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Abstract

Purpose Extracts of the mushroom Agaricus blazei

(A. blazei) have been described as possessing immuno-

modulatory and potentially cancer-protective activities.

However, these effects of A. blazei as a functional food

have not been fully investigated in vivo.

Methods Using apolipoprotein E-deficient (ApoE-/-)

mice, an experimental model of atherosclerosis, we eval-

uated the effects of 6 or 12 weeks of A. blazei supple-

mentation on the activation of immune cells in the spleen

and blood and on the development of atherosclerosis.

Results Food intake, weight gain, blood lipid profile, and

glycemia were similar between the groups. To evaluate

leukocyte homing and activation, mice were injected with
99mTc-radiolabeled leukocytes, which showed enhanced

leukocyte migration to the spleen and heart of A. blazei-

supplemented animals. Analysis of the spleen showed

higher levels of activation of neutrophils, NKT cells, and

monocytes as well as increased production of TNF-a and

IFN-c. Circulating NKT cells and monocytes were also

more activated in the supplemented group. Atherosclerotic

lesion areas were larger in the aorta of supplemented mice

and exhibited increased numbers of macrophages and

neutrophils and a thinner fibrous cap. A. blazei-induced

transcriptional upregulation of molecules linked to mac-

rophage activation (CD36, TLR4), neutrophil chemotaxy

(CXCL1), leukocyte adhesion (VCAM-1), and plaque

vulnerability (MMP9) were seen after 12 weeks of

supplementation.

Conclusions This is the first in vivo study showing that

the immunostimulatory effect of A. blazei has proathero-

genic repercussions. A. blazei enhances local and systemic

inflammation, upregulating pro-inflammatory molecules,

and enhancing leukocyte homing to atherosclerosis sites

without affecting the lipoprotein profile.

Keywords A. blazei � Diet � Atherosclerosis �
Inflammation � ApoE-/- mice

Background

Extracts from the mushroom Agaricus blazei (A. blazei)

have been reported to be medicinal [1] and have been

studied for their immunostimulatory effects [2–5]. Among

these effects are the induction of nitric oxide (NO) secre-

tion in murine macrophages [5] and transcriptional upreg-

ulation of cytokines such as IL-8, IL-6, IL1-b, IL2, and

TNF-a [6, 7]. These effects can be ascribed to the high

concentration of proteoglycans and b-glucans, important
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bioactive agents, in A. blazei extracts [6]. Moreover,

A. blazei can stimulate dendritic cell maturation and

expression of co-stimulatory molecules, such as CD40,

CD80, and CD86, as well as MHC-II [8, 9]. Oral admin-

istration of A. blazei extracts activates natural killer (NK)

cells and cytotoxic T lymphocytes in BALB/c mice [10,

11]. Although this immunostimulation could be beneficial

in some diseases, it could potentially accelerate tissue

damage in others, such as in atherosclerosis. In athero-

sclerotic lesions, signals trigged by lipid deposition in the

intimae of arteries perpetuate inflammation and induce

oxidative stress, accelerating atherogenesis [12, 13].

Therefore, A. blazei supplementation, although potentially

beneficial for cancer prevention, could accelerate athero-

sclerosis progression as a consequence of its pro-inflam-

matory properties. Because there are no studies evaluating

the effects of dietary supplementation with the powdered

dry fruiting body of A. blazei, we investigated the role of

supplementation with A. blazei (5%) on spleen cell acti-

vation and especially on atherogenesis development.

Materials and methods

Macronutrient composition of A. blazei

Analysis of protein, lipids, fibers, and ash content of

A. blazei was performed according to the Association of

Official Analytical Chemists (AOAC) guidelines [14].

Animals and diet

ApoE-deficient mice (ApoE-/-), a well-known model of

experimental atherosclerosis, were used in this study.

Animals were distributed into a Control group (n = 30) fed

on a standard diet AIN-93M [15] and an A. blazei group

(n = 30) fed the same diet but supplemented with 5% of

the A. blazei powdered dry fruiting body. Mouse body

weight and food intake were evaluated weekly. After 6

experimental weeks, a subgroup of animals was euthanized

after 12-h fasting and anesthesia to collect blood, heart,

liver, kidney, cecum, aorta, and spleen for posterior anal-

yses. The remaining mice were kept under the same diet

and euthanized under the same conditions in the 12th

experimental week. The animal protocol was approved by

the Animal Care Committee of the Universidade Federal de

Minas Gerais (CETEA/UFMG #157/2007).

Blood, liver, and cecal samples

Hepatic and cecal lipids (n = 6/group) were extracted

as previously described [16]. Serum triacylglycerol, total

and HDL cholesterol (n = 10/group), and glycemia

(n = 6/group) were determined using enzymatic kits

(Doles, Brazil). The non-HDL fraction of cholesterol was

calculated as the difference between total cholesterol and

HDL cholesterol (n = 10) [17].

Lipid peroxidation measured by the thiobarbituric acid

reactive substances (TBARS) analysis

Lipid peroxidation (TBARS) was measured in the liver and

kidney of 5 animals as described by Wallin et al. [18].

Results are expressed from the calculation under the con-

centration curve of malondialdehyde (MDA) per micro-

gram of protein measured by Lowry method [19].

