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Introduction

The microorganisms that reside on the skin, comprising the skins’ microbiota, display an
impressive variety. This variety can be attributed to the fact that skin, as an ecosystem,
exhibits a physiological and topographical diversity (Grice et al, 2009). The descriptive
comparison of the axilla with the tropical forests and the dry forearms with the deserts
(Marples, 1965) pictures this diversity.

Most of the microorganisms that comprise the skin microflora are bacteria that are classified
in nineteen different phyla (Grice et al, 2009) and more than one thousand different species
(Pennisi, 2008). However, regarding the fungal microflora this diversity is rather restricted.
Malassezia is the predominant yeast species, isolated from healthy or diseased skin,
especially in the anatomical areas that have ample sebaceous glands, as is the head and the
trunk (Oyeka et al, 2002; Luciana et al, 2006; Zhang et al, 2011). Other fungal species are
found in areas where the microenvironment is significantly different, as are the toe webs
where non-dermatophytic molds are more common (49% vs 27% yeasts) (Oyeka et al, 2002).
Since Malassezia is the predominant eukaryote of the skin microflora (Rosenthal et al, 2011),
at least unidirectional biological interactions with its multicellular organ environment, i.e.
the skin, are anticipated. Thus, Malassezia yeasts can harvest biomolecules of human origin
(lipids of sebum origin, amino acids) and assimilate them not only as an energy source but
also to synthesize parts of their cellular wall (lipid cover), melanin (Mittag et al, 1995;
Gaitanis et al, 2005) or biologically active substances (indoles) (Gaitanis et al, 2008).

Since the first identification of Malassezia species by Malassez, more than 140 years have
intervened. Within this period Malassezia has been the focus of significant scientific interest
that resulted not only to the identification of 14 species, but also to the exploration of the
yeast’s biological characteristics and its association with various skin diseases. Malassezia is
implicated in the appearance of pityriasis vercicolor and regarding seborrheic dermatitis it is
considered at least as an aggravator of the disease. However, to date in neither condition a
conclusive pathophysiological mechanism that explains the pathogenic or triggering
potential of the yeast has been established.

Aim of this work was improve the understanding regarding the input of specific Malassezia’s
‘virulence’ factors to the pathogenesis of the related human diseases and especially
seborrheic dermatitis. In the present Thesis Malassezia strains were isolated from patients

and their close relatives and were characterized to species level. Subsequently, the isolated
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strains were studied in vitro for the production of lipolytic enzymes. Moreover, known
Malassezia-associated bioactive indoles were studied for their effects on certain functions of

human dendritic cells.
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History and taxonomy

Malassezia is named after the 19" century histologist and anatomist Malassez, who in 1874
described the typical round and oval budding yeast cells in the stratum corneum of Pityriasis
vercicolor (PV) patients (Asbee and Evans, 2002). However, this is not the earliest report of
Malassezia that exhibits a history almost one and a half century long (Figure 1). Eichstedt
and Robin described, in 1846 and 1853 respectively, the organism in the skin scales of PV
patients (Moore, et al 1940). Nevertheless, Malassez was the one to distinguish this yeast
from the agents of dermatophytic infections and in recognition of his work, Baillon proposed
the name Malassezia furfur (1889) to describe the fungi that caused the furfuraceous nature
of the lesions observed in pityriasis versicolor patients (Morrien, 1962).

The name Malassezia was not directly established. The term Pityrosporum was proposed in
1904 by Sabouraud to describe the yeast cells, without hyphal elements, isolated from
healthy skin and scalp (Sabouraud, 1904). Castellani and Chalmers, who were able to
consistently culture Malassezia yeast cells from human skin scales, also used the name P.
ovale (Tompson and Colvin, 1970). In 1951 Gordon managed to isolate from pityriasis
versicolor lesions, a spherical to oval yeast with double contour cell wall and filaments and
he named the organism P. orbiculare (Gordon 1951).

By 1970, three Pityrosporum species were recognized, P. ovale, P. orbiculare, and P.
pachydermatis (Sloof, 1970). However, most of the researchers accepted a relationship
between the mycelia form, denoted as Malassezia and yeast form denoted as Pityrosporum.
In 1977, three research groups showed that the phases could be interconverted (from yeast
to hyphae and vice versa) (Salkin and Gordon 1977; Dorn and Roehnert 1977; Porro et al
1977) leading to the recognition of the dimorphism of the organism. In 1986 Cannon
(Cannon, 1986) proposed the unification of the genus under the name Malassezia,
employing M. furfur for the lipophilic strains and M. pachydermatis for the non-strictly
lipophilic isolates. In 1989, Simmons and Gueho recognized M. sympodialis, on the basis of
its lower G_C content (54% vs 66% for M. furfur) and the presence of sympodial budding
(Simmons and Gueho, 1990). In the same period, Cunningham described 3 serovars A, B, C
based on the surface antigens (Cunningham et al, 1990). In 1995 Guillot and Gueho
assembled 104 isolates of Malassezia species encompassing all the different classifications
favored by different groups and carried out sequencing of the large-subunit rRNA and

nuclear DNA complementarity studies. On the basis of their results, they recognized, and
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later named, seven Malassezia species: M. furfur, M. sympodialis, M. obtusa, M. globosa, M.
restricta, M. slooffiae, and M. pachydermatis. Additionally, they provided a system for
species identification based on the ability of distinct species to assimilate lipids (Gulliot et al,
1995; Guillot et al, 1996).

Few years later, in 2003 Sugita isolated the novel species of M. dermatis from the skin of
patients with atopic dermatitis (Sugita et al, 2003). Species distinction was based on the
analysis of r-DNA gene sequences (D1 and D2 of 26 rDNA and ITS 1 regions) and the new
strains clustered with M. sympodialis with high bootstrap values.

The same researcher isolated, in 2004 two more new species M. japonica and M.
yamatoensis (Sugita et al, 2004). Again analysis of D1/d2 of 26S rDNA and ITS1 regions was
used.

Accordingly, Hirai (Hirai et al, 2004) isolated M. nana from the ear canals of cats and cows
with and without external otitis. Additional research of the skin microflora in domestic
animals led to the discovery of two more species from Cabanes in 2007. The species were
named M. caprae and M. equine due to their origin (Cabanes et al, 2007).

M. cuniculi is the last identified species, isolated just in 2011. So far it has only been isolated
from rabbit skin (Cabanes et al, 2011) raising the preferentially isolated from animal species

to five and the total species number to 14.
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Malassez Gordon Canon Gueho Cabanes
1874 1951 1986 19595 2007711
} Nalassea story and tax onotey
1904 1970 1985 2002-4
Sabouraud Sloof Simmons Sugita

Malassez, 1874

Molossezio was recognized as a differentorganism from dermatophytes

Sabouraud, 1904

Proposed the genus name Pityrosporum

Gordon, 1951

Yeast isolation from pityriasis versicolor lesions

Sloof, 1970 Detailed description of the genus Pityrosporum and recognition of 3
species (P.ovale, P. orbiculaore, P. pachydermatis)
Canon, 1986 Proposition of the genus name Malossezia and description of M. furfur

and M. pachydermatis

Simmons et al,
1989

Description of M. sympodialis

Gueho et al, 1996

Description of 4 new Malossezig species. Recognition of P. orbiculare as
0. globosa

Sugita et &,
2002-2004

Description of 3 new species (M. dermatis, M. joponica, M. yametoensis)

Cabanes et al,

2007

Description of 3 new species (M. coprae, M. equine, M. cuniculi)

Figure 1: Key dates in the history and taxonomy of the genus Malassezia. From the first
report by Malassez up to the recognition of the 14™ species (current situation) 140 years
intervened.
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Biology of Malassezia yeast

Yeast and colony morphology

The morphology of the yeast varies between different species both at cell and colony levels.
However, this variation is not enough to allow direct species identification through colony
and microscopic characteristics. The cell shape can be spherical, like in M. restricta or M.
globosa, elongated as in M. furfur, cylindrical in M. pachydermatis or M. sloffiae or oval in M.
yamatoensis (Ashbee, 2007)(Figure 2). The small size of the cells, in the case of M. nana,
gave it its species name (Hirai et al, 2004). In addition, the budding pattern is different
between the species. M. sympodialis was named after its characteristic sympodial budding
(Figure 2C). Moreover, M. furfur, M. pachydermatis, M. slooffiae and M. obtusa are
characterized by a broader bud base, in contrast to the remaining of the species.

Malassezia species present also differences in the macroscopic appearance of their colonies
in culture. In general, when cultured in Dixon’s agar for 7 days at 32 °C, colonies have a
smooth texture and a creamy color. However, they display differences as well (Ashbee et al,
2007): M. obtusa and M. sympodiallis colonies appear more flat, while those of M. furfur and
M. globosa are rougher and umbonated. The colonies of M. pachydermatis are convex, while
those of M. slooffiae are folded (Figure 3).

M. dermatis, M. yamatoensis and M. japonica colonies when cultivated in Leeming-Notman
agar (LNA) at 32 °C for a week, appear yellowish-white, semi-shiny to dull and butyrous.
Filaments sometimes are formed at the area of the origin of the bud. (Sugita et al 2003;
Sugita et al, 2004)

In general all Malassezia species grow in vitro in the yeast form. However, when special
media are employed, the formation of the mycelial form is also possible (Saadatzadeh et al,
2001). Enrichment of the culture medium with ammonium phosphate salts and Tween 80
(Dorn and Roehnert, 1977) or cholesteryl and glyceryl monostearate (Porro et al 1977) is

needed in order to induce hyphae formation in vitro.
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Table 1: Macroscopic and microscopic characteristics of Malassezia species. Despite the
recorded differences, these characteristics are not sufficient for species identification
according to the current taxonomy. Culture medium defines the macroscopic characteristics
of the culture as well as the yeast or hyphae form.

Colony Colony | Cell Budding G+C Catalase | b/glucosidase| Growth | Growth Tween
morphology color Shape pattern content |reaction | reaction at 37 at40 ass imilation
M. furfur Umbonate, Cream Elongated, | Broad bud | 66.4 + - Good + 20/40/
usualhy oval or base B0/CREL
=mooth, soft, spherical
friable
M. symp/lis Flat, smooth, Cream Ovoid, Sympodial | 62.2 + + Good + 40/80
shiny, soft to buff globose budding
M. pach/tis Pale convex, Cream Cylindrical | Broad bud | 55.6 +/- +/- Good + 20/40/
smooth, soft, base 80/CREL
friable
M. globosa Rough, course, | Cream Spherical Marrow 535 + - Poor - -
brittle to buff bud base
M. sloofioe Finely folded, Cream Cylindrical | Broad bud | 68.7 + - Good + 20/40
brittle to buff base
M. restricta Dull, smooth, Cream Spherical Narrow 59.9 - - Poor - -
hard and bud base
brittle
M. obtusa Smooth, flat, Cream Cylindrical | Broad bud | 60.7 + + Poor - -
sicky base
M. dermatis | Convex Yellow- | Spherical, | Narrow 60,4 + - Good + 20/40/
ish ovalor bud base, 80
white ellipsoidal | fillaments
M. joponica Wrinkled and vellow-- | Spherical, | Sympodial | 60,4 + Good + 40
boutyrous ish oval or budding
ellipsoidal
M. yam/nsis | Wrinkled or Yellow Owvalto Marrow + Good - 20/40/
folded white ellipsoidal | bud base 80
M. nana Smooth, Cream Ovoid to Narrow - + - Good +/- 20/40/
convex to globose monopolar 20
yellow
M. carpoe Convex Whitish ellipsoidal | Narrow + + Poor - 40/60/
to to base - 80
cream- subgbbose | monopolar
colored,
smooth
M. equina Convex Whitish | Ovoidal Narrow + - Poor = 40/80/
to base 80
cream- monopolar
colored,
smooth
M. cuniculi Raised-to oull Spherical Buds with + B gds+ Good + -
moderate iy white to monopolar
convex with cream pattern
entire margins and
narrow
base
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Figure 2: Examples of the microscopic appearance of selected Malassezia species after
growth in Dixon’s agar for 7 days. Panel A: M. furfur, Panel B: M. pachydermatis, Panel C: M.
sympodialis (eosin stain x400 magnification). Panel E, F: M. furfur (Gram stains, x100

magnification).
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Figure 3: Stereoscopic view of M. slooffiae colonies on Dixon’s agar after 7 days growth at
32°C. The yellowish-white color, the creamy texture and the folded surface are evident.
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Cell characteristics

Malassezia belongs to the group of Exobasiodiomycetes among with Tilletiales,
Georgefisheriales, Microsomatales, Doassansiales, Ceraceosorales, Entylomatales, and
Exobasidiales (Begerow et al, 2006). Today, it is accepted that Exobasiodiomycetes along
with Entorrhizomycets and Ustilaginomycetes comprise the subphylum Ustylagomycotina. In
this subphylum belong typically dimorphic yeasts (Begerow et al, 2006). The main
cytomorphological characteristics of Malassezia are the multilaminar cell wall and the
monopolar budding. Studies with transmission electron microscopy revealed that the multi-
layered wall is covered by a fibrillar material (Winiarczyk S, 1992). This cell wall is thought to
arise from indentations of the plasma membrane that form a spiral pattern. The
configuration of the wall is the same in both the yeast form and in Malassezia filaments, an
observation that was used to support the identical nature of Pityrosporum and Malassezia
(Keddie et al, 1966). The characteristic cell wall morphology was first identified in M.
pachydermatis but was later confirmed in additional species like M. sympodialis and M.
restricta (Simmons et al, 1990; Gueho et al, 1996). The thickness of the cell wall is different
from one species to another; however, it also depends on the age of the cells and the
growth conditions. Among all Malassezia species, M. globosa has the most distinct cell
surface morphology (Breathnach et al, 1976)). In contrast to the rest species, which are
characterized by a double helicoidal cell surface, the cells of M. globosa present with a
pattern of rather shallow grooves.

The buds arise in Malassezia from the inner layer of the cell wall and leave behind a distinct
collarette scar- on the mother cell surface after the release of the daughter cell. Budding
is usually monopolar but sympodial budding maybe be observed in M. sympodialis
(Simmons et al, 1990).

