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Summary

Fungi are omnipresent in the environment; hence they are frequent factors causing infections in
humans and animals even if their immune system works correctly. These facts stimulated interest
in and the will to understand the antifungal immunity mechanisms. It has been, however, evidenced
that the immunological response to mycotic pathogens is related to the species and morphological
form of the fungus. Nevertheless, it is assumed that always in the antifungal response, there are me-
chanisms of innate and adaptive immunity that cooperate with one another to eliminate such patho-
gens. It has been evidenced that the main elements of antifungal immunity are physical barriers of
the organism, phagocytosis, cytotoxicity, and possibly trogocytosis of PMN and MN cells, as well as
T-cells, and to a smaller extent B-cells, the proportion of which is principally related to their products
activating the processes of PMN and MN cells. An important role in this immunity also belongs to
PRR, which activate the main processes of phagocytosis and cytotoxicity of PMN, MN, NK and DC cells.
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Fungi are omnipresent in the environment; hence they
are frequent factors causing infections in humans and
animals even if their immune system works correctly,
although there are some among them that cause high
morbidity in individuals with immunological defects [3,4].
These facts induced interest in and the will to understand
the antifungal immunity mechanisms [3,4]. For a long
time, and possibly still, there has been a dispute over
which of the immunity types is the most important in
the immunological response against such pathogens. The
studies from recent years confirm the share of both non-
-specific and specific mechanisms, both cellular and hu-
moral, presently referred to as innate and adaptive immu-
nity, which cooperate to eliminate such pathogens [3,16].

At present, it is assumed that the first defence mecha-
nism of innate immunity (actually non-specific) involves
physical barriers that separate the organism by skin and
mucous membranes of the respiratory, digestive and uri-
nary-genital system from the external environment [3].
It has been evidenced that mucous membranes feature
such compounds as lysozyme (LZM), lactoferrin (Lf), cal-
protectin, peroxidase, and defensins, which, by blocking
access to nutrients, distort metabolism and thus lead to
destruction of structures of such pathogens. For example,
LZM present in granularities of granulocytes and lysozy-
mes of monocytes and macrophages, as well as in blood
serum, has the capacity of killing or inhibition of growth
of such fungi as Candida sp., Cryptococcus sp., Histoplasma
sp., Aspergillus sp. and Paracoccidioides sp. [4,11]. Such ac-
tion is related to its hydrolytic properties as regards the
cellular wall and membrane of fungi [4]. In turn, Lf acts by
limiting fungi’s access to nutrient in the form of iron, as
by binding it, it hinders growth of fungi and thus condi-
tions control of mycotic infections [4]. Another effective
mechanism distorting fungi’s metabolism is calprotectin
- a protein that binds zinc [4]. Another very important
element limiting fungal infection is the occurrence on the
surface of skin and mucous membranes of physiological
microflora, which makes it difficult for pathogenic micro-
organisms, including fungi, to colonise such places [3,16].
Moreover, in mucous membranes, as a result of infection
with fungi capable of producing riboflavin (Saccharomyces
cerevisiae, Candida glabrata and Candida albicans), activation
of a special subpopulation of T-cells was recorded, as rela-
ted to mucosal-associated invariant T (MAIT), which be-
long to the group of natural cells (ILC) within which one
can differentiate NK, LTi (lymphoid tissue inducer T cells),
ILC22, ILC17, and ILC2 cells [6,17]. MAIT cells recognise
fungal infection among others by presentation of ribo-
flavin antigen by the MR1 receptor (major histocompati-
bility complex class I-related protein 1) of hematopoietic
cells, which leads to expansion of MAIT cells in mucosa
at the infection site, where they intensively synthesise
for example IFN-gamma and TNF, which contributes to
destruction of infected cells and accelerates maturation
of DC cells, specific subpopulations of which can have
the properties of NK cells, and thus form part of ILC cells
[2,6,17]. In the event that fungi still manage to cross that
barrier, they meet on their path cells with the capacity

of phagocytosis, cytotoxicity and probably trogocytosis,
namely: PMN cells (polymorphonuclear) and MN (mono-
nuclear), dendritic, NK cells, but also T-cells and B-cells,
as well as non-hematopoietic epithelial and endothelial
cells showing properties of defence elements [1,3]. The
cells recognise pathogen-associated molecular patterns
(PAMP), which in fungi are beta-glucan, chitin, mangane-
se, or zymosarn, by PRR (pattern recognition receptors).
Among major PRR receptors of the immune system that
participate in antifungal immunity and in mycotic struc-
ture recognition (table 1), there are Toll-like receptors
(TLR) and C-type lectin receptors (CLR), as well as NOD-
-like receptors (NLR) [4,15,20,21,22].

