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Abstract

Obesity markedly increases the risk of colorectal cancer. Recently, the preventive effects of edible mushrooms
on triglyceride elevation and visceral fat accumulation have been reported. Here, the effects of Pleurotus eryngii
(Eringi) and Hypsizygus marmoreus (Bunashimeji) on azoxymethane (AOM)-induced aberrant crypt foci (ACF;
precancerous lesions) in the colorectums of mice fed a high-fat diet were examined. Eringi (ER) and Bunashimeji
(BU) mushroom powder samples were used. Six-week-old male C57BL/6J mice received an intraperitoneal
injection of AOM (10 mg/kg) once a week for two weeks, and were sacrificed and dissected at 6 weeks after the
start of the experiment. After the initiation of the experiment, they received a normal diet (ND), high-fat diet
(HFD), HFD + ER (1 or 5% of diet), or HFD + BU (1 or 5% of diet). As a result, body and fat weights were
significantly lower in the 5% ER and BU groups than in the HFD group. Liver triglyceride levels were also
significantly lower in the 5% ER and BU groups. Total liver cholesterol levels were significantly lower in the
5% ER group. The numbers of ACF (especially large ACF) showed strong inhibitory effects in both ER and BU
groups. Measurement of the cell proliferation marker Ki-67 labeling index in the colonic mucosa demonstrated
more significant suppression in both ER and BU groups than in the HFD group. These results suggest that the

simultaneous intake of ER and BU may inhibit colorectal tumorigenesis in HFD-fed mice.
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Introduction

In Japan, the age-adjusted mortality due to colon cancer
increased in both men and women from the postwar era
to the mid-1990s, and, subsequently, gradually decreased
(Cancer Information Service, 2015). Site-specific cancer
mortality rates were: lung cancer, 23.9%, gastric cancer,
15.0%, and colon cancer, 11.9% (third-leading cause of
death among men) in men, and colon cancer, 14.9% (first-
leading cause of death among women) in women (Ministry
of Health, Labour and Welfare, 2012).

Dietary habits, such as excessive calorie and animal
fat intake, particularly meat, alcohol, and fat ingestion,
are associated with the development of colon cancer.
Excessive fat intake, as well as obesity, increases the
risks of hyperlipidemia, arteriosclerosis (Miyazaki et al.,
2010), and colon carcinogenesis (Bardou et al.,2013). As
recently reported, visceral fat obesity is strongly correlated
with the risk of colon carcinogenesis (Endo et al., 2013).

Mushrooms have physiological activities, such as
antitumor activity (Ren et al., 2012), cardiovascular
disease-preventing effects (Guillamon et al., 2010),

hypoglycemic activity (Jayasuriya et al., 2012), and
cholesterol-lowering effects (Jeong et al., 2010; Sato et
al.,2013). Ohtsuki et al. (2007) reported that Bunashimeji
had inhibitory effects on hepatic triglyceride accumulation
and cholesterol-lowering effects.

Mizutani et al. (2008) reported that an Eringi
extract inhibited pancreatic lipase activity in a dose-
dependent manner in an in vitro study and suppressed
serum triglyceride elevation in mice and humans after
fat loading. Mori et al. (2008) reported that Eringi,
Maitake, and Bunashimeji, particularly Bunashimeji, had
antiatherosclerotic effects in mice fed a 3% freeze-dried
powder diet. Bunashimeji also exhibited antioxidant
effects (Matsuzawa et al., 1997; 1998) and antitumor
activity (Ikekawa et al., 1992).

Eringi may prevent visceral fat accumulation and
suppress colon carcinogenesis in mice by strongly
inhibiting pancreatic lipase activity and suppressing
triglyceride elevation. Bunashimeji may suppress
colon carcinogenesis through antioxidant effects,
antitumor activity, and preventive effects on visceral fat
accumulation.
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In the present study, the effects of Eringi and
Bunashimeji on colorectal precancerous lesions (aberrant
crypt foci, ACF) were examined in azoxymethane (AOM)-
induced mice under high-fat dietary conditions.