Detection of inflammatory foci by 99mTc-HMPAO

leukocytes

The protocol for detecting inflammatory foci in mice using

labelled leukocytes was performed in 7 animals per group,

as previously described [20, 21]. Briefly, hexamethyl-

propyleneamine oxime (HMPAO) was reconstituted using

2.0 ml of sterile saline and fractionated into four vials

containing 0.5 ml each. Next, 0.5 ml of 1,480 MBq

of sodium pertecnate (Na99mTcO4) was added to each

vial, resulting in 99mTc-HMPAO. An aliquot of 100 lL of
99mTc-HMPAO was used to label the leukocytes isolated

from thirty C57/BL6 mice. The preparation was incubated

at 37 �C for 15 min and centrifuged for 5 min at 400g. The

supernatant was aspirated and discarded, leaving the

labelled leukocyte and resuspended with PBS. A volume of

100 ll was injected intravenously at the beginning of 6th

experimental week in animals from each group. The ani-

mals were killed 2 h after the injection, and the spleen, the

heart, and the thoracic and abdominal aortas were removed

for measurement of radioactivity using an automatic scin-

tillation apparatus (ANSR-Abbot, USA). Recovered

radioactivity was calculated from the standard radiation

dose.

Histological analysis

The analysis was performed in 10 samples per group.

Specimens were fixed in 10% paraformaldehyde and pro-

cessed in paraffin as previously described [22, 23]. Briefly,

each consecutive 10 lm thick section for 300 lm of the

aortic valve length was stained with hematoxylin and eosin

[24]. Collagen was visualized using Gomori trichrome

stain [25]. The total lesion area was calculated as the sum

of lesion areas obtained from 10 selected sections separated

by 30 lm. Collagen content presented as the percentage

of the lesion area stained by Gomori trichrome stain.

Results were analyzed using the image analyzer Image-Pro

Plus software (Mediacybernetic, USA). Aortas were

928 Eur J Nutr (2012) 51:927–937

123



separated from the adventitia and stained with Sudan IV

before measuring the lesion area, using the same image

analyzer.

Determination of N-acetyl-beta-D-glucosaminidase

(NAG) activity

Macrophage infiltration was quantified in 5 animals per

group by measuring the N-acetyl-beta-D-glucosaminidase

(NAG) activity, as previously described [26], and the

absorbance was measured at 400 nm. The NAG activity

was expressed as change in OD per gram of wet tissue [27].

Determination of myeloperoxidase (MPO) activity

The extent of neutrophil accumulation in the spleen and

aorta was evaluated in 5 animals per group through mye-

loperoxidase activity, as previously described [28]. Results

are expressed as the absorbance at 450 nm per 100 mg of

wet tissue.

Blood count

The blood cells from 10 animals per group were diluted in

Turk’s solution and counted using a hemocytometer at the

6th experimental week [29].

RNA extraction and RT-PCR

The mRNA levels were estimated by quantitative real-time

polymerase chain reaction (PCR) at the 12th experimental

weeks in 6 aortas of each group. First, total RNA was

extracted from fresh samples of the aortic root, isolated

as described in the histological analysis section, using

TRIzol� reagent according to the manufacturer’s protocol.

Reverse transcription was performed using 2 lg of total

RNA, 200 U of reverse transcriptase, RT buffer 5X

(2.5 lL), 10 mM dNTPs (1.8 lL), RNAsin 10,000 U

(0.2 lL), and oligo dT 15 50 lM (1.0 lL). The tempera-

ture settings for this reaction were 70 �C for 5 min, ice for

2 min, and back to the thermocycler set at 42 �C for

60 min, 70 �C for 15 min, and 4 �C for the final step. The

resultant cDNA was used for real-time PCR as described

below. The specific primers were designed using Primer

Express software and synthesized by IDT. Real-time PCR

was carried out on a StepOne sequence detection system

(Applied Biosystems) using Power SYBR Green PCR

Master Mix (Applied Biosystems). The relative levels of

gene expression were determined using the DD Cycle

threshold method as described by the manufacturer, in

which data for each sample is normalized to 18S expres-

sion and data are shown as relative expression. The

sequences of the employed primers are as follows: 18S—

Forward: CGT TCC ACC AAC TAA GAA CG, 18S—

Reverse: CTC AAC ACG GGA AAC CTC AC; VCAM—

Forward: 50-CCC CAA GGA TCC AGA GAT TCA-30,
VCAM—Reverse: 50-ACT TGA CCG TGA CCG GCT

T-30; iNOS—Forward: AGC ACT TTG GGT GAC CAC

CAG GA, iNOS—Reverse: AGC TAA GTA TTA GAG

CGG CG GCA; MMP9—Forward: GGG CCG CTC CTA

CTC TGC CT, MMP9—Reverse: TCG CGT CCA CTC

GGG TAG GG; CXCL1 Forward: TGT CCC CAA GTA

ACG GAG AAA, CXCL1 Reverse: TGT CAG AAG CCA

GCG TTC AC CD36 Forward: GTA CAG ATT TGT TCT

TCC AGC CAA T CCL2 Forward: AGG AAG ATC TCA

GTG CAG AG : CCL2—Reverse: AGT CTT CGG AGT

TTG CCT TTG, CD36—Reverse: TCA GTG CAG AAA

CAA TGG TTG TC, SRA1—Forward: GGG AGA CAG

AGG GCT TAC TGG, SRA1—Reverse: TTG TCC AAA

GTG AGC TCT CTT G, SRA2—Forward: GGG AGA

CAG AGG GCT TAC TGG A, SRA2—Reverse: ATG

TTC AGG GAG TTA TAC TGA TC, TLR4—Forward:

GGC TCC TGG CTA GGA CTC TGA, TLR4—Reverse:

TCT GAT CCA TGC ATT GGT AGG T.

