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Abstract 

The Agaricus blazei Murill (AbM), also known as Agaricus brasiliensis L. due to its origin in 

Brazilian rain forest, is an edible mushroom of the Basidiomycetes family, which also comprises 

medicinal mushrooms such as Hericium erinaceus and Grifola frondosa. AbM has been used in 

traditional medicine locally and also recently as a health food worldwide. Since it has been found 

to possess immunomodulatory properties, its biological and health-related effects, as well as its 

isolated active ingredients e.g. beta-glucans, have been examined by scientists.  Other 

investigations have been performed with mixed mushroom products, such as AndoSan
TM

, which 

contains mostly AbM, but also the two other mushrooms above. AbM-related benefits reviewed 

here include effects against cancer, infections, inflammation, allergy/ asthma and diabetes. 

Effects of AndoSan
TM

 and other AbM-based extracts have been compared in a bacterial sepsis 

model. 

 

Keywords: Agaricus blazei, AndoSan
TM

, allergy, asthma, cancer, infection, inflammation, 

immunomodulation. 

 

 

Introduction: 

From the very beginning of our civilization, man has used mushrooms to produce fermented 

foods and medicines. In ancient Egypt, fermentation was considered a gift from the gods, just 

like in ancient Rome. Asians have attributed curative properties to mushrooms, and there are 

Chinese reports from around 500 BC on the general medicinal and anti-cancer properties of 

Ganoderma extracts which have been passed on from generation to generation. In the late 

twentieth century, researchers in Japan demonstrated the beneficial effects of a Brazilian 

mushroom, later identified as Agaricus blazei Murill (AbM), which quickly gained attention in 

the scientific world [1, 2]. 
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Agaricus blazei Murill (Cogumelo de Deus), which means "fungus from God”, is an edible, 

medicinal mushroom originally found in a small village of Piedade, in the mountain region near 

São Paulo, Brazil. The absence of serious disease in the elderly, and the longevity in the 

population surprised researchers who found that this was due to AbM being a part of the diet of 

this healthy local population. 

AbM has traditionally been used for the prevention of cancer. Its putative anti-tumorgenic 

effects have sparked the interest of scientists who decided to put AbM through rigorous scientific 

scrutiny. A series of laboratory studies gathered from all over of the world have demonstrated 

anti-cancer properties of AbM and its impact on the immune system [3-10]. AbM is also used to 

treat a wide variety of diseases including chronic hepatitis [11, 12], allergies [13], and asthma 

[14].  

AbM contains large quantities of polysaccharide compounds like β (beta) -1,6-glucan [7], 

alpha-1,6- and alpha-1,4-glucan [15], glucomannan [16], β -1,3-glucan [8] and more. Beta-

glucans are quite diverse in size and structure and thus possess varied immunomodulating 

abilities. Data from in vitro studies and animal models indicate that AbM extracts bring about 

positive effects in different disease models. They boost the immune system by activating white 

blood cells, including “immune directors”, and thus enhancing its action against cancer [3, 4, 7, 

16-19] and infection [12, 20-23]. These immune-enhancing effects on the activity of 

macrophages and natural killer (NK) cells, lead to the destruction of microbes and tumor cells 

much more efficiently, not only through innate immunity, but also adaptive immunity by the 

activation of dendritic cells, and in consequence, engagement of specialized lymphocytes [24, 

25]. 

Recently, AbM extracts were used in conjunction with traditional classical cancer 

treatments, such as chemotherapy [26], which similar to X-irradiation of tumors, have many 

undesirable side effects that degrade the quality of life. AbM could prove valuable in easing side 

effects and thus improving the quality of life for cancer patients [26]. Careful clinical studies 

comparing the activity of isolated compounds from whole mushroom extracts and 

epidemiological data are still necessary to determine whether AbM offers real clinical benefits. 

Besides beta-glucans and proteoglucans, there are undoubtedly other substances in this 

mushroom with direct health-promoting properties. As time and research go on, it has become 

more and more certain that AbM can serve as a support for patients of today with different 

diseases as a supplemental treatment to Western medicine, and not only be regarded as a remedy 

in traditional medicine.  

 

The immune system – our defense mechanism system 

The immune system is comprised of a collection of molecules, cells, and organs whose complex 

interactions form an efficient system that is usually able to protect an individual from both 

outside invaders and its own altered internal cells, e.g. cancer cells. When the immune system 

works properly, humans remain healthy. However, the immune system in many people is 

weakened by stress, poor eating habits and a multiplicity of pollutions in air, water and food. 

With an immune system in disarray, affected people can suffer from a number of diseases.  

The immune system is supported by signal molecules such as cytokines. including the 

interferons and chemokines among others, that are essential to the immune system as they induce 
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an antimicrobial state in other cells. These signaling chemicals are secreted by various 

leukocytes responsible for activating other cells, coordinating, and regulating important 

biological processes such as inflammation [27]. Inflammation is an immune defense response; it 

results in quicker blood flow, increased temperature and finally, attraction of immune cells to the 

threatened area [27]. Inflammation can be caused by microbial infections and physical agents 

causing tissue injury. The function is to destroy invaders and induce tissue repair and healing. 

The elements of the immune system are divided it into two functionally distinct parts: the 

innate and the adaptive (acquired) immune systems. It is apparent that these two groups are in no 

way isolated; a complex dialog is constantly going on between them [28]. The numerous 

cytokines that are produced, and the array of surface molecules that are expressed in response to 

external or internal threats, are critical for the control of all other immune elements and their 

concerted action [29]. The dendritic cells, which can be of myeloid or lymphocytic origin, are 

directors of the entire immune system.  

T-cells are one of the most important elements in the human adaptive immune system. Their 

role is in directly destroying infected or cancerous cells, giving help to develop antibody-

producing cells and in maintaining memory in so-called memory cells that live for years and can 

recognize former microbial attackers. Whereas dendritic cells are the directors of the entire 

immune system, T helper cells represent the local control center for the adaptive immune system 

[30, 31].  

Many other cell types, including macrophages, NK cells, and B-cells are important in the 

“effector phase” of the immune response [30, 32].  

 

The innate immune system 

The innate immune response functions as a first line of defense against infections. It consists of 

soluble factors, such as complement proteins, and diverse cellular components of the myeloid 

linage; granulocytes, monocytes/macrophages, dendritic cells and mast cells, as well as natural 

killer (NK) cells [27, 28, 30, 33]. Macrophages (“grand eaters”) and dendritic cells are important 

regulators of immune responses through their uptake of foreign elements, digestion of them, and 

presentation of smaller bits of these so-called antigens to T cells. This antigen presentation is a 

critical determinant of the degree of T-cell activation, and contributes to the T-cell’s ability to 

discriminate between self-cells and foreign antigens [33]. Granulocytes, 

monocytes/macrophages, and NK cells are responsible for killing invaders, function as key 

innate effector cells, and facilitate communication by releasing important chemo-attractants [27].  

In contrast to the above non-specific effectors, NK cells have a specific function in their killing 

of infected and cancerous cells. Unfortunately, their mode of action is restricted to attacking only 

cells to which they have been previously exposed. They play a significant role because they are 

an important first line of defense against malignant cells and cells infected with viruses, bacteria, 

and protozoa. Like monocytes and granulocytes, NK cells produce signal substances, cytokines 

that activate and regulate other immune elements with specific receptors on their surfaces, for 

such cytokines. In addition, they independently handle the destruction of tumor cells [10, 34]. 