Materials and Methods

This experiment was conducted in accordance with
Endo et al. (2009).

Animals and diet

Five-week-old male C57Bl/6] mice were purchased
from Japan SLC Inc. (Hamamatsu, Japan). They were
kept in groups of two or three in plastic cages with
woodchip bedding and fed a normal diet (ND; AIN-93G,
Oriental East Co. Ltd., Tokyo, Japan) in an animal facility
controlled at a temperature of 23+5°C, 60+5% humidity,
and with 12-h light/dark cycle. The care and use of the
animals were in accordance with the ‘Guidelines for the
Management of Laboratory Animals at Fujita Health
University’ and the experimental protocols were approved
by the Institutional Animal Care and Use Committee of
Fujita Health University.

Eringi (ER) and Bunashimeji (BU) mushroom powder
samples were provided by Hikuto Corporation (Nagano,
Japan) and added to a high fat diet (HFD-60, Oriental
East Co. Ltd., Tokyo, Japan) at 5% and 1%, respectively.

Experimental protocol

After acclimation for 1 week, mice were divided into
6 groups. Group 1 (ND, n=10) was given ND, Group 2
(HFD, n=10) was given HFD, Group 3 (HFD+5%ER,
n=10) was given HFD containing 5% ER, Group 4
(HFD+1%ER, n=10) was given HFD containing 1% ER,
Group 5 (HFD+5%BU, n=10) was given HFD containing
5% BU, and Group 6 (HFD+1%BU, n=10) was given
HFD containing 1% BU. All mice were fed for 6 weeks,
with tap water ad libitum. After one week, all mice were
given intraperitoneal injections of 10 mg/kg body weight
AOMonce a week for two weeks. At 6 weeks after the
start of the experiment, all mice were anesthetized with
Nembutal, exsanguinated via the heart into heparin-
coated syringes, and carefully autopsied. The colorectum,
principal organs (liver, kidneys, spleen) and fat tissues
(epididymis, posterior abdominal wall, mesentery) were
immediately removed. The weights of principal organs and
fat tissues were measured. The livers were stored at -80°C
until determination of triglyceride and total cholesterol
concentrations.

Determination of liver triglyceride and total cholesterol
concentrations

According to the method of Edvardsson et al. (2006),
frozen livers were homogenized in isopropanol (50 mg
tissue/1ml) and incubated at 4°C for 1 h. The samples were
centrifuged at 4°C for 5 min at 500 xg, and triglyceride and
total cholesterol concentrations in the supernatants were
measured with Triglyceride E-Test Wako and Cholesterol
E-Test Wako kits (Wako Pure Chemical Industries, Ltd.,
Osaka, Japan) according to the manufacturer’s protocol.
Analysis of aberrant crypt foci
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The removed colorectum was gently flushed with
saline to remove any fecal contents, opened longitudinally,
and fixed in 10% neutralized formalin. After fixation, each
colon was rinsed in PBS, stained with 0.2% methylene
blue, and microscopically observed. Identification of
ACF was carried out according to the criteria described
previously (McLellan et al.,1998), and the amount of ACF
formation was determined.