Flow cytometry

At the 6th and 12th experimental weeks, spleen cells and

circulating leukocytes were isolated from 7 mice of each

group, resuspended in PBS, and incubated for 30 min with

various combinations of the following fluorochrome-con-

jugated anti-mouse antibodies. The antibodies used were

IgG FITC and IgG PE as isotype controls, anti-CD49bPan-

FITC, anti-NK1.1 FITC, anti-CD4-FITC, anti-CD44-FITC,

anti-CD11b-FITC, anti-CD8-PE, anti-CD19-PE, anti-

CD86-PE, anti-CD3-PE, anti-CD44-PE, anti-CXCR2-PE,

anti-F4/80-Cy5, anti-Ly-6G/Ly-6C (Gr-1)-Alexa 488

(Pharmingen and BioLegend, San Diego, CA). The prep-

arations were fixed, processed using a FACScan flow

cytometer, and analyzed using FlowJo�software (Tree

Star, Inc.).

Cytokine assessment

TNF-a and IFN-c concentrations were detected by ELISA

in the spleen homogenate from 5 animals per group at

the 6th experimental week using commercial kits (R&D

Systems, Minneapolis, MN).

Statistical analysis

The Kolmogorov–Smirnov test to normal distribution and

the Student’s t test (parametric) were used to compare AIN-

93M and A. blazei groups. A level of significance set at

p value \ 0.05 was performed using GraphPad Prism

version 5.00 for Windows, GraphPad Software, San Diego,
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CA, USA. Results are shown as the mean ± SEM. It

should be noted that the data presented here might be

limited by small sample sizes due to ethical reasons in

animal experimentation.

Results

Agaricus blazei was chemically and microbiologically

analyzed and did not show any contaminants, as certifi-

cated by the manufacturer (Kenkoo Cogumelo, Brazil).

The macronutrient composition and their contribution to

the diet are presented in Table 1.

The total food intake and final body weight were similar

between the groups (Table 2). A. blazei supplementation

did not influence glycemia, blood lipoprotein concentra-

tion, hepatic lipids and cholesterol concentration, or the

cecal lipid and 3-alpha-OH sterol content (Table 2).

Oxidative stress was assessed in the kidney and liver.

The products of lipid peroxidation, as assessed by TBARS,

were reduced in the kidney but not in the liver of the

A. blazei group (Table 2).

To confirm the reported immunostimulatory effects of

A. blazei, animals were injected with Tecnecium99m-

labelled leukocytes on the 6th experimental week to study

leukocyte homing. The results showed that leukocyte

migration to the heart and aorta and spleen of A. blazei-

supplemented animals was increased compared to control

animals (Fig. 1a).

In the spleen, the immune cell populations were asses-

sed using flow cytometry. The results did not indicate

differences in the frequency or in the total numbers of B

cells, CD8? T cells (data not show), macrophages

(Fig. 2b), NK cells between groups (Fig. 2c), and CD4? T

cells (Fig. 2e). However, phagocytic/monocytes cells

(Fig. 2a), NKT cells (Fig. 2d), and activated CD4?T cells

(Fig. 2f) were increased in supplemented mice. Following

cell activation, the pro-inflammatory cytokines IFN-c and

TNF-a were also higher in the A. blazei group (Fig. 1b).

The atherosclerosic lesion area in the aortic valve was

about 60% larger in the A. blazei group compared to the

control group (Fig. 3a). Control mouse lesions were char-

acterized by foam cell infiltration with rare areas of fibrosis

and necrosis (Fig. 3c). In the A. blazei group, the lesion

areas were larger and presented with a fibrous cap and

cholesterol crystal deposition, suggesting a more advanced

lesion (Fig. 3d). Deposition of collagen, a major compo-

nent of the fibrous cap, was reduced by 30% in the A. blazei

group (Fig. 3b, f) compared to control group (Fig. 3e). In

agreement with these findings, the lesion area in the aorta

was increased by 55% in the group receiving A. blazei

supplementation (Fig. 4a). NAG and MPO activity, indic-

ative of macrophage and neutrophil infiltration, respec-

tively, was higher in the aorta of the A. blazei group

(Fig. 4b, c).

Following the initial round of analysis, we kept the

animals on their respective diets for an additional 6 weeks

to observe if the pro-inflammatory and proatherogenic

effects of A. blazei supplementation were sustained in more

advanced lesions. The results showed that the lesion area

was both more advanced and larger in the A. blazei group

Table 1 Macronutrient composition (g/100 g) of the control and

powdered dry Agaricus blazei Murril diet given to ApoE-/- mice for

12 weeks

Nutrient Control

(AIN-93M) diet

A. blazei
diet

Casein 20.0 20.0

Methionine 0.3 0.3

Sucrose 10.0 10.0

Cellulose 5.0 5.0

Soybean oil 7.0 7.0

Mineral mix 3.5 3.5

Vitamin mix 1.0 1.0

Choline bitartrate 0.2 0.2

Corn starch 53.0 48.0

Powdered dry A. blazei Murril – 5.0

Composition (g/100 g) of powdered dry A. blazei: humidity, 9.8;

