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Abstract ˇ-glucans are a group of biologically active polysaccharides of natural origin with a
proven pleiotropic immunomodulation effect. Their efﬁcacy has been conﬁrmed in the therapeutic treatment and prevention of various infectious diseases, secondary immune defects
and also of oncologic disorders. Allergic diseases are one of the most frequent diseases and
their prevalence continues to increase. They develop as a consequence of dysregulation of the
immune system, especially when there is failure in the equilibrium of the response of TH 1/TH 2
lymphocytes towards TH 2. New therapeutic approaches in the treatment of immunopathological
conditions (e.g. allergic or oncologic) are directed to restoring the equilibrium among different
T lymphocyte subpopulations. Based on in vitro experiments, and also on animal and human
clinical studies, there is much evidence for the importance of ˇ-glucans in the treatment and
also prevention of allergic diseases; this opens new perspectives on the use of this widespread
and popular group of natural substances.
© 2012 SEICAP. Published by Elsevier España, S.L. All rights reserved.

Introduction
In recent years, the prevalence of various forms of allergic
diseases has continued to increase, and this fact underlines

Abbreviations: APC, antigen-presenting cell; BAP, biologically
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cell; IFN-␥, interferon gamma; IL, interleukin; NK, natural killer;
TGF, transforming growth factor; TH , T helper lymphocyte; TLR,
toll-like receptor; TNF, tumour necrosis factor.
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the need for more intensive medical and also social attention to be given to them. Allergic diseases present a pressure
for both the individual and society and are associated with
ongoing efforts to ﬁnd the most effective treatment options.
From an epidemiological point of view, the prevalence of
allergic diseases is still increasing globally. More than 40%
of all people suffer from various forms of allergic rhinitis. It
is possible that very soon 50% will be suffering from some
form of clinical allergy, and this fact places allergic diseases, together with cardiovascular and oncologic disorders,
into the group of the most important disease conditions,
termed collectively lifestyle diseases (or diseases of civilisation). The frequency of allergic diseases varies according
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with age. In small children, the most prevalent are allergic symptoms of the digestive tract (e.g. food allergies),
followed by skin symptoms (especially atopic eczema). The
older the child, the more prevalent are symptoms of the
respiratory tract, especially bronchial asthma and allergic
rhinitis (rhinoconjunctivitis). The gradual onset of allergic
symptoms in various organ systems is known by the name
‘atopic march’. The substrate for the development and persistence of allergic diseases is the emerging disbalance of
the immune system, which can be effectively modulated and
corrected through therapy and prevention.

Immunomodulation with natural substances
The use of natural substances and products in the treatment
and prevention of many diseases has been well known for
many years. Speciﬁc products differ not only in efﬁcacy but
also in the level of evidence for their effects, and especially
in knowledge of their precise composition and mechanism of
action. Many are a mixture of several substances which contribute to different extents to the ﬁnal biological activity
of the products. One of the most studied groups of natural
substances with proven biological activity (especially in the
immune system) is the group of biologically active polysaccharides (BAPs), e.g. ˇ-glucans, ˇ-fructans or chitin. BAPs
are a mixture of non-cellulose polymers of glucose units
connected by the linear beta(1→3) and lateral beta(1→6)
glycosidic linkages. There are several known natural sources
of BAPs, such as fungi (e.g. pleuran, scleroglucan, lentinan, schizophylan, grifolan, glomerellan), bacteria (e.g.
curdlan), moulds and yeasts (e.g. betafectin, yeast glucan,
zymosan, zymocel), seaweed (e.g. laminaran, chrysolaminaran) and certain cereals (molecules of cereal-derived
glucans contains different beta(1→4) glycosidic linear linkages between the glucose units). BAPs are typical modiﬁers
of biological reactions, with evident immunomodulation
activity in both directions: positive (immunostimulation)
and also negative (immunosuppression).1 Their potent
immunomodulation effect has been conﬁrmed in many animal experiments, in vitro studies and also in several human
clinical studies, and has predominantly been studied in
the treatment and prevention of infectious and oncologic
diseases.2 There are several trials which have been performed recently and which study the possible effect of BAPs
in the treatment and prevention of allergic diseases. They
have opened new perspectives on the clinical use of BAPs.
The mechanism of BAP action in the organism is mediated
through several receptors, especially the Dectin-1 receptor, Toll-like receptors (TLR-2, 4, 6), complement receptor
3 (CR3), scavenger receptor and lactosylceramid.3 The most
important is the Dectin-1 receptor, which is highly expressed
in many immunocompetent cells such as dendritic cells (DC),
neutrophils, eosinophils, macrophages, monocytes, several
T lymphocytes and, in humans, also in C lymphocytes.
After the binding of ˇ-glucan to Dectin-1 receptor, it stimulates production of many cytokines or other mechanisms of
immune and non-immune reactions.
The effect of BAPs depends on the form of application
(per oral, intravenous, intramuscular, subcutaneous) and
also on many other characteristics and circumstances e.g.
the source, solubility, size of molecules and conformational

space or purity of product.4 There are several described
and conﬁrmed effects of ˇ -glucans in the literature:
immunomodulation, anti-infectious, anti-tumorous, antimutagenic, anti-allergic, regenerative, anti-thrombogenic,
anti-coagulative, antioxidant, hypolipidemic and radioprotective.

