ACTA MYCOLOGICA
Vol. 47 (1): 91-96
2012

Immunomodulating and anticancer properties of fungi
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Fungi contain a number of biologically active substances whose importance for human
health has been confirmed in several studies. In particular, f-glucans, selenium, vitamin D, C
and E should be mentioned. These substances play an important role in shaping the immune
system and prevent cancer. 3-Glucans reduce the risk of cardiovascular disease and lower the
cholesterol level.
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INTRODUCTION

This article is a review and an attempt to synthesize the results of the studies on
immunomodulating and anticancer properties of mushrooms. Usually, scientific re-
ports present only individual components being of importance for the human health
contained in mushrooms (Beuth, Drebing 2006; Marley 2009). However, such sub-
stances as p-glucans, selenium and some vitamins and minerals occur in mushrooms
simultaneously, making the effect of stimulation of the immune system and anti-
cancer action stronger. Worth mentioning is the fact that glucans can be present in
a wide variety of configurations, that have different biological activity. According
to some researchers, the use of a mixture of different species of fungi with a wide
variety of glucans can further enhance their immune effects.

The study presents the health effects of substances contained in mushrooms, such
as selenium, f-glucans, some vitamins and minerals. The main purpose was to expose
the fact that these components appear jointly in fungi and their immunomodulat-
ing and anticancer activity has been confirmed by many studies. In the light of these
studies, a widespread belief that mushroom’s values are only a taste and aromatic
qualities seems to be a myth. The therapeutic value of many edible mushrooms, ex-
amples of which are given in this paper, has been thoroughly confirmed in the recent
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years, as indicated by the cited literature, including scientific reports in the field of
oncology and immunology. This paper demonstrates practical importance of fungi
in shaping the immune system and in preventing and fighting cancer.

ACTIVE COMPOUNDS AND THEIR EFFECTS

Selenium is one of indispensable microelements for proper functioning of enzy-
matic systems. The principal function of selenium is creation of glutathione per-
oxidase, a powerful antioxidant enzyme. It protects red blood cells and cellular
membranes from harmful effect of (free) radicals. It is also important for proper
functioning of immunity system and thyroid gland. Numerous research confirm
that selenium decreases the risk of occurrence of all kinds of cancer, in particular
liver, prostate, colon and lungs cancers (Hasik 2000; Beuth, Drebing 2006; Juchi-
miuk et al. 2010).

When compared to the control group, significantly lower level of selenium in
the serum was found among the patients with early and advanced stage of stomach
cancer (Juchimiuk et al. 2010). Other data confirm that fewer cases of bronchial can-
cer were found in the group of patients with high level of selenium in serum (Hasik
2000). Also the risk of prostate cancer is four to five times higher in the group of
patients with low level of this element in serum (Brooks et al. 2001; Rostock, Saller
2008).

Selenium can mitigate effects of chemotherapy and radiotherapy, prevents the
phenomenon of metastasis and protects against the ultraviolet radiation (Beuth,
Drebing 2006). Selenium present in the structure of glutathione peroxidase takes
part in regeneration of vitamin E in biological systems (Kostogrys 2007). Vitamin E
together with B-carotene and selenium are among the most important antioxidants.
It is belived that vitamin E is effective in high oxygene pressure conditions which can
be found in lungs (Szponar, Respondek 2000).

According to the literature, therapeutic substances that have significant anti-
cancer effect contained in vegetables and fruit are described as blocking agents or
supperssing agents depending on the strength and phase of their action. Similarly,
selenium is considered as a suppressing agent — acting through enzymatic break-
down of carcinogens (Hasik 2000).

The level of selenium in fungi varies within the limits from 0.31 to 19.86 mg/
kg d.m. Its content depends not only on the species but also on the location and
collecting season. It may also depend on the method of measurement of this ele-
ment. Results obtained with inductively-coupled plasma atomic emission spectros-
copy (ICP-AES) may differ from those obtained by other techniques. However, as
noted by Falandysz (2011) selenium is one of the chemical elements always present
in mushrooms.