 

The adaptive immune system                 

The adaptive immune system is composed of highly specialized, systemic cells and processes 
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that eliminate or prevent pathogenic challenges. It is also able to distinguish foreign cells from 

self, and can distinguish one foreign antigen from another. While a macrophage will engulf any 

foreign cell (and many destructed self-cells), adaptive immune cells have mechanisms for 

selecting only a precisely defined target. A specific feature of the adaptive immune system 

enables immunization and resistance to reinfection, from the same microorganism [30]. 

The cells which make up the immune system are the lymphocytes, of which there are two 

main sub-populations: B cells and T cells. The lymphocytes originate in the bone marrow. The T 

lymphocytes are “educated” in the thymus to distinguish between own and foreign antigens 

(processed bits of bacteria, cells etc). 

Lymphocytes are developed from stem cells in the bone marrow. Some migrate to the 

thymus and develop into T lymphocytes (or T cells), while others remain in the bone marrow and 

develop into B lymphocytes (or B cells). Both B- and T-cells then migrate to lymphoid tissue 

such as lymph nodes. B cells are most effective against invading bacteria and their toxins, while 

T cells recognize and destroy body cells gone awry, including virus-infected cells and cancer 

cells [27, 32]. T cells also give help to develop the B cell-derived antibody-producing plasma 

cells.  

 
 

Figure 1. T helper (Th) cells are divided into Th1 cells that normally have anti-infection and 

anti-tumor effects, and Th2 cells that normally have anti-parasitic and anti-rejection (e.g. of fetus 

during pregnancy) effects. There are also interacting T-regulatory cells and Th17 cells, which 

control the Th1 and Th2 responses. The cellular interaction is done by cytokines, which promote 

(→) or inhibit (---I) T cell differentiation and activation.  
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Whenever T cells are activated, some of them become "memory" cells. Then, the next time 

that an individual encounters that same antigen, the immune system is ordered to destroy it 

quickly. The degree and duration of immunity depend on the kind of antigen, its amount, and 

how it enters the body. An immune response is also dictated by heredity; some individuals 

respond strongly to a given antigen, others weakly, and some not at all [30, 34]. 

T cells break down into two crucial sub-populations: T helper cells (Th) and cytotoxic 

(killer) T cells (CTL). Th cells are crucial because they are engaged in activating B cells and 

macrophages. This is a perfect example of immune system cooperation. CTL on the other hand, 

act by killing virus infected cells. A schematic illustration is shown in Fig. 1 of the balance 

between T cell responses in adaptive immunity and the resulting effect on health threats as well 

as  the different T cell responses (blue text). The overall function of lymphocytes may be divided 

into i) B cells that are effectors of the humural immune response through antibody production, 

and ii) T cells which are effectors of the direct cell-mediated immune response. 

 

Autoimmunity  

Autoimmunity is surprisingly common, and amazingly complex. This is an over-reaction of the 

immune system and is caused by cross-reactivity - the pathogen seems to look like self-cells, 

which are usually ignored because they are not seen in an inflammatory (“danger”) context. 

However, the pathogen is seen in such a context and drives the activation and expansion of cross-

reactive T cells that then return home and attack the self-antigen, causing autoimmune disease 

that can then expand and become more severe. This is a perfect example of how fragile the 

immune system is. 

Autoimmunity may arise in several ways. Firstly, by a reduction in suppressor T cell (T 

regulatory cell) activity; secondly, due to the modification of normal self-antigens, by drugs, 

environmental chemicals, viruses, or mutations; and thirdly, due to an exposure in the direction 

of an antigen that is very similar to self-antigen ("molecular mimicry"). This is a good example 

of how important it is for the immune system to stay in balance with itself since any imbalance 

may cause a threat and might bring about unwanted repercussions [35-38]. 

 

Beta-glucans as an active component of Agaricus blazei Murill 

Beta-glucans are naturally occurring polysaccharides, which are polymers of glucose with beta 

1,3/1,6-linkages, and might be found in the cell walls of algae, bacteria and certain fungi and 

mushrooms. They differ in their structure, molecular mass and solubility. 

AbM is well-known to contain a high level of beta-glucans in three different forms: β-(1-3)-

D-glucan, β-(1-4)-D-glucan, and β-(1-6)-D-glucan [3, 7, 8, 16]. Research has shown that 

insoluble (13/1-6)-β-glucan, has greater biological activity than that of its soluble (1-3/1-4)-β -

glucans counterparts [39]. The differences between β-glucan linkages and chemical structure are 

significant in regards to solubility, mode of action, and overall biological activity. Beta-glucans 

derived from AbM are known for stimulating immune cells like NK cells, macrophages, 

dendritic cells, and granulocytes (polymorphonuclear leukocytes) [3-5, 7, 16, 17]. 

In addition to beta-glucans, AbM’s effect on the immune system is believed to be the result 

of other polysaccharides such as proteoglucans [10]. What is important, is the very high content 

of beta-glucans in AbM compared to other mushroom species, and which may be the antitumor 
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principle of this mushroom [8]. For instance, its relative - the champignon (Agaricus bisporus) - 

has much less beta-glucan and more mannan sugars. In general, the known active compounds of 

AbM include: beta-glucans, ergosterol (provitamin D2) derivatives, glucomannan, 

mannogalactoglucan, proteoglucans and riboglucans [3, 8, 10, 15-17, 19, 25, 40]. The 

polysaccharides’ phyto complex is thought to be responsible for its immune-stimulant and anti-

tumorgenic properties. Kawagishi [7] was the first to isolate active anticancer compounds 

purified from the sodium hydroxide extract of the fruit body of AbM. The author detected 

polysaccharides with apparent antitumor activity [7]. Current clinical studies are yielding 

conformatory results [26, 41], which may need further validation. 

It has been scientifically proven that some forms of beta-glucans can play an important role 

in human health [42, 43]. They are able to help the immune system because they represent a 

common “danger signature” of health-threatening mushrooms and fungi [44-48]. Since harmless 

edible mushrooms such as AbM contain high amounts of these beta-glucan danger signals, this 

can be exploited by us to enhance the alertness of our immune system for general prevention of 

disease and as an additive treatment to help combat existing disease. 

 

Mechanism of action 

A healthy and strong immune system is crucial for a healthy body. One of the most important 

properties of AbM is the ability to boost immune responses. Immunomodulation might be caused 

by a group of extremely efficient immunostimulants such as β -glucans (β -1-3-D-glucans and β-

1-6-D-glucan), which are active constituents of AbM. Glucans activate a number of cells 

involved in immune reactions [49, 50]. AbM also contains other smaller uncharacterized 

molecules that are important for AbM’s health effects (Hetland G, unpublished findings). A 

beneficial effect has been suggested of beta-glucan on generation of new blood cells in the bone 

marrow of cancer patients who received such add-on (adjuvant) treatment during chemotherapy 

[43]. However, in vitro experiments with bone marrow stem cells indicate that AbM does not 

promote such blood stem cell multiplication (Tangen and Hetland, unpublished results). 