TH 1/TH 2 equilibrium and immunopathological
conditions
The carriers of speciﬁc cellular immunity are T lymphocytes. We can discriminate T helpers (TH ), T cytotoxic and
T regulatory lymphocytes. To date, several subpopulations
of TH lymphocytes have been detected, based on the characteristic spectrum of produced cytokines (Fig. 1). The two
best-known and important subpopulations are TH 1 and TH 2
lymphocytes. TH 1 characteristically produce and secrete
interleukin 2 (IL-2), interferon gamma (IFN-␥) and tumour
necrosis factor beta (TNF-␤), which induce immune tolerance and the reactions of cellular immunity. The other
important subpopulation is TH 2 lymphocytes, which produce interleukins 4, 5, 6, 10 and 13 and activate humoral
immunity and typically contribute to the development
and persistence of allergic inﬂammation. TH 0 lymphocytes
simultaneously produce IL-4 and also IFN-␥. There are several newly discovered lymphocyte subpopulations with an
important role in the development of immunopathological
conditions and in the regulation of immune response: TH 3
with regulatory functions (producing transforming growth
factor beta, TGF-␤); TH 17 participating in the development of allergic diseases (producing IL-17, 21 and 22); and
TH 9 (secreting IL-9). The theory used to explain the development of various diseases associated with disturbances
in the immune system is based on a disbalance between
various T lymphocyte populations, especially between TH 1
and TH 2, which arises as a consequence of the failure
of regulatory mechanisms (e.g. production of regulatory
IL-1␤ and IL-18 from antigen-presenting cells, APC). The
changes in the cytokine microenvironment lead to the dominance of the TH 1 or TH 2 response.5 The TH 1/TH 2 paradigm
was established in 1986 and until the present day has
undergone many changes and modiﬁcations, including the
implementation of newly discovered cellular populations
and cytokines (e.g. TH 17 lymphocytes, regulatory T lymphocytes). The implementation of new cellular populations
into the TH 1/TH 2 paradigm allows better understanding of
particular immunopathological conditions which could not
be explained only by simple disturbance in the TH 1/TH 2
equilibrium.6---8 Neither is it possible to explain the origin
of allergic diseases only through simple dominance of the
TH 2 response. The pathogenesis consists of complex dysregulation of the immune system with contribution from many
cellular populations (the role of T regulatory cells and TH 17
lymphocytes) and cytokines (e.g. IL-25 and IL-33).9,10 However, dysregulation of the TH 2 response remains one of the
most important aspects of the development and persistence
of allergic inﬂammation.
New therapeutic approaches in the treatment of
immunopathological conditions (e.g. allergic and oncologic
diseases) are focused on the restoration of the disbalance
among different T lymphocyte subpopulations.3
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Figure 1 Schematic classiﬁcation of the main T lymphocyte subpopulations with characteristic production of cytokines and their
effects in the human body.
IL --- interleukin, IFN --- interferon, TGF --- transforming growth factor, TH --- T helper lymphocyte, TNF --- tumour necrosis factor, Tr --induced T regulatory lymphocyte, Treg --- natural T regulatory lymphocyte, TSLP --- thymic stromal lymphopoetin.

Anti-allergic effect of biologically active
polysaccharides --- in vitro studies
Various BAPs could have different effects on the TH 1/TH 2
equilibrium, and also on the production of TH 1- or TH 2dependent antibody subclasses. This depends strongly on the
speciﬁc type of the studied polysaccharide and the experimental conditions. It should also be noticed that some
effects observed in vitro have not been conﬁrmed in animal
and human in vivo studies. Therefore the reported experimental observations should be interpreted with caution.
Soniﬁlan (ˇ-glucan isolated from Sclerotinia sclerotiorumi) induces differentiation of TH 1 cells, followed by
synthesis of IFN-␥ by the stimulation of IL-12 production.9
Forland et al.11 also observe that the response of TH 1
cytokines is characterised by the production of IL-2, IFN-␥
and TNF-␣. Zymosan (yeast ˇ-glucan) stimulates the dendritic cells (the most important antigen-presenting cells)
through its interaction with the Dectin-1 receptor and TLR2 to produce important cytokines (especially IL-10) with a
subsequent tollerogenic T-cell response.12
Curdlan possesses the ability to induce differentiation of TH 17 lymphocytes through the dendritic cells.13
Zymosan (complex of protein-polysaccharides from yeast),
after interaction with the Dectin-1 receptor, induces the
activation of antigen-presenting cells (followed by production of IL-23) and T lymphocytes (followed by secretion