lipids, 1.35; protein, 39.3; fiber, 10.3; minerals, 6.50; carbohydrate,

32.75

Table 2 Parameters in ApoE-/- mice fed a control (AIN93-M) or

Agaricus blazei-supplemented diet (5%) for 6 weeks

Parameter Control A. blazei

Food intake (g/mouse/day)a 4.52 ± 0.19 4.64 ± 0.18

Final body weight (g) 24.4 ± 0.91 24.37 ± 0.85

Blood total cholesterol (mmol/L) 4.99 ± 0.37 5.47 ± 0.38

HDL cholesterol (mmol/L) 0.74 ± 0.07 0.63 ± 0.10

Non-HDL cholesterol (mmol/L) 4.25 ± 0.48 4.84 ± 0.49

Blood triacylglycerols (mmol/L) 1.57 ± 0.17 1.40 ± 0.44

Glycemia (mmol/L) 9.47 ± 1.62 9.21 ± 0.47

Liver lipids (mg/dL) 87.1 ± 17.2 89.6 ± 17.3

Liver cholesterol (mg/g) 17.0 ± 0.89 17.4 ± 0.40

Cecal lipids (mg/g) 54.5 ± 5.2 62.3 ± 6.6

Cecal 3-alpha-OH sterols (mg/g) 14.5 ± 0.3 14.4 ± 0.3

Liver TBARS (lmol MDA/g protein) 0.13 ± 0.01 0.16 ± 0.01

Kidney TBARS (lmol MDA/g

protein)

0.77 ± 0.05 0.54 ± 0.03*

Data are mean ± SE
a Food intake was evaluated during the 6 experimental weeks
* Statistically different (p \ 0.05). N = 5–6 per group except for

food intake and body weight (n = 30); and blood triacylglycerols,

cholesterol total, and fractions (n = 10)
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compared to the control (Fig. 3a). The frequency of blood

monocytes, activated monocytes, neutrophils, and NKT

cells were also increased in the blood of A. blazei-sup-

plemented animals (Fig. 5a–d). Moreover, the expression

of several molecules involved in atherosclerosis develop-

ment such as molecules linked to macrophage activation

(CD36, SRA2, TLR4), neutrophil chemotaxy (CXCL1),

leukocyte adhesion (VCAM-1), and plaque vulnerability

(MMP9) were also increased in the aorta of A. blazei-

supplemented mice (Fig. 6a–d).

Discussion

Agaricus blazei is widely used in Oriental countries, both

as an edible mushroom and as natural therapy for the

prevention and treatment for cancer [1]. In the present

study, we showed that the powdered dry fruiting body of

A. blazei, given as an oral supplement, exerts immuno-

stimulatory effects primarily in the spleen, activating

CD4? T cells, NKT cells, and phagocytes/monocytes and

enhancing the production of pro-inflammatory cytokines.

Some reports have shown that A. blazei supplementation

is beneficial for the treatment for dyslipidemia and other

cardiovascular risk factors, assuming a protective role for

this mushroom against atherosclerosis formation. However,

to the best of our knowledge, this is the first study evalu-

ating the effects of A. blazei not only on treatment for risk

factors but also directly on atherosclerosis formation.
99mTc-labelled leukocyte administration has been used

in clinical practice to localize sites of inflammation, such as

intra-abdominal abscesses [30] and ulcerative colitis [31].

In our experiments, we found more intense 99mTc-labelled

leukocyte retention in the heart and spleen of A. blazei-

supplemented ApoE-/- mice, highlighting the pro-

inflammatory nature of this mushroom and its possible

influence on atherosclerosis formation.

In the spleen, A. blazei-supplemented animals exhibited

higher radioactivity, associated with increases in the

number or frequency of activated CD4? T cells, phago-

cytes/monocytes, and NKT cells as well as higher levels of

IFN-c and TNF-a. In addition to the spleen, the frequency

of monocytes, activated monocytes, NK/NKT cells, and

neutrophils were also increased in the blood of A. blazei-

supplemented mice. In agreement with our results, other

studies showed that A. blazei targets cells associated with

the innate immune response, such as monocytes, NK cells,

and NKT cells [2–4, 10]. However, this is the first study

that shows directly the effect of A. blazei in neutrophils

activation. These effects could be mediated via proteo-

glycans [14] and b-glucans [14], which are potent stimu-

lators of macrophages and polymorphonuclear cells

(PMN), inducing the release of pro-inflammatory cytokines

and sustaining inflammation.

The pro-inflammatory effects of A. blazei supplemen-

tation exacerbated atherosclerosis development, likely by

enhancing both local and systemic inflammation. Other

factors linked to atherogenesis, such as lipid excretion,

lipid content of cholesterol, and blood lipoprotein and

glycemia, were not influenced by supplementation.

Because peripheral circulating monocytes circulate for

1–3 days before entering tissues, where they differentiate

into mature resident macrophages, A. blazei could poten-

tially activate immature monocytes and promote the Th1

response in tissue such as the aortic valve [10, 32].

Fig. 1 Immunostimulatory effect of A. blazei: 99mTc-HMPAO leu-

kocyte captation in the spleen and heart (n = 7) (a) TNF-a and IFN-c
production in spleen (n = 5) (b) of ApoE-/- mice fed a control diet

or an A. blazei-rich diet (5%) for 6 weeks. Bars represent average and

vertical lines SE. Student’s t test *p \ 0.05
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Although the hypolipidemic effects of b-glucan [8] and

fibers [33] isolated from Agaricus species have been pre-

viously described, we did not detect any differences in

cholesterolemia and lipoprotein fractions. This finding

could be due to our use of the whole fruit body instead of

concentrated selected components of A. blazei, as were

used in previous studies.

Oxidative stress is another important risk factor associ-

ated with the severity and progression of atherosclerosis,

because it increases systemic levels of minimally oxidized

LDL (oxLDL) and releases various pro-inflammatory

cytokines and growth factors [34]. We investigated oxi-

dative stress in two organs that are metabolically actives:

the liver and kidneys. Although aqueous and alcoholic

extracts of A. blazei have shown antioxidant activity in

vitro [35], in our in vivo model, this effect was detected

only in the kidney, an organ with a minor participation in

atherosclerosis development. Antioxidant activity was not

observed in the liver, the main organ related to lipoprotein

and cholesterol metabolism. We assumed that, although an

antioxidant activity could be detected after A. blazei intake,

it is not sufficient to reduce lipid oxidation in the liver.