Finally, a particular ultrastructure characteristic of this genus is the presence of endospores.
This is especially obvious in M. furfur and could suggest a connection to the teliospore
forming yeasts, as it has been suggested that the phenomenon of endosporualtion might

represent an initial step towards basidium development (Mittag, 1994).
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Malassezia ecology

Ten out of the fourteen Malassezia species (M. furfur, M. globosa, M. symbodialis, M.
restricta, M. slooffiae, M. nana, M. yamatoensis, M. obtusa, M. japonica, M. dermatis),
known to date, are found mainly in humans. These species have been isolated from the
human scalp, face, chest, back, extremities but also from nails, nasal cavity and under
certain circumstances from blood and urine specimens (Oliveri et al, 2011; Larocco et al,
1988). Other thermophilic animals harbor on their skin strains these ‘anthropophilic’ lipid-
depended Malassezia species, but also distinct Malassezia species that are mostly
considered zoophilic, as M. pachydermatis (Raabe et al, 1998). The aforementioned zoophilic
species can be transient members of the human flora too (Prohic et al, 2009). The opposite
is also true for ‘anthropophilic’ species. Thus, M. furfur, M. sympodialis and M. slooffiae have
also been detected in many domestic animals like cats, dogs, pigs or horses (Crespo et al,
2000; Crespo et al, 2002; Guliot et al, 1998). Additionally, some anthropophilic species are
preferentially isolated from lesional than from healthy human skin, like M. yamatoensis

(Sugita et al, 2004).

Regarding the preferentially zoophilic isolates, there is a distinct degree of yeast species
predilection for the colonization of certain animals: M. carpae has been isolated from goats
and horses (Cabanes et al, 2007), M. ecquina from horses and cows (Cabanes et al, 2007)
and M. nana from cats and cows (Bond et al 2008; Hirai et al, 2004). M. pachydermatis,
which is the most frequent animal isolate, is also found in humans. Nevertheless, isolation of
this latter species from humans is considered to reflect a rather transient colonization,

probably as a result of direct yeast inoculation from animals, like pets (Chang et al, 1998).
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Malassezia metabolism

Lipolytic activity of Malassezia and other yeasts

The lipid dependency of Malassezia yeasts is attributed to their deficiency in the synthesis
of the myristic acid, a precursor of long chain fatty acids (C 12 or greater) (Porro et al, 1976).
Meanwhile, this has been also confirmed through M. globosa and M. furfur genome analysis
that revealed lack of the genes encoding fatty acid synthase (Xu et al, 2007). Nevertheless,
lipid metabolism in Malassezia is not absent. Longer-chain fatty acids can be synthesized
from intermediate/long ones and saturated can be transformed to corresponding
unsaturated (Porro et al, 1976). This fact is further underlined by the diversity of the
encoded lipases (N=13) and phospholipases (N=9) in Mallasezia genome (Xu et al, 2007).
Malassezia yeasts do not assimilate lipids solely as an energy source but they use them also
for the formation of the outer lipid layer of their cell walls. This latter need for lipid sources
also expands the requirements for lipid supplementation in the culture medium of this yeast
(Porro et al, 1976; Mittag, 1995).

Phospholipases mainly hydrolyze glycerophospholipids and can degrade neutral lipids
(Riciputo et al, 1996). On the contrary, lipases mainly hydrolyze neutral lipids and release
consequently free fatty acids, while esterases hydrolyze fatty acid esters. In most cases,
triacylglycerides, free fatty acids or polyoxysorbitan fatty acid esters (i.e., Tween) have been
used as substrates to support Malassezia growth in vitro. Additionally, the assimilation of
cholesterol and cholesterol esters has been shown to lead in the induction of hyphae form in

cultures (Porro et al, 1976).
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Egg yolk assimilation method

The genome of M. globosa encodes 14 lipases, 13 of which are predicted to be secreted like
the previously described LIP1 (Xu et al, 2007; Deangelis et al, 2007). Additionally, it encodes
genes for 6 phospholipases C, 2 phospholipases D and 1 phospholipase B (Xu et al, 2007)
(Figure 4A). So far, one Malassezia lipase secreted by M. furfur, M. globosa, M. sympodialis
and M. pachydermatis has been isolated from the human scalp (Deangelis et al, 2007), while
the genes of three other potential lipases that could act as virulence factors (Mgl0797,
Mgl0798, and Mg13326) were shown to be highly expressed in strains isolated from HIV
positive and negative SD patients (Patino-Uzcategui et al, 2011). Fermentation of egg yolk
suspension for in vitro determination of phospholipase activity has been initially used by
Habermann and Hardt for the assessment of bee Crotalus terrificus venom phospholipases
(Habermann and Hart, 1972). Phospholipases C and B produced turbid areas in egg yolk
plates, which were related to the secreted quantity of this enzyme. Phospholipase B
catalyzes the cleavage of lyso-compounds to highly hydrophobic glycerophosphorylcholines
and hydrophobic fatty acids. Phospholipase C releases lipophilic diglycerides and the
hydrophobic phosphorylcholine (Habermann and Hart, 1972). The end result of the action of
both enzymes is the increased turbity of egg yolk in the medium and the formation of a
dense zone (Figure 4B). Price in 1982 (Price, 1982), introduced the egg yolk plate method for
the detection of phospholipase activity in Candida albicans and verified the technique by
correlating the results with the hydrolysis of phosphatidilocholine. Later the method was
further improved (Samarayanake et al, 1984) and was used to assess the lipolytic activities
of other organisms like Cryptococcus neoformans (Vitoddo et al, 1998; Chen et al, 1997) or
other yeasts, including recently the animal isolate M. pachydermatis (Cafarchia et al, 2004).
The composition of egg yolk is rich in different lipids (65% triglycerides, 5% cholesterol, 30%
phospholipids) (Ramesh et al, 1978) but also contains smaller quantities of other fat
substances as well as proteins (phosvitin with ratio to lipids 1:2). Vitamins and xanthophylls
are also present. Above composition, makes obvious that phenotypic changes in the
medium can result not only from phospholipase activity but also from lipases and
proteinases that are present.

Whether the dense precipitation zone that is observed in the presence of phospholipases

solely reflects phospholipase activity has been questioned in the literature (Juntachai et al,
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2009; Williamson et al, 1986). Nevertheless, the precipitation zone surrounding the colony
growth is generally considered to result from lecithinase activity and the iridescent, «oil on
water” area seen on the surface of the colonies, as the result of lipase action (AOAC
international, 2000). Moreover, the amount of the secreted phospholipase can be easily
quantified with the egg-yolk assimilation method using the ‘precipitation zone ratio’ (Pz), i.e.
the ratio of the colony diameter to the diameter of precipitation zone. Linear regression
analysis showed a correlation between Pz and Nmoles of phosphatidylcholine (for Pz values
up to 0.75) (Price et al 1982). Conclusively, the egg yolk assimilation method provides a fast
and inexpensive screening tool for the detection of secreted phospholipase activity in a

yeast culture.
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Figure 4: A) Schematic representation of the cleavage sites on phospholipids by the 4
different phospholipase families (A, B, C and D). Phospholipase B, not shown, displays both
the activity of phospholipases A1 and A2. The genome of M. globosa encodes different
phospholipases B, C and D. B) Assimilation of the egg yolk lipids gives a characteristic
phenotypic result. Examples of three different Malassezia species are displayed.
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Malassezia indoles production

Apart from lipid assimilation, Malassezia yeasts use additional resources for forming cell
structures or acquiring energy. M. pachydermatis can assimilate carbohydrates like sorbitol
or mannitol (Hossain et al, 2007). On the contrary, none of the other Malassezia species can
ferment sugars, a characteristic common for basidiomycetous yeasts (Weary, 1970).

Malassezia can utilize both inorganic and organic nitrogen sources (Sloof, 1970). Mayser
(Mayser et al, 1998) developed a minimal essential medium that could support the growth
of M. furfur (only). With the use of this medium and a nitrogen auxanogram, it was proved
that Malassezia could assimilate the essential amino acids, with the exception of cysteine.
Nine additional nitrogen sources (ammonium salts, urea, creatine, creatinine, uric acid and
allantoin) could also support Malassezia growth. When Malassezia furfur yeast is cultured in
a medium with tryptophan as the single nitrogen source and a varying lipid source, it

produces an array of indolic pigments (Gaitanis et al, 2008) (Figure 5).

Figure 5: Malassezia furfur cultured in minimal growth medium with L-tryptophan as the
single nitrogen source. The production of indolic compounds is responsible for the

characteristic red color on the medium.
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Biochemical and pharmacological characteristics of these indoles were linked to clinical
characteristics of PV and SD and were correlated to the pathogenity of the yeast. More

specifically the isolated and characterized indolic compounds are:

Pityriacitrin, a yellow indolic compound was identified by Mayser (Mayser et al, 2002)
(Figure 5). Pityriacitrin had been shown to have UV absorbing properties in bacteria (Nagao
et al, 1999). The production was proved for M. furfur and was confirmed that the UV
protective effects of pityriacitrin are also expanded to the rest of the skin microflora,
including Candida albicans and Staphylococcus epidermidis (Machowinski et al, 2006).
Pityriacitrin was implicated in the causation of the hypopigment lesions in PV alba, however,
the fact that the sun protection factor (spf: amount of UV radiation required to cause
sunburn on skin with the sunscreen on, as a multiple of the amount required without the
sunscreen- FDA, 2009) of topically applied pityriacitrin does not exceed 1.7, weakens the
likeness of pityriacitrin involvement in the observed PV hypopigmentation (Gambichler et al,

2007).

Figure 5: Pityriacitrin, an indolic compound with UV filtering characteristics.

Pityrialactone (Mayser et al, 2003) (Figure 6) has a pale yellow color and exhibits strong
green yellow fluorescence under Wood'’s light. It is considered to be implicated in the
fluorescence of the PV lesions under Wood'’s light and also to demonstrate UV protective

abilities (Mayser et al, 2003).



27

Figure 6: The molecular structure of Pityrialactone. This molecule is considered to
participate in the fluorescence of PV lesions.

Pityriarubins have a red color and are structurally related to bis(indolyl)maleimides, which
have attracted attention as protein kinase inhibitors (Davis et al, 1992). Interestingly, among
the isolated pityriarubins, the novel Pityriarubins A, B and C were able to suppress the
release of reactive oxygen species from lymphocytes that had been activated by calcium
ionophore A23187, formyl-metleu-phe (FMLP) and interleukin 3 (Kramer et al, 2005) (Figure
7). The aforementioned properties were related to the absence of infiltrating granulocytes in

the lesions of PV (Wroblewski et al, 2005).
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Figure 7: Molecular structure of pityriarubins A, B, C.

Malassezin is a colorless compound that is produced during Malassezia metabolism and has
been shown to act as an Aryl hydrocarbon Receptor agonist (Wille et al, 2001) (Figure 8). The

agonistic potency was evaluated by measuring the EROD (Ethoxyresorufin-O-deethylase)
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activity. Similarly it induced cytochrome P450 (EC50 = 1.57 mM) in rat hepatocytes in vitro
(Wille et al, 2001). Interestingly, this compound was also shown to affect cytoskeleton and
cause the apoptosis in primary human melanocytes (Krammer et al, 2005). The above data

could relate malassezin to PV alba lesions (Krammer et al, 2005).

Figure 8: Molecular structure of Malassezin. The structural symmetry of the molecule is a
common characteristic of indolic compounds

Indolo[3,2-b]carbazole (ICZ) is a colourless compound, a known potent AhR agonist, able to
inhibit specific 2,3,7,8-Tetrachlorodibenzodioxin binding in rat liver cytosol (Gillner et al,
1993) (Figure 9). Mallasezin can be easily converted to ICZ (Wille et al, 2001). It has been
demonstrated that the amount of ICZ produced by seborrheic dermatitis (SD) M. furfur
isolates in vitro is higher than that produced from strains isolated from healthy skin (Gaitanis
et al, 2008). Finally, it has been also shown that ICZ causes significant upregulation to the

xenobiotic enzymes in HaCaT cell line (Magiatis et al, 2013).

H

Figure 9: Molecular structure of Indolo[3,2-b]carbazole (ICZ)
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Indirubin is the active compound of indigo (Hoessel et al, 1999), and responsible for the
respective color (Figure 10). Indirubin is known as a protein kinase inhibitor (Damiens et al,
2000) and anti-cancer agent (Aggarwal et al, 2006). Moreover, it has been proposed as an
endogenous ligand for AhR (Prochazkova et al, 2011). Recently indirubin was shown to be
produced from Malassezia strains (Gaitanis et al, 2011) and to upregulate P450 activity in

HaCaT cells (Magiatis et al, 2011).

Figure 10: Molecular structure of Indirubin. The planar configuration of the molecule
facilitates the interaction with cyclin depended kinases.

Formylo-indolo[3,2b]carbazole (FICZ) is known as a photoproduct of tryptophan (Wei et al,
1998) and a potent AhR ligand and Xenobiotic responsive element (XRE) inducer (Wincet et
al, 2009) (Figure 11). The ability of this compound to induce xenobiotic metabolism enzymes
transcription has been exhibited in various cell lines such as keratinocytes and hepatocytes
(Wei et al, 1998; Diani-Moore et al, 2006). Moreover, it has also been proposed as the
principal endogenous ligand of AhR (Wincet et al, 2009). It was recently demonstrated that
this compound can be also synthesized by Malassezia strains (Magiatis et al, 2013). FICZ has
been also shown to have functional and phenotypic effects on inflammatory dendritic cells
(Bankoti et al, 2010) and to mediate DNA adduct formation in UVR exposed keratinocytes
(Nair et al, 2009).
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Figure 11: Molecular structure of Formylo-indolo[3,2b]carbazole (FICZ).
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Identification methods

Conventional methods

Although Malassezia species can, to some degree, be distinguished through microscopic
observation, the different biochemical properties and metabolic abilities of the strains
provide a much more useful tool for identification and taxonomy.

The first successful culture of this fungus was performed from Panja in 1927 (Panja, 1927).
Culture in ‘selective’ media has been used for Malassezia identification and species
discrimination. Due to the lipophilic characteristics of this genus (Benham, 1939; Guillot,
2008), an array of culture media supplemented with various lipid sources has been
employed (Table 2). Growth on Sabouraud’s agar is used for the detection of M.
pachydermatis, while supplementation of this medium with sterile olive oil was used for the
cultivation of other Malassezia species (Nyirjesy et al, 1994). Other selective media, such as
Dixon’s (Gueho et al , 1986), Leeming Notman agar (Leeming et al, 1987) and Ushijima’s
medium (Ushijima et al 1981), were also developed and employed successfully, increasing
the growth rate, the viability and the overall isolation rate of this yeast. Kaneko (Kaneko et
al, 2005) developed a methodology for the differentiation of seven Malassezia species (M.
furfur, M. sympodialis, M. globosa, M. obtusa, M. slooffiae, M. restricta and M.
pachydermatis) according to the morphological characteristics of the colonies using a
modified CHROM-agar medium, originally applied for Candida cultivation. The same
research group further revised this identification system and succeeded in the
differentiation of nine Malassezia species (the aforementioned seven plus M. dermatis and
M. japonica). The new method was based on an algorithm that included different
‘parameters’ as the utilization of Malassezia CHROMagar, Tween 40 precipitate production,
catalase reaction and absence/presence of growth in Sabouraud dextrose agar, Cremophor
EL agar, Tween 60-esculin agar (Kaneko et al, 2006; Kaneko et al, 2007).