of IL-17).14 ˇ-glucan from Agaricus blazei stimulates the
secretion of pleiotropic and regulatory cytokine IL-17 from
dendritic cells.15 The ˇ-glucan fraction from the fungus Ganoderma lucidum (reishi mushroom) activates and stimulates
the differentiation of dendritic cells whereby, at the level
of genes, it is possible to detect inhibition of the genes
connected with phagocytosis with simultaneous activation
of the genes for cytokines and co-stimulatory molecules.
The result of the increased IL-12 production is stimulation
of the proliferation and differentiation of T lymphocytes,
predominantly towards TH 1. IL-23 and IL-27 have a similar
effect.16
Nathan et al.17 studied in vitro the secretion of the
chemokine CCL20 from human airway epithelial cells after
exposure to house dust mite allergens. Exposure of the
cells to the allergens caused speciﬁc and rapid secretion
of CCL20, a potent chemotactic factor for immature dendritic cells, which play an important role in the development
of airway allergic inﬂammation. The use of various ˇ glucans (laminarin, zymosan, curdlan) inhibited chemokine
release, and none of the ˇ-glucans by itself demonstrated
the capacity to induce CCL20 secretion. This observation
also contributes to clariﬁcation of the complex anti-allergic
activity of BAPs.17
Another possible mechanism of the additive effect of
BAPs in the treatment of allergic diseases is their antioxidant activity through the neutralisation of hydroxyl and
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superoxide radicals. The anti-inﬂammatory effect is
mediated by the inhibition of nitric oxide synthase and
cyclooxygenase.18
Sakurai et al.19 have analysed the effect of ˇglucan isolated from Sclerotinia sclerotiorum on alveolar
macrophages. Intravenous application of ˇ-glucan modiﬁed
the biological activity of alveolar macrophages without provoking chronic inﬂammation in the alveoli.19
Holck et al.20 investigated the capacity of different ˇglucans (curdlan, laminarin, scleroglucan) on the histamine
release from human leucocytes. The results obtained by
their experiments did not indicate direct interaction of ˇglucans with human basophiles leading to histamine release.
However, they revealed a potentiating effect of ˇ-glucans
(regardless of the branching of the molecules) on histamine
release induced by anti-IgE antibody as well as by speciﬁc
antigen in patients allergic to house dust mites. They suggest
that in certain conditions ˇ-glucans may lead to the development or aggravation of allergic inﬂammation. However,
the clinical meaning of this observation is unclear.20

Anti-allergic effect of biologically active
polysaccharides --- animal experiments
There are several experimental animal models of allergic
and oncologic diseases which, besides the series of in vitro
studies, showed that ˇ-glucans possess an anti-allergic and
immunomodulation effect.
Baran et al.21 observed an increased proportion of T
lymphocytes producing IL-4 in the group of mammary
cancer-bearing animals in the absence of the application
of ˇ-glucan (from Saccharomyces cerevisiae). The addition
of ˇ-glucan led to a signiﬁcant increase of T lymphocytes
producing IFN-␥. The switch from TH 2 to TH 1 was probably
mediated by macrophages in the intestinal wall which, after
activation by ˇ-glucan, started to produce important regulatory and differentiation cytokine interleukin 12.21 The effect
of lentinan on the TH 1/TH 2 equilibrium was also studied in
human clinical research concerning patients with gastrointestinal cancer. ˇ-glucan reduced the TH 2 response with
concomitant stimulation of an anti-tumour TH 1 reaction.22
In animal experiments, intraperitoneal application of lentinan improved the capacity of peritoneal macrophages to
produce IL-12, which directed the immune response towards
TH 1 and stimulated the T lymphocytes to produce IFN-␥.23
Earlier animal studies also conﬁrmed the capacity of BAPs
to modify the TH 1/TH 2 equilibrium towards TH 1.24
Inoue et al.25 investigated the effect of the ˇ -glucan
fraction from Grifola fondosa (maitake mushroom) on the
cytokine balance from TH 1 and TH 2 lymphocytes. Application
of grifolan led to a decreased activation of B lymphocytes
with subsequent T helper activation. The result of administering grifolan was TH 1 dominance with parallel suppression
of the TH 2 response, probably due both to the stimulation
of the differentiation of naive T cells towards TH 1 and to
inhibition of the conversion of TH 1 to TH 2 cells.
Vetvicka et al.26 analysed the effect of ˇ-glucans isolated from fungi and yeast on the immune system and
cytokine production. In an animal model, they demonstrated
that application of ˇ-glucan caused a signiﬁcant increase of
various cytokines, especially of IL-8. The inhibitory effect