However, AbM extracts rather enhance innate immunity by targeting and activating the innate 

immune cells such as macrophages, monocytes, dendritic cells, granulocytes and NK cells. In 

short, this implies that AbM is an activator of these phagocytic cells, including the non-

phagocytic NK cells [24, 26, 48, 49]. In addition, AbM extract stimulates cytokine production, 

which is needed for activities of these immune cells. The AbM extract stimulates maturation of 

dendritic cells that present antigen/self-antigen complexes that activate T-cells [24, 25, 51]. 

The reason for this forceful and swift reaction of innate immunity when in contact with an 

edible and harmless mushroom such as AbM, is its shearing of pathogen-associated molecular 

patterns (PAMP) with other highly poisonous and health-threatening fungi and mushrooms. 

PAMP, such as beta-glucans form the main cell wall skeleton in mushrooms and fungi and are 

recognized immediately by so-called pattern-recognition receptors, such as Toll-like receptor 2 

(TLR2), dectin-1 and complement receptor 3 (CR3) [48, 52-54]. When these receptors are 

engaged, signals are transmitted into the immune cells, stimulating them to produce and release 

biologically active mediators such as cytokines [24] that are signal substances needed in the 

communication with other immune cells, and nitric oxide and hydrogen peroxide [55] that 

directly kills invading microbes. Since AbM does not have a direct bacteria-killing effect, its 
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action on bacterial sepsis is via modulation of cells and a cascade defense like the complement 

system, an important part of the innate immune system [56]. 

 

Health Benefits of Agaricus Blazei Murill 

Cancer 

Cancer is a disease which is characterized by uncontrolled cell growth (a division beyond normal 

limits), and is the leading cause of death in Western countries. Cancer may affect people at all 

ages and genders. The risk for most types of cancer increases with age, and is primarily impacted 

by environmental factors with a 90-95% of cases influenced by lifestyle and environmental 

factors and 5-10% due to genetics [57]. 

It has been shown that a significant number of cancer patients have been taking 

complementary medical therapies such as medicinal mushrooms, while receiving their 

conventional anti-cancer treatments. Mushroom extracts have been proposed to have anti-cancer 

properties and may act through two separate mechanisms: i) direct cytotoxic effect and ii) 

indirectly through immunomodulatory action [50]. 

The orally administered β-glucans were taken up and processed by macrophages via surface 

receptors such as Dectin-1 with or without TLR-2/6, and complement receptor (CR)-3, eliciting 

an immune response. One of the actions is the phagocytosis of antibody-tagged tumor cells [1]. 

Another direct consequence of AbM treatment in cancer patients, and possibly brought about by 

the mushroom’s beta-glucans, is activation of the patients’ NK cells. Studies found that a group 

of active ingredients such as beta-glucans, proteoglycans and ergosterol were responsible for the 

induced tumor regression in mice [3, 8, 10, 15-17, 25, 40]. Additionally, mice which were 

supplemented daily with beta-glucan isolated from AbM, exhibited a decreased level of 

spontaneous metastasis [58]. In another set of experiments, fat soluble ergosterol from AbM 

proved to be an antiangiogenetic substance, which hampers blood vessel formation and as a 

result, reduces tumor growth and metastasis in sarcoma- and lung carcinoma- bearing mice [59]. 

Another action of AbM in this context, is the reduction in blood levels of IL-8, an inflammatory 

and vessel-forming cytokine.  

The antitumor effects of AbM extracts have been attributed to the induction of apoptosis 

(programmed cell death) of cancer cells and the activation of NK cells [9, 10]. It has been 

reported that increased NK cell activity correlates with increased infiltration of cells in tumor 

sites. Moreover, the analysis of leukocytes from hepatitis C virus (HCV) patients supplemented 

with AbM extracts, revealed an increased expression of genes, which are crucial in antitumor 

defense [11]. One early clinical trial focused on patients with acute leukemia and demonstrated 

that extracts from AbM inhibited leukemia cells [60]. However, there are no published follow-up 

studies on the use of AbM against leukemia. 

At the moment, AbM is used as adjuvant treatment alongside traditional treatments for 

cancer. AbM could prove valuable in both its antitumor effects via immune stimulation and in 

easing side effects and thus improving the quality of life for cancer patients as seen in one 

clinical study [26]. The effect of AbM on prostate cancer has been unequivocal [9, 61]. AbM, in 

a mixture with other medicinal mushrooms, has also been reported to act against breast cancer 

cells in vitro [62]. However, more clinical trials are needed to confirm this mechanism of action. 
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In addition to AbM’s induction of apoptosis in some cancer cell types, its immunomodulatory 

role against cancer, is shown in Fig. 2.  

 

 
 

Research in progress  

Currently, there are some ongoing animal and clinical studies, which are focused on the role of 

AbM extracts in treating cancer. 

Colon cancer is a cancer of the large intestine (colon), the lower part of the digestive system. 

Rectal cancer is a cancer of the last several inches of the colon. When occurring together they are 

often referred to as colorectal cancers. Most cases of colon cancer begin as small, noncancerous 
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“lumps” of cells called polyps. Over time, some of these polyps may become colon cancers. 

A scientific study was performed in Oslo, Norway in the last year, with an AbM-based 

extract, AndoSan
TM

, in a mouse model, which had the same genetic defect as most common 

predisposing conditions of human colon cancer; this data is now being examined. If it comes out 

positive, a clinical study in cancer colon patients will follow to determine whether AbM can have 

a preventive effect on the development of colon cancer in individuals prone to this disease.  

Multiple myeloma (from Greek myelo-, bone marrow) is uncontrolled clonal proliferation in 

the bone marrow of plasma cells that are derived from B cells. Plasma cells are normally 

responsible for the production of specific antibodies which help fight infections. In multiple 

myeloma, the multiplicating clone of abnormal plasma cells produces large amounts of 

monoclonal antibodies, which can be detected in blood and urine. Health problems caused by 

multiple myeloma can affect bones through osteolytic lesions, the immune system, kidneys, and 

red blood cell count. The number of new cases of multiple myeloma each year in Western 

Europe is approximately 4 per 100,000 inhabitants [63]. Myeloma is an incurable disease 

although treatment may help control symptoms and complications and prolong life. The 

condition is usually progressive and fatal. Symptoms include anemia, renal damage, and 

increased susceptibility to bacterial infections. Treatment options include local irradiation of 

myelomas in bone, high-dose chemotherapy followed by stem cell transplantation, and use of 

new drugs (e.g. lenolidamide). 

A clinical study has been done on multiple myeloma in Norway. The trial enrolled 33 

patients, who were treated for 7 weeks with the AbM extract (AndoSan™) or with placebo only 

[http://clinicaltrials.gov/ct2/show/NCT00970021]. The supplementation was tested in a double 

blinded fashion as adjuvant treatment to high-dose chemotherapy followed by transplantation of 

preharvested autologous hematopoietic stem cells that had been mobilized from bone marrow to 

peripheral blood. The data will be examined at end of 2012, after the code is broken and 

depending on who got the AbM extract and who got placebo. A similar multi-center study may 

ensue, pending a positive outcome of the first trial. 

Unfortunately, a general cure for cancer is still yet to be found, although 2 out of 3 cancer 

patients can today be treated successfully. Currently, even though there are therapies that induce 

tumor regression, many people turn to alternative treatment methods. However, it is essential not 

to discontinue standard methods of treatment until thorough scientific validation of alternative or 

complementary therapies exist.  

