU145 cell
lines showing the highest and lowest viability respectively (Table 2).
A general reduction on the proliferation rate against all cell lines used
was recorded. As the concentration of the mushroom extract increased,
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800 1000 1200

Concentration pg/ml

Figure 1: Dose response curve showing the effect of aqueous extract of T. versicolor on the proliferation rate on 471, DU145, HCC, IEC-6 and Vero cell lines.

Concentration (pug/ml)

T. versicolor 4T1 DU145

Untreated cells 1.00 £ 0.02° 1.00 £ 0.012
1.37 0.96 £ 0.01° 0.84 + 0.00%®
412 0.94 +0.02° 0.74 £ 0.04°
12.35 0.83 £ 0.02% 0.68 + 0.01¢
37.04 0.70 £ 0.01%° 0.52 + 0.02¢
111.11 0.61 £ 0.04¢ 0.41 £ 0.05*'

333.33 0.31+0.01¢ 0.35+0.01f
1000.00 0.22 +0.01¢ 0.10 £ 0.01¢

Proliferation rate Cell line

HCC IEC-6 Vero
1.00 £ 0.01° 1.00 £ 0.01° 1.00 £ 0.01°
0.95 + 0.00*° 0.92 +0.01° 0.97 £ 0.01%®
0.90 + 0.012* 0.89 + 0.00° 0.94 + 0.012*
0.89 + 0.02" 0.86 + 0.00° 0.92 + 0.01b
0.85 + 0.02" 0.70 £ 0.01° 0.88 + 0.03*
0.81+0.01° 0.65 + 0.03 0.86 + 0.01¢
0.65+0.01¢ 0.60 + 0.06% 0.74 £0.001°
0.59 + 0.02¢ 0.56 £ 0.02° 0.57 +0.02'

Proliferation rates in the same cell line were compared to each other among the different concentrations of the extract. Results are expressed as the Mean + SEM of three
independent experiments of three wells each. Values followed by the same superscript in the same cell line are not significantly different (P>0.05). In each cell line, the
proliferation rate on the untreated cells is statistically different to that on the highest concentration (1000 ug/ml). i.e: Values followed by superscript ‘a’ and ‘e’ on 4TI cell

line are statistically different.

Table 4: Effect of aqueous extract of T. versicolor mushroom on the proliferation rate on 4T1, DU145, HCC, IEC-6 and Vero cell lines.

the proliferation rate decreased with DU145 and 4T1 cells showing the
lowest proliferation rates at the highest concentration (1000 pg/ml).
In all cell lines, the proliferation rate was lowest at 1000 pg/ml and the
highest in untreated cells (Figure 1). There was a significant difference
between proliferation rate at 1000 pg/ml and untreated cells in all cell
lines. (P<0.05) (Table 4).

Discussion

The aqueous extract of the Kenyan T. versicolor mushroom used
in this study exhibited antiproliferative activity on two cancer cells
with high safety levels on normal cells. Previous studies have shown
that aqueous extracts of T. versicolor mushroom contain natural
polysaccharides which have been proven to have some anticancer
activity [35]. This study evaluated the antiproliferative activity of
aqueous extracts of Kenyan T. versicolor mushroom on normal and
cancer cell lines namely, 4T1, DU145, HCC, IEC-6 and Vero.

The findings of this study revealed that aqueous extracts of the
Kenyan T. versicolor mushroom significantly inhibited the proliferation
of breast cancer cells (4T1) and human prostate cancer cells (DU145)
in a dose dependent manner. Such antiproliferative activity of the T.
versicolor extract was reflected by its high percentage inhibition (Table
2) and therelativelylow IC, values which were significantly not different
to those of Tamoxifen, the reference drug used (Table 3). These findings
are consistent with previous studies where ethanol-water extract of T.
versicolor was reported to have significant inhibitory effects on human
breast cancer cells, prostate cancer, human leukemia, and lymphoma
cells [18]. In another study done by Cheong-Yip et al. [36], ethanol-
water extract of T. versicolor exhibited significant antiproliferative

activity on three human breast cancer cell lines (MDA-MB-231, MCF-
7 and T-47D) in a dose-dependent manner in vitro. Carolyn achieved
similar findings et al. [37] in a clinical trial on women with breast
cancer where oral preparations of T. versicolor administered to the
subjects showed significant antiproliferative activity.