of ˇ-glucans on TH 2 with parallel stimulation of the TH 1
response was also proven in another animal study performed
by Saito et al.27 . Administration of ˇ-glucan (from Acetobacter species) inhibited the production of ovalbumin-speciﬁc
IgE in vitro with simultaneous increase of IL-12 concentration in vivo.
The high-single dose application of ˇ-glucan in animal experiments improves asthmatic symptoms and lung
abnormalities.28 Xie et al.29 conﬁrm that polysaccharide isolated from the fungus Cryptoporus volvatus has a preventive
effect on the development of ovalbumin-induced allergic
rhinitis, on the basis of the inhibition of eotaxin mRNA in
nasal mucosa and lung tissue. This effect was mediated
through decline of IgE elevation and stimulation of IFN-␥.
A similar preventive effect on ˇ-glucans in the development of allergic disease was also noticed in ˇ-fructans, e.g.
levan (ˇ-2,6-fructan), arising by the fermentation of soy by
the micro-organism Bacilus subtilis. Peroral application of
levan caused a decline of ovalbumin-speciﬁc IgE in serum
and inhibition of the TH 2 response.30 On the other hand,
high concentration of ˇ-glucans in environment on murine
model can promote airway eosinophil inﬁltration.31
The anti-allergic effect of ˇ-glucans has also been examined in the animal model of food allergy. Addition of 0.5
--- 1 .0% ˇ-glucan (isolated from the fungus Aureobasidium pullulans) into the diet of ovalbumin-allergic mice
resulted in a decline of speciﬁc IgE, with coincidental
increase of production of IFN-␥ and IL-12 from splenocytes
in vitro after stimulation with concanavalin A.32 The effect
depends on the application method and on the form of
applied ˇ-glucan, because a stronger effect was noticed
with increasing degree of dispersion.32,33 Correspondingly,
peroral application of herbal extract with ˇ-glucan content
(from Ganoderma lucidum) resulted in a reduction of clinical symptoms in mice allergic to peanuts34 and house dust
mite allergens.35
In the animal model of atopic eczema, application of
paramylon (ˇ-glucan from the unicellular ﬂagellated protist Euglena gracilis) caused responses of both TH 1 and TH 2
to be blocked. Whereas in the serum a signiﬁcant decline of
IL-4 and IFN-␥ was observed, a concentration of IL-18 and IL12 was detected in skin lesions. The effect of paramylon was
also documented by a signiﬁcant decline in symptom score.36
The anti-allergic and anti-inﬂammatory effect of BAPs was
proven also in an animal model of contact hypersensitive
dermatitis. The effect was mediated by inhibition of the
function of L- and P-selectins which are involved in leukocyte extravasation and development of local inﬂammatory
inﬁltrate.36

Anti-allergic effect of biologically active
polysaccharides --- clinical studies
The anti-allergic mechanisms of BAPs indicated in vitro have
also been investigated by several clinical studies, which gave
some evidence for anti-allergic activity of ˇ-glucans. Some
of these studies, especially the epidemiological ones, gave
also contradictory results. Application of BAPs or natural
mixtures with ˇ-glucan content could lead to improvement
and control of various allergic symptoms.37,38 Peroral administration of the polysaccharide fraction from Agaricus blazei
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attenuated the clinical symptoms of bronchitis, probably
though increase of IFN-␥.39
In the study of Yamada et al.,33 peroral administration
of lentinan over two months resulted in a reduction of
spontaneous production of speciﬁc and total IgE in serum.
Clinical response to the therapy was positively correlated
with the degree of IgE decline and also with the capacity
of monocytes to bind the ˇ-1,3-glucan. The use of lentinan
also improved the clinical symptoms of allergic rhinoconjunctivitis. This improvement also continued for six months
after the end of the application, suggesting that positive
changes in the immune system persist for a long time after
the end of therapy. The authors concluded their results
by stating the hypothesis that the peroral application of
lentinan could resolve the epidemic increase of allergic
rhinoconjunctivitis.33
The effect of ˇ-glucans on the cytokine microenvironment was investigated in a group of 24 patients with allergic
rhinitis in a double-blind, placebo-controlled study. Individuals were treated, in addition to classical anti-allergic
treatment, with ˇ-glucan (from Saccharomyces cerevisiae)
for 12 weeks, and showed a signiﬁcant decline of IL-4 and IL5, with parallel increase of IL-12, in the nasal lavage ﬂuid.
They did not observe any change in cytokine level in the
placebo-treated group. Authors also detected a signiﬁcant
decline of eosinophil quantities in nasal lavage but with
an unchanged concentration in the peripheral blood of the
patients treated additionally with ˇ-glucan.40
Subcutaneous application of ˇ-glucan (imunoglucan, a
biologically active polysaccharide complex with majority of
pleuran isolated from Pleurotus ostreatus) in 20 children
with allergic, partially controlled asthma, caused a signiﬁcant increase of serum levels of anti-inﬂammatory cytokine
IL-10, with a simultaneous decline of daily and nocturnal symptom scores. The observed increase of serum IL-10
after subcutaneous administration of BAPs could modulate
allergic sensitisation with the restoration of the TH 1/TH 2
equilibrium, given the fact that low serum levels of IL-10
are associated with the dysregulation of T lymphocytes.4
In a recent study, the effect of baker’s yeast ˇ-glucan
on various cytokines in blood during and after exercise was
examined. The 10-day supplementation of yeast ˇ-glucan
increased the potential of blood leucocytes for the production of IL-2, IL-4, IL-5 and IFN-␥. Authors concluded that
ˇ-glucan may have potential to alter immunity following a
strenuous exercise session.41
Other than the studies performed on selected groups
of patients, there are several published epidemiological
studies which conﬁrm that early exposure to high doses of
ˇ-glucans in the domestic environment is associated with
lower risk of wheezing in children of atopic parents, especially in sensitised children.42 A similar effect was also
evidenced in an animal study.43 The preventive effect of
early exposure to ˇ-glucans on the development of allergic diseases in childhood was also observed in another
study,44 but there are also some negative observations
published.45---47 It was shown that daily vacuum cleaning of
mattresses over time signiﬁcantly reduces the concentration
of ˇ-glucans and decreases the exposure to them.48
The association between environmental exposure to ˇglucans and the development of respiratory allergy was
examined in detail in two recently-published papers in which