Among TLR receptors with major importance for fungal
recognition, there are TLR 4, 9 and 2, which as a result of
ligand binding lead to kinase cascade activation in mam-
mal cells, and migration of transcription factors, such as
nuclear factor kappa-light-chain-enhancer of activated
B cells (NF-kappaB), nuclear factor of activated T-cells
(NF-AT) and interferon regulatory factor 3 (IRF3) to the
nucleus, which induces gene expression for many cyto-
kines, including interleukins and pro-inflammatory che-
mokines that have antifungal action [4,15,21,22]. It was
evidenced that polymorphism within TLR4 is related to
increased sensitivity to pulmonary aspergillosis and va-
scular blastomycosis, while polymorphism within TLR9 is
related to bronchopulmonary aspergillosis [5,15,21,22]. It
was evidenced that, in the case of infection with Candida
albicans, lack of TLR2 leads to reduced production of TNF,
IL-1 and macrophage inflammatory protein MIP-2, which
results in increased possibility of infection with this pa-
thogen [5,15,21,22]. Nevertheless, it was demonstrated
that activation of phagocytosis of PMN and MN cells by
TLR receptors is related to the type of phagocytes and
the fungal species, as in the case of infection with Asper-
gillus sp. macrophage activation occurs via TLR2, while
neutrophil activation occurs via TLR4 [4].

Another group of important receptors taking part in re-
cognition of fungal infections is the CLR family, including
dectin 1 (also referred to as CLEC7A), dectin 2 (CLEC6A),
monocyte-inducible C-type lectin (MINCLE), DC-specific
ICAM3 grabbing non-integrin (DC-SIGN), mannose recep-
tor (MR) and mannose-binding lectin (MBL) [4,14,15]. it
was recorded that dectin 1 reveals capacity of recogni-
sing ligands of fungi from the genera of Candida, Coccidio-
ides, Pneumocystis and Aspergillus [20]. As a result of such
recognition, the paths related to spleen tyrosine kinase
(Syk) and cytosolic adapter caspase recruitment doma-
in, member 9 (CARD9) are activated [14,20]. Activation
of these paths induces synthesis of many cytokines, in-
cluding GM-CSF, TNF and IL 1,2,6,10,23, and CXCL2 che-
mokines [7,14,20,23]. Furthermore, it was evidenced that
the signal path related to adaptor protein CARD19 addi-
tionally induces maturation of DC cells, and regardless of
TLR receptors affects the response of Th17 lymphocytes,
which proves that in fungal infections dectin 1 is an im-
portant marker conditioning the effectiveness of adaptive
antifungal immunity [23]. Additionally, it was evidenced
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Table 1. Receptors recognising fungi

PRRs recognize fungi Fungal species References
TR (andida FI/bI(anS (452122]
Aspergillus sp.
Candida sp.
Dectin 1 (occzdzo:des sp. 0]
Pneumocystis sp.
Aspergillus sp.
Candida albicans
Dectin 2 T(lchophyton rubrum“ (4.23]
Microsporum audouinii
Histoplasma capsulatum
MINCLE (andida al{)lcans 21,24]
Malassezia sp.
DC-SIGN (andida sp. [49]
MR Pneumocystic sp. 23]
(ryptococcus neoformans
Candida albicans
MBL Aspergillus fumigatus 21
NLR Candida albicans [15]

that dectin 1 takes part in activation of lymphocytes by
calcineurin (protein phosphatase), which is an important
element of the signal path leading to lymphocyte activa-
tion [7,20]. In turn, dectin 2 is characterised by the capa-
city of recognising mannose-rich mycotic structures and
activation of the Syk-CARD9 path, which leads to release
of cytokines such as TNF and IL-2, -10, -6, -1, -12, -22 and
-23 [15]. Dectin 2 is also considered as a typical receptor
for infections caused by fungi, such as Candida albicans,
Trichophyton rubrum, Microsporum audouinii, as well as Hi-
stoplasma capsulatum [4,23]. In turn, the MINCLE receptor
participates among others in recognition of Candida albi-
cans and Malassezia sp. by macrophages, but it was demon-
strated that it is not involved in induction of phagocytosis
of such cells [20,21,24]. In the case of the DC-SIGN recep-
tor, it was recorded that it is mainly present on DC cells,
and its role comprises calcium-dependent recognition of
mannose-rich fungal structures [4]. It was evidenced that
the marker induces signal paths related to Raf kinase by
modulating the response related to TLR receptors, and
stimulates anti-inflammatory activity of IL-10, which is
due to its nature inhibiting the immunological response
in fungal infections [23]. In turn, the mannose receptor
(MR) recognises oligosaccharides, such as chitin, fucose
and mannose, while its role and participation were pro-
ven in infection with Pneumocystis sp. and Cryptococcus
neoformans [23]. After recognising fungal antigens, the MR
receptor induces activation of NF-kappaB transcription
factor, by which it increases synthesis of such cytokines
asIL-12,1L-8, IL-1beta, IL-6 and GM-CSF [23]. In infection