 

Gastro-inflammation 

The digestive system plays an important role in the human body by absorbing food nutrients into 

the blood stream. Uncontrolled intestinal inflammation may lead to different forms of intestinal 

disorders called Inflammatory Bowel Disease (IBD). The etiology of these inflammatory 

diseases is unknown, but they are assumed to be autoimmune disorders. 

IBD refers to two chronic diseases: Ulcerative Colitis (UC) and Crohn's disease (CD). 

Although the diseases have some common features, there are important differences. UC is an 

inflammatory disease of the large intestine or colon. CD most commonly affects the last part of 

the small intestine and parts of the large intestine. The present treatment of IBD contains anti-

inflammatory drugs to decrease the inflammation, and immunosuppressive agents to inhibit the 
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immune system from destroying the body's own cells and whole tissues. However, alternative 

treatments are becoming more popular each year because of the lack of effective treatment. 

Today, costly novel treatment with antibody to the inflammatory cytokine, tumor necrosis factor 

(TNF), is used against CD, but this therapy is hampered with development of therapy-resistance 

and huge potential side effects. 

Recently, AbM has been tested in a clinical trial in Norway on patients with IBD. Clinical 

data revealed that patients with UC and CD exhibited a down-regulated level of pro-

inflammatory cytokines such as TNF in the serum as an indication for the local effect in the 

colon wall itself. This is an indication of the potential effectiveness of AbM to inhibit the 

production of pro-inflammatory cytokines, and reduce calprotectin (a marker for IBD) in UC and 

CD patients. Twelve patients diagnosed with UC and 12 patients with CD, volunteered to 

participate in the study of oral intake of a normal dose of AndoSan™; 20 ml thrice daily for 12 

days. The collected data demonstrated a reduction in several cytokines (especially pro-

inflammatory and chemotactic cytokines) in the serum of UC and CD patients after 12 days of 

intake of a Basidiomycetes mushroom extract (Andosan
TM

) mainly based on AbM. In patients 

with UC, there was also a concomitant reduction in levels of fecal calprotectin [41]. Similar 

results showing such a decline in levels of inflammation-driving cytokines, have been 

demonstrated in healthy volunteers consuming AndoSan™ in a similar experimental set-up [64]. 

Collectively, the findings support the notion of a general anti-inflammatory and stabilizing effect 

of the AbM extract on cytokine release in individuals with good health or IBD. Moreover, the 

consumption of this AbM-based medicinal mushroom extract by the IBD patients resulted in no 

side effects. Rather, the patients spontaneously reported less bowel problems and joint pain 

(common in CD) [41]. Presently, a follow-up placebo-controlled and blinded clinical trial is 

being conducted in 100 IBD patients at Oslo University Hospital.  

There is no known cure neither for UC nor for CD, which is why alternative therapies are 

popular among this group of people. However, it is important to remember that any alternative 

treatment should complement, not replace, conventional care. 

 

Hepatitis 

The liver is one of the most important organs in our body. Considering all of the liver’s special 

functions, and its anatomical location and drainage of blood from the vessels in the bowels, it is 

the port of entry (hence the Latin name “Vena porta” for the vein from intestines to liver), of 

ingredients and impurities in food and drink. Thus, the liver is frequently exposed to a large load 

of intestinal antigens from pathogens (viruses, bacteria, parasites), toxins, tumor cells, and 

harmless dietary antigens [65]. Statistics and epidemiological data say that except for alcohol and 

drug overdose, the main reason for liver damage is viral infection due to hepatitis, especially B 

(HBV) and C (HCV) forms. The liver is a blood-rich organ containing large numbers of 

phagocytic cells and NK cells, which can be activated by β-glucans, in addition to Kuppfer cells 

– relatives of macrophages, and also endothelial cells aligning the sinusoids that can be 

stimulated by AbM. 

 

Ongoing clinical studies 
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Preliminary data shows clinical effects of the AbM condensed liquid in human volunteers with 

an elevated activity of γ-glutamic-pyruvate transaminase (γ-GTP), a marker for liver damage. A 

total of 20 patients (half of which were men) with chronic C-type hepatitis received the extract 

orally, twice a day, for 8 weeks. Reduced serum γ-GTP levels were established in 80% of the 

patients without any toxicological findings or other side effects. It was concluded from these 

results that the AbM extract could be useful for patients with C-type hepatitis [66]. 

An open-label pilot study conducted over a 1 year period, tested whether the AbM extract 

can improve liver function in patients with hepatitis B. Four patients under 12 months of clinical 

observation with alanine aminotransferase (ALT) over 100 IU/L, and not taking drugs for 

hepatitis were given an AbM extract (1500 mg daily for 12 months). The ALT level was taken as 

a major outcome measurement. At the end of the study, the levels of both aspartate 

aminotransferase (AST) and ALT decreased. This data indicated the potential benefit of the AbM 

extract in normalizing liver function of patients with hepatitis B [12]. 

In other studies, a possible in vivo effect of oral AbM (AndoSan
TM

) was examined in 

patients with Interferon (IFN)-α-resistant chronic hepatitis C virus infection. It was observed that 

the viral load was slightly, but not statistically significantly, decreased after 1 week of treatment. 

The treatment also up-regulated the gene for IFN-α-receptor, implying that AbM may improve 

the effect of IFN-α treatment in patients with chronic hepatitis [11]. However, one report on three 

patients with advanced cancers contradicted these studies because it suggested that AbM taken as 

supplement, induced liver damage [61]. 

Until today, there has been no good method to compensate for liver failure, especially when 

secondary to chronic hepatitis type infections. However, AbM could be a promising remedy in 

hepatitis treatment especially for patients with the IFN- resistant type of the disease. 

 

Allergies and Asthma 

Allergies are abnormal immune system reactions to substances that are typically harmless to 

most people. In this case, the immune system mistakenly identifies a harmless substance such as 

tree pollen, as a dangerous invader, and produces antibodies (specific IgE) as well as many active 

“immune activators” against the allergen (Betv1),. In consequence, chemicals released by the 

immune system lead to allergy symptoms, such as a hay fever, itchy eyes or skin reactions. 

Allergies and asthma often occur together, especially in children where 50% of asthma is 

induced by allergies in the airway, The diseases are caused by misdirected inflammatory immune 

responses which AbM may help rectify because it has been shown to have positive influence 

upon T helper (Th) cell subsets [14, 15].  

There are two distinct subsets of Th cells that are different in terms of their cytokine 

production and biological function, and their responses are balanced against each other (Fig. 1). 

These subsets are Th1 and Th2. Anti-tumor and anti-infection immunity are both due to Th1 

responses, which also do promote autoimmune diseases when excessive. Anti-rejection and anti-

parasite immunity is due to Th2 responses, which may also induce IgE-mediated allergies. Th1 

and Th2 response is mutually inhibitory, so if Th1 cells are stimulated, Th2 cells are suppressed 

[67, 68]. This means that Th1 cell activation with AbM will lead to the inhibition of an antibody-

mediated immune response, and in consequences allergy symptoms (Fig. 1). 
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Based on a study with mice, it might be concluded that an AbM extract, may prevent the 

development of IgE-mediated allergies when given before allergen immunization [14, 69]. The 

extract seems to have a therapeutic effect when given together with or as late as 3 weeks after the 

allergen immunization in the mouse model (Fig. 3) [13]. Although one should be careful when 

extrapolating animal data to a human setting, three weeks for a mouse equals several months for 

a human, suggesting that an established allergy in patients can be reverted. The latter study was 

done with AndoSan
TM

.   