Immunohistochemistry

After analysis of ACF, the colorectum was processed
to perform immunohistochemical detection of Ki-67, a
cell proliferation marker. Ki-67 was stained to compare
the positivity rate. Epithelial proliferation of the colon
was determined by a slight modification of the method of
Katsuki et al. (2006) and Kaneko et al. (2012). Briefly, the
sections were retrieved in an autoclave in citrate buffer (pH
6.0) for 20 min at 120°C. Endogenous peroxidase activity
was blocked by incubation of slides in absolute methanol
containing 3% H,O, for 15 min at room temperature.
They were then incubated with anti-Ki-67 (rat anti-mouse
Ki-67 antigen clone TEC-3, DakoCytomation, Denmark)
at a working dilution of 1:100. After 30 min at room
temperature, they were treated with Histofine Simple
Stain Mouse MAX-PO (Rat) reagent (Nichirei Bioscience,
Tokyo, Japan) for 30 min. They were washed three times
with PBS after each incubation, and 3,3’-diaminobenzidine
was employed as a chromogen. The nuclei were lightly
counterstained with Mayer’s hematoxylin solution. For
determination of immunostaining, epithelial cells of the
colon were counted from the lowest point to the tip of the
crypt by light microscopy using 400 x magnification. The
number of positively stained cells in each crypt column
was recorded. The results were defined as the ratio of the
number of positive-stained cells to the total number of
cells counted (at least 500), and then multiplied by 100.

Data analysis

Data are presented as the mean+S.E. Statistical
comparisons were made with Student’s #-test or two-way
analysis of variance where appropriate. These analyses
were performed using Instat version 3.0 for Windows
(GraphPad Software, Inc., San Diego, CA, USA).
Differences were considered to be significant at p<0.05.

Results

General observations

Food consumption and final body and organ weights
are shown in Table 1. Food consumption was not
significantly different among the groups. Body weights
were significantly higher in Group 2 than in Group 1 and
significantly lower in Groups 3 and 5 than in Group 2 at
one week after the start of the experiment. The weight
change was observed throughout the experimental period.
The absolute liver weight was significantly higher in
Group 2 than in Group 1 (p<0.05), and was significantly
lower in Groups 3 and 5 than in Group 2 (p<0.01).
Similarly, the absolute kidney weight was significantly
higher in Group 2 than in Group 1 (p<0.01), and was
significantly lower in Groups 3 and 5 than in Group 2
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Table 1. Food Consumption, Final Body Weight, and Organ Weight in AOM-treated C57BL/6J Mice

Group 1 2 4 5 6
Diet Normal diet HFD HFD+5% PE HFD+1% PE HFD+5% HM HFD+1% HM
Number of animals 10 10 10 10 10
Food consumption 101.0+£2.0 118.6+26.1 94.4+8.6 137.1+£43.2 126.6+35.2 88.3£3.0
(g/kg/day)
Final body weight (g) 24.3+0.8 31.5£0.9%7 23.9+0.5%* 299+1.0 25.240.5%* 29.3+0.6
Absolute organ weight
Liver (g) 0.82+0.02 0.99+0.04+ 0.77+0.02%* 0.95+0.04 0.77+0.02%* 0.91+0.03
Kidneys (g) 0.25+0.01 0.30+0.011+  0.24+0.01%* 0.28+0.01 0.27+0.01* 0.29+0.01
Spleen (g) 0.07+0.00 0.09+0.01F 0.07+0.00%* 0.08+0.00 0.08+0.01 0.09+0.00
Relative organ weight (100 g body weight)
Liver (g) 3.38+0.05 3.16+0.10 3.23+0.03 3.17+£0.05 3.04+0.06 3.10+0.06
Kidneys (g) 1.04+0.02 0.95+0.03+ 0.99+0.01 0.94+0.02 1.08+0.02%* 1.01+0.02
Spleen (g) 0.29+0.02 0.28+0.01 0.29+0.01 0.27+0.00 0.30+0.02 0.31+0.01

Abbreviations: HFD, High-fat diet; PE, Pleurotus eryngii (Eringi); HM, Hypsizygus marmoreus (Bunashimeji); Significantly different from Group
1 (p<0.05;71p<0.01; Student #-test): Significantly different from Group 2 (**p<0.01, *p<0.05; Dunnett’s multiple comparisons test)