5
the authors analyse the inﬂuence of environmental impacts
on the development of respiratory allergic diseases. The
presence of visible moulds in homes was associated with
the development of allergic diseases of respiratory tracts.
In contrast, the presence of ˇ-glucans and extracellular
polysaccharides had a preventive effect on the development
of respiratory allergies. In a cohort of 260 children followed
up for 10 years from birth, the environmental exposure to
ˇ-glucans did not increase the risk for bronchial asthma,
bronchial hyperreactivity or allergic sensitisation.49 One
epidemiological study showed that long-term and massive
exposure to organic dust (containing high concentration of
ˇ-glucans) may cause disruption of normal immune response
and allow the development of various immunopathological
conditions.47 High level of ˇ-glucans in the environment
is the risk factor for allergic sensitisation50 and airway
inﬂammation.51 Organic dust also contains the polysaccharide chitin, which is usually associated with the presence
of ˇ-glucans. The fungal chitin derived from home environments also showed capacity to induce eosinophilic allergic
inﬂammation in the lungs and therefore they can modify the
effect of ˇ-glucans.52 It was shown that pollen from birch
and other plant species contains ˇ-glucans that might contribute to pollen sensitivity.53 However, short term exposure
to ˇ-glucans does not increase the allergic inﬂammation in
nasal mucosa.54
According to the published studies, it can be hypothesized that the presence of these natural immunomodulators
in the home (e.g. ˇ-glucans) is an important factor affecting the development and achievement of immune system
homeostasis and contributes to understanding the hygienic
hypothesis. The ﬁnal inﬂuence on the immune system probably strongly depends on several factors and aspects, such
as the concentration of ˇ-glucans (low vs. high), the duration of exposure (short-term vs. long-term), way of exposure
(respiratory tract vs. per oral supplementation), or the presence of other organic compounds in the environment with
the capacity to modify the effect of ˇ-glucans (e.g. chitin,
endotoxins).44,55 The results of the available published studies should be conﬁrmed through other well-designed trials
with higher number of subjects. The conﬂicting results of the
epidemiological studies could be due to the relative small
sample population sizes and other factors which can bias the
results.

Conclusions and perspectives
Regarding the increasing prevalence of allergic diseases, it
is necessary to search for new therapeutic strategies and
approaches, with the aim of impacting on the development
and persistence of asthma and other allergic diseases.
One possible target could be a disturbed TH 1/TH 2/TH 17
equilibrium. Biologically active polysaccharides appear to
be suitable immunomodulators with the capacity to restore
the disbalance in the cytokine TH 1/TH 2 response (Fig. 2).
Their impact on the treatment and prevention of allergic
diseases is twofold. On the one hand, they restore the
disturbed TH 1/TH 2 equilibrium, and on the other hand, they
decrease morbidity through the pleiotropic immunomodulation effect, with improvement of disease control and
a decrease in the risk of acute exacerbations typically
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Figure 2 Possible mechanisms of anti-allergic and anti-inﬂammatory actions of biologically active polysaccharides.
CCL20 --- chemokine (C-C motif) ligand 20, IL --- interleukin, IFN --- interferon, mRNA --- messenger ribonucleic acid, TGF --- transforming
growth factor, TH --- T helper lymphocyte, TNF --- tumour necrosis factor.

associated with respiratory infections. The use of biologically active polysaccharides and other immunomodulation
agents of natural origin opens new perspectives on the
treatment and prevention of allergic diseases, on the basis
of activation of the TH 1 response with parallel suppression
of allergic immune reactions, and with restoration of the
TH 1/TH 2/TH 17 equilibrium. Immunomodulation presents an
effective future approach in the prevention and treatment
of bronchial asthma and other allergic diseases.