In our study, the A. blazei-supplemented group presented

with larger lesion areas in the aortic valve, which were

complicated by a thin fibrous cap and necrotic areas, sug-

gesting a plaque in the advance stages compared to the

intermediated lesions seen in control ones [36]. It is well

known that inflammation is one of the bases of atheroscle-

rosis [37, 38]. Because other important factors, such as lipid

profile and oxidative stress, were not influenced by A. blazei

Fig. 2 Immune cell populations

in the spleen: Phagocytes (a),

Macrophages (b), NK cells (c),

NKT cells (d), CD4? Naive T

cells (e), CD4? CD44? high

activated Lymphocytes (f) in the

spleen of ApoE-/- mice fed a

control diet or an A. blazei-rich

diet (5%) for 6 weeks. Data

were assessed using flow

cytometry (n = 7). Bars
represent the average, and

vertical lines represent the SE.

Student’s t test *p \ 0.05
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intake, we suggest that the stimulation of NKT cells, neu-

trophils, and macrophages triggers faster atherogenesis.

The pro-inflammatory cytokines IFN-c and TNF-a are

also involved in atherogenesis. IFN-c is known to con-

tribute to plaque vulnerability, because it propitiates

metalloproteinase-9 production, which in turn degrades the

collagen content of the plaque’s fibrous cap [39]. In our

study, the high levels of IFN-c in the spleen were associ-

ated with a reduction in the collagen content in aortic

lesion area of A. blazei-treated animals and overexpression

of matrix metallopeptidase 9 (MMP9) in the aortic valve,

reinforcing the deleterious effects of A. blazei on

atherosclerosis.

The involvement of TNF-a in atherosclerosis is sup-

ported by its presence in human plaques [40]. In the present

study, it could be assumed that TNF-a circulating levels of

A. blazei group are also increased, as a consequence of

increased splenic production, contributing to the pro-

inflammatory environment created by A. blazei. Further-

more, circulating TNF-a levels is associated with an

increased risk of recurrent myocardial infarction [41].

Although we did not measure INF-c levels in the

blood, A. blazei induction of enhanced splenic cytokine

production and circulating levels of monocytes (including

activated monocytes) are consistent with previous studies

showing A. blazei-induced TNF-a and IL-8 secretion in

macrophages, IL-8, IL-1b, TNF-a, and IL-2 expression

in monocytes and IFN-c secretion by spleen cells [5, 11].

Altogether, these findings suggest that A. blazei acts

by facilitating leukocyte recruitment and stimulating

the immune system, an important component of

atherogenesis.

Studies on inflammatory activation in atherosclerotic

lesions suggest that neutrophils could contribute to the

Fig. 3 Atherosclerotic lesion in

the aortic valve. Lesion area in

the aortic valve for 6 and

12 weeks of dietary treatment

(a) and collagen content as

percentage of total lesion area

for 6 weeks of dietary treatment

(b). Aspect of typical lesions in

the aorta valve of control

(c) and A. blazei group

(d) stained with HE (6th

experimental week). The lesions

are more developed in A. blazei
group, with the presence of

well-defined fatty streak,

constituted by xantomized

macrophages. There is also the

presence of a fibrous layer

characterizing a more advanced

stage of lesion. Aspect of

collagen content of total lesion

area in the aorta valve of control

(e) and A. blazei group

(f) stained with Gomori

Trichrome (6th experimental

week). Arrows indicate

histological aspect (increased

100X). Stars indicate anatomic

reference (aortic valve). Bars
represent average and vertical
lines SE. Student’s t test

*p \ 0.05, n = 10
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pathogenesis of the atherosclerotic disease [42]. Neutro-

phils are the first leukocytes to infiltrate inflamed tissues,

which also occurs during spontaneous atherogenesis,

although macrophages account for the majority of leuko-

cytes in plaques [42, 43]. The numbers of neutrophils and

macrophages in the aorta were increased in A. blazei-

treated mice, as indirectly measured by the activity of MPO

and NAG, respectively. PMN-derived pro-oxidative

enzymes such as MPO not only mediate acute inflamma-

tory responses, but also catalyze reactions that consume

local vascular nitric oxide, resulting in impaired endothe-

lial function [44]. Consequently, the increased levels of

MPO in the aorta are consistent with the increased in

circulating neutrophils and the increased severity in ath-

erosclerotic lesions. Moreover, higher NAG activity asso-

ciated with the increased expression of SRA2, CD36, and

TLR4 indicates that the elevated macrophage infiltration in

aorta contributes to the inflammation and foam cell for-

mation observed.

In some cases, the effects of functional foods are tran-

sient and return to basal levels after long periods of sup-

plementation. We found that the lesions were

proportionally more severe in the A. blazei-supplemented

group after 12 weeks of supplementation, when compared

to lesions seen in mice receiving 6 weeks of treatment,

suggesting that this effect is maintained even after chronic

supplementation. Moreover, the A. blazei-induced tran-

scriptional upregulation of some important molecules

linked to macrophage activation (CD36 and TLR4), neu-

trophil chemoattractant activity (CXCL1), leukocyte

adhesion (VCAM-1), and plaque vulnerability (MMP9)

after 12 weeks of supplementation confirmed the long-term

effect of A. blazei.