In summary, the AbM extract may both prevent allergy and allergy-induced asthma 

development and be used as a therapeutic substance against allergy and asthma. 

 
Figure 3. Mice were supplemented either with the AbM-based extract, AndoSan

TM
 or PBS 

before OVA immunization, and 26 days later serum was collected for the evaluation of specific 

antibodies. Results: The level of IgE anti-ovalbumin were lower in the AbM than PBS treated 

groups. Similar results were found if AndoSan
TM

 extract or PBS was given 3 weeks after the 

allergen immunization (data not shown on this graph). 

 

Diabetes 

Diabetes mellitus can be divided into type I that requires insulin treatment to lower blood sugar 

levels by promoting sugar transport into cells, and type II which is insulin-independent. Type I 

diabetes is an autoimmune disease with specific destruction of insulin-producing pancreatic beta-

cells that culminates in a state of hypoinsulinemia and hyperglycemia. Type II diabetes is 

considered a life style-induced disease caused by unhealthy eating/drinking habits and physical 

inactivity,or there is also a hereditary element. The latter type is increasing epidemically world-

wide and is especially seen in inner-city youths, and in people experiencing a rapid improvement 

in living conditions, e.g. people emigrating from poorer conditions with high physical demands 

in undeveloped countries, to richer, developed countries.  

AbM has been shown to reduce blood glucose levels in diabetic rat models [70]. There is 

also clinical evidence that AbM combined with anti-diabetic drugs can improve insulin resistance 
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in type II diabetes patients [71]. The authors speculated that an increase in so-called adiponectin 

concentration could be the mechanism behind the AbM effect. Another group has suggested that 

the AbM’s anti-diabetic effect in diabetic rats is due to AbM’s suppression of oxidative stress and 

proinflammatory cytokine production, which then results in improvement of pancreatic beta-cells 

mass [72].  

 

Comparison of AbM extracts 

There are many different AbM extracts available. Glucans, one of the most active and beneficial 

components of AbM, are known to augment immune responses against viral and bacterial 

infections, as well as against cancer [52]. It is important to point out that not all available AbM 

extracts give the same result because they are prepared by using different mushroom strains and 

in accordance to different protocols. Latest reports show that there are various compositions of 

beta-glucans in AbM extracts [73], and the concentration of active ingredients in each 

component  depends on the methods of extraction [70, 74] and on the substrate (rotting woods) 

they are grown on.  

A scientific study compared the efficacy of the leading products available in the market, 

revealing extracts with the strongest anti-infection properties. In order to evaluate antibacterial 

efficacy of AbM extracts, five AbM products described as A, B, C, D, E were compared in a 

mouse model for deadly pneumococcal (Gram-positive) sepsis. The day before the sepsis was 

induced, the mice received similar volumes of AbM extracts orally: Extract described as A, 

which was a mixture of 82% AbM, 15% Hericium erinaceum and 3% Grifola frondosa, all 

members of the Basidiomycetes mushroom family, appeared to be the only one which had a 

statistically significant protective effect [52]. Extract A was the most effective in reducing the 

number of bacteria in the blood of the infected mice and increasing the survival rate of the 

animals. In another study, using Gram-negative bacteria in mice, the efficacy of AbM extract in 

decreasing bacteremia and increasing survival rate was confirmed [29]. One may speculate 

whether this is due to the presence of additional biological components and synergies with the 

two other Basidiomycetes mushrooms ingredients as well as the protocols for cultivation and 

processing methods [52]. 

Extract A currently represents the AndoSan™ product, which appeared to be the only one 

that gave a significant protection to overcome deadly bacterial sepsis. Therefore, this particular 

mushroom extract was chosen for studies in other animal models and clinical studies (allergy, 

HCV infection, IBD, multiple myeloma, colon cancer). Hence, it may be a choice for prevention 

or treatment of different illnesses as an adjuvant.  

 

Safety issues 

Many researchers have studied AbM, as well as other medicinal mushrooms for close to 50 

years. AbM, cultivated on quality-controlled substrate, does not contain toxic substances and is 

an effective supplement with good biological effects [11, 26, 75]. AbM can safely be used alone 

or in combination with other treatments for patients, as long as the user is not allergic to 

mushrooms as such and possible content of harmful substances such as heavy metals, has been 

controlled for and excluded. Laboratory tests showed that AbM extract may modulate and 

activate the immune cells in their effort to prevent cancer and assist in regulating a dysfunctional 
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immune system (Fig. 2). The safety of the AbM-based extract, AndoSan
TM

, was shown both in 

healthy volunteers [64], and in patients with HCV infection [11] or IBD [41]. Also, no side 

effects have been reported in multiple myeloma patients taking this extract as adjuvant treatment 

for 7 weeks. A substantial amount of both in vitro [24, 25, 59, 74, 76-78] and in vivo [4, 10, 11, 

26, 41, 52, 66, 79] studies and the presence of similar results, supports the assumed inhibition of 

tumor growth and immune system stimulation.  

There are contradicting reports regarding the effect of AbM on liver function. There is one 

report stating that three patients with advanced cancer who took an AbM supplement, suffered 

from severe liver damage [61]. A link between the AbM extract and liver damage was suggested, 

although several other factors could not be completely ruled out as the causes of liver damage. 

On the other hand, studies on AbM intake in patients with chronic hepatitis C virus infection did 

not show any adverse side effects on the liver function [11]. Patients in this study were 

administered with the AndoSan™ AbM extract, which proved its non-hepatotoxic properties. 

What is more, the intake of AbM in the form of AndoSan™ was tested in healthy volunteers and 

patients with IBD. A standardized daily dose of 60 ml of the AbM extract for 12 days, as well as 

a high daily dose of 360 ml during each of two days was evaluated in the context of safety [64]. 

Collected data from healthy volunteers [64] and IBD patients [41] revealed no pathological 

effects on hematological parameters including those for liver, pancreatic and renal function.  

 

Conclusions 

AbM medicinal mushroom modulates the immune system by binding to receptors such as TLR2, 

dectin 1 and CR3 on the innate immune cells; NK cells, monocytes and dendritic cells, which 

further communicate with T helper cells and bring about an enhanced Th1 response and 

concomitant reduction of Th2 response. This immunomodulation explains the different 

beneficial health effects attributed to AbM. In addition, AbM possesses a direct apoptotic 

property towards different cancer cells, which together with the raised Th1 response and 

antiinflammation, generates the AbM-induced antitumor effect. The resulting decreased Th2 

response, together with the anti-inflammatory effect, explains the observed anti-allergic and anti-

asthmatic effects and possibly also anti-diabetic properties of AbM in animal models. Lately, 

results from several preliminary studies with cancer cells and animal models have prompted a 

series of clinical trials, the results of which may reveal the beneficial effects of AbM as adjuvant 

treatment for patients [10-12, 26, 41, 61, 64, 71, 80-82].  This bears promise for exploration of 

AbM as a therapeutic regimen in the clinical setting. 
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receptors (TLR), tumor necrosis factor (TNF), Ulcerative Colitis (UC) 

 

Competing interests: Biedron R, Tangen JM and Maresz K have no competing interests. 