Ethical disclosures
Protection of human and animal subjects. The authors
declare that no experiments were performed on humans or
animals for this investigation.

Conﬁdentiality of Data
The authors declare that no patient data appears in this
article.

Right to privacy and informed consent
The authors declare that no patient data appears in this
article.

Conﬂicts of interest
The authors have no conﬂicts of interest to declare.

Acknowledgement
This work was supported by the project Centre of Experimental and Clinical Respirology II, which is co-funded by EU
sources.

References
1. Novak M, Vetvicka V. Glucans as biological response modiﬁers.
Endocr Metab Immune Disord Drug Targets. 2009;9:67---75.
2. Volman JJ, Ramakers JD, Plat J. Dietary modulation of immune
system by ␤-glucans. Physiol Behav. 2008;94:276---84.
3. Bloebaum RM, Grant JA, Sur S. Immunomodulation: the future of
allergy and asthma treatment. Curr Opin Allergy Clin Immunol.
2004;4:63---7.
4. Sarinho E, Medeiros D, Schor D, Rego Silva A, Sales V, Motta
ME, et al. Production of interleukin-10 in asthmatic children after beta-1-3-glucan. Allergol Immunopathol (Madr).
2009;37:188---92.
5. Romagnani S. The Th1/Th2 paradigm. Immunol Today.
1997;18:263---6.
6. Muraille E, Leo O. Revisiting the Th1/Th2 paradigm. Scand J
Immunol. 1998;47:1---9.
7. Van Oosterhout AJM, Motta AC. Th1/Th2 paradigm: not seeing
the forest for the trees? Eur Respir J. 2005;25:591---3.

Please cite this article in press as: Jesenak M, et al. ˇ-Glucans in the treatment and prevention of allergic diseases.
Allergol Immunopathol (Madr). 2012. http://dx.doi.org/10.1016/j.aller.2012.08.008

+Model
ALLER-455; No. of Pages 8

ARTICLE IN PRESS

ˇ-Glucans in the treatment and prevention of allergic diseases
8. Suzuki Y, Adachi Y, Ohno N, Yadomae T. Th1/Th2-balancing
immunomodulating activity of gel-forming (1→3)-␤-glucans
from fungi. Biol Pharm Bull. 2001;24:811---9.
9. Kaiko GE, Foster PS. New insights into the generation of Th2
immunity and potential therapeutic targets for the treatment
of asthma. Curr Opin Allergy Clin Immunol. 2011;11:39---45.
10. Oboki K, Ohno T, Saito H, Nakae S. Th17 and allergy. Allergol
Int. 2008;57:121---34.
11. Forland DT, Johnson E, Tryggestad AMA, 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---50.
12. Dillon S, Agrawal S, Banerjee K, Letterio J, Denning TL, OswaldRichter K, et al. Yeast zymosan, a stimulus for TLR2 and
dectin-1, induces antigen-presenting cells and immunological
tolerance. J Clin Invest. 2006;116:916---28.
13. Higashi T, Hashimoto K, Takagi R, Mizuno Y, Okazaki Y, Tanaka
Y, et al. Curdlan induces DC-mediated Th17 polarization via
Jagged1 activation in human dendritic cells. Allergol Int.
2010;59:161---6.
14. Leibundgut-Landmann S, Gross O, Robinson MJ, Osorio F, Slack
EC, Tsoni SV, et al. Syk- and CARD9-dependent coupling of innate
immunity to the induction of T helper cells that produce interleukin 17. Nat Immunol. 2007;8:630---8.
15. Ouyang W, Kolls JK, Zheng Y. The biological functions of T
helper 17 cell effector cykokines in inﬂammation. Immunity.
2008;28:454---67.
16. Lin YL, Lee SS, Hou SM, Chiang BL. Polysaccharide puriﬁed from
Ganoderma lucidum induces gene expression changes in human
dendritic cells and promotes T helper 1 immune response in
BALB/c mice. Mol Pharmacol. 2006;70:637---44.
17. Nathan AT, Peterson EA, Chakir J, Wills-Karp M. Innate immune
responses of airway epithelium to house dust mite are mediated
through ␤-glucan-dependent pathways. J Allergy Clin Immunol.
2009;123:612---8.
18. Guerra Dore CMP, Azevedo TCG, De Souza MCR, Rego LA, De
Dantas JCM, Silva FRF, et al. Antiinﬂammatory, antioxidant and
cytotoxic actions of ␤-glucan-rich extract from Geastrum saccatum mushroom. Int Immunopharmacol. 2007;7:1160---9.
19. Sakurai T, Kaise T, Yadomae T, Matsubara C. Different role of
serum components and cytokines on alveolar macrophage activation by soluble fungal (1→3)-␤-d-glucan. Eur J Pharmacol.
1997;334:255---63.
20. Holck P, Sletmoen M, Torget Stokke B, Permin H, Norn S. Potetiation of histamine release by microfungal (1→3)- and (1→6)␤-d-glucans. Basic Clin Pharmacol Toxicol. 1997;101:455---8.
21. Baran J, Allendosrf DJ, Hong F, Ross GD. Oral ␤-glucan adjuvant
therapy converts nonprotective Th2 response to protective Th1
cell-mediated immune response in mammary tumor-bearing
mice. Fol Histochem Cytobiol. 2007;45:107---14.
22. Yoshino S, Tabaka T, Hazama S, Iizuka N, Yamamoto K,
Hirayama M, et al. Immunoregulatory effects of the antitumor polysacharide lentinan on Th1/Th2 balance in patients with
digestive cancers. Anticancer Res. 2000;20:4707---11.
23. Murata Y, Shimamura T, Tagami T, Takatsuki F, Hamuro J.
The skewing to Th1 induced by lentinan is directed through
the distinctive cytokine production by macrophages with elevated intracellular glutathione content. Int Immunopharmacol.
2002;2:673---89.
24. Durham SR. New insights into the mechanisms of immunotherapy. Eur Arch Otorhinolaryngol. 1995;252:S64---7.
25. Inoue A, Kodama N, Nanba H. Effect of Maitake (Grifola fondosa) D-fraction on the control of the T lymph node Th-1/Th-2
proportion. Biol Pharm Bull. 2002;25:536---40.
26. Vetvicka V, Vashishta A, Saraswat-Ohri S, Vetvicka J. Immunological effects of yeast- and mushroom-derived ␤-glucans. J Med
Food. 2008;11:615---22.