IFN-c is produced by immune cells, such as helper

and cytotoxic T cells and NK cells, and exerts a mul-

titude of immunoregulatory functions. It influences the

selective recruitment and extravasation of circulating

leukocytes by modulating the expression of endothelial

cell-derived chemokines and adhesion molecules, such as

VCAM-1 [45]. Moreover, exposure of monocytes and

macrophages to IFN-c increases TLR4 transcription and

protein levels when compared with medium alone [46].

Based on this and other studies, the activity of A. blazei

is linked to the induction of IL-12 production and

is dependent on CD14 and TLR4, which activate mac-

rophages via the CD14/TLR4/MD2 receptor complex

[46, 47].

In conclusion, to the best of our knowledge, this is the

first study showing that the immunostimulatory effects of

A. blazei supplementation have pro-inflammatory reper-

cussions, consequently deleterious effects on atheroscle-

rosis evolution. This supplementation is able to activate

immune cells in the spleen, which results in sustained

Fig. 4 Atherosclerotic lesion and inflammatory infiltration in aorta.

Lesion area stained with Sudan IV in the aorta (n = 10) (a); N-acetyl-

beta-D-glucosaminidase (NAG) activity (n = 5) (b) and myeloperox-

idase (MPO) activity (n = 5) (c) in ApoE-/- mice fed a control diet

or an A. blazei-rich diet (5%) for 6 weeks. Bars represent the average,
and vertical lines represent the SE. Student’s t test *p \ 0.05
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activation and homing of monocytes and neutrophils to

sites of atherosclerosis. In these sites, increased expression

of important molecules involved in foam cell formation,

leukocyte adhesion, and fibrous cap degradation occurs,

culminating in a more advanced and vulnerable athero-

sclerosic plaque.

Fig. 5 Circulating

inflammatory cells: Monocytes

(a), Activated Monocytes (b),

Neutrophils (c), and NK/NKT

cells (d) in ApoE-/- mice fed a

Control or A. blazei-
supplemented diet (5%) for

12 weeks, in the blood. Data

assessed using flow cytometry

(n = 7). Bars represent the

average, and vertical lines
represent the SE. Student’s t test

**p \ 0.01

Fig. 6 Proatherogenic

molecules expression in the

aortic valve: Expression of

CD36, SRA1, and SRA2 (a);

VCAM-1 and TLR4 (b); iNOS

and MMP9 (c); and CXCL1 and

CCL2 (d) in aorta valve of

ApoE-/- mice fed a Control or

A. blazei-supplemented diet

(5%) for 12 weeks. Data

assessed using real-time PCR

(n = 6). Bars represent the

average, and vertical lines
represent the SE. Student’s t test

*p \ 0.05, ***p \ 0.001
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reitoria de Pesquisa of Universidade Federal de Minas Gerais, CNPq

(Conselho Nacional de Desenvolvimento Cientı́fico e Tecnológico),

and CAPES (CAPES—Coordenação de Aperfeiçoamento de Pessoal

de Nı́vel. Superior). The authors are grateful to Maria Helena Alves

de Oliveira and Rozeane Martins da Cruz, who were responsible for

the animal facility.

Conflict of interest The authors declare that they have no conflict

of interest.

References

1. Firenzuoli F, Gori L, Lombardo G (2008) The medicinal mush-

room Agaricus blazei Murrill: review of literature and pharmaco-

toxicological problems. Evid Based Complement Altern Med

5:3–15

2. Ahn WS, Kim DJ, Chae GT, Lee JM, Bae SM, Sin JI, Kim YW,

Namkoong SE, Lee IP (2004) Natural killer cell activity and

quality of life were improved by consumption of a mushroom

extract, Agaricus blazei Murill Kyowa, in gynecological cancer

patients undergoing chemotherapy. Int J Gynecol Cancer

14:589–594

3. Chan Y, Chang T, Chan CH, Yeh YC, Chen CW, Shieh B, Li C

(2007) Immunomodulatory effects of Agaricus blazei Murill in

Balb/cByJ mice. J Microbiol Immunol Infect 40:201–208

4. Kaneno R, Fontanari LM, Santos SA, Di Stasi LC, Rodrigues

Filho E, Eira AF (2004) Effects of extracts from Brazilian sun-

mushroom (Agaricus blazei) on the NK activity and lympho-

proliferative responsiveness of Ehrlich tumor-bearing mice. Food

Chem Toxicol 42:909–916

5. Sorimachi K, Akimoto K, Ikehara Y, Inafuku K, Okubo A,

Yamazaki S (2001) Secretion of TNF-alpha, IL-8 and nitric oxide

by macrophages activated with Agaricus blazei Murill fractions

in vitro. Cell Struct Funct 26:103–108

6. Hetland G, Johnson E, Lyberg T, Bernardshaw S, Tryggestad

AM, Grinde B (2008) Effects of the medicinal mushroom

Agaricus blazei Murill on immunity, infection and cancer. Scand

J Immunol 68:363–370

7. Kuo YC, Huang YL, Chen CC, Lin YS, Chuang KA, Tsai WJ

(2002) Cell cycle progression and cytokine gene expression of

human peripheral blood mononuclear cells modulated by Agari-
cus blazei. J Lab Clin Med 140:176–187

8. Kim GY, Lee MY, Lee HJ, Moon DO, Lee CM, Jin CY, Choi

YH, Jeong YK, Chung KT, Lee JY, Choi IH, Park YM (2005)

Effect of water-soluble proteoglycan isolated from Agaricus
blazei on the maturation of murine bone marrow-derived den-

dritic cells. Int Immunopharmacol 5:1523–1532

9. Kawamura M, Kasai H, He L, Deng X, Yamashita A, Terunuma H,

Horiuchi I, Tanabe F, Ito M (2005) Antithetical effects of hemi-

cellulase-treated Agaricus blazei on the maturation of murine bone-

marrow-derived dendritic cells. Immunology 114:397–409

10. Takimoto H, Wakita D, Kawaguchi K, Kumazawa Y (2004)

Potentiation of cytotoxic activity in naive and tumor-bearing

mice by oral administration of hot-water extracts from Agaricus
brazei fruiting bodies. Biol Pharm Bull 27:404–406

11. Takimoto H, Kato H, Kaneko M, Kumazawa Y (2008) Amelio-

ration of skewed Th1/Th2 balance in tumor-bearing and asthma-

induced mice by oral administration of Agaricus blazei extracts.