Hetland G is stock holder in Immunopharma, which aims to develop AndoSan
TM

 into adjuvant 

hospital medicine. 



Functional Foods in Health and Disease 2012, 2(11):428-447  Page 442 of 447 

 

 

Authors' contributions: All authors have written and/or contributed to the scientific content of 

this review article. 

 

Acknowledgements and Funding: The International Science and Health Foundation 

(http://www.ishf.org), Cracow, Poland, and Immunopharma, The Norwegian Institute of Public 

Health and Oslo University Hospital, Norway, have contributed with funding and /or human 

resources for work reviewed in this article. 

 

References: 

1. Mizuno T. Shiitake, Lentinus edodes. Functional properties for medicinal and food 

purposes. Food Reviews International 1995; 11:109-128. 

2. Dias EqS, Abe C, Schwan RF. Truths and myths about the mushroom Agaricus blazei. 

Scientia Agricola 2004; 61:545-549. 

3. Fujimiya Y, Suzuki Y, Katakura R, Ebina T. Tumor-specific cytocidal and 

immunopotentiating effects of relatively low molecular weight products derived from the 

basidiomycete, Agaricus blazei Murill. Anticancer Res 1999; 19:113-118. 

4. Ebina T, Fujimiya Y. Antitumor effect of a peptide-glucan preparation extracted from 

Agaricus blazei in a double-grafted tumor system in mice. Biotherapy 1998; 11:259-265. 

5. Gonzaga ML, Bezerra DP, Alves AP, de Alencar NM, Mesquita RO, Lima MW, Soares 

SA, Pessoa C, de Moraes MO, Costa-Lotufo LV. In vivo growth-inhibition of Sarcoma 

180 by an alpha-(1-->4)-glucan-beta-(1-->6)-glucan-protein complex polysaccharide 

obtained from Agaricus blazei Murill. Nat Med(Tokyo) 2009; 63:32-40. 

6. Gu Y, Fujimiya Y, Itokawa Y, Oshima M, Choi JS, Miura T, Ishida T. Tumoricidal 

effects of beta-glucans: mechanisms include both antioxidant activity plus enhanced 

systemic and topical immunity. Nutr Cancer 2008; 60:685-691. 

7. Kawagishi H, Inagaki R, Kanao T, Mizuno T, Shimura K, Ito H, Hagiwara T, Nakamura 

T. Fractionation and antitumor activity of the water-insoluble residue of Agaricus blazei 

fruiting bodies. Carbohydr Res 1989; 186:267-273. 

8. Ohno N, Furukawa M, Miura NN, Adachi Y, Motoi M, Yadomae T. Antitumor beta 

glucan from the cultured fruit body of Agaricus blazei. Biol Pharm Bull 2001; 24:820-

828. 

9. Yu CH, Kan SF, Shu CH, Lu TJ, Sun-Hwang L, Wang PS. Inhibitory mechanisms of 

Agaricus blazei Murill on the growth of prostate cancer in vitro and in vivo 2. J Nutr 

Biochem 2008. 

10.Fujimiya Y, Suzuki Y, Oshiman K, Kobori H, Moriguchi K, Nakashima H, Matumoto Y, 

Takahara S, Ebina T, Katakura R. Selective tumoricidal effect of soluble proteoglucan 

extracted from the basidiomycete, Agaricus blazei Murill, mediated via natural killer cell 

activation and apoptosis. Cancer Immunol Immunother 1998; 46:147-159. 

11.Grinde B, Hetland G, Johnson E. Effects on gene expression and viral load of a medicinal 

extract from Agaricus blazei in patients with chronic hepatitis C infection. Int 

Immunopharmacol 2006; 6:1311-1314. 

http://www.ishf.org/


Functional Foods in Health and Disease 2012, 2(11):428-447  Page 443 of 447 

 

12.Hsu CH, Hwang KC, Chiang YH, Chou P. The mushroom Agaricus blazei Murill extract 

normalizes liver function in patients with chronic hepatitis B. J Altern Complement Med 

2008; 14:299-301. 

13.Ellertsen LK, Hetland G. An extract of the medicinal mushroom Agaricus blazei Murill 

can protect against allergy. Clin Mol Allergy 2009; 7:6. 

14.Takimoto H, Kato H, Kaneko M, Kumazawa Y. Amelioration of skewed Th1/Th2 

balance in tumor-bearing and asthma-induced mice by oral administration of Agaricus 

blazei extracts. Immunopharmacol Immunotoxicol 2008; 30:747-760. 

15.Mizuno M, Morimoto M, Minato K, Tsuchida H. Polysaccharides from Agaricus blazei 

stimulate lymphocyte T-cell subsets in mice. Biosci Biotechnol Biochem 1998; 62:434-

437. 

16.Mizuno M, Minato K, Ito H, Kawade M, Terai H, Tsuchida H. Anti-tumor 

polysaccharide from the mycelium of liquid-cultured Agaricus blazei mill. Biochem Mol 

Biol Int 1999; 47:707-714. 

17.Itoh H, Ito H, Amano H, Noda H. Inhibitory action of a (1-->6)-beta-D-glucan-protein 

complex (F III-2-b) isolated from Agaricus blazei Murill ("himematsutake") on Meth A 

fibrosarcoma-bearing mice and its antitumor mechanism. Jpn J Pharmacol 1994; 66:265-

271. 

18.Ito H, Shimura K, Itoh H, Kawade M. Antitumor effects of a new polysaccharide-protein 

complex (ATOM) prepared from Agaricus blazei (Iwade strain 101) "Himematsutake" 

and its mechanisms in tumor-bearing mice. Anticancer Res 1997; 17:277-284. 

19.Oshiman K, Fujimiya Y, Ebina T, Suzuki I, Noji M. Orally administered beta-1,6-D-

polyglucose extracted from Agaricus blazei results in tumor regression in tumor-bearing 

mice. Planta Med 2002; 68:610-614. 

20.Bernardshaw S, Johnson E, Hetland G. An extract of the mushroom Agaricus blazei 

Murill administered orally protects against systemic Streptococcus pneumoniae infection 

in mice. Scand J Immunol 2005; 62:393-398. 

21.Bernardshaw S, Hetland G, Grinde B, Johnson E. An extract of the mushroom Agaricus 

blazei Murill protects against lethal septicemia in a mouse model of fecal peritonitis. 

Shock 2006; 25:420-425. 

22.Faccin LC, Benati F, Rincao VP, Mantovani MS, Soares SA, Gonzaga ML, Nozawa C, 

Carvalho Linhares RE. Antiviral activity of aqueous and ethanol extracts and of an 

isolated polysaccharide from Agaricus brasiliensis against poliovirus type 1. Lett Appl 

Microbiol 2007; 45:24-28. 

23.Martins PR, Gameiro MC, Castoldi L, Romagnoli GG, Lopes FC, Pinto AV, Loyola W, 

Kaneno R. Polysaccharide-rich fraction of Agaricus brasiliensis enhances the 

candidacidal activity of murine macrophages. Mem Inst Oswaldo Cruz 2008; 103:244-

250. 

24.Forland DT, Johnson E, Tryggestad AM, Lyberg T, Hetland G. An extract based on the 

medicinal mushroom Agaricus blazei Murill stimulates monocyte-derived dendritic cells 

to cytokine and chemokine production in vitro. Cytokine 2010; 49:245-250. 