with Pneumocystis sp., similarly as the DC-SIGN receptor,
the marker also reveals an immunosuppressive impact on
the synthesis of proinflammatory cytokines - principal-
ly TNF [25]. In turn, mannose-binding lectin (MBL), as a
soluble protein synthesised by the liver, has capacity of
binding to Candida albicans and Aspergillus fumigatus [21].
Furthermore, recognition of fungal particles by the re-
ceptor leads to activation of complement components,
in particular C3b, which, by opsonising fungal particles,
facilitates and increases the activity of phagocytosis of
PMN and MN cells against them [23]. It must also be added
that some of the listed CLR receptors can directly induce
signal paths, activating NF-kappaB, whereas others, as
mentioned before, act via TLR 2, 4 and 9 [4,15]. It was de-
monstrated that some fungal species can be recognised
by receptor “sets” on various phagocytising cells, depen-
ding on morphology of the fungus. It was evidenced that
Candida sp. mannans recognition by macrophages occurs
principally with the aid of mannose receptor (MR), whi-
le in the case of DC cells it occurs via three receptors,
namely MR, dectin-2 and DC-SIGN. In turn, mannans in
other morphological form of the fungus, e.g. hyphae, are
recognised by dectin-2 receptor, both on macrophages
and DC cells [4,9]. When analysing the role of CLR recep-
tors, it must be stated that their activation contributes to
production of many cytokines, including IL-1, -2, -6, -10
and -23, and mycotic antigen presentation by dendritic
cells to T-cells, which leads to very effective T-cell dif-
ferentiation in their subpopulations Th1, Th2, Th17 and
T [4,9,15,19,21].
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In turn, participation of the aforementioned NLR recep-
tors in antifungal immunity is related to the NLRP3 re-
ceptor, which, after prior recognition of a ligand, e.g.
damage-associated molecular pattern (DAMP) formed for
example after cell damage as a result of fungal action, in-
duces IL-1beta and IL-18, which contributes to formation
of a protein complex referred to as inflammasome - a very
important element of the immunological response [15].
It was evidenced that ligand recognition by NLR leads to
caspase 1 activation by way of autoproteolysis, as a result
of which synthesis of pro-inflammatory cytokines, such
as IL-1, IL-18 and IL-33, is induced [12].

When assessing and analysing activation of the presen-
ted PRR receptors of the immune system as a result of
binding to fungi, it must be stated that it leads to strong
activation of phagocytising cells, namely PMN and MN
cells, which results in stimulation of phagocytosis, altho-
ugh some also claim that it also stimulates cytotoxicity,
the NET network, and hypothetically also trogocytosis,
as aresult of which fungi are eliminated [1,4]. In the case
of phagocytosis, in both bacterial and viral infections, it
is characterised by the fact that the phagosome binds to
lysozymes forming a phagolysosome where intercellular
killing and digestion occur [4]. The degradation process
in phagocytosis occurs with participation of mechanisms
of oxygen toxicity, namely toxic compounds of oxygen
and nitrogen as a result of oxygen explosion, or with the
participation of mechanisms independent of oxygen -
principally hydrolases and anti-pathogenic peptides [4].
It was evidenced that activation of PMN and MN cells
and their effector mechanisms participating in antifun-
gal immunity are affected by cytokines and many other
soluble factors that strengthen the process, such as IFN-
-gamma, or inhibiting it, as in the case of IL-10 [4]. It was
demonstrated that PMN, MN and DC cells have a different
capacity of killing fungal cells depending on the species
[4]. It was recorded that neutrophils have a stronger fun-
gicidal potential in respect of Candida albicans than mo-
nocytes, macrophages and DC cells [4]. In turn, DC cells
show greater fungicidal activity in respect of Histoplasma
capsulatum, which is not observed for PMN cells [4]. Fur-
thermore, various phagocytising cells respond to fungal
infections in a different order; for example, macropha-
ges are the first and main cells participating in immuni-
ty against Cryptococcus sp. and Pneumocystis sp., whereas
PMN cells are the principal effector cells taking part in
infections caused by Candida albicans and Aspergillus fumi-
gatus [3,19]. It was demonstrated that PMN and MN cells
can also destroy e.g. fungal hyphae that are too large to
be phagocytised, by secretion of free radicals (reactive
forms of oxygen and nitrogen) and cidal compounds in-
dependent of oxygen, e.g. lysozyme, defensin, or prote-
olytic enzymes, to the extracellular space [8,15,20,22].
Moreover, it was observed that killing of Candida albicans
occurs using the neutrophil extracellular trap (NET) - an
extracellular antimicrobial structure comprising chroma-
tin and granule proteins released from PMN cells [4]. 1t
was evidenced that the NET network also contains pen-
traxin-related protein 3 (PTX3) and soluble PRR recep-