The highest content of selenium was found in the following species of edible
tungi: Boletus edulis Bull, Xerocomus badius (Fr.) J.-E. Gilbert, Stropharia rugosoan-
nulata Farl. ex Murril, Leccinum aurantiacum (Bull.) Grey (Lasota, Kalinowski and
Florczak 1994).
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B-Glucan is the polysaccharide extracted from the cellular membranes of yeasts
(Saccharomyces cerevisiae Meyen ex E. C. Hansen) a patented method of “gentle”
extraction allows to preserve intact the bindings 1,3/1,6 D, which activate macrophag-
es. B-glucans are strong stimulants of macrophages, increase immunity against dif-
ferent bacterial, viral, fungal and parasitic infections, delay ageing processes, slow
down the growth of tumors, act as strengtheners of proliferation phase of wounds
healing, protect against negative effects of standard cancer treatment, improve its
effectiveness, prevent the phenomenon of metastasis, decrease the risk of circula-
tory system diseases, lower the cholesterol level and influence the antihyperglicemic
effect (Ber, Gazella 2002; Marley 2009; Strach 2011).

Glucans are present in incredibly wide range of configurations that influence
their biological activity. The ones with branches $-1,3 and f$-1,6 proved to be the
most active in immunity stimulation. Overall growth of branching in size and com-
plexity is accompanied by increase of biological activity (Ohno 2005). According to
some researchers, using a mixture of different species of fungi with a wide variety of
glucans may cause an increased immune activity (Marley 2009).

Glucans are not readily available without prior boiling of fungi in order to break
the structure of their cell walls. Cooking of the mushrooms enables digesting and
releases the polysaccharides, which would otherwise remain in the indigestible cell
structures (Marley 2009).

B-Glucans and other polysaccharides with non-specific immunomodulation-
al properties were found in such species of fungi as: Pleurotus ostreatus (Jacq.)
P. Kumm., Tricholoma caligatum (Viv.) Ricken, Auricularia auricula-judae (Bull.)
Quél., Lepista flaccida (Sowerby) Pat., Sparassis crispa (Wulf.) Fr., Lyophyllum de-
castes (Fr.) Singer (Zurowska 2010). All these species are edible (Lepista flaccida,
a very spicy mushroom, can be consumed only in small amounts in addition to spicy
roast).

Research conducted in National Cancer Institute of Tokyo on the species Flam-
mulina velutipes (Curtis) Singer, demonstrated that it also contains polysaccharides
and antioxidants: vitamin C and E (Babal 2011). This species is especially valuable,
since it occurs in winter, when no other edible mushrooms do. Some authors indi-
cate a large content of B-glucans in mushrooms (Agaricus) and in shiitake Lentinus
edodes (Berk.) Singer (Ley 2008; Babal 2011). However, there are reports on can-
cerogenous and mutagenous effects of these fungi as well (Sadowska et al. 2004;
Skubla 2005). Experiments on animals indicated cancerogenous effect of agarityn
found in numerous species of the genus Agaricus.

Derivatives of hydrazine are also carcinogens, resulting in colon tumors and oth-
er cancers in experimental animals. Hydrazine derivatives were found in some spe-
cies of the genus Agaricus, and shiitake mushrooms (Sadowska et al. 2004). These
species should be evaluated with caution. Skubla (2005) rightly says that no mush-
room can be recommended for consumption.

In the recent years, studies on the diversity of polysaccharides and their biologi-
cal activity have been carried out at a fairly large scale. Fan et al. (2006) indicate that
more than 650 species of fungi representing more than 180 genera are known for
containing polysaccharides that stimulate the immune system and act as anti-cancer
agents.
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Vitamins and minerals. In addition to selenium and f-glucans, fungi contain
other substances valuable for human health. Vitamin D should be indicated here
in particular. A component of the cell walls of fungi — ergosterol — is converted into
vitamin D, in the presence of sunlight or other ultraviolet light source (Marley 2009;
Babal 2011). This vitamin has an essential role in prevention of cancer, as it results
in increased phagocytosis (absorption and destruction of cancer cells) and facilitat-
ing other immunomodulatory functions. It is also responsible for the absorption of
calcium and phosphorus, which enables normal growth of bones and prevents osteo-
porosis (Marley 2009). In laboratory studies, it has been found that vitamin D slows
the growth of cancer cells and its administration in animal studies resulted in the
decrease of the incidence of breast cancer by half (Carper1995).