The ability of certain species to produce indole pigments, when cultured in a new minimal
medium containing only tryptophan as the sole nitrogen source, was suggested as a method
for the identification of M. furfur, as at that time only this species was thought to have this
capacity (Mayser et al, 1998). However, more recent data (Magiatis et al, 2013)

demonstrates that this metabolic trait is present in additional Malassezia species.
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Despite the indisputable contribution of these methods the constantly expanding number of
species, 14 so far, underlines the need for a molecular approach in yeast species

identification.

Table 2: Selective media used for the cultivation of Malassezia yeast (Gueho et al, 1996;
Leeming et al, 1987; Ushijima et al, 1985; Cafarchia et al, 2011)

Malassezia culture media

Medium Composition{gr or ml/l of distilled water)

Dixon's agar 36 gr malt extract, 6 gr peptone, 20 gr bile, 10 m| Tween 40, 2 m|
Glycerol, 2ml oleic acid, 12 gr agar noble

Leeming-Notman agar 10 gr peptone, 5 gr glucose, 0,1 gr yeast extract, 4 gr bile, 1 ml
glycerol, 0,5 ml glycerol monostearate, 0,5 ml Tween 60, 10 ml
milk, 12 gr agar

Ushijima’s agar 10 gr trypticase petone , 5 gr yeast extract, 3 gr glucose, 2 gr
MaCl, 12 gr KH2Z PO4 (anhydrous), 15 gr agar, 0.1 gr ampicillin,
0,25 gr cyclohexamide, ph 5,5

Modified CHROMagar 47,5 gr CHROMagar Condido, 8 pgr ox-bile, 1 ml glycerol
Condida monosterate, 0,5 ml Tween 60

Modified CHROMagar 56,3 gr CHROMagar basal medium, 10 ml Tween 40
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MOLECULAR METHODS

In the late 90s conventional methods for Malassezia identification were complemented by
relevant molecular methods that significantly improved initially identification and further
typing of Malassezia species. The main approaches in the molecular identification and typing
can be distinguished in two categories: a) methods that detect sequencing variations
(targeted PCR amplification of selected sequences) and b) methods that selectively amplify

polymorphic DNA markers (fingerprinting methods i.e. mini-satellites).

DNA sequencing

The efficiency and accuracy of the PCR identification methods depends on the choice of a
suitable gene ‘target’ region. The target locus should differ enough in sequence to allow the
differentiation of species but also to display no or minor variation within the same species
(unless subtype distinction is intended). The mainly used DNA domains include the
ribosomal DNA chitin synthase 2 gene and RNA polymerase subunit 1 genes. The first and
second internal transcribed spacers (ITS-1 and ITS-2), the first intergenic spacers (IGS),
D domains (D1, D2) and the large subunit of the nuclear ribosomic DNA provide reliable
genetic markers for species differentiation. ITS-1 was used for the identification of seven
species (Makimura et al, 2000) and also for subtype differentiation within the same species
(Gaitanis et al, 2006). Makimura (Makimura et al, 2000) used sequencing of the ITS 1 region
to differentiate among seven Malassezia species and to record the existence of subgroups
within M. furfur, M. sympodialis, M. slooffiae and M. pachydermatis. Sequencing analysis of
multiple rDNA regions (D1, D2 and ITS1) resulted in the identification of novel species such
as M. japonica, M. carpae or M. equina (Cabanes et al, 2007; Sugita et al, 2004).
Sequence analysis of 1GS-1 has not been broadly engaged in species taxonomy, but was
employed to classify M. globosa and M. restricta variants according to the isolation rate in
seborrheic dermatitis, atopic dermatitis or healthy skin (Tajima et al, 2008; Sugita et al,
2001). Similarly, variations within the IGS-1 region of M. globosa and M. restricta have been

associated with atopic dermatitis patients or healthy subjects (Sugita et al, 2003; Sugita et al,
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2004). Sequencing analysis of the chs-2 gene has been also used for the identification of
seven Malassezia species (Aizawa et al, 2001). Moreover the use of chs-2 revealed multiple
genotypes of M. pachydermatis, some of which were correlated with skin lesions (Cafarchia
et al, 2008).

PCR-based restriction fragment length polymorphism (PCR- RFLP) in ITS-1 and ITS-2 regions
was used for the differentiation of Malassezia species (Gaitanis et al, 2006). Application of
PCR-RFLP in a different region (26s rDNA) with the use of various restrictions enzymes led to
differentiation of seven, nine and finally eleven species (Oh et al, 2009).

PCR-based single strand conformation polymorphism (PCR-SSCP) analysis can differentiate 3
genotypes in M. pachydermatis, when applied in chs-2 and ITS 1 regions (Cafarchia et al,
2007). In the same way, PCR-SSCP differentiated 5 variants of M. globosa, one of which was
associated with extensive seborrheic dermatitis, in contrast to M. sympodialis that displayed
a homogenous PCR-SSCP profile.

Real time PCR has been used in the diagnosis of Malassezia infections. In that way, it is now
possible, to rapidly attest Malassezia rRNA gene amplifications products from DNA extracted
directly from skin scales (Paulino et al, 2008) improving previously developed techniques
(Gaitanis et al, 2002). Nested PCR using primers for the rRNA gene was used to quantify
Malassezia species from skin samples isolated from healthy students and patients with
psoriasis, atopic dermatitis or seborrheic dermatitis (Tajima et al, 2008). These techniques
revealed that M. restricta and M. globosa are the most prevalent skin species in both
healthy subjects and patients with psoriasis, atopic dermatitis and pityriasis versicolor
(Sugita et al, 2008; Takahata et al, 2007).

The recent whole genome sequencing of M. globosa and M. resticta revealed many
metabolic pathways that concern glycolysis, amino and nucleic synthesis or lipases synthesis

that allow them to adapt to the mammalian skin environment (Dwason, 2007).
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Amplification of polymorphic DNA markers

Fingerprinting methods have been used for genomic variation screening of Malassezia
without prior sequence information (Cafarchia et al, 2011). For example PCR random
amplification of polymorphic DNA was used from Gandra (Gandra et al, 2006) in order to
analyze genotypes of strains that were isolated from healthy, pityriasis versicolor and
seborrheic dermatitis patients. Also in a different perspective, Gaitanis (Gaitanis et al, 2009)
used this methodology to associate Malassezia species with the geographic origin of the
host. Amplified fragment length polymorphism (AFLP) was also used for analysis of
Malassezia subtypes (Gutpa et al, 2007). Denaturing gradient gel electrophoresis (DGGE) and
pulsed field gel electrophoresis (PFGE) (Boekhout et al, 1998; Theelen et al, 2001) have been
employed for the fingerprinting of Malassezia spp. based on the analysis of PCR-amplified
small subunit (SSU) of the nuclear ribosomal RNA (rRNA) gene and chromosomal DNA
respectively.

As mentioned, molecular typing led to the discrimination of Malassezia species subtypes and
their association with various clinical states. In that direction, M. globosa, which is the most
common isolate from pityriasis versicolor, seborrheic dermatitis and healthy skin, has been
sufficiently differentiated into subgroups by nested PCR amplification of DNA extracted from
clinical material (skin scales) (Sugita et al, 2003). Assessment of the IGS 1 sequences
indicated that certain M. globosa strains may display a certain degree of preference for
atopic skin. Association of certain IGS 1 sequences with virulence was also observed in M.

restricta.
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Skin diseases associated with Malassezia species

Pityriasis versicolor

Pityriasis versicolor (PV) is a frequent skin disorder affecting 2-8% of the general population.
The disease exhibits significant geographic variation, from 1% in Sweden to almost 40% in
tropical climates (Gupta et al, 2004; Krisanty et al, 2009). PV is characterized by round to
oval lesions, approximately 3-5 mm, which can become confluent. The macules are hypo- or
hyperpigmented and mostly present on the trunk or the central part of the extremities,
while they are accompanied by mild scaling (Figures 12-13).

Although the disease has been reported in infants and children (Jena et al, 2005), it is more
prevalent in adolescents, concurring with the increased activity of the sebaceous glands and
Malassezia abundance (Difonzo et al, 2008). Geographic variations are not only observed in
the frequency of the disease but also in the severity. In tropical and temperate climates
pityriasis versicolor can be more severe, expanding in other areas of the body as the face or
the genitals (Kaur et al, 1996; Dominguez-Soto et al, 1994).

The pathophysiological mechanism of PV is related to the fact that Malassezia, which is part
of the normal microflora, changes from yeast to mycelia form and thus theoretically invades
the stratum corneum (Gupta et al, 2003). Accordingly, the diagnosis is based on the
microscopical observation of the presence of both states of the fungi. The specimens are
stained with Parker-KOH, Albert solution (Gupta et al, 2001) or newer stains (etc. 1%
Chicago sky blue 6B and 8% KOH ) and the observed microscopical image is described as
“spaghetti and meatballs”, i.e. clusters of yeast cells and short hyphae (Lim et al, 2008).

In addition to the microscopic examination, Wood’s light may be used and pityriasis
versicolor lesions may fluorescence a distinctive bright yellow or gold color. The
characteristic fluorescence color may also aid in the differential diagnosis, as it is unique to
the mycelial form of Malassezia. However, a positive Wood'’s light examination test is seen
in only one third of the cases, while in some positive cases the microscopic confirmation of
the yeast is negative (Savin et al, 1996). Recently, (Mayser et al, 2003) a connection was
made between the aforementioned fluorescence and the metabolic ability of Malassezia to
produce indoles. This connection may explain why sometimes the fluorescence is observed

without detection of the yeast in the lesions.
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A causative association between the load of Malassezia yeasts and the development of
lesions has been proposed. It has been reported by some authors that the number of yeast
and hyphae in the lesions of pityriasis versicolor is greater than in normal skin (Faergemman
et al, 1979) whereas others have shown that this difference is not significant (Stein et al,
1983).

Most commonly isolated species from PV lessions is M. globosa followed by M. furfur or M.
sympodialis (Table 3). The rates of the cultured species varies among researchers, probably
due to factors like sampling technique, isolation medium, and geographical variations in the
distribution of Malassezia species. However, it should be noted that direct microscopy and
the observation of the mycelial form of the yeast has diagnostic value. Culture of any
Malassezia species from superficial lesions can not be considered diagnostic of pityriasis

versicolor as this yeast is also found as a normal commensal on the skin.

Table 3: Commonly isolated Malassezia species from pityriasis versicolor patients.

MNakabayashi et al, 2000 55% M. globosa

Erchiga et al, 2000 97% M. globosa 29% M.sympodialis
Gupta et al, 2001 59% M. sympodialis 25% M. globosa
Aspiroz et al, 2001 90% M. globosa 41% M. sympodialis
Tarazooie et al, 2004 53% M. globosa 25% M. furfur
Marishita et al, 2005 94% M. globosa 94% M. restricta
Erchiga et al, 2006 99% M. globosa

Karakas et al, 2009 47,7% M. globosa 36,4% M. furfur

Rasi et al, 2010 31,3% M. globosa 20,4% M. furfur

Various theories have been proposed for the pathogenetic mechanism that underlies the
appearance of PV macules. Karaoui et al. concluded from ultrastructural examination of
different PV lesions (Karaoui et al, 1981) that hyperpigmented skin has thicker stratum
corneum than hypopigmented, but both are thicker than uninvolved skin. In hypopigmented
skin the melanosomes were individually dispersed and fewer in number than in the
uninvolved skin. In hyperpigmented skin, the melanosomes were sequestered in most cells
suggesting that melanosome transfer to keratinocytes was hindered (Karaoui et al, 1981).

Additionally, Malassezia’s lipolytic activity produces metabolites like azelaic acid. This
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compound inhibits the action of the enzyme dopa-tyrosinase, which blocks the
polymerization of tyrosine precursors to melanin and results in the appearance of
hypochromic spots. The histopathologic study of the skin in these areas shows the presence
of melanosomes that are smaller than those found in normal skin (Luis et al 2010).
Pityriacitrin, an indole metabolite of Malassezia, exhibits UV filtering characteristics
prohibiting melanocytes’ activation (Gampichler et al, 2007; Machowinski et al, 2006), while
malassezin induces apoptosis in human melanocytes (Krammer et al, 2005 ).

Despite the significant fungal load, skin lesions in PV do not demonstrate inflammation,
especially in the hypopigmented form of the disease. Thus, in histopathologic sections of PV
lesions there was minimal inflammatory infiltrate as measured by the neutrophil granulocyte
count despite the impressive fungal load (Wroblewski et al, 2005). A reduced immunogenity
is hypothetically accredited partly to the lipid content of the fungal membrane (Thomas et
al, 2008) and partly to the indole derivatives that appear to have immunosuppressive
properties.

Although PV lesions are not inflammatory, the presence of large quantities of yeasts and
their metabolites probably induce fine desquamation of the skin, which is present in all cases
(Gupta et al, 2004). Until now, no studies relating metabolites of this fungus to epidermis
desquamation rates have been published. We also do not know why Malassezia spp
stimulate melanin production in the dark patches in the hyperchromic variety of PV
(Mendez-Tovar, 2010). The histologic studies of hyperchromic spots have only shown
melanosomes with a larger-than-usual diameter and presence more abundant in contrast to

healthy skin.
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Figure 12: Panel A and B) A patient with the characteristc hyperpigmented lessions of
pityriasis versicolor. The absence of clinically evident erythema signifies the minimal
inflammatory reaction.