(p<0.01 and p<0.05, respectively). The absolute spleen
weight was significantly higher in Group 2 than in Group
1 (p<0.05), and was significantly lower in Group 3 than
in Group 2 (p<0.01). These results reflect weight gains
induced by HFD diets. No significant difference was noted
in relative liver and spleen weights. However, the absolute
kidney weight was significantly lower in Group 2 than in
Group 1 (p<0.05), and was significantly higher in Group
5 than in Group 2 (p<0.01) and comparable between
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Figure 1. Comparison of Fat Weight (100 g Body
Weight) Group of Mice of AOM Administration.
Significantly different from Group 1 (fp<0.01; Student #-test);
Significantly different from Group 2 (**p<0.01, *p<0.05;
Dunnett’s multiple comparisons test)
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Groups 1 and 5. Fat weights (100 g body weight) are
shown in Figure 1. They were significantly higher in the
epididymis, posterior abdominal wall, and mesentery in
Group 2 than in Group 1 (p<0.01), and were significantly
lower in Groups 3, 5, and 6 than in Group 2 (p<0.05 for the
mesentery in Group 6, p<0.01 in the others). In addition,
they were significantly lower in the posterior abdominal
wall in Group 4 (p<0.01).

Liver triglyceride and total cholesterol concentrations

Triglyceride and total cholesterol concentrations
in liver tissue are shown in Figure 2. Triglyceride
concentrations in liver tissue were significantly higher in
Group 2 than in Group 1 (p<0.01), and were significantly
lower in Groups 3 and 5 than in Group 2 (p<0.01). Total
cholesterol concentrations were significantly higher in
Group 2 than in Group 1 (p<0.01), significantly lower in
Group 3 than in Group 2 (p<0.05), and were decreasing
in Group 5.
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Figure 2. Liver Triglyceride and Total Cholesterol
Content. Significantly different from Group 1 ( 7p<0.01;
Student t-test). Significantly different from Group 2 (**p<0.01,
*p<0.05; Dunnett’s multiple comparisons test)
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ACF
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Figure 3. Evaluation of Mouse Colon ACF of AOM
Administration Group. Significantly different from Group
1 (+p<0.01; Student #-test); Significantly different from Group
2 (*p<0.01; Dunnett multiple comparisons test)
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Figure 4. Ki-67 Labeling Index in Normal Colon

Mucosa. Significantly different from Group 1 (p<0.01;
Student #-test); Significantly different from Group 2 (*p<0.01;
Dunnett’s multiple comparisons test)

Number of ACF

The numbers of ACF and large ACF (number of
ACF with four or more abnormal crypts per focus)
are summarized in Figure 3. All the numbers were
significantly higher in Group 2 than in Group 1 (p<0.01),
and were significantly lower in Groups 3-6 than in Group
2 (p<0.01). The ACF inhibition rates were 52,46,42, and
40% in Groups 3,4,5,and 6, respectively, relative to 100%
in Group 2.\The numbers of large ACF were decreased by
76,90, 86, and 71% in Groups 3,4, 5, and 6, respectively,
relative to 100% in Group 2.

Ki-67 labeling index

For assessing cell proliferation in the colon, the Ki-
67-labeling indices were measured. As shown in Figure
4, the Ki-67-labeling index was significantly higher in
Group 1 than in Group 2 (p<0.01); inhibition rates were
significantly lower, i.e., 26, 30, 31, and 22% in Groups
3,4,5, and 6, respectively, relative to 100% in Group 2
(P<0.01).