Immunopharmacol Immunotoxicol 30:747–760

12. Hansson GK, Libby P, Schonbeck U, Yan ZQ (2002) Innate and

adaptive immunity in the pathogenesis of atherosclerosis. Circ

Res 91:281–291

13. Lundberg AM, Hansson GK (2010) Innate immune signals in

atherosclerosis. Clin Immunol 134:5–24

14. (1989) Association of Official Analytical Chemists. General

referee reports. J Assoc Off Anal Chem 72:62–137

15. Reeves PG, Nielsen FH, Fahey GC Jr (1993) AIN-93 purified

diets for laboratory rodents: final report of the American Institute

of Nutrition ad hoc writing committee on the reformulation of the

AIN-76A rodent diet. J Nutr 123:1939–1951

16. Oliveira DR, Portugal LR, Cara DC, Vieira EC, Alvarez-Leite JI

(2001) Gelatin intake increases the atheroma formation in apoE

knock out mice. Atherosclerosis 154:71–77

17. Moghadasian MH (2006) Dietary phytosterols reduce cyclo-

sporine-induced hypercholesterolemia in apolipoprotein

E-knockout mice. Transplantation 81:207–213

18. Wallin B, Rosengren B, Shertzer HG, Camejo G (1993) Lipo-

protein oxidation and measurement of thiobarbituric acid reacting

substances formation in a single microtiter plate: its use for

evaluation of antioxidants. Anal Biochem 208:10–15

19. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ (1951) Protein

measurement with the Folin phenol reagent. J Biol Chem

193:265–275

20. Roca M, Martin-Comin J, Becker W, Bernardo-Filho M,

Gutfilen B, Moisan A, Peters M, Prats E, Rodrigues M,

Sampson C, Signore A, Sinzinger H, Thakur M (1998) A

consensus protocol for white blood cells labelling with tech-

netium-99 m hexamethylpropylene amine oxime. International

Society of Radiolabeled Blood Elements (ISORBE). Eur J Nucl

Med 25:797–799

21. Cardoso VN, Plaza PJ, Roca M, Armero F, Martin-Comin J

(2002) Assessment of inflammatory bowel disease by using two

different (99 m)Tc leucocyte labelling methods. Nucl Med

Commun 23:715–720

22. Portugal LR, Fernandes LR, Pietra Pedroso VS, Santiago HC,

Gazzinelli RT, Alvarez-Leite JI (2008) Influence of low-density

lipoprotein (LDL) receptor on lipid composition, inflammation

and parasitism during Toxoplasma gondii infection. Microbes

Infect 10:276–284

23. Portugal LR, Goncalves JL, Fernandes LR, Silva HP, Arantes

RM, Nicoli JR, Vieira LQ, Alvarez-Leite JI (2006) Effect of

Lactobacillus delbrueckii on cholesterol metabolism in germ-free

mice and on atherogenesis in apolipoprotein E knock-out mice.

Braz J Med Biol Res 39:629–635

24. Paigen B, Morrow A, Holmes PA, Mitchell D, Williams RA

(1987) Quantitative assessment of atherosclerotic lesions in mice.

Atherosclerosis 68:231–240

25. Gupta S, Pablo AM, Jiang X, Wang N, Tall AR, Schindler C

(1997) IFN-gamma potentiates atherosclerosis in ApoE knock-

out mice. J Clin Invest 99:2752–2761

26. Bailey PJ (1988) Sponge implants as models. Methods Enzymol

162:327–334

27. Belo AV, Barcelos LS, Ferreira MA, Teixeira MM, Andrade SP

(2004) Inhibition of inflammatory angiogenesis by distant sub-

cutaneous tumor in mice. Life Sci 74:2827–2837

28. Souza DG, Soares AC, Pinho V, Torloni H, Reis LF, Teixeira

MM, Dias AA (2002) Increased mortality and inflammation

in tumor necrosis factor-stimulated gene-14 transgenic mice after

ischemia and reperfusion injury. Am J Pathol 160:1755–1765

29. Vieira AT, Fagundes CT, Alessandri AL, Castor MG, Guabiraba

R, Borges VO, Silveira KD, Vieira EL, Goncalves JL, Silva TA,

Deruaz M, Proudfoot AE, Sousa LP, Teixeira MM (2009)