Figure 13: Hypopigmented form of pityriasis versicolor. Hypopigmented lesions are more
evident when the neighboring healthy skin darkens after UV exposure.
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Seborrheic dermatitis and Dandruff

Seborrheic dermatitis (SD) is a common skin disorder that affects about 1-5% of the general
population (Gupta et al, 2004). SD is a characterized by the development of erythematous
patches with yellow gray scales (Gaitanis et al, 2012). Appearance is more common on the
face, scalp, the upper chest and back. Dandruff is usually considered as a milder variant of
SD that is limited in flaking scales on the scalp, although the term has been used to describe
all origins of scalp flaking (Pierard et al, 2000). Dandruff is very common affecting up to 45%
of the population (Gupta et al, 2004). SD incidence displays two age peaks, one in infancy
and a second one around the fourth decade of life. It is more common in men. The condition
appears often in infants with prevalence of 70% and usually between the 3rd and 12th
month of life (Chatproedprai et al, 2008). On the contrary, in adulthood the disease is
characterized by a chronic-relapsing course. SD is also more frequent in patients with AIDS
(20-83%) (Schechtman et al, 1995), with Parkinson’s disease (Marco-Llorente et al, 2002),
patients that receive psychotropic drugs like lithium or chlorpromazine (Binder et al, 1984;
Lambert et al, 1984) and also patients with trisomy 21 (Ercis et al, 1996) and amyloidosis
(Rocha et al, 2005). Interestingly SD occurrence is often co-incident with other skin diseases,
like atopic dermatitis (Gupta et al, 2004).

The development of seborrheic dermatitis is usually gradual but might appear abruptly in
AIDS patients. In the face it usually affects the lateral sides of the nose, nasolabial folds,
eyebrows and forehead hair boundaries (Figure 14). The disease tends to be influenced by
season changes. The lesions worsen during winter, whereas sunlight seems to improve the
clinical appearance of the disease (Maietta et al, 1991).

Although the pathogenesis of SD is not fully understood, there is evidence that point
towards a causative association with the Malassezia yeasts. After few years of ambiguity,
the relationship between Malassezia and SD was re-established in the 80’s, when it was
shown that the main common property of all substances used in the treatment of SD was
their antifungal activity (Shuster, 1984). Malassezia load on diseased skin is not necessarily
larger, when compared to healthy skin, as studies on this show contradictory results
(Sandstrom et al, 2005; Zaidi et al, 2001). However, with anti-fungal treatment Malassezia
population size is reduced and the SD also improves (Gupta et al, 2004). DNA typing and

metabolomics have co-related Malassezia subtypes with SD. The most commonly isolated
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species appears to be M. globosa (Table 4). Tajima (Tajima et al, 2008) has shown that a SD
skin harbors distinct M. globosa subtypes as compared to healthy skin.

It was initially observed that Malassezia lipases could hydrolyze sebum and trigger SD in
susceptible individuals (Dawson et al, 2007). This was recently confirmed by the in vivo
observation of increased Malassezia lipase RNA in SD lesions (Pini et al, 2011). Fatty acids
resulting from the lipolysis of sebum triglycerides are considered one of the main causative
agents of SD. Oleic acid that results from the hydrolysis of sebum triglycerides by Malassezia
lipases, can induce desquamation in dandruff subjects, but not in non-dandruff susceptible
individuals (Deangelis et al, 2005). However no differences in IgM or 1gG levels against yeast
surface or extracted proteins between healthy subjects and SD patients could be observed
(Parry and Sharpe, 1998), while in lesions of SD an irritant stimulation of the immune system
was observed with both Th1 and Th2 cells (Faergemann et al, 2001).

M. furfur strains isolated from SD skin synthesizes significantly higher quantities of bioactive
indolic substances as compared to healthy skin isolates (Gaitanis et al, 2008). The in vivo
existence of these indoles has been recently demonstrated (Magiatis et al, 2013) and further

supports the role of these yeasts in the pathogenesis of SD.

Table 4: Various research groups compared the characteristics (yeast load-yeast species) of
the Malassezia population between healthy individuals and lesional or healthy skin of SD
patients. In some reports the isolation was made through swab application and following
cultivation while in others direct counting was applied. In general, as in PV, M. globosa

appears as the predominate species in SD lesions.
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Reference Patient groups | Fungal load | Outcome
and anatomical | measurement
areas sampled
Heng et al 1990 sampling of fackl | Cukure N Dixon's | Poskive correlation
skin of S0 patients agar-measurement between dinical
of CFL* severity of S0 and
Malassezia load
Wikler et al, 1992 4 groups 5D with | Fungal load | In HIV seronegative
HIV, S0 without | measurment after | patients a  lage
HIV, HN without | the cultivaion in | load of the yeast
30, healthy Dixor's agar w e Cultivated
sampling of face
ches back
Ashbee et al, 1993 Sampling from | Fungal load | NosgnFicant
chest , back, face | measurment &t | varistions betwesn
from SD patients or | the cuitivation in ;:E;Dra; Q';fénste
healthy controk Dixon's agar ik i
corresponding  site
incontrols
Schechtman et al | Sampling from | 1)Drect o©ounting | A tTend between
19495 lesional skin of SD | from Sdlotgpe- | numbers of yeads
patients, stripped  skin  2) | present on lessional
HIN seroposive or | measurement ater | skin, severity of SD
seronegaive culture using | and CD4-positive T
contact plaes lymphocytes count
in HN-positive
patients was noted.
MNo guantiatve
differences were
observed between
HIWV-related and
non-HV relaced S0
Tollesonet al, 1997 | Sampling from head | Fungal load | No difference in M.
and chest of infarts | measurment  ater | furgfur oad
with 5D before and | cultivation in
after the oure of | Dixon'sagar
disease
Pachee & &, 1999 Forehead samples | Fungal load | 8D and HIV positve
of patierts grouped | measurment  ater | patients exhibiked a
by S0 sate and HIV | cultivation in | higher fungal load
paoskivity Dixor's agar
Makabayashi et al | Sampling form | Fungal load | M. furfur (35%) and
2000 lesmional o non | messurment  a@ter | M. gioboso  [22%)
lesmional =kin of | cultivaion in | wee solated from
gtopc  dematitis | Dixon'sagar les=ional skin on the

S0 and PV patients
or healthy controls

face at senifcantly

higher rates in co-
mparison o non
lessional  skini
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Reference Patient groups | Fungal load | Outcome
and amnatomical | measurement
areas sampled
Makabayashi et al, | Samples from the | Direct microscopic | Yeasst cele  were

2001

face of SD and
healtny cortrol
infants

courting

maore numerous n
patients with nfant
SO (ISDY. M. furfur
and M. giobosa
wee solaed from
IS0 paients &t
senficantly highe
rates

Zaidi et al, 2002 Scalp flakes from | Micro=copicall Malassezia load
Dandruff patients | examination incresses n
and healkhy proportion with the
cortrols sSEyErity of

sebarrheic
dermatiis

Rendic et al, 2003 Scrapings from face | Microscopical Malassezia was not
lessional skin of 5D | exanimation for | more common N

patients and | load eximation and | 5D patients than n
healthy comtroks culture for speces | healthy controls,
distinction) however there was
a correlation of
yeazs lobad  with
the clinical ssverity
Sandstrom & al | Sampling from | Fungal load | No Sienificant
2005 le=mional and non | measurment  a@ter | differences n
les=ional skin of S0, | cultvaion in | Maolassezia load
AD paients and | Dxon's agar between sD
healthy corntrok le=ions and heakhy
=kin
Rincon et al, 2005 Samples were | Fungal Load | Molossezio globosa
i=molated from 50, | measurment ad [ was iwolved &
AD and PV patients, | species higher frequency n
from lessional and | idemtfation e | patients withi
non lessional skin cultvation n | dermatological
Diwon's agar pathologies,

sugmesting a higher
pathogenicty of
thisspecies

Prohic-Kasumagik,
2009

Sampling inchuded
skin =crapings from
S0, P, PS5 and
heatthy  individuals
in order to compare
M. pachydermatis
prevalkence

Cultures were made
in Sabouraud =@a
and modified
Dixon's acar

M. pochydermatis
was recovered only
from one S0 patient
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Reference Patient groups | Fungal load | Outcome
and anatomical | measurement
areas sampled

OhBhetal, 2010 Foreheads, cheeks | Fungal load | Mone sSgnificant
and chests of 5D | measurmert d&ta | difference n
patients and | cultivation n | Malassezia load
healthy individuals | Dixon's between SO and

were sam pled

healthy =kin was
found

Leeet al, 2011

Scalp s@les from S0

patients and
healthy individuals
were sam pled

Direct analysis of
the sales with 261
DA PCR-BLFP

M.  restricta  was
more commonly
identified n 5D
patients compared
to M globosa n
control group
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Figure 14: Panel A) Patient with severe seborrheic dermatitis. Predilection for certain skin

areas rich in sebaceous glands. Panel B) Typical scalp scaling in a patient with dandruff.
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Folliculitis

Malassezia folliculitis is a skin disorder characterized by erythematous papules and
sometimes pustules (Figure 15), which may be accompanied by pruritus and local skin
irritation (Gaitanis et al, 2012). Moreover, in many cases nodules and cysts have been
described (Gupta et al, 2004). The diagnosis is based on the clinical picture in combination
with direct microscopy, culture and histopathological findings and the effect of antimycotic
treatment (Difonzo et al, 2008). The disorder is more common in immunosuppressed
individuals like transplanted, diabetes mellitus patients or in patients receiving antibiotics
(Archer-Dubon et al, 1999; Tragiannidis et al, 2010). At histological level, a typical dilated
follicle containing abundant round budding yeast cells and sometimes hyphae is the typical
finding. Other micro-organisms are usually absent (Back et al, 1995).

Like PV and SD, folliculitis is usually present oin the back, chest and the upper part of the
arms. In tropical countries the disease is sometimes described as more severe with
involvement of the face (Gupta et al, 2004).

At histological level, the inflammatory infiltrate in Malassezia folliculitis consists of
lymphocytes (anti leu-3 reactive), histiocytes, and neutrophils (Faergemann et al, 1986; Sina
et al, 1995). The infiltration appears in hair follicles and is accompanied by focal rupture of
the follicular epithelium (Sina et al, 1995). The inflammatory cell infiltrate is more dense in
folliculitis than in PV, however the type of the cells remains the same. The distribution of the
cell infiltrate is primarily perifollicular and a high number of yeasts are often seen within the
follicle, even in the deeper parts. Type | hypersensitivity was tested, as a possible mechanism
of Malassezia folliculitis by application of Malassezia extracts in prick test (Faergermann et
al, 1986). The negative results for the majority of the patients excluded the aforementioned
hypothesis. With the use of indirect immunofluorescence a higher titer of circulating
antibodies were found in Malassezia folliculitis patients, when compared to PV patients or
healthy individuals (Faergemann et al, 1983). A possible explanation could be the infiltration
of Malassezia in deeper skin structures, as the hair follicles, in the case of folliculitis.
Interestingly it has been shown that folliculitis can develop in the skin of patients with
positive folliculitis history when Malassezia yeasts are applied under occlusion. However this
does not happen in SD patients or healthy individuals (Goodfield et al, 1987). This
observation underlines the importance of the host factors in the pathogenesis of this

condition.



48

Figure 15: Malassezia folliculitis. The differentiation from other clinical entities that cause
similar acneiform eruptions should be based on microscopy and culture of the infectious
agent.
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Atopic dermatitis

Atopic dermatitis (AD) is a common skin disease that has a wide spectrum of clinical
manifestations. Different criteria-instruments have been employed for AD diagnosis,
however the most accepted and validated are those proposed by Hanifin and Rajka (Hanifin
and Rajka, 1980) and from the UK AD working group (Brenninkmeijer et al, 2008). For the
diagnosis of AD according to the first instrument at least one major and three minor criteria
are required: (A) Major: characteristic distribution, pruritus, chronic progression with
recurrences and family history of atopy. (B) Minor: signs of skin dryness, facial pallor—
pityriasis alba, nipple eczema, tendency to infections, wool intolerance, sudation pruritus,
ophthalmological manifestations, food intolerance, IgE elevation. The UK working group’s
diagnostic criteria include an itchy skin condition plus three or more of the following: history
of flexural involvement, history of asthma/hay fever, history of generalized dry skin, onset of
rash under the age of 2 years, flexural dermatitis. In a comparative study Hanifin and Rajka’s
criteria displayed a statistical advantage in sensitivity (De et al, 2006) (Figure 16).

Prevalence in Japan was measured up to 5% (Kusunoki et al, 2009), while in western
countries was also 5.6% (Olesen et al, 1997). The prevalence of the disease displays an
increase in comparison to the past that could be at least partially attributed to more
effective diagnosis (Williams et al, 1992).

AD is established as a condition of infancy that gradually decreases through childhood and
significantly drops in teenage years (Williams, 2000). It is estimated that 60% of the typical
and well defined AD cases resolve and clear of symptoms in early adolescence. Regarding
the predominance of the disease in sexes, although it seemed to be more frequent among
females in the 90s, a rise of the incidence in males balances the previous difference
(Kusunoki et al, 2009). Although seasonal variation of the severity of skin symptoms is
considered as a basic feature of atopic dermatitis, recent studies suggest a decrease in the
seasonal dependence of the dermatitis in European countries over the last decades (Uenishi,
2001).

The role of genetic predisposition in AD had been early hypothesized, but was strongly
proved with an epidemiologic study in twins by Larsen (Larsen et al, 1986). Application of
linkage studies, candidate genes studies or microarrays in AD patients revealed numerous

genes that are related to the genetics of AD (Morar et al, 2006).
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Malassezia yeasts have been implicated in AD, especially in the cases that the disease is
localized in the head and neck (Waersted et al, 1985). The yeast is isolated by skin scales of
atopic dermatitis AD adults and children in 100% (Takahata et al, 2007). M. restricta is the
predominant species in children and M. globosa and M. restricta in adults (Takahata et al,
2007). However, several culture based studies described M. sympodialis as the predominant
species in AD patients (Yim et al, 2010; Gupta et al, 2001), while others associated the severe
cases of the disease with M. globosa and M. restricta (Kaga et al, 2011). More recently it was
shown that atopic dermatitis patients, sensitized to Malassezia sympodialis had a more
severe disease course than the rest (Soneson et al, 2012).

The main hypothesis of Malassezia implication in AD is that of an allergen in susceptible
individuals (Darabi et al, 2009). This is supported by positive patch test results to extracts of
the yeast and by elevated Malassezia specific IgE serum levels in AD patients (Darabi et al,
2009; Tengvall et al, 2000). Certain allergens have been identified in various Malassezia
species. For example MGp42 appears to be a major allergen cleaved from the M. globosa
hsp70 protein in the serum of AD patients (Ishibashi et al, 2009). M. sympodialis Mala s1
(Vilhelmsson et al, 2007) and M. furfur f1 (Zargari et al, 2001) can also act as allergens that
elicite specific IgE and T-cell reactivity in patients with AD. A total of 13 Malassezia-derived
allergens are currently included in the official allergen nomenclature catalogue

(www.allergen.org) (Table 5).