7
27. Saito K, Yajima T, Nishimura H, Aiba K, Ishimitsu R, Matsuguchi
T, et al. Soluble branched beta-(1,4)glucans from Acetobacter
species show strong activities to induce interleukin-12 in vitro
and inhibit T-helper 2 cellular response with immunoglobulin E
production in vivo. J Biol Chem. 2003;278:38571---8.
28. Sayers I, Severn W, Scanga CB, Hudson J, Le Gros G, Harper
JL. Suppression of allergic airway disease using mycobacterial
lipoglycans. J Allergy Clin Immunol. 2004;114:302---9.
29. Xie QH, Deng JF, Shao CS, Zahag H, Ke CK. Effect of cryptoporus
polysacharide on rat allergic rhinitis associated with inhibiting
eotaxin mRNA expression. J Ethnopharmacol. 2006;107:424---30.
30. Xu Q, Yajima T, Li W, Saito K, Ohshima Y, Yoshikai Y. Levan (beta2,6-fructan), a major fraction of fermented soybean mucilage,
displays immunostimulating properties via Toll-like receptor
4 signalling: induction of interleukin-12 production and suppression of T-helper type 2 response and immunoglobulin E
production. Clin Exp Allergy. 2006;36:94---101.
31. Wan GH, Li CS, Guo SP, Rylander R, Lin RH. An airbone moldderived product. ␤-1,3-d-glucan, potentiated airway allergic
responses. Eur J Immunol. 1999;29:2491---7.
32. Kimura Y, Sumiyoshi M, Suzuki T, Sakanaka M. Inhibitory
effects of water-soluble low-molecular-weight ␤-(1,3-1,6)-D glucan puriﬁed from Aureobasidium pullulans GM-NH-1A1 strain
on food allergic reactions in mice. Int Immunopharmacol.
2007;7:963---72.
33. Yamada J, Hamuro J, Hatamala H, Hamabata K, Kinoshita
S. Alleviation of seasonal allergic symptoms with superﬁne
␤-1,3-glucan: a randomized study. J Allergy Clin Immunol.
2007;119:1119---26.
34. Li XM, Zhang TF, Huang CK, Srivastava K, Teper AA, Zhang L,
et al. Food allergy herbal formula-1 (FAHF-1) blocks peanutinduced anaphylaxis in a murine model. J Allergy Clin Immunol.
2001;108:639---46.
35. Liu YH, Tsai CF, Kao MC, Lai YL, Tsai JJ. Effectiveness of Dp2
nasal therapy for Dp2 induced airway inﬂammation in mice:
using oral Ganoderma lucidum as an immunomodulator. J Microbiol Immunol Infect. 2003;36:236---42.
36. Sugiyma A, Hata S, Suzuki K, Yoshida E, Nakano R, Mitra S, et al.
Oral administration of Paramylon, a ␤-1,3-glucan isolated from
Euglena gracilis Z inhibits development of atopic dermatitis-like
skin lesions in NC/Nga mice. J Vet Med Sci. 2010;72:755---63.
37. Alban S, Ludwig RJ, Bendas G, Schon MP, Oostigh GJ, Radeke
HH, et al. PS3, a semisynthetic ␤-1,3-glucan sulfate, diminishes
contact hypersensitivity responses through inhibition of L- and
P-selectin functions. J Invest Dermatol. 2009;129:1192---202.
38. Wichers H. Immunomodulation by food: promising concept
for mitigating allergic disease? Anal Bioanal Chem.
2009;395:37---45.
39. Miyamoto K, Watanabe Y, Izuka N, Sakaguchi E, Okita K. Effect
of a hot water extract of Agaricus blazei fruiting bodies (CJ-01)
on the intracellular level in a patient with bronchitis. J Trad
Med. 2002;19:142---9.
40. Kirmaz C, Bayrak P, Yilmaz O, Yuksel H. Effects of glucan treatment on the Th1/Th2 balance in patients with allergic rhinitis:
a double-blind placebo-controlled study. Eur Cytokine Netw.
2005;16:128---34.
41. Carpenter KC, Breslin WL, Davidson T, Adams A, McFarlin BK.
Baker’s yeast ˇ-glucan supplementation increases monocytes
and cytokined post-exercise: implications for infection risk? Br
J Nutr. 2012, http://dx.doi.org/10.1017/S0007114512001407.
42. Iossifova YY, Reponen T, Bernstein DI, Levin L, Kalra H, Campo
P, et al. House dust (1-3)-␤-d-glucan and wheezing in infants.
Allergy. 2007;62:504---13.
43. Ellertsen LK, Hetland G. An extract from the medicinal mushroom Agaricus blazei Murill can protect against allergy. Clin Mol
Allergy. 2009;7:6.
44. Douwes J, Van Strien R, Doekes G, Smit J, Kerkhof M, Gerritsen
J, et al. Does early exposure reduce the risk of asthma? The