tors, stored in neutrophil granules, which are the basic
element in the mechanism of recognition and killing of
Aspergillus fumigatus [4]. Furthermore, as a result of acti-
vation of PMN cells, monocytes and macrophages, many
cytokines are secreted, including TNF-alpha, IL-1, IL-6,
IL-12, which are engaged and activated in the process
of forming “new” PMN and MN cells, which yields the
effect of their inflow and intensification of infection. It
was demonstrated that presentation of mycotic antigens
to adaptive immunity cells - T-cells and partly B-cells -
principally occurs by DC cells, although also by activated
MN and PMN cells. Such professional antigen presenting
cells, namely DC cells, apart from migration to surroun-
ding lymph nodes, where they present mycotic antigens
to virgin and memory T-cells, secrete such cytokines as
IL-12, IL-18 and INF-gamma, which strengthen the “pro-
-inflammatory environment” [4,15,20]. It was evidenced
that, depending on the recognised morphological form,
DC cells can indicate different profiles of cytokine synthe-
sis (predominance of IL-12 or IL-4/IL-10) and affect the
response of T-cells in two ways. In the case of absorption
of a yeast form of Candida albicans, DC cells are activated
towards IL-12 synthesis, which leads to activation of the
Th1 cell response, whereas absorption of hyphae of the
fungus leads to inhibition of IL-12 production and induc-
tion of IL-4, which results in development of a Th2-de-
pendent response [10]. Most frequently, however, while
degrading the cells of such fungus as Histoplasma capsu-
latum or Aspergillus fumigatus, DC cells stimulate T- and
B-cell proliferation [10]. The result is intensive secretion
of IL-2 by T-cells, which activates proliferation of T-cells
(CD4+ and CD8+), as well as B-cells. The activated T-cells
migrate to the focus of infection, where CD4+ Th cells
polarise in the direction of Th1 lymphocytes producing
IFN-gamma or I1L22, which leads to stimulation of migra-
tion, adherence and absorption of PMN and MN cells in
the case of IFN-gamma, and activation of local immunity
of mucous membranes in the case of IL-22 [15]. Such an
image of domination of Th1 cells intensively supports
the process of phagocytosis, by which it strengthens an-
tifungal immunity.