Table 5: Established Malassezia allergens. (www.allergens.org)

Speces Size (kd) Fundiion Crrigin
Mazlzssezis furfur

Mala f2 20 Peroxizsomal protein TIMK 2782
Mala 3 21 Peroxizomal protein TIMM 2782
Mala f 4 35 Malate dehydrogenase TIMM 2782
Malassezia sympodialis

Mala s 1: 36 LInknown ATTCC 42132
Mala & 5= 18 Peroxizsomal protein ATTCC 42132
Mala s 6 17 Cyclophilin ATTCC 42132
Malas 7- 16 LInknown ATTCC 42132
Mala s & 18 LInknown ATTCC 42132
Mala s % 14 U nknown ATTCC 42132
Mala s 10 o6 Heat shock protein ATTCC 42132
Malas 11 22 MnsoD ATTCC 42132
Malas 12 67 GMC oxidoreductaze ATTCC 42132

Malas13 12 Thioredoxin ATTCC 42132
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Several reports in the literature document that patients with AD have increased levels of IgE
antibodies (Savolainen et al, 2001). In these studies, specific Malassezia IgE antibodies were
found in 20% to 100% of the patients with AD. Among them approximately 40% to 65% have
IgE antibodies and/or skin reactivity (positive patch test) against M. furfur. The same
patients display also higher T-cell response rates against this yeast, when compared with
healthy individuals (Rasool et al, 2000). Zargari (Zargari et al, 2003) evaluated the presence
of IgE antibodies to different Malassezia species in patients with AD, and concluded that the
use of only one Malassezia species is not sufficient to detect all patients sensitized to
Malassezia. Finally, Kato (Kato et al, 2006) quantified serum titers of IgE antibodies specific
against eight Malassezia species and concluded that the species-specific antibody titers were
highest against M. restricta. Nevertheless, it is worth noting that broad disease-aggravating
allergic sensitization to commensal and pathogenic organisms is a universal phenomenon in
AD patients, as it has been observed for bacteria, especially Staphylococcus aureus, as well
as other yeasts and filamentous fungi, such as Candida species and Trichophyton rubrum

(Ong and Leung, 2010).

Figure 16: Dry skin and itching usually complement the clinical picture of atopic dermatitis.
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Psoriasis

Psoriasis is a chronic skin disease, affecting approximately 3% of the general population
(Baroni et al, 2004). Histologically it is characterized by hyperkeratosis and
hyperproliferation of the epidermis, alteration of the skin capillary network with increased
tortuosity and dilatation of dermal papillary blood vessels and inflammation of both dermis
and epidermis (Bongiovanni et al, 2011).

Regarding the pathogenesis of psoriasis theories that implicated the immune system and the
skin itself have been proposed. (Wolf et al, 2012). Nikoloff (Nikoloff et al, 1999; 2000)
supported the immune basis of psoriasis by proving evidence that injected immunocytes
from a psoriatic patient into engrafted allogeneic normal human skin induced a psoriatic
plaque. This experiment supported the theory that abnormal T-cells were the leading cause
of psoriasis. On the other hand Zenz (Zenz et al, 2005) showed that deletion of JunB and C-
Jun in animal models led to an epidermal phenotype that resembled psoriasis. Moreover,
these skin lesions were still apparent in mice devote of T-cells (Rag2 mice). The orchestrating
role of keratinocytes, underlined by the aforementioned observations also supported by
additional findings, led to the formulation of the so-called “epidermal barrier hypothesis”.
According to this postulation, the disruption of the epidermal barrier from various causes,
including transgutaminase inhibition (Harisson et al, 2007), reduced ceramide epidermal
content (Hong et al, 2007) or infective agents (Travers et al, 2000) heralds epidermal
hyperproliferation that could trigger psoriasis in genetic predisposed individuals (Sun et al,
2010; Wolf et al, 2012). Despite the above argument, it is accepted that the induction and
the maintenance of skin inflammation in psoriasis requires a genotypic predisposition and an
interaction between the environment (stress, trauma, microorganisms, drugs) and host’s
skin and immune system (Nestle et al, 2009).

The possibility of a relationship between Malassezia and psoriasis was set in 1982 when
Lober and colleagues (Lober et al, 1982) applied heat killed and sonicated suspension of this
yeast on the lesion-free forearms of psoriatic patients and were able to reproduce psoriatic
lesions, in contrast to the control group and in a higher rate than with the use of S.
epidermidis. The aforementioned observation was further supported by case reports of
Malassezia folliculitis that evolved to psoriatic lesions (Elewski, 1990). Fry (Fry et al, 2007)
claimed that guttate disease exacerbation is linked to colonization of the skin by certain

microorganisms, including Malassezia, Staphylococcus aureus and Candida albicans. Of the
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five main clinical subtypes of psoriasis recognized to date (plaque, guttate, inverse, pustular
and erythrodermic) plaque psoriasis (Figure 17) is the most common form (80-90%) and that
one that has been more consistently associated with Malassezia, followed by guttate
psoriasis (Sandhu et al, 2003). As in AD the association usually refers to psoriasis that
involves the scalp (Van de Kerkhof, 2001; Rosenberg et al, 1989). Improvement of scalp
psoriasis (Farr et al, 1985) or chronic plaque psoriasis (Narang et al, 2004) with the use of
antifungal agents further supports this association.

Pathogenetic mechanisms through which Mallasezia could trigger psoriasis include direct
interaction between the yeast and keratinocytes or immune cells as well as their inbetween
communication. More specifically, Malassezia cells have been shown to act as
chemoattractants for the polumorphonuclear cells (PMNCs) of psoriasis patients in contrast
to PMNCs isolated from healthy controls and AD patients (Bunse and Mahrle, 1996). Mathov
(Mathov et al, 1996) reported two circulating antibodies that recognized the n-
acetyloglycosamine terminals of Malassezia glycoproteins, in the blood of psoriatic patients.
These antibodies were not detected in the sera of healthy subjects or patients with
Malassezia related diseases. Regarding keratinocytes, Baroni (Baroni et al, 1996) reproduced
the upregulated tgf-b1l and hsp70 that characterized psoriatic keratinocytes, after exposing
keratinocytes from psoriasis patients to M. furfur in vitro.

Keratinocytes express TLR 2 and TLR 4 and these receptors are modulated by microbial
components as those of Candida albicans (Pivarsci, 2003). These receptors modify the
immune response of keratinocytes. Accordingly it has been shown that stimulation of
cultured keratinocytes by M. furfur results in the increased expression of TLR2, MyD88, HBD-
2, HBD-3 and IL-8 mRNA (Baroni et al, 2006).

The species that is mainly isolated from psoriasis lesions is M. restricta, followed by M.
globosa (Takahata et al, 2007), however these are the predominant species also in the
lesion-free skin of patients or the healthy controls, pointing towards a more complex
interaction between Malassezia yeasts and the pathogenesis of psoriasis. Along these lines,
using PCR analysis of skin scales it has been shown that the predominant fungal
microorganism of psoriatic patients was Malassezia, exhibiting however differences in the
isolated Mallasezia microbiota between the psoriasis lesions and the skin of healthy
individuals (Paulino et al, 2006). Moreover, Prohic (Prohic et al, 2003), using Dixons culture
mediated methods, claimed to have found significant differences in the distribution of the
predominant species between psoriatic and healthy skin and in the distribution of the

species according to the severity of the psoriatic lesions.
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Figure 17: A patient with typical plaque psoriasis.
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Aryl hydrocarbon receptor (AhR)

Physiology and function

AhR is a ligand activated transcription factor, member of the basic loop-helix-loop family
Per-Arnt-Sim (PAS) of transcriptional regulators. Common characteristic of this family of
receptors is the PAS domain that consists of 260-310 amino acids (Crews et al, 1988) and
includes two highly preserved hydrophobic repeats named PAS-A and PAS-B. These domains
are separated by a variable preserved spacer. Facilitating partner selection during formation
of bHLH-PAS heterodimers (Huang et al, 1993), binding small molecules (Dolwick et al,
1993), and conferring target gene specificity of bHLH-PAS heterodimers are important
functions of these PAS-domains (Zelzer et al, 1997).

Under steady state conditions AhR remains in the cytoplasm in a complex with hsp90, X-
associated protein 2 and p23 (Meyer et al, 1998). These proteins stabilize AhR and prevent
its degradation. Upon ligand binding, AhR complex is transformed and hsp90 leaves the
complex resulting in the exposure of the nuclear localization signal (NLS) (Pollenz et al.
1994). Within the nucleus the AhR-ligand complex is dimerised with aryl nuclear traslocator
(ARNT) and together they form a high affinity transcription factor (Reyes et al, 1992). The N
terminals are dimerised while the C terminals exhibit the transactivation domains. A series
of transcription co-activators like p300, SRC1, pCIP, spl and others assist and regulate gene
promotion (Kobayashi et al, 1997; Nguyen et al, 1999). If AhR fail to dimerise with ARNT or
to bind to DNA then a nuclear export sequence is exposed (NES). NES assists the cytoplasmic
transport of AhR, which is followed by ubiquitination and degradation (Roberts et al, 1999).
The dimer binds, among other targets, to the enhancer of the genes responsible for the
xenobiotics metabolism. These include the innate and delayed xenobiotic response genes
like CyplAl, CyplA2, Cyp1B1 and Gstpl, Gstal, Ugtla2. However, the role of AhR is much
more wide than simply xenobiotic processing, as it can modify basic cell functions, like cell
differentiation or apoptosis (Bock et al, 2009) and consequently more complex, integrating
physiological processes like organogenesis (Wells et al, 2010), estrogen receptors regulation

(Shanle et al, 2011) or the circadian rhythm (Shimba et al, 2009).



56

AhR ligands

The typical AhR ligand is a planar, aromatic, hydrophobic molecule with maximal dimensions
of 14x12x5 A° (Backlund et al, 2004). However, a variety of compounds with characteristics
that diverse significantly from the aforementioned have been described to bind and activate
AhR. This fact is easily exhibited by the different structures of ligands such as carbaryl,
primaquine, brevotoxin and bilirubin (Backlund et al, 2004; Henseler et al, 2009). Alternative
theories regarding the AhR-ligand interaction include (a) the existence of various ligation
positions within the binding pocket of AhR, (b) the ability to activate AhR without interacting
directly with its binding pocket and (c) the ability to activate AhR without binding at all
(Backlund et al, 2003; Fontane et al, 1999).

Exogenous ligands: The majority of these compounds belong to the families of aromatic
hydrocarbons, like polyhalogenated dibenzo-p-dioxins (Figure 18), dibenzofurans and
biphenyls, or in the family of polycyclic aromatic hydrocarbons like 3-methylcholanthrene,
benzo(a)pyrene, benzanthracenes and benzoflavones. Aforementioned substances are
planar, hydrophobic compounds that represent potent agonists for AhR, with binding affinity
in the pM to nM scale (McKinney et al, 1985; Waller et al, 1995).

Recently, a large number of exogenous compounds with impressively different structures
(omeprazole, thiabendazole, guanabenz) from the aforementioned ‘classical’ compounds
were described to activate AhR (Denison et al, 2003). The latterly described compounds, that

in some cases contained only a single unsaturated ring, are usually weak AhR activators.

Cl @) Cl

Cl O Cl

Figure 18: 2,3,7,8-Tetrachlorodibenzo-p-dioxin, a polychlorinated dibenzo-p-dioxin
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Endogenous or naturally occurring ligands: The main source of natural AhR ligands in
humans comes from their diet (Denison et al, 2003). It had been early observed that some
vegetables, fruits or tea could cause induction of Cyplal (Herzog et al, 1992). Later on, the
ability of dietary compounds, such as dibenzoylmethanes (Mac Donald et al, 2001), curcumin
(Ciolino et al, 1998) and carotenoids (Gradelet et al, 1996), to induce DRE genes expression

was confirmed.

Indoles: indolic ligands that have AhR agonist characteristics are tryptophan products that
occur either through biological metabolism or through physicochemical processes (Figure
19). Tryptophan has been reported to be metabolized to indirubin, indigo, tryptamin,
indoleacetic acid as well as other indoles under the function of plant and mammalian
enzymes (Lee et al ,2010). Moreover, yeasts, like Malassezia, and bacteria can also produce
compounds like malassezin or tryptathrin (Patten et al, 1996; Wille et al, 2001; Gaitanis et al,
2008). Additionally, it is known that UV radiation can transform tryptophan to FICZ and that
acidic conditions can convert tryptophan to ICZ (Wei et al, 1999).

Indigo and indirubin, important ingredients of the traditional Chinese medication Danggui
Longhui Wanwith antileukemic activity (Eisenbrand et al, 2004) are potent AhR activators in
mammalian cells. Later indolic compounds have been also found in human urine and in the
concentration of 0,07nM in the fetal bovine serum (Adachi et al 2001). FICZ is currently
considered as a candidate intracellular chemical messenger of the cellular light effects (Wei
et al, 1999) and is thought to mediate the Cyplal upregulation in UV exposed keratinocytes,

Hepa cells and lymphocytes.

ZT

/

Figure 19: Indole is compiled of a benzene ring fused to a pyrrole ring. The molecular
formula for indole is CgH5N.
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Tetrapyroles are compounds that contain four pyrole rings. These rings are connected with
carbon bridges in linear or cyclic way. Due to their ability to form metal complexes they are
particularly important in biological systems. Vitamin B12, chlorophyll and heme are
widespread tetrapyroles. Among the heme breakdown products bilirubin (Figure 20) and
bilverdin were shown to activate AhR (Sinal et al, 1997). Adachi (2001) questioned bilirubin
and other heme products as possible endogenous ligands of the AhR based on their low
blood concentration levels. However, bilrubin, bilverdin and possibly other tetrappyroles are
gaining a role in AhR-mediated antioxidative, atheroprotective (Bock and Kohle, 2010) or
cell signaling functions (Maines, 2003). Bilirubin metabolism occurs through enzymes UGT1
and CYP1A1/2. Both of these enzymes are upregulated through the AhR pathway. Based on
the above, an internal feedback mechanism may be suggested for the AhR activation by

bilirubin (Phelan et al, 1998).

Figure 20: Bilrubin, a metabolic product of the terapyrole heme, is a known AhR agonist

Flavonoids are a family of naturally occurring polyphenolic ingredients of different
vegetables, fruits and beverages as coffee, red wine and tea (Holmann and Katan, 1997).
Different flavonoids have diverse effect on the phase 1 and phase 2 enzymes of xenobiotic
metabolism. Quercetin (Ciolino et al, 1999) upregulates Cyplal expression and activity as
well as does diosmin, diosmetin and chysin (Ciolino et al, 1998). On the contrary, flavone
(Figure 21) (Zhai et al, 1998) acacetin (Dostdar et al, 2000) and galangin (Ciolino et al, 1999)
have a downregulative effect. Corresponding effects have been observed for Cyplbi,
Cyp3a4, Cyp2el but also for phase Il enzymes as are Ugt, Gst (Moon et al, 2006). Activation

of above enzymes might represent an anticarcinogenic flavonoids effect through xenobiotic
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detoxification. Additional anticargenogenic effects might happen from inhibition of enzymes
like aromatase (Cyp19) which dowregulates estrogen biosynthesis and acts as a
sulfotransferase 1A 1nhibitor (Moon et al, 2005). It must however be mentioned that

following oral intake the bioavailability of flavonoids is relatively low (Scalbert et al, 2000).