However, the aqueous extracts of T. versicolor in the present study
showed a very low inhibition on the proliferation of human liver cancer
cells (HCC), rat normal intestinal epithelial cells (IEC-6) and African
green monkey normal kidney cells (Vero). This is shown by their high
IC,, values where even the highest concentration of the mushroom
extract used could not inhibit at least 50% of the cells (Table 3). In
a study by Xuannwei et al. [17] on polysaccharides isolated from T.
versicolor mushroom, the results recorded no antiproliferative activity
on three human liver cancer cells (HepG2, 7721, PLC) and human
normal liver cells (WRL) which corresponds with the results of this
study as T. versicolor extract failed to inhibit the proliferation of human
cancer liver cells (HCC). Xuannwei et al. [17] in their study recorded
that the polysaccharide extract of T. versicolor showed antiproliferative
activity on four breast cancer cell lines (T-47D, Bcap37, ZR7-30, MCF-
7) while it inhibited the proliferation of only one liver cancer cell line
(7703) out of four liver cancer cell lines used. This therefore might be
suggestive that T. versicolor extract acts on liver cancer cells selectively.

The results of this study suggest that the aqueous extract of the
Kenyan T. versicolor mushroom is more actively in the inhibition of
breast and prostate cancer cells than human liver cancer cells and
normal cell lines. This was reflected by the low IC, values of 71.16 ug/
mland 188.53 pg/ml on prostate cancer (DU145) and breast cancer cells
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(4T1) respectively compared to liver cancer cells (HCC), rat normal
intestinal epithelial cells (IEC-6) and African green monkey normal
kidney cells (Vero) both of which had an IC_ value>1000 pg/ml (Table
3). These results tend to agree with previous reports that T. versicolor
extracts can selectively suppress the proliferation of various cancer cells
with no antiproliferative activity in normal cell lines suggesting its high
level of safety [17,18,36]. In all cell lines used in this study, there was
a significant difference in the proliferation rate between the untreated
cells and the highest concentration (1000 pg/ml) of the T. versicolor
extract used (Table 4). This tendency however suggests that the extract
used in this study has a dose-dependent activity on the cell lines used.

The antiproliferative activity of the T. versicolor aqueous extract
used in this study can be associated with the phytochemicals found to
be present in the extract. Saponis, flavonoids and Taninns, which were
present in the extract have been documented from previous research
to possess some anticancer activity on different cancer cell lines
[38-40]. Flavonoids have demonstrated antiproliferative activity in
prostate, renal, colon, non-Hodgkin’s lymphoma, gastric carcinomas
and neuroblastoma cancer cells [41-43]. Tannin isolated from Cuphea
hyssopifolia, Phyllanthus niruri and Cistus ladanifer among other
medicinal plants has been documented to have antiproliferative effects
against breast, human promyelocytic leukemia HL-60, ovarian and
pancreatic cancer cell lines [44-46].

The findings of this study indicates that the aqueous extract of the
Kenyan T. versicolor mushroom are consistent with previous results
on T. versicolor mushrooms collected from other parts of the world.
However, it is probable that the phytochemicals found to be occurring
in the aqueous extract of the Kenyan T. versiocolor used in this study
are responsible for the antiproliferative nature of the extract. These
results suggest the need for a quantitative analysis and study of the
phytochemicals of the Kenyan T. versicolor mushroom. In vitro and in
vivo anti-proliferative activity and evaluation of cell death mechanisms
using purified active compounds extracted from the T. versicolor
mushroom is also recommended.
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