Also B-cells, forming adaptive immunity, after activation
as a result of fungal infection, secrete immunoglobulins
(Ig), principally of IgG type, which opsonise and render
mycotic pathogens more ‘tasty’ to PMN and MN cells, by
which they facilitate phagocytosis, as well as cytotoxicity
[1,3,4,15,20]. It was also described that the occurring qu-
antitative and functional disorders of PMN and MN cells
render it difficult for the pro-inflammatory environment
to develop by contributing to T-cell polarisation towards
Th2 cells that synthesise IL-4, IL-5 and IL-10, -25 and -33,
which consequently leads to B-cell activation and Ig syn-
thesis, although also to inhibition of phagocytosis [15].
As a result of this, non-phagocytised forms of fungi, e.g.
pseudo-hyphae, despite the high 1gG level, can spread
with blood through distant tissues and organs [15]. Fur-
thermore, it was demonstrated that activation of CD4+ or
CD8+ T-cells, or both such cells, is of key importance in ‘al-
leviation’ of many fungal infections, including infections
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caused by Cryptococcus neoformans, Histoplasma capsulatum,
Blastomyces dermatitidis, Coccidioides immitis and Paracocci-
dioides brasiliensis [10]. As a result of infection with such
fungi, principally the response with domination of Th1
cells is generated, characterised by production of IL-12,
IFN-gamma, TNF-alpha, and GM-CSF, which is necessary
in antifungal immunity. The alternative response of Th2
cells, characterised by production of IL-4, IL-5 and IL-13,
is often related to more acute and severe infections con-
nected with such fungi. There is evidence demonstrating
that the Th2 response can affect the development of the
response related to Th1 cells [10]. In the case of Cryptococ-
cus neoformans, the mechanism is not entirely clear, but
it was evidenced that this antifungal response involves
CD8+ T-cells, which directly inhibit the growth of this pa-
thogen, probably through cytotoxicity reactions of such
cells. In this case, it was recorded that the impact of IL-
15 on such lymphocytes (CD8+) leads to overexpression
of antimicrobial peptides and granulysins of such cells -
elements important in the cytotoxicity process [1]. Fur-
thermore, it was demonstrated that granulysin activation
depends not only on the presence of IL-15, but also on the
supporting operation of CD4+ T-cells, while it is not rela-
ted to perforins [10]. It is assumed that among T-cells for-
ming antifungal immunity, also subpopulations of Th17,
Th23, and T, are important, which, depending on co-
operation of such cells, can contribute to strengthening
or weakening of immunity and tolerance of fungi [4,15].
Furthermore, it was evidenced that in some conditions
Th17 cells can affect the function of Treg cells, as it was
recorded that due to the presence of IL-17 and absence
of IL-23, by production of IL-6 and TGF-beta, Th17 cells
can affect induction of IL-10 production by T, cells [8].

As mentioned previously, antifungal immunity is rela-
ted to the action of B-cells, which are cells producing

REFERENCES

antibodies - immunoglobulins [3,4,15,20]. It was de-
monstrated that IgG, as very strongly opsonising sub-
stances, participate in the aforementioned process of
rendering mycotic pathogens more ‘tasty’ to phagocy-
tising cells, by which they facilitate phagocytosis, and
possibly also the processes of cytotoxicity and trogocy-
tosis [1,4,15,20]. Furthermore, Ig alone prevent fungal
adhesion and neutralise their toxins, and, as mentio-
ned before, are necessary for antibody-dependent cy-
totoxicity of PMN and MN cells, although the process
is not very well recognised in fungal infections [3,13].
It was evidenced that the role of immunoglobulins in
antifungal immunity largely depends on their isoty-
pes and idiotypes, as well as their proportion, number,
and specificity; hence the exact function of particular
antibodies in such immunity is not entirely known,
although it is actually assumed that the role is related
to IgG, and in the case of mycoses of mucous membra-
nes with IgA [3,13].

To conclude, the immunological response to fungal pa-
thogens is largely related to the species and morphologi-
cal form of the fungus, although it is also assumed that an-
tifungal immunity always involves mechanisms of innate
and adaptive immunity that cooperate with one another,
but their participation in fungal infections is dominated
by innate immunity. Therefore, it is presently assumed
that the main elements of antifungal immunity are phy-
sical barriers of the organism, phagocytosis, cytotoxicity,
and possibly trogocytosis of PMN and MN cells, as well as
T-cells, and to a smaller extent B-cells, the proportion of
which is principally related to their products activating
the processes of PMN and MN cells. An important role in
this immunity also belongs to PRR receptors, which acti-
vate the main processes of phagocytosis and cytotoxicity
of PMN, MN, NK and DC cells.

[1] Aucher A., Magdeleine E., Joly E., Hudrisier D.: Capture of plasma
membrane fragments from target cells by trogocytosis requires
signaling in T cells but not in B cells. Blood, 2008; 111: 5621-5628

[2] Bielawska-Pohl A., Pajtasz-Piasecka E., Du$ D.: Natural killer cells
complot with dendritic cells. Postepy Hig. Med. Do$w., 2013; 67:
192-200

[3] Blanco J.L., Garcia M.E.: Immune response to fungal infections.
Vet. Immunol. Immunopathol., 2008; 125: 47-70

[4] Brown G.D.: Innate antifungal immunity: the key role of phago-
cytes. Annu. Rev. Immunol., 2001; 29: 1-21

[5] carvalho A., Pasqualotto A.C., Pitzurra L., Romani L., Denning
D.W., Rodrigues F.: Polymorphisms in toll-like receptor genes and
susceptibility to pulmonary aspergillosis. J. Infect. Dis., 2008; 197:
618-621