Figure 21: Molecular structure of flavones central skeleton.

Arachidonic acid metabolites: The ability of lipoxinA4, a lipoxygenase product of arachidonic
acid and several prostaglandins [most notably prostaglandin E2 (Figure 22) (Seidel et al,
2001)] to induce AhR-dependent gene expression supports the hypothesis that the
aforementioned metabolites are AhR ligands. Except from PG2 several other prostaglandins
(PGA3, PGB3, PGD3, PGE3, PGF3a, PGG2, PGH1, PGH2, PGK2) can activate the AhR pathway
and induce AhR dependent genes transcription in mouse hepatome cell lines (Seidel et al,
2001; Denisson and Nagy, 2003). Nevertheless, much higher molar concentrations were

needed to achieve results comparable to TCDD.
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Figure 22: Prostaglandin E2 is a weak AhR agonist
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Additionally AhR activation has been proved for other dietary compounds such as certain
carotenoids (canthxanthin, astaxanthin, apo-8-carotinal) (Figure 23) but not all since others
(lutein, b caroten, vitamin A) did not induce Cyplal or Cypla2 expression (Astorg et al,
1994). In 1995 (Vecchiniet al, 1995) proved that phase | and phase Il enzymes are induced in
cultured human keratinocytes after exposure to retinoic acid. Additionally he proved the
existence of retinoic responsive elements in the promoter of Cyplal. On the other hand,
AhR activation has established effects on retinoic acid synthesis, catabolism, transportation
and excretion (Murphy et al, 2007). In the organism carotenoids are cleaved in retinol and
retinoids, with the last possessing proven interactions with the AhR signaling pathway.

AhR pathway has an emerging role in the pathogenesis of cardiovascular diseases (Puga,
2011). Most of the data so far that implicates AhR in atherosclerosis and foam cells
formation has been achieved with the use of exogenous ligands. (Vogel et al, 2004). Recently
various oxysterols were tested for their AhR activation capacity. Among the tested steroles,
7-ketocholesterol was able to inhibit TCDD binding in AhR (figure 24). The aforementioned
effect was observed in concentrations of 7 ketosterol that could occur in vivo (Savouret et al,

2001).

Canthanxanthin

HO
T-ketocholesterol

Figure 23: Molecular types of canthanxanthin and 7-ketocholesteroll, potential AhR
endogenous activators.
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Skin immune system

Skin is the primary barrier between the environment and the human organism, providing the
first defense line against pathogens and physical insults. Due to its exposed localization and
its relatively large size, skin immunosurveillance can be really challenging for the organism.

The human skin is divided in three compartments: the hypodermis, the dermis and the
epidermis. Epidermis provides a barrier against dehydration and toxic agents and is
composed from stratum basale, stratum spinosum, stratum granulosum and stratum
corneum. The aforementioned layers consist of keratinocytes that differentiate as they
move in the upper layers until they become corneocytes. Additional specialized ‘symbiotic’
cells in the epidermis are melanocytes, Langerhans cells (LCs) and T cells. Dermis on the
other hand consists mainly of connective tissue and provides tensile strength and elasticity.

The major cell types in the dermis are fibroblasts, adipocytes and macrophages.

Keratinocytes (KCs) are equipped with receptors that recognize pathogen-associated
molecular patterns. These receptors are located either in the cell membrane (like most Toll
like receptors) or in the cytoplasm, like Nod-like receptors. TLR 1-6 and 9, known to be
expressed in KCs, (Kawai et al 2002) can be activated by ligands like lipopolysacharites (LPS),
double stranded RNA etc. (Kawai et al, 2002; Dai et al, 2006; Miller et al, 2005). Likewise,
Nod like receptors sense non-microbial insults resulting in proinflammatory signaling
through inflammasome activation (Martinon, 2009).

Additionally, keratinocytes are able to produce antimicrobial peptides such as b-defencin
and cathelicidins (Schroder et al, 2010) acting as innate immune mediators. In addition to
antimicrobial peptides keratinocytes secrete, either steadily or after induction, numerous
cytokines, including IL-1, IL-6, IL-10, IL-18, tumor necrosis factor (TNF) (Nozaki et al, 1992)
and chemokines, like CXCL1 and CXCL8. Deregulation in the expression of these cytokines is
considered, at least partly, responsible for the pathogenesis of psoriasis (Sabat et al, 2007).
Finally KCs are known to express major histocompability complex (MHC) antigens, which are
upregulated in many skin disorders characterized by T cell infiltration (Nickoloff, 1993), a fact
indicating that they can also function as non-professional antigen presenting cells.
Langerhans cells (LCs) are the main dendritic cells of the epidermis and among the first to

come into contact with microbial antigens that enter the epidermis. These cells take in and
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process antigens that flowingly present to T cells (Hunger et al, 2004), inducing their
differentiation into Th2 cells (Klechevsky et al, 2008). However, in spite of their almost
invariable presence in healthy and also diseased skin LCs are not the exclusive antigen-
presenting cell type. For example, antigen presentation and initiation of immunological
responses against cytolytic viruses is primarily executed in the skin by langerin‘cd103* DCs
(Zhao et al, 2003). On the other hand, additional data show that LCs can act as mediators of
tolerance in the skin since their absence resulted in enhancement of contact hypersensitivity
(Kaplan et al 2008).

An additional immune cell population of the epidermis is the inflammatory dendritic
epidermal cells (iDECs). Their main characteristic is the presence of CD206 receptor, an
indication of monocytic origin. Although they are found in the epidermis, it has been
suggested that they can populate both dermis and epidermis (Guttman et al, 2007). These
cells overexpress Fc receptor which enables them to bind IgE allergens (Bieber, 2007).
Dermal DCs (DDCs) are characterized by the expression of the surface MHC-like antigen
presenting molecules Blood DC antigen—1 (BDCA-1) as well as the expression of C-type
lectins, such as the pathogen sensor DC-specific ICAM-grabbing nonintegrin (DC-SIGN or
CD209) and DEC205 (also known as CD205) (Nestle and Nickoloff, 2007). In the past dermal
DCs were divided into three subsets: BDCA-1'CD1a*CD14  and BDCA-1'CDla CD14 DDCs
that have strong antigen-presenting ability and BDCA-1"CD1a CD14" DDCs that have limited
antigen-presenting capacity but could, under certain conditions, develop into CD1a" and
Langerin® LC receptors (Nestle et al, 1993). To these categories a subset of proinflammatory
DCs, Tnf-iNos producing (Tip DCs), was added later (Serbina, 2003). Another addition is the
type | interferon producing plasmatoyid DCs (pDCs) that accumulate in the skin under
chronic inflammation conditions such as psoriasis and lupus erythematosus (Wollenberg et
al, 2002).

Skin macrophages are characterized by the presence of the factor Xllla, a factor better
known from the coagulation process. However, it is also a tissue transglutaminase
participating in wound healing (Nickoloff, 1993). Moreover, they are expressing CD163
receptor, a scavenger receptor that is uniformly co-expressed with Xllla (Zaba et al, 2007).
These cells cannot stimulate T-cells but they demonstrate high phagocytosis capacity (Zampa
et al, 2003).

The number of T cells in the skin of healthy individuals is twice the number of T cells in blood
(Clark et al, 2006). Epidermal T cells are mostly of the CD8" ab memory cell phenotype (Bos

et al, 1987) and are usually located in the basal layers in rather close spatial relationship to
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the LCs. In the dermis CD4" and CD8" T cells exist equally, usually around post-capillary
venules (Bos et al, 1993). During inflammatory skin conditions CD4" cells may be of Th1, Th2
or Thl7 phenotypes, while also Th22 cells have been recently identified in the skin of
patients with atopic dermatitis (Nograles et al, 2009). y6 T cells and NK T cells are the less
conventional T cells subpopulation of the skin since they constitute no more than 2-9 % of
skin’s T cells (Nestle, 2009). It is lately believed that resident T cells, rather than recruited
ones, play the main role in the skin’s immune homeostasis and pathology (Boyman et al,

2007).



64

Malassezia interactions with the skin immune system

The dual role of Malassezia, as a commensal and a pathogen supports the hypothesis of a
complicate interaction with the skin’s immune system. Consequently, it is speculated that
Malassezia yeasts can upregulate or downregulate the immune response through not yet
fully clarified mechanisms. One of the first attempts to demonstrate Malassezia's capacity to
modulate the function of the immune system was undertaken by Takahashi (Takahashi et al,
1984; Takahashi et al, 1986). In the above studies injection of Malassezia in mice resulted in
the protection against Salmonella enterica infection or against challenge with tumor cells
lines.

Malassezia is capable of activating both the classical and the alternative pathways of the
complement system (Sohnle et al, 1983). Complement activation has been related to various
dermatoses including psoriasis (Tagami et al, 1992). The molecule responsible for this
activation has not yet been clarified although it is speculated that b-glycan in the cell wall
may be the one involved (Suzuki, 1998).

Apart from the complement several antimicrobial peptides like LL-37 are present in the skin.
LL-37, which is elevated in skin diseases like pityriasis vercicolor (PV), was found to be
effective against Malassezia (Lopez et al, 2006). HBD -22 is another antimicrobial peptide
that was secreted from keratinocytes that were treated with Malassezia furfur
(Donnarumma et al, 2004). Finally, transferrin secreted in the human skin has also
demonstrable inhibitory effects in the growth of Malassezia yeasts (Bond et al, 2005).
Regarding the cellular response against these yeasts, it was shown that although they are
rapidly phagocytized from neutrophils, intracellular killing is quite inefficient (Richardson et
al, 1991). The binding of Malassezia and monocytic cells is mediated from the mannose
receptors, b-glycan receptors and complement receptor 3 (Bunse et al, 1996). The main
inflammatory cells found in lesions of PV are T cells positive for the antileu 3a, i.e. of a helper
inducer phenotype, while cells expressing the suppressor/cytotoxic phenotype are more rare
(Scheynious et al, 1984). Moreover, Brasch (Brash et al, 1993) demonstrated that
accumulation of Langerhans cells in pityriasis versicolor lesions is common, yet usually
without CD4 expression.

In the case of seborrheic dermatitis the predominant infiltrating cell species are CD4" T cells.
Faegermann (Faegermann et al, 2001), who also compared the local tissue inflammatory cell

populations between SD lesions and healthy skin, described a dense infiltrate of
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lymphocytes, macrophages, monocytes, Langerhans cells and a few granulocytes in the
biopsies from the lesions. With the exception of CD68 all cellular markers examined (CD4,
CD8, HLA-DR, NK1, CD16, CD54) showed an increased cellular staining in seborrheic
dermatitis when compared with healthy controls. A high number of HLA-DR1, NK11 and
CD161 cells were also found.

The lesion inflammatory cell infiltrate has been also characterized in Malassezia-folliculitis.
When inflammation is contained, in the absence of follicular rupture lymphocytes are the
main cell type in these lesions. Once the follicle ruptures, the infiltrate is more extensive and
also includes macrophages, eosinophils and plasma cells (Potter et al, 1973).

Co-culture of Malassezia species with keratinocytes demonstrated significant changes in the
KCs cytokine production profile. The results varied between researchers depending on the
studied Malassezia species, the ratio between the number of microorganisms and KCs and
further conditions of the co-culture. For example Baroni et al (2001) found that M. furfur
may have significant immunological effects on the skin by concurrently limiting the secretion
of IL1a, TNFa and IL6 and increasing the secretion of IL10 and TGFb1 by KCs. On the other
hand, Watanabe (Watanabe et al, 2001), found that M. furfur did not stimulated the
production of the studied cytokines (IL1b, IL6, IL8, TNFa and MCP). In contrast the rest tested
Malassezia species (M. pachydermatis, M. slooffiae, M. sympodialis) increased the
production of IL1b, IL6, IL8 and TNFa. When cellular immune responses against M. furfur
were measured using the lymphocyte transformation assay (LT) and the leucocyte migration
inhibition assay (LMI), no significant differences between seborrheic dermatitis patients and
healthy controls were found (Bergbrant et al, 1999). In contrast the same research revealed
a significantly lower response against M. furfur in patients with pitysiasis vercicolor.
However, since SD is very common in patients with cellular immunity deficiencies like AIDS
(Chatzikokkinou et al, 2008) or transplanted patients (Odom, 1994) and despite Bergbrant’s
observations other researchers anticipate that the impaired cellular immunity facilitates the

fungi survival on the skin (Prohic et al, 2010).
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Introduction and Aim of the Study

Aim of the present Thesis was to investigate the mechanisms at the level of yeast-skin
interaction through which the genus Malassezia acquires its clinical significance. Although
the association of Malassezia to pityriasis versicolor (PV) and to a lesser degree to
seborrheic dermatitis (SD) is well established in the literature and the pathobiological link
between the growth of these fungi on the skin and the pathogenesis of the corresponding
diseases is of great scientific interest, the details of the aforementioned interactions at the
tissue level remain still quite obscure. Thus, in order to contribute in the aforementioned
details exposing we experimentally assessed the following: a) Identification and typing of
Malassezia species isolated from SD patients and their family members b) The production of
lipolytitic enzymes by Malassezia strains isolated from SD patients and healthy volunteers c)
The in vitro effect of indolic compounds produced by SD associated Malassezia strains on

dendritic cells (DC).

Family distribution of Malassezia strains

Different epidemiological studies resulted in conflicting data regarding the existence of a
predominant Malassezia species on human skin surface, depending on the isolation
methods and the host population. Interestingly host’s geographical origins as well as the
underlying skin’s condition were related to isolated Malassezias (M. furfur) genome. More
specifically, when M. furfur strains were isolated from Scandinavians permanently residing in
Greece, Greek controls, Bulgarians and Chinese, all either healthy or suffering from SD or
pityriasis vercicolor, it was shown that Scandinavian, Greek and Bulgarian strains formed
distinct genetic clusters (Gaitanis et al, 2009). Above data provided initial evidence for an
association with the host's geographic origin and the underlying skin disease. This
geographic association was also shown for an M. furfur strain isolated from a male Dutch SD
patient who had been living in China for 5 years. The internal transcribed spacer sequences
of the isolated M. furfur strain were identical to the reference CBS7982 strain isolated from a

European healthy individual (Ran et al, 2008).
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In @ more recent study from China (He et al, 2008) 21% of the patients with pityriasis
versicolor (PV) had a positive family history for this disease. Moreover, the prevalence of this
skin disease among the first degree relatives of the patients was 5.3% in contrast to the
1.23% of the control group. Heritability, according to Falconers method (Emery, 1986), in the
first degree relatives was estimated at 48%. However, none of the spouses of the 191 cases
studied had PV.