Tomasik (2008) lists the mushrooms as one of the four main sources of vitamin D
in food. Gertig (2007) indicates that significant amounts of vitamin D are contained
in fish and mushrooms. For example, the edible parts of halibut contain about 4 ug,
while porcini mushrooms (Boletus) about 7 ug per 100 g of the product. In the recent
exciting discoveries it has been found that mushrooms exposed to ultraviolet rays,
either before or after the collection, quickly convert ergosterol to vitamin D, in as-
tonishing quantities. Cases where vitamin D levels have increased hundredfold dur-
ing the drying of mushrooms in the sun in comparison with the mushrooms dried in
the dark are cited. This increase was so significant that the possibility of an overdose
of vitamin D in people who had eaten mushrooms dried in the sun was considered,
but toxicity of vitamin D assimilated from fungi was not recorded (Marley 2009).

Another important influence of vitamin D is worth mentioning. In the course of
cancer, formation of microvessels within the tumor (angiogenesis) plays an impor-
tant role. The progression of cancer may be limited by limiting the functions of pro-
angiogenic factors. One of the factors blocking the formation of new blood vessels
needed for tumor growth is adequate diet (Mraz et al. 2010). The use of this dietary
vitamin D may be important, because vitamin D analogues are on the list of factors
responsible for the inhibition of angiogenesis (Obrocka et al. 2002; Wcisto 2010).

The importance of minerals is also stressed. Providing large amounts of calcium
from food significantly reduces the risk of developing colorectal cancer (Hasik 2000).
As already mentioned, vitamin D is responsible for the absorption of calcium, so it
is involved in the cancer prevention. Besides vitamin D, mushrooms contain, among
others, vitamin B, C, E and K (Marley 2009). Particular importance of vitamin C and
E in cancer prevention is indicated i.a. by Hasik (2000) and Unger and Hildenbrand
(2008). Hasik (2000) states that nitrosoamines belong to the strongest carcinogens,
while vitamin C has significant inhibitory effect on the formation of nitrosoamines
(Ber, Gazella 2002).

CONCLUSIONS

For 25 years Klimuszko (1988) advocated the use of fungi in medicine and applied
a delicate mushroom cure with good results in almost all cases for those whose
organisms were ultimately exhausted due to various diseases. He concluded the
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beneficial effect of edible mushrooms from the fact that they are often found next
to the highly poisonous species, thus, for the balance of biological effects that has
to be sustained in Nature, they must have significant positive effects, even if imper-
ceptible, but equal in strength to the poison. In the light of the above-described im-
munomodulatory and anti-cancerogenous properties of fungi, therapeutic effects of
Klimuszko’s fungal diets appear to be understandable.

While consuming mushrooms and their immunomodulatory and anti-cancer
components, the organism becomes more resistant, thus protected from disease;
even if the disease develops, fungi help to return to a good health.
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Immunomodulacyjne i przeciwnowotworowe wlasciwosci grzybow

Streszczenie

Niniejszy artykut jest proba syntezy wynikéw badan nad immunomodulacyjnymi i przeciwno-
wotworowymi wlasciwosciami grzybéw. Dotychczas prezentowano zwykle naukowe doniesie-
nia o ktéryms ze zdrowotnych sktadnikow zawartych w grzybach. Dla ksztaltowania odpor-
nosci organizmu i zapobiegania nowotworom duze znaczenie maja f-glukany i selen, a takze
witamina D, CiE. Substancje te wystepuja rownoczesnie w grzybach, ktore wskutek tego uzy-
skuja szczegdlng wartos¢ zdrowotna. Zdaniem niektorych badaczy, stosowanie mieszanki r6z-
nych gatunkow grzybow z szeroka réznorodnoscia glukanéw moze spowodowaé zwigkszone
dziatanie odpornosciowe. Glukany bowiem wystepuja w niewiarygodnie roznorodnych konfi-
guracjach, odzwierciedlajacych zakres ich biologicznego dzialania. W ostatnich fascynujacych
odkryciach stwierdzono takze, iz grzyby suszone na stoficu (wystawione na dziatanie promieni
ultrafioletowych) szybko przetwarzaja ergosterol — sktadnik Scian komoérkowych grzybéw —
w witaming D, w zdumiewajacej iloSci. Mitem okazuje si¢ — w Swietle wspéiczesnych badan
— rozpowszechnione mniemanie o jedynie smakowych i aromatycznych walorach grzybow.
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