[6] Gold M.C., Lewinsohn D.M.: Co-dependents: MR1-restricted MAIT
cells and their antimicrobial function. Nat. Rev. Microbiol., 2013;
11: 14-19

[7] Greenblatt M.B., Aliprantis A., Hu B., Glimcher L.H.: Calcineurin
regulates innate antifungal immunity in neutrophils. J. Exp. Med.,
20105 207: 923-931

[8] Hamad M.: Innate and adaptive antifungal immune responses:
partners on an equal footing. Mycoses, 2012; 55: 205-217

[9] Hardison S.E., Brown G.D.: C-type lectin receptors orchestrate
antifungal immunity. Nat. Immunol., 2012; 13: 817-822

[10] Huffnagle G.B., Deepe G.S.: Innate and adaptive determinants
of host susceptibility to medically important fungi. Curr. Opin. Mi-
crobiol., 2003; 6: 344-350

[11] Lopera D., Aristizabal B.H., Restrepo A., Cano L.E., Gonzdlez A.:
Lysozyme plays a dual role against the dimorphic fungus Paracoc-
cidiodes brasiliensis. Rev. Inst. Med. Trop. Sao Paulo, 2008; 50: 169-175

[12] NiedZwiedzka-Rystwej P., Dzialo J., Deptuta W.: Important yet lit-
tle known biological phenomena. Adv. Agricult. Sci., 2010; 13: 107-111

[13] Polonelli L., Casadevall A., Han Y., Bernardis F., Kirkland T.N.,
Matthews R.C., Adriani D., Boccanera M., Burnie J.P., Cassone A., Con-
tiS., Cutler].E., FrazziR., Gregory C., Hodgetts S., Illidge C., Magliani
W., Rigg G., Santoni G.: The efficacy of acquired humoral and cellular
immunity in the prevention and therapy of experimental fungal in-
fections. Med. Mycol., 2000; 38 (Suppl. 1): 281-292

[14] Reid D.M., Gow N.A., Brown G.D.: Pattern recognition: recent
insights from Dectin-1. Curr. Opin. Immunol., 2009; 21: 30-37

473



® Postepy Hig Med Dosw (online), 2015; tom 69: 469-474

[15] Romani L.: Immunity to fungal infections. Nat. Rev. Immunol.,
2011; 11: 275-288

[16] Romani L.: Immunity to fungal infections. Nat. Rev. Immunol.,
2004; 4: 1-23

[17] Spits H., Cupedo T.: Innate lymphoid cells: emerging insights
in development, lineage relationships, and function. Annu. Rev. Im-
munol., 2012; 30: 647-675

[18] Tizard L.R.: Veterinary Immunology, 8 edition: Elsevier Science
Health Science Division, 2009

[19] Traynor T.R., Huffnagle G.B.: Role of chemokines in fungal in-
fections. Med. Mycol., 2001; 39: 41-50

[20] Underhill D.M., Goodridge H.S.: Information processing during
phagocytosis. Nat. Rev. Immunol., 2012; 12: 492-502

[21] van de Veerdonk F.L., Kullberg B.J., van der Meer J.W., Gow N.A.,
Netea M.G.: Host-microbe interactions: innate pattern recognition
of fungal pathogens. Curr. Opin. Microbiol., 2008; 11: 305-312

[22] Villamén E., Gozalbo D., Roiq P., 0’Connor J.E., Fradelizi D., Gil
M.L.: Toll-like receptor-2 is essential in murine defenses against
Candida albicans infections. Microbes Infect., 2004; 6: 1-7

[23] Willment J.A., Brown G.D.: C-type lectin receptors in antifungal
immunity. Trends Microbiol., 2008; 16: 27-32

[24] Yamasaki S., Matsumoto M., Takeuchi 0., Matsuzawa T., Ishikawa
E., Sakuma M., Tateno H., Uno J., Hirabayashi J., Mikami Y., Takeda
K., Akira S., Saito T.: C-type lectin Mincle is an activating receptor
for pathogenic fungus, Malassezia. Proc. Natl. Acad. Sci. USA, 2009;
106: 1897-1902

[25] ZhangJ., Tachado S.D., Patel N., Zhu J., Imrich A., Manfruelli P.,
Cushion M., Kinane T.B., Koziel H.: Negative regulatory role of man-
nose receptors on human alveolar macrophage proinflammatory
cytokine release in vitro. J. Leukoc. Biol., 2005; 78: 665-674

The authors have no potential conflicts of interest to declare.

474