Recently Paulino (Paulino et al, 2008) compared the Malassezia microbiota between
psoriatic lesions and healthy skin. Although no significant differences were substantiated
they found that the strains correlated more with the host than with disease state.

Family members usually share a common living space and also a genetic background. One
scope of this study was to examine the distribution of Malassezia species within families

with at least one member being a seborrheic dermatitis patient.

Phospholipase production and correlation to epidemiological data

As mentioned above, Malassezia yeast (with the exception of M. pachydermatis) require
lipids in their culture medium in order to by-pass their inability to synthesize long-chain fatty
acids (Porro et al, 1976; Juntachai et al, 2009). The yeasts acquire in vivo their prerequisite
lipids through the production of an array of lipolytic enzymes that hydrolyze lipids of sebum
(Juntachai et al, 2009). Among these, also enzymes with phospholipase activity have been
characterized (Riciputo et al, 1996; Juntachai et al, 2009). Lipase production is a well-
established biological trait both in yeasts and molds like Candida albicans (Meyser et al,
1996; lbrahim et al, 1995), Cryptococcus neoformans (Chen et al, 1997), Aspergilus
fumigatus (Ghanoum et al, 1998) and Rhodotorula rubra (Mayser et al, 1996). To date
extensive studies have been performed, regarding the significance of Candida’s
phospholipase for human disease pathogenesis. Dagdeviren (Dagdeviren et al, 2005) verified
phospholipase production only in Candida strains that caused bloodstream infections in
contrast to non-blood isolates. Barrett-Bee (Barrett-Bee et al, 1985) found a positive
correlation between the phospholipase activity of Candida albicans, its ability to adhere to
buccal epithelial cells and its pathogenicity in mice (increased mortality after IV injection).
When virulence of phospholipase |b deficient Candida albicans strains was compared to wild

type, employing their respective ability to penetrate endothelia and epithelial cell
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monolayers in vitro (Leidich et al, 1998), a significantly attenuated penetrating ability of the
former was recorded. Accordingly, supernatant from wild-type C. albicans culture was twice
more efficient in causing cell damage to epithelial cells (Ghannoum, 2000) than that of the
phospholipase Ib deficient cultures. Finally, Mukherjee (Mukherjee et al, 2001) provided
data from an in vivo mouse model according to which phospholipase producing Candida
albicans strains penetrated deeper into the gastric mucosa when compared to

phospholipase-deficient strains.

To date in the genus Malassezia the production of lipolytic enzymes has been studied for the
species M. pachydermatis, which is mostly isolated from animals and it is not strictly
lipophilic (Cafarchia et al, 2004). M. pachydermatis strains, isolated from skin lesions of
Malassezia dermatitis in dogs, were secreting higher amounts of phospholipase than strains
that were isolated from healthy canine skin (Cafarchia et al, 2008). Interestingly, two
different genotypes were correlated with the aforementioned skin disease and the
phospholipase production ability. Recent data implies a relationship between endogenous
opioid peptides (endorphins) and lipolytic enzyme production by M. pachydermatis
(Cafarchia et al, 2010). Moreover, the same data suggests that the presence of p-opioid
receptor on the cell membrane of M. pachydermatis, isolated from dogs, is linked to the
phospholipase production of the yeast. Concerning the anthropophilic Malassezia species,
phospholipase production has been observed in M. furfur (Riciputo et al, 1996), but the
involvement of this enzyme in the development of human skin disease is still under
investigation. However, the extracellular location of these enzymes in M. globosa has been

confirmed with proteomics approach (Xu et al, 2007).

Human skin has the ability to express pro-opiomelanocortin, the precursor of b-endorphin
(Milington, 2006). Given that increased concentration of b-endorphin found in skin lesions of
different diseases, such as psoriasis (Glinksi et al, 1994) and atopic dermatitis (Glinski et al,
1995), an interaction between Malassezia yeasts and endorphin, as suggested from animal
studies (Cafarchia et al, 2007; 2010), could be possible. More specifically, Cafarchia proved
that b endorphin stimulation could affect in vitro the number of phospholipase producing
Malassezia pachydermatis strains and the amount of the produced enzyme. In accordance,
phospholipase production by M. pachydermatis isolates has been proposed as a candidate
virulence factor in animals but relevant data is missing in humans. Thus, an additional aim
of the present Thesis was to investigate the ability of the isolated Malassezia strains in the
epidemiological part of the study to produce in vitro phospholipase and also to evaluate

the modification of the lipolytic activity after b- endorphin stimulation.
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Indolic compounds and their role in inflammation

Gaitanis (Gaitanis et al 2008) recognized that Malassezia furfur isolates that originated from
SD patients (SD lesional skin) were characterized by their capacity to produce increased
quantities of the potent AhR ligands indole-3,2B-carbazole (ICZ) and malassezin. Meanwhile,
it has been shown that almost all currently known Malassezia species can synthesize in vitro
variable quantities of potent indolic AhR ligands such as indirubin, formyl-indole-3,2pB-
carbazole and tryptanthrin (Giakoumaki et al, 2008; Magiatis et al, 2010), when their culture
medium contains L-tryptophan as the exclusive nitrogen source. Importantly, the
aforementioned Malassezia derived indolic AhR ligands have been associated with diverse
clinical phenomena observed in the course of Malassezia-associated skin diseases: the
absence of inflammation in PV or, on the contrary, the induction of distinct inflammation
and epidermal hyperproliferation in seborrheic dermatitis (Gaitanis et al, 2008; Mayser and
Gaitanis, 2010). The above facts underscore the significance of this biosynthetic pathway as
a candidate virulence factor of this yeast species.

AhR is a cytosolic transcription factor (Bock et al, 1994). Under steady state conditions it
remains in the cytoplasm in an inactive state in association with molecular chaperones as are
hsp90, AIP and p23 (Esser C, 2009; lkuta et al, 2009). AhR ligand binding is followed by AhR
translocation into the nucleus and a dimer formation with Aryl hydrocarbon nuclear
translocator (ARNT). Here upon the dimer binds to xenobiotic responsive elements flanking
the 5’ end of genes and modifies their transcription (lkuta et al, 2009). AhR activation, DNA
binding, gene modulation and the subsequent down-stream effects are known to be ligand,
cell type and tissue specific (Prochazkova et al, 2011, Esser C, 2009). AhR has multiple roles
in skin physiology participating in wound healing (lkuta et al, 2009), stress response to UVB
(Fritche et al, 2007) cell cycling (Ray and Swanson, 2009; Knockaert et al, 2004), modification
of the inflammatory response to immune signals (Kerkvliet, 2009; Bankoti et al, 2010) and
melanogenesis (Luecke et al, 2010). Currently, the assessment of the expression of Cyplal
and Cyplbl is broadly used for the quantification of AhR activation state (Schmidt and
Bradfield, 1996).

Dendritic cells (DCs) are crucial immune sentinels in all body organs, including skin as they
connect innate and adaptive immunity. In the skin they appear both in the epidermis and in
the dermis and their function consist of recognition, phagocytosis and subsequent

presentation of antigens to T cells, which results to their activation (Kaplan, 2010). In the
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epidermis DCs present either as inflammatory epidermal DCs or Langerhans cells (Toebak et
al, 2009; Nestle et al, 2009). Dermal inflammatory DCs are of monocytic origin while
emerging evidence supports the same derivation for steady state dermal and inflammatory
epidermal DCs (Nestle et al, 2009; Lopez-Bravo et al, 2008; Leon and Ardavin, 2008). When
“danger” is sensed via DCs pattern recognition receptors (PRRs) they start a cellular process
called maturation. During maturation they start to produce pro-inflammatory cytokines and
upregulate costimulatory molecules such as CD80, CD86, CD83 and MHC class Il. Afterwards,
maturing DCs can migrate to secondary lymphoid organs where they activate (naive) T cells.
Recently, it was shown that activation of AhR modifies the differentiation and the response
to inflammatory stimuli of Langerhans cells and DCs (Bankoti et al, 2010; Simones and
Shepherd, 2011; Platzer et al, 2009). In the majority of these studies the synthetic exogenous
AhR ligand 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) has been employed (Prochazkova et
al, 2011; Kerkvliet N, 2009; Bankoti et al, 2010) and due to that, the downstream cellular
effects noted might diverge from physiological responses, since TCDD is metabolized
extremely slowly. On the contrary, Malassezia-synthesized indoles are naturally occurring
ligands and indirubin has even been suggested as an endogenous AhR ligand (Adachi et al,
2004; Prochazkova et al, 2011). The effect of these ligands on DCs has not been studied up
to now. Based to the aforementioned data, in the present Thesis we also screened
selected AhR ligands that are produced by Malassezia yeasts for their capacity to induce
the AhR pathway in monocyte derived dendritic cells (moDCs) as measured by Cyplal and
Cyp1b1 activation. Moreover we examined the modifying effect of these ligands in the
phenotype of the dendritic cells, in their capacity to produce and secrete mediators of

inflammation and in their ability to stimulate T cell proliferation.
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Materials and methods

Isolation and cultivation of Malassezia species.

Hospital Ethics Committee permission was granted and from August 2008 to July 2009 a
total of 84 volunteers (mean age 43) either with SD (N= 43) or healthy controls (N=41) were
included in this study. The SD patients were consecutive patients recruited in the outpatient
clinic of the Dermatology Department of the University Hospital of loannina, while the
healthy controls included first degree relatives (27 families) who consented to participate in
the study as well as patients that visited the outpatients clinics with conditions unrelated to
SD or other inflammatory dermatoses (n=3). Eleven reference strains (CBS 6001 M. furfur,
CBS 9558 M. nana, CBS 7876 M. obtusa, CBS 1879 M. pachydermatis, CBS 7966 M. globosa,
CBS 9726 M. yametoensis, CBS 10434 M. caprae, CBS 9170 M. dermatis, CBS 9432 M.
japonica, CBS 7956 M. slooffiae, CBS 7272 M. sympodialis) were also included in the study.
According to clinical presentation SD lesions were categorized as mild, moderate and severe
and skin scales were sampled employing a sterile blade and transferring the scales in the
laboratory into Petri dishes, as previously described (Gaitanis et al, 2006). The sampled area
was determined by the predilection localization of the lesions and in most cases was scalp,
face or sternum, anatomical areas that are favored by SD. In lesional fields, where scales
were available, they were preferably removed with a scraper for Malassezia isolation. In
addition, part of the scales was stained with Parker’s ink in order to directly confirm the
presence of the yeast-like form of the fungus under the microscope (magnification x400). In
healthy controls, samples were taken with a sterile swab moistened in phosphate buffered
saline, which was rubbed in an area delineated by a 2cm diameter sterile ring for 30sec. Both
the swabs and sampled skin scales were inoculated in 9cm Petri dishes in modified Dixon’s
agar (6% yeast extract, 0.6% mycological peptone, 1% agar noble, 1. 2% bile salts, 1% Tween
40, 0.2% glycerol all from Sigma-Aldrich, Germany) and were incubated for two weeks at
32°C degrees. The dishes were examined every 2 days for growth of Malassezia colonies. As
sampling was not quantitative, no colony-forming units were counted. Stereoscopic
evaluation of cultures was performed and phenotypically different colonies were

subcultured for 1 week in modified Dixon’s medium without antibiotics in order to maximize
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growth. Accordingly, the morphologic characteristics of the growing colonies and
conventional taxonomic techniques (Gueho et al, 1996) were used in order to differentiate

between species.

Identification of Malassezia species

Both conventional (Gueho et al, 1996; Boekhout et al, 2010) and molecular techniques
(Gaitanis et al 2002; Gaitanis et al, 2006) were combined to optimize the identification of the
isolated strains at species level. Initial identification was made with conventional methods

and the results were subsequently confirmed with molecular methods.

a) Confirmation of lipid dependency: The strains were transferred in Sabouraud dextrose
agar (peptone 10g/L, dextrose 20g/L, agar 17g/L Fluca 84086, Germany), a medium lacking
the essential for the growth of the lipophilic species oleic acid. This step discriminates M.
pachydermatis, which is able to grow on a non-lipid medium, but is also helpful for
distinguishing between fungi of the genus Malassezia and other, non-lipophilic yeasts that

may present with similar macro- and micromorphological characteristics.

b) Catalase reaction: Catalase is a tetrameric protein of four polypeptide chains, each over
500 amino acids long. It contains four heme (iron) groups that allow the enzyme to react
with hydrogen peroxide, and split it into water and oxygen (Chelikani et al, 2004) (Figure 24).
A small quantity of yeast biomass was transferred onto a glass slide and was exposed to a
drop of H,0, 30% (Singma-Aldrich H3410, Germany). If the strain was able to produce
catalase, hydrogen peroxide was hydrolyzed to water and oxygen, reaction that was
evidenced as formation of bubbles. Catalase reaction is positive for all Malassezia species

except M. restricta.
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CATALASE
2H,0, ———» 2H,0 + O,

Figure 24: Catalase hydrolyses H,0, to water and oxygen. Oxygen is readily liberated and this

is evidenced as sample effervescence.

¢) Tween assimilation: Gueho (Gueho et al, 1996) introduced an identification technique for
Malassezia species based on their ability to assimilate different lipid sources. A simplified
modification of this technique was used for the conventional identification of Malassezia
species (Guillot et al, 1996. Identification of Malassezia species: A practical approach). A
loopful of the strain to be identified was inoculated in 5ml of distilled and sterile water and
the clumps of the yeast were dispersed by short vortexing. 2 ml of the above suspension
were mixed with 16ml of Sabouraud dextrose agar and were plated on a 9cm diameter petri
dish. After the medium had solidified, 4 wells were opened symmetrically with a 5mm cork
borer and in these wells 5ul of either Tween 20, 40, 80 (P2287, P1504, P4780 all Sigma,
Germany) or Cremophor-el (Sigma S5135, Germany) was injected. This step was followed by
7 days incubation at 32 °C.