Treatment with a novel chemokine-binding protein or eosinophil

lineage-ablation protects mice from experimental colitis. Am J

Pathol 175:2382–2391

30. Agranovich S, Rachinsky I, Pak I, Benkovich E, Lantsberg S

(2004) The usefulness of Tc-99 m-HMPAO-labeled leukocyte

scintigraphy in the diagnosis of multiple intra-abdominal

936 Eur J Nutr (2012) 51:927–937

123



abscesses following in vitro fertilization (IVF) procedure. Eur J

Obstet Gynecol Reprod Biol 116:103–105

31. Bennink R, Peeters M, D’Haens G, Rutgeerts P, Mortelmans L

(2001) Tc-99 m HMPAO white blood cell scintigraphy in the

assessment of the extent and severity of an acute exacerbation of

ulcerative colitis. Clin Nucl Med 26:99–104

32. Ebina T, Fujimiya Y (1998) Antitumor effect of a peptide-glucan

preparation extracted from Agaricus blazei in a double-grafted

tumor system in mice. Biotherapy 11:259–265

33. Fukushima M, Nakano M, Morii Y, Ohashi T, Fujiwara Y,

Sonoyama K (2000) Hepatic LDL receptor mRNA in rats is

increased by dietary mushroom (Agaricus bisporus) fiber and

sugar beet fiber. J Nutr 130:2151–2156

34. Kaneto H, Katakami N, Matsuhisa M, Matsuoka TA (2010) Role

of reactive oxygen species in the progression of type 2 diabetes

and atherosclerosis. Mediat Inflamm 2010:453892

35. Izawa S, Inoue Y (2004) A screening system for antioxidants

using thioredoxin-deficient yeast: discovery of thermostable

antioxidant activity from Agaricus blazei Murill. Appl Microbiol

Biotechnol 64:537–542

36. Stary HC, Chandler AB, Dinsmore RE, Fuster V, Glagov S, Insull

W Jr, Rosenfeld ME, Schwartz CJ, Wagner WD, Wissler RW

(1995) A definition of advanced types of atherosclerotic lesions

and a histological classification of atherosclerosis. A report from

the Committee on Vascular Lesions of the Council on Arterio-

sclerosis, American Heart Association. Circulation 92:1355–1374

37. Major AS, Wilson MT, McCaleb JL, Ru Su Y, Stanic AK, Joyce S,

Van Kaer L, Fazio S, Linton MF (2004) Quantitative and qualitative

differences in proatherogenic NKT cells in apolipoprotein E-defi-

cient mice. Arterioscler Thromb Vasc Biol 24:2351–2357

38. Tupin E, Nicoletti A, Elhage R, Rudling M, Ljunggren HG,

Hansson GK, Berne GP (2004) CD1d-dependent activation of

NKT cells aggravates atherosclerosis. J Exp Med 199:417–422

39. Buttice G, Miller J, Wang L, Smith BD (2006) Interferon-gamma

induces major histocompatibility class II transactivator (CIITA),

which mediates collagen repression and major histocompatibility

class II activation by human aortic smooth muscle cells. Circ Res

98:472–479

40. Rus HG, Niculescu F, Vlaicu R (1991) Tumor necrosis factor-

alpha in human arterial wall with atherosclerosis. Atherosclerosis

89:247–254

41. Ridker PM, Rifai N, Pfeffer M, Sacks F, Lepage S, Braunwald E

(2000) Elevation of tumor necrosis factor-alpha and increased

risk of recurrent coronary events after myocardial infarction.

Circulation 101:2149–2153

42. Baetta R, Corsini A (2010) Role of polymorphonuclear neutro-

phils in atherosclerosis: current state and future perspectives.

Atherosclerosis 210:1–13

43. van Leeuwen M, Gijbels MJ, Duijvestijn A, Smook M, van de

Gaar MJ, Heeringa P, de Winther MP, Tervaert JW (2008)

Accumulation of myeloperoxidase-positive neutrophils in ath-

erosclerotic lesions in LDLR-/- mice. Arterioscler Thromb

Vasc Biol 28:84–89

44. Nambi V (2005) The use of myeloperoxidase as a risk marker for

atherosclerosis. Curr Atheroscler Rep 7:127–131

45. Raju R, Malloy A, Shah T, Smith R, Oaks M, Hosenpud JD (2003)

Alloimmune induction of endothelial cell-derived interferon-

gamma-inducible chemokines. Transplantation 75:1072–1074

46. Bosisio D, Polentarutti N, Sironi M, Bernasconi S, Miyake K, Webb

GR, Martin MU, Mantovani A, Muzio M (2002) Stimulation of toll-

like receptor 4 expression in human mononuclear phagocytes by

interferon-gamma: a molecular basis for priming and synergism

with bacterial lipopolysaccharide. Blood 99:3427–3431

47. Kasai H, He LM, Kawamura M, Yang PT, Deng XW, Munkanta

M, Yamashita A, Terunuma H, Hirama M, Horiuchi I, Natori T,

Koga T, Amano Y, Yamaguchi N, Ito M (2004) IL-12 production

induced by Agaricus blazei fraction H (ABH) involves toll-like

receptor (TLR). Evid Based Complement Altern Med 1:259–267

Eur J Nutr (2012) 51:927–937 937

123


	Pro-inflammatory effects of the mushroom Agaricus blazei and its consequences on atherosclerosis development
	Abstract
	Purpose
	Methods
	Results
	Conclusions

	Background
	Materials and methods
	Macronutrient composition of A. blazei
	Animals and diet
	Blood, liver, and cecal samples
	Lipid peroxidation measured by the thiobarbituric acid reactive substances (TBARS) analysis
	Detection of inflammatory foci by 99mTc-HMPAO leukocytes
	Histological analysis
	Determination of N-acetyl-beta-d-glucosaminidase (NAG) activity
	Determination of myeloperoxidase (MPO) activity
	Blood count
	RNA extraction and RT-PCR
	Flow cytometry
	Cytokine assessment
	Statistical analysis

	Results
	Discussion
	Acknowledgments
	References