25.Kim GY, Lee MY, Lee HJ, Moon DO, Lee CM, Jin CY, Choi YH, Jeong YK, Chung 

KT, Lee JY, Choi IH, Park YM. Effect of water-soluble proteoglycan isolated from 



Functional Foods in Health and Disease 2012, 2(11):428-447  Page 444 of 447 

 

Agaricus blazei on the maturation of murine bone marrow-derived dendritic cells. Int 

Immunopharmacol 2005; 5:1523-1532. 

26.Ahn WS, Kim DJ, Chae GT, Lee JM, Bae SM, Sin JI, Kim YW, Namkoong SE, Lee IP. 

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 2004; 14:589-594. 

27.Barton GM. A calculated response: control of inflammation by the innate immune 

system. J Clin Invest 2008; 118:413-420. 

28.Medzhitov R, Janeway CA, Jr.. Innate immunity: impact on the adaptive immune 

response. Curr Opin Immunol 1997; 9:4-9. 

29.Rot A, von Andrian UH. Chemokines in innate and adaptive host defense: basic 

chemokinese grammar for immune cells. Annu Rev Immunol 2004; 22:891-928. 

30.Kurtz J. Memory in the innate and adaptive immune systems. Microbes Infect 2004; 

6:1410-1417. 

31.Barra NG, Gillgrass A, Ashkar AA. Effective control of viral infections by the adaptive 

immune system requires assistance from innate immunity. Expert Rev Vaccines 2010; 

9:1143-1147. 

32.Galli G, Nuti S, Tavarini S, Galli-Stampino L, De Lalla C, Casorati G, Dellabona P, 

Abrignani S. Innate immune responses support adaptive immunity: NKT cells induce B 

cell activation. Vaccine 2003; 21 (Suppl 2):48-54. 

33.Liu YJ. Dendritic cell subsets and lineages, and their functions in innate and adaptive 

immunity. Cell 2001; 106:259-262. 

34.Das A, Maini MK. Innate and adaptive immune responses in hepatitis B virus infection. 

Dig Dis 2010; 28:126-132. 

35.Benson RA, Patakas A, Conigliaro P, Rush CM, Garside P, McInnes IB, Brewer JM. 

Identifying the cells breaching self-tolerance in autoimmunity. J Immunol 2010; 

184:6378-6385. 

36.Thomas R. The balancing act of autoimmunity: central and peripheral tolerance versus 

infection control. Int Rev Immunol 2010; 29:211-233. 

37.Chatila TA. Regulatory T cells: key players in tolerance and autoimmunity. Endocrinol 

Metab Clin North Am 2009; 38:265-272. 

38.Pelanda R, Piccirillo CA. Tolerance, immune regulation, and autoimmunity: cells and 

cytokines that make a difference. Curr Opin Immunol 2008; 20:629-631. 

39.Ooi VE, Liu F. Immunomodulation and anti-cancer activity of polysaccharide-protein 

complexes. Curr Med Chem 2000; 7:715-729. 

40.Takaku T, Kimura Y, Okuda H. Isolation of an antitumor compound from Agaricus 

blazei Murill and its mechanism of action. J Nutr 2001; 131:1409-1413. 

41.Forland DT, Johnson E, Saetre L, Lyberg T, Lygren I, Hetland G. Effect of an Extract 

Based on the Medicinal Mushroom Agaricus blazei Murill on Expression of Cytokines 

and Calprotectin in Patients with Ulcerative Colitis and Crohn's disease. Scand J 

Immunol 2011; 73:66-75. 

42. Chihara G. Recent progress in immunopharmacology and therapeutic effects of 

polysaccharides. Dev Biol Stand 1992; 77:191-197. 



Functional Foods in Health and Disease 2012, 2(11):428-447  Page 445 of 447 

 

43. Weitberg AB. A phase I/II trial of beta-(1,3)/(1,6) D-glucan in the treatment of patients 

with advanced malignancies receiving chemotherapy. J Exp Clin Cancer Res 2008; 

27:40. 

44.Adachi Y, Okazaki M, Ohno N, Yadomae T. Enhancement of cytokine production by 

macrophages stimulated with (1-->3)-beta-D-glucan, grifolan (GRN), isolated from 

Grifola frondosa. Biol Pharm Bull 1994; 17:1554-1560. 

45.Amino M, Noguchi R, Yata J, Matsumura J, Hirayama R, Abe O, Enomoto K, Asato Y. 

[Studies on the effect of lentinan on human immune system. II. In vivo effect on NK 

activity, MLR induced killer activity and PHA induced blastic response of lymphocytes 

in cancer patients]. Gan To Kagaku Ryoho 1983; 10:2000-2006. 

46.Bogwald J, Johnson E, Seljelid R. The cytotoxic effect of mouse macrophages stimulated 

in vitro by a beta-1,3-D-glucan from yeast cell walls. Scand J Immunol 1982; 15:297-

304. 

47.Czop JK, Austen KF. Properties of glycans that activate the human alternative 

complement pathway and interact with the human monocyte beta-glucan receptor. J 

Immunol 1985; 135:3388-3393. 

48.Vetvicka V, Thornton BP, Ross GD. Soluble beta-glucan polysaccharide binding to the 

lectin site of neutrophil or natural killer cell complement receptor type 3 (CD11b/CD18) 

generates a primed state of the receptor capable of mediating cytotoxicity of iC3b-

opsonized target cells. J Clin Invest 1996; 98:50-61. 

49.Akramiene D, Kondrotas A, Didziapetriene J, Kevelaitis E. Effects of beta-glucans on the 

immune system. Medicina (Kaunas) 2007; 43:597-606. 

50.Chan GC, Chan WK, Sze DM. The effects of beta-glucan on human immune and cancer 

cells. J Hematol Oncol 2009; 2:25. 

51.Kawamura M, Kasai H, He L, Deng X, Yamashita A, Terunuma H, Horiuchi I, Tanabe F, 

Ito M. Antithetical effects of hemicellulase-treated Agaricus blazei on the maturation of 

murine bone-marrow-derived dendritic cells. Immunology 2005; 114:397-409. 

52.Hetland G, Johnson E, Lyberg T, Bernardshaw S, Tryggestad AMA, Grinde B. Effects of 

the medicinal mushroom Agaricus blazei murill on immunity, infection and cancer. 

Scand J Immunol 2008; 68:363-370. 

53.Levitz SM. Interactions of Toll-like receptors with fungi. Microbes Infect 2004; 6:1351-

1355. 

54.Kennedy AD, Willment JA, Dorward DW, Williams DL, Brown GD, DeLeo FR. Dectin-

1 promotes fungicidal activity of human neutrophils. Eur J Immunol 2007; 37:467-478. 

55.Ohno N, Egawa Y, Hashimoto T, Adachi Y, Yadomae T. Effect of beta-glucans on the 

nitric oxide synthesis by peritoneal macrophage in mice. Biol Pharm Bull 1996; 19:608-

612. 

56.Shimizu S, Kitada H, Yokota H, Yamakawa J, Murayama T, Sugiyama K, Izumi H, 

Yamaguchi N. Activation of the alternative complement pathway by Agaricus blazei 

Murill. Phytomedicine 2002; 9:536-545. 