M. furfur can grow assimilating all 4 lipids. M. slooffiae and M. dermatis can assimilate all
Tweens but not Cremophor-El, while M. globosa and M. obtusa can use Tween 40 and to
some degree Tween 20 displaying a faint ring of growth after a few days. M. sympodialis can
assimilate Tween 40 and 80 and partially Tween 20. Species identification is based on above

phenotypic results (Figure 25).
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d) Esculin test: This test complements Tween assimilation in order to facilitate the
distinction between M. dermatis and M. slooffiae and between M. globosa and M. obtusa
that provide the same phenotype in the Tween assessment.

The test is based on the production of b glucuronidase by some species, which can convert
esculin to esculetin and glucose, releasing in this way dissolvable ferum ions that convert the
color of the growth medium to black (Kerr and Levy, 1947; Hale et al, 1911) (Figure 26). The
strain under investigation is inoculated and incubated at 25 °C for 2-5 days. M. furfur and M.

globosa do not split esculin to esculetin in contrast to M. obtusa, M. dermatis and M.

sympodialis.

Figure 26: The release of iron ions by Malassezia species that possess b glucuronidase turns
the medium’s color to black. Vial A: Positive esculin test. The medium has turned into black
after inoculation of a loopful of a M. sympodialis strain. Vial B: Negative esculin test. The
medium has not changed in color after inoculation of a loopful of M. globosa culture. Both
tubes were incubated at 32°C for 5 days.
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DNA Isolation- PCR RFLP

DNA identification was performed as previously described (Gaitanis et al, 2002; Gaitanis et
al, 2006) employing automated DNA extraction (Maxwell 16, Promega, Madison, WI, USA)
(Gaitanis et al, 2009). The sample was subsequently spectrophotometrically adjusted at
250ul/ml concentration of and was used in the PCR reaction.

The 50 pl of the PCR master mix contained 6 pl MgCl, (25 uM), 10 pl Mg**-free buffer
(100mM Tris—HCI, 500mM KCI and 1% Triton-X), 2.5U Taq Polymerase (Promega, Madison,
WI, USA), 0.04 mM of each dNTP (CLONTECH, Palo Alto, CA, USA), and 5ul of template DNA.
The PCR reactions were performed in a PCR thermocycler (Robocycler, Gradient 40,
Stratagene, USA) at 30 repetitions of the cycle: 1min at 95 °C, 1min at 55 °C, and 90 s at 72
°C. The final cycle comprised of 1 min at 95 °C, 1min at 55 °C and 5 min at 72 °C.

The universal fungal ITS 3 (5- GCATCGATGAAGAACG CAGC-3’) and ITS 4 (5'-
TCCTCCGCTTATTGAT ATGC-3’) (INTERACTIVA Biotechnologie GmbH, Ulm, Germany) primers
(Interactiva, GmbH, Germany) were used for the amplification of Malassezia species

sequences (White et al, 1990) (Figure 27).

IT33
—
-h
ms 4

Figure 27: Structure of the fungal rRNA gene. Arrows schematically represent the binding
positions of the ITS 3 and ITS 4 primers. ITS: Internal Transcribed Spacer

When the primer set ITS3/ITS4 was used, the amplified ITS 2 region differentiated three
groups of Malassezia species within the 11 species. M. obtusa, M. pachydermatis, M.
japonica and M. furfur comprised the first group, M. globosa, M. restricta, M. slooffiae and
M.yamatoensis comprised the second group and M. nana, M. sympodialis and M. dermatis
the third. However, as was previously described by Gaitanis (Gaitanis et al, 2006), with the
use of three restriction enzymes Alul, Banl and MspAl (New England Biolabs, Beverly, MA,
USA) different restriction profiles were recognized for each of the 11 species (Gaitanis et al,

2006) (Table 6).
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The PCR products and the corresponding restriction fragments were submitted to
electrophoresis in 6% 29:1 acrylamide:bis-acrylamide non-denaturating gel at 180 V for 3 h
and 30 min or, alternatively, in 10 cm long 4% standard agarose gels at 100 V for 4 h. The
gels were stained with ethidium bromide (2,5-3%) and visualized under UV illumination

(Herolab,EASY, Weisloch, Germany).
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Table 6: Identification of Malassezia species based in the RFLP analysis of the ITS 2 region of

the ribosomal DNA of Malassezia yeasts (Gaitanis et al, 2006)

Malassezia species (total
Group p ( . ITS 3/4 PCR product (bp) Alul Banl Mspal
n=120)
388, 168
I . furfur (n =35 557 308, 251 525,32
HFRS"
I 1. ohtusg {n= 2} 554 NRs2 386, 158 NRS
o 153, 198,
I . joponica (n= 2) 51E 304, 134 a8, 30
146
I 1. pochy dermatis = 10) 529 113, 117 MRS age, 30
I 1. sloaffioe (n =4) 505 385, 120 MRS 472,33
I 1. globosg [n = 15) 177 224, 16, 240 MRS 447, 30
I I restricta {n =3) 463 NRS 186,277  |ja3z, 31
1l . yomatoensis (n= 1} AT0 MRS NRS NRS
1l 1. sympodialis [n = a4) 120 NRS MRS 251, 108,30
g 183, B5, 109,
Il . dermatis (0 = 3) 116 NRS s | e
1 1. nona(n=1) 125 NRS 1E8, 240 286, 110,32
Malassezia type, reference and clinical strains of 11 Malassezio species tested for actual nuckeotide
polymorphisms in the M5 2 amplified region by RFLP analysis The lengths reported (in base pairs) are
approximate assmall intraspecies variations exist.
b: NRS-no restriction site.
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PCR fingerprinting (STR-PCR)

M. furfur further was genotyped to subtypes with the use of PCR fingerprinting methods and
more specifically short tandem repeat (STR) — PCR. The mini satellite — specific core
sequence of the wild type phage M-13 (5-GAGGGTGGCGGTTCT-3) was used as primer. The
technique was performed as described previously (Gaitanis et al, 2009). PCR master mix
comprised from 2 ml MgCI2 (25mM), 2.5 ml MgCl2-freestorage buffer B (Promega), 1.5 uM
Tag Polymerase (Promega), 0.015mM of each dNTP (HT Biotechnology, Cambridge, UK), 50
pmol of the M13primer and 200-250 ng of template DNA. The PCR reaction consisted of 1
initial denaturation cycle (5 min; 94 °C) and 45 amplification cycles (1 min; 94 °C, 1 min; 42 °C
and 2 min; 72 °C) and was performed in a Techgene Technethermal cycler (Stone
Staffordshire, UK). PCR products were electrophoresed in 4—6% 29:1 acrylimide/bis-
acrylimidestacking gels for 3.5 h at 180V, stained with ethidium bromide and visualized with
UV (Herolab, E.A.S.Y., Weisloch, Germany).

The dendrogram was created with Bionumerics Software Version 4 (Bio-Maths, Bilthoven,
Belgium; Figure 19) using the Dice Coefficient of similarity and cluster analysis with the
unweighted pair-group method, the arithmetic averages (UPGMA), 1.00% position tolerance

and no optimization in order to obtain the greatest variation in similarity.
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Assessment of phospholipase production

Phospholipase production by the Type, reference and clinical strains was assessed using the
egg-yolk plate method (Samarayanake et al, 1984; Mayser et al, 1996; Riciputo et al, 1996).
Before inoculation into the egg-yolk agar, all strains were initially incubated in Dixon’s agar
for 1 week at 32°C and subsequently a loopfull of the strains was inoculated into Dixon’s
agar, or b-endorphin (human b-endorphin, Sigma, Saint Louis) containing Dixon’s agar at
1nM and 100nM. Dixon’s and egg yolk agar were prepared as previously described (Gaitanis
et al, 2006; Riciputo et al, 1996.) After 4 days, 3 individual colonies of each strain were
picked and transferred to the egg-yolk agar [6.7 g nitrogen yeast base, 5 g glucose, 0.15 g
asparagine, 0.1 g yeast extract, 3.75 g glycine, 0.55 g CaCl,, 58 g NaCl, 0.1 g KNO3, 0.06 g
FeSQO,, 12 g % agar noble and 80 ml egg yolk emulsion, all diluted in 1 | of distilled water
(Sigma Aldrich, Germany)] and were incubated for 9 days (best time point after titration
regarding the amount of secreted enzymes) at 32° C. Due to the poor growth in the egg-yolk
medium, it was not possible to inoculate an equivalent amount of Malassezia cells in the
egg-yolk medium, as described for E-test evaluation (Cafarchia et al, 2004) and equivalent
yeast-biomass was transferred by picking 2 mm diameter colonies. In each egg-yolk plate 4
colonies of the strains tested were inoculated and experiments were individually performed
3 times. In order to attest if phospholipase activity was restricted within the boundaries of
the cultures and no visible precipitate extending outside the borders of the colony could be
visualized, the colonies were removed and when precipitate was observed by naked eye
underneath the colony phospholipase production was recorded as positive. For the semi-
quantitative evaluation of the phospholipase activity of individual colonies the ratio of the
colony to the precipitate diameter was used. In that way the greater the phospholipase
production the smaller the absolute value of the ratio (Figure 28). The impact of endorphin
exposure on phospholipase activity in dependence to (a) the different Malassezia species
and (b) the origin of the isolates from healthy or SD lesional skin was inferred employing the
Wilcoxon sign test for paired data, the x*- test and multinomial regression analysis, all

calculated using the SPSS for Windows 17.0 statistical package.
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Figure 28: Precipitation zone around colonies of the M. furfur isolate UOI 35 after growth in
egg-yolk agar for 9 days at 32 °C. The ratio (R) of the colony diameter (A) to the precipitation
diameter (B) was considered as indicative of phospholipase activity. In that way the greater
the phospholipase production the smaller the absolute value of the ratio.
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Dendritic cells culture and exposure to TLR and AhR ligands

Malassezia produced ligands (indirubin, ICZ, malassezin, tryptanthrin) were synthesized as
described previously (Gaitanis et al, 2008, Giakoumaki et al, 2008; Magiatis et al, 2010),
dissolved in DMSO (10 mM) and used for titration experiments at final concentrations
100pM, 1nM, 10nM, 100nM and 1uM. TCDD (AccuStandard Connecticut, USA) was dissolved
in DMSO and used, initially for the titration experiments and subsequently at 100 nM
concentration. TLR-ligands used were: LPS (100ng/ml, Sigma) ligand of TLR4, R848 (4ug/ml,
Axxora) ligand of TLR 7/8, poly (I:C) (20 pg/ml, Sigma) ligand of the TLR 3. The AhR inhibitor
CH223191 (Tocrisbiosience, Minneapolis, USA) was also dissolved in DMSO and used in
concentration of 10 uM. CH223191 was added in the cell medium 1 hour prior to the AhR
and TLR ligands. Final DMSO concentration in all experiments was <0.1% and use of
according controls displayed no effect on DCs viability or maturation.

Buffy coats were obtained from blood of healthy volunteers according to the Helsinki
Declaration. Monocyte-derived DCs (moDCs) were generated as described previously
(Kramer et al, 2007). Immature moDCs were harvested on day 6 (day 6 moDCs) using cold
PBS and afterwards were plated (0,5 * 10° cells/well) in 1ml of RPMI-1640 medium,
enriched with 10% FCS, 5nM L-glutamine and 1% antimycotic/antibiotic (Gibco). In order to
investigate the effect of the indolic compounds on AhR pathway activation, day 6 moDCs
were exposed to indirubin, ICZ, malassezin, tryptanthrin and TCDD in 100 pM, 1nM, 10nM,
100nM and 1 uM for 6h or 24h.

Day 6 moDCs were exposed to TLR (LPS, R848, poly (I:C) and AhR ligands tested either as
single agents or in combination for 6 or 24h in the aforementioned concentrations for the
TLR ligands and at 100nM for the AhR ligands . Mature moDCs were acquired by exposing
day 6 moDCs to the TLR ligands LPS or R848 for 24 hours. Subsequently, the effect of
indirubin or ICZ was assessed by adding these indoles for 6 more hours.

Myeloid BDCA1" DCs (myDCs) were isolated from peripheral blood monocytes by positive
selection using BDCA-1 beads and negative selection using CD19 beads, according to the
manufacturer’s instructions (Miltenyi Biotec). Purity achieved was consistently up to 95% as
assessed by double staining with BDCA-1-PE and CD11c-APC monoclonal antibodies
(Miltonic Biotic and BD Pharming, respectively). Myeloid BDCA1" DCs were cultured and
exposed to the TLR ligands (LPS, R848) with or without the AhR-ligands (indirubin, ICZ). The
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medium of exposure was X-vivo 15 medium (Lonza), enriched with 2% human serum and
GM-CSF (450 U/ml). All cell cultures were performed in a humidified atmosphere at 5% CO,
(v/v) and 37°C.

RNA isolation and quantitative PCR (qPCR)

RNA isolation was performed according to the manufacturer’s instructions with the Quick-
RNA Mini prep isolation kit (Zymo Research). RNA concentration and purity was calculated
by Nanodrop 2000 (Thermo scientific, USA). RNA was treated with DNase | (Amplification
Grade-Invitrogen) and reverse-transcribed into cDNA by using random hexamers and
Moloney murine leukemia virus reverse transcriptase (RT) (Invitrogen) as suggested by the
manufacturer. Genomic DNA contamination was excluded by inclusion of control samples
without RT. cDNA was stored at -20°C until further use. mRNA levels for target genes were
determined by quantitative PCR (qPCR) in a Bio-Rad CFX (Bio-Rad) employing SYBR Green
(Applied Biosystems) and corresponding software (Bio-Rad CFX-1.6). PBGD/HMBS
amplification was employed for relative quantification. Primer sets were acquired from the

Primer Bank database (Wang and Seed, 2003).

Cell fixation and immunofluorescence

Following exposure to indirubin or ICZ, cells were allowed to adhere on poly-I-lysine (PLL)
coated coverslips in serum-free medium and were fixed with 1% paraformaldehyde. Fixed
cells were washed in PBS and permeabilized using 0,1% Triton X-100 in PBS followed by
incubation in CLSM buffer (PBS with 3% BSA and 10 mM glycine buffer) that contained 1%
human serum to block Fc—receptors. Consequently cells were stained with 5pug/ml mouse
monoclonal AhR antibody (Abcam). After 2 washes, secondary staining was executed using
Alexa 488-conjugated goat-anti mouse IgG (Invitrogen). Nuclear staining was performed
using DAPI, and sealed using mowiol. Imaging was performed with an Olympus FV-1000

confocal microscope and corresponding Olympus FluoView software version 1.6a (Olympus).
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Western blotting

Equal amounts of protein, extracted from 1.5%10° cells, were separated by 10% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis, electroblotted