Discussion

The effects of Eringi and Bunashimeji on the formation
of ACF (colorectal precancerous lesions) in AOM-induced
mice on a high-fat diet were examined. As a result, both 5
and 1% diets significantly inhibited ACF formation, and
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its mean inhibition rate was as high as 45%. The increased
incidence of colon cancer is caused by excessive calorie
intake due to westernization of the diet and obesity due
to animal fat intake (Endo et al., 2013). The incidence of
colon cancer increases by 7% when the body mass index
(BMI), an indicator of obesity, increases by 2 (Calle et
al.,2004). In this experiment, 5% Eringi and Bunashimeji
diets significantly suppressed the increase in body weight
due to a high-fat diet at one week after the start of the
experiment until the end. Fat weights were significantly
suppressed in the epididymis, posterior abdominal wall,
and mesentery. They were significantly suppressed in the
posterior abdominal wall in the 1% Eringi group and in all
regions in the 1% Bunashimeji group. Plasma triglyceride
and total cholesterol levels were not significantly increased
in the high-fat diet group at that time, as compared with
the normal diet group, precluding the examination of
the effects of Eringi and Bunashimeji (data not shown).
Triglyceride levels were not elevated in the high-fat diet
group, suggesting that the ACF-inhibiting effects observed
in this experiment were not caused by the pancreatic lipase
activity-lowering effects of Eringi and Bunashimeji.

Subsequently, the liver, whose absolute weight was
significantly lower and relative weight showed no change,
was histopathologically examined, demonstrating that
lipid droplet formation was suppressed in the 5% Eringi
and Bunashimeji groups (data not shown). Triglyceride
and total cholesterol levels in liver tissue were measured,
demonstrating that triglyceride levels were significantly
lower in the 5% FEringi group and triglyceride and total
cholesterol levels were significantly lower in the 5%
Bunashimeji group. Thus, the antiobesity effects of Eringi
and Bunashimeji may be involved in the suppression of
ACF formation.

Visceral fat accumulation due to obesity and abnormal
adipocytokine secretion from fat cells are involved in
colon carcinogenesis (Endo et al.,2013). In the 5% Eringi
and Bunashimeji groups, fat weights were significantly
lower in the epididymis, posterior abdominal wall, and
mesentery. Also, triglyceride and total cholesterol levels
in the liver were significantly lower, demonstrating
inhibitory effects on liver fat accumulation. Thus, the
suppression of visceral fat accumulation may improve
abnormal adipocytokine secretion. Adiponectin, a
kind of adipocytokine, is an important inhibitor of cell
proliferation (Endo et al., 2013). A significant negative
correlation between adiponectin and the numbers of ACF
has already been reported (Takahashi et al., 2009; Otake
et al., 2005). Adiponectin may have inhibitory effects
on early carcinogenesis. Leptin, another adipocytokine,
inhibits food intake and increases peripheral energy
consumption (Lin et al., 2000; Hung et al., 2004).
Leptinemia is associated with increased colon cancer
risks. However, this should be examined in animal
experiments (Endo et al., 2013). In the present study, the
adipocytokine level was not measured. In the future, the
effects of Eringi and Bunashimeji on adipocytokines will
be examined to investigate its effects on the suppression
of ACF formation.

The Ki-67 labeling index, a cell proliferation marker
of the colonic mucosa, was significantly suppressed in
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both 1 and 5% Eringi and Bunashimeji groups, and the
inhibition rate was concentration-independent and 27% on
average. Inhibitory effects were comparable between the
1 and 5% diets, suggesting the potent cytostatic activities
of Eringi and Bunashimeji as the primary mechanism of
the ACF-inhibiting effects observed in the present study.

In AOM-induced mice on a high-fat diet, ACF
(precancerous lesion of the colon) formation was
significantly inhibited by the 5% Eringi or 1% Bunashimeji
diet. In a previous experiment with a high-fat diet, an
Eringi extract suppressed pancreatic lipase activity and
lowered serum triglyceride levels (Mizutani et al., 2008).
However, in the present study, plasma triglyceride levels
were not elevated in the high-fat diet groups, suggesting
that the inhibitory effects of Eringi and Bunashimeji on
liver-fat accumulation and cell proliferation were not
be mediated by pancreatic lipase. This will be further
investigated in the future, because of potential effects on
adipocytokines. Eringi and Bunashimeji may be effective
for preventing visceral fat obesity, a risk factor of colon
carcinogenesis.
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