57.Anand P, Kunnumakara AB, Sundaram C, Harikumar KB, Tharakan ST, Lai OS, Sung 

B, Aggarwal BB. Cancer is a Preventable Disease that Requires Major Lifestyle Changes. 

Pharmaceutical Research 2008; 25:2097-2116. 



Functional Foods in Health and Disease 2012, 2(11):428-447  Page 446 of 447 

 

58.Kobayashi H, Yoshida R, Kanada Y, Fukuda Y, Yagyu T, Inagaki K, Kondo T, Kurita N, 

Suzuki M, Kanayama N, Terao T. Suppressing effects of daily oral supplementation of 

beta-glucan extracted from Agaricus blazei Murill on spontaneous and peritoneal 

disseminated metastasis in mouse model. J Cancer Res Clin Oncol 2005; 131:527-538. 

59.Kimura Y, Kido T, Takaku T, Sumiyoshi M, Baba K. Isolation of an anti-angiogenic 

substance from Agaricus blazei Murill: its antitumor and antimetastatic actions. Cancer 

Sci 2004; 95:758-764. 

60.Tian X, Lun Z, Ito J. Clinical observation on treatment of acute non lymphocytic 

leukemia with Agaricus blazei. Lanzhou Med Coll 1994; 20:169–171. 

61.Mukai H, Watanabe T, Ando M, Katsumato N. An alternative medicine, Agaricus blazei, 

may have induced severe hepatic dysfunction in cancer patients. Japanese Journal of 

Clinical Oncology 2006; 36:808-810. 

62.Jiang J, Sliva D. Novel medicinal mushroom blend suppresses growth and invasiveness 

of human breast cancer cells. International Journal of Oncology 2010; 37:1529-1536. 

63.Becker N. Epidemiology of multiple myeloma. Recent results in cancer research 2011; 

183:25-35. 

64.Johnson E, Forland DT, Saetre L, Bernardshaw SV, Lyberg T, Hetland G. Effect of an 

extract based on the medicinal mushroom Agaricus blazei murill on release of cytokines, 

chemokines and leukocyte growth factors in human blood ex vivo and in vivo. Scand J 

Immunol 2009; 69:242-250. 

65.Mowat AM. Anatomical basis of tolerance and immunity to intestinal antigens. Nat Rev 

Immunol 2003; 3:331-341. 

66.Firenzuoli F, Gori L, Lombardo G. The medicinal mushroom Agaricus blazei Murrill: 

Review of literature and pharmaco-toxicological problems. Evidence-Based 

Complementary and Alternative Medicine 2008; 5:3-15. 

67.Colavita AM, Reinach AJ, Peters SP. Contributing factors to the pathobiology of asthma. 

The Th1/Th2 paradigm. Clin Chest Med 2000; 21:263-277. 

68.Krenger W, Ferrara JL. Graft-versus-host disease and the Th1/Th2 paradigm. Immunol 

Res 1996; 15:50-73. 

69.Bouike G, Nishitani Y, Shiomi H, Yoshida M, Azuma T, Hashimoto T, Kanazawa K, 

Mizuno M. Oral Treatment with Extract of Agaricus blazei Murill Enhanced Th1 

Response through Intestinal Epithelial Cells and Suppressed OVA-Sensitized Allergy in 

Mice. Evid Based Complement Alternat Med 2011, 2011:532180. 

70.Oh TW, Kim YA, Jang WJ, Byeon JI, Ryu CH, Kim JO, Ha YL. Semipurified fractions 

from the submerged-culture broth of Agaricus blazei Murill reduce blood glucose levels 

in streptozotocin-induced diabetic rats. J Agric Food Chem 2010; 58:4113-4119. 

71.Hsu C-H, Liao Y-L, Lin S-C, Hwang K-C, Chou P. The mushroom Agaricus blazei 

Murill in combination with metformin and gliclazide improves insulin resistance in type 

2 diabetes: A randomized, double-blinded, and placebo-controlled clinical trial. Journal 

of Alternative and Complementary Medicine 2007; 13:97-102. 

72.Niwa A, Tajiri T, Higashino H. lpomoea batatas and Agarics blazei ameliorate diabetic 

disorders with therapeutic antioxidant potential in streptozotocin-induced diabetic rats. 

Journal of Clinical Biochemistry and Nutrition 2011; 48:194-202. 



Functional Foods in Health and Disease 2012, 2(11):428-447  Page 447 of 447 

 

73.Volman JJ, Helsper JP, Wei S, Baars JJ, van Griensven LJ, Sonnenberg AS, Mensink RP, 

Plat J. Effects of mushroom-derived beta-glucan-rich polysaccharide extracts on nitric 

oxide production by bone marrow-derived macrophages and nuclear factor-kappaB 

transactivation in Caco-2 reporter cells: can effects be explained by structure? Mol Nutr 

Food Res 2010; 54:268-276. 

74.Sorimachi K, Akimoto K, Ikehara Y, Inafuku K, Okubo A, Yamazaki S. Secretion of 

TNF-alpha, IL-8 and nitric oxide by macrophages activated with Agaricus blazei Murill 

fractions in vitro. Cell Struct Funct 2001; 26:103-108. 

75.Kuroiwa Y, Nishikawa A, Imazawa T, Kanki K, Kitamura Y, Umemura T, Hirose M. 

Lack of subchronic toxicity of an aqueous extract of Agaricus blazei Murrill in F344 rats. 

Food and Chemical Toxicology 2005; 43:1047-1053. 

76. 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. 

IL-12 Production Induced by Agaricus blazei Fraction H (ABH) Involves Toll-like 

Receptor (TLR). Evid Based Complement Alternat Med 2004; 1:259-267. 

77.Bernardshaw S, Lyberg T, Hetland G, Johnson E. Effect of an extract of the mushroom 

Agaricus blazei Murill on expression of adhesion molecules and production of reactive 

oxygen species in monocytes and granulocytes in human whole blood ex vivo. APMIS 

2007; 115:719-725. 

78.Ellertsen LK, Hetland G, Johnson E, Grinde B. Effect of a medicinal extract from 

Agaricus blazei Murill on gene expression in a human monocyte cell line as examined by 

microarrays and immuno assays. Int Immunopharmacol 2006; 6:133-143. 

79.Hsu C-H, Hwang K-C, Chiang Y-H, Chou P. The mushroom Agaricus blazei Murill 

extract normalizes liver function in patients with chronic hepatitis B. Journal of 

Alternative and Complementary Medicine 2008; 14:299-301. 

80.Yuminamochi E, Koike T, Takeda K, Horiuchi I, Okumura K. Interleukin-12- and 

interferon-gamma-mediated natural killer cell activation by Agaricus blazei Murill. 

Immunology 2007; 121:197-206. 

81.Lima CUJO, Souza VC, Morita MC, Chiarello MD, de Oliveira Karnikowski MG. 

Agaricus blazei Murrill and Inflammatory Mediators in Elderly Women: A Randomized 

Clinical Trial. Scandinavian Journal of Immunology 2012; 75:336-41 

82.Joanna Oliveira Lima CU, de Almeida Cordova CO, Nobrega OdT, Funghetto SS, de 

Oliveira Karnikowski MG. Does the Agaricus blazei Murill Mushroom Have Properties 

That Affect the Immune System? An Integrative Review. Journal of Medicinal Food 

2011; 14:2-8. 

 