Please cite this article in press as: Jesenak M, et al. ˇ-Glucans in the treatment and prevention of allergic diseases.
Allergol Immunopathol (Madr). 2012. http://dx.doi.org/10.1016/j.aller.2012.08.008

+Model
ALLER-455; No. of Pages 8

ARTICLE IN PRESS

8

M. Jesenak et al.

45.

46.

47.

48.

49.

prevention and incidence of asthma and mite allergy birth
cohort study. J Allergy Clin Immunol. 2006;117:1067---73.
Douwes J, Zuidhof H, Doekes G, Van der Zee SC, Wouters I,
Boezen MH, et al. (1→3)-beta-d-glucan and endotoxin in house
dust and peak ﬂow variability in children. Am J Respir Crit Care
Med. 2000;162:1348---54.
Siebers A, Parkes A, Miller JD, Crane J. Effect of allergenimpermeable covers on ␤-(1,3)-glucan content of pillows.
Allergy. 2007;62:451---2.
Stopisek S, Ihan A, Wraber B, Tercelj M, Salobir B, Rylander R,
et al. Fungal cell wall agents suppress the innate inﬂammatory
cytokine responses of human peripheral mononuclear cells challenged with lipopolysaccharide in vitro. Int Immunopharmacol.
2011;11:939---47.
Wu FF, Wu MW, Pierse N, Crane J, Siebers R. Daily vacuuming of mattresses signiﬁcantly reduces house dust mite
allergens, bacterial endotoxin, and fungal ˇ-glucan. J Asthma.
2012;49:139---43.
Bertelsen RJ, Carlsen KC, Carlsen KH, Granum B, Doekes G,
Haland G, et al. Childhood asthma and early life exposure
to indoor allergens, endotoxin and beta(1,3)-glucans. Clin Exp
Allergy. 2010;40:307---16.

50. Yee LLH, Yan AWL, Rylander R. Otitis, thinitis, and atopy in
relation to domestic endotoxin and ␤-glucan exposure among
children in Singapore. Environ Health Prev Med. 2010;15:
271---5.
51. Wan GW, Li CS. Indoor endotoxin and glucan in association
with airway inﬂammation and systemic symptoms. Arch Environ
Health. 1999;54:172---9.
52. Van Dyken SJ, Garcia D, Porter P, Huang X, Quinlan PJ, Blanc
PD, et al. Fungal chitin from asthma-associated home environments induced eosinophilic lung inﬁltration. J Immunol.
2011;187:2261---7.
53. Rylander R, Fogelmark B, McWilliam A, Currie A. (1→3)-␤-dglucan may contribute to pollen sensitivity. Clin Exp Immunol.
1999;115:383---4.
54. Beijer L, Rylander R. (1→3)-␤-d-glucan does not induce
acute inﬂammation after nasal deposition. Mediators Inﬂamm.
2005;1:50---2.
55. Tischer C, Chen CM, Heinrich J. Association between mould
and mould components, and asthma and allergy in children: a
systematic review. Eur Respir J. 2011;38:812---24.

Please cite this article in press as: Jesenak M, et al. ˇ-Glucans in the treatment and prevention of allergic diseases.
Allergol Immunopathol (Madr). 2012. http://dx.doi.org/10.1016/j.aller.2012.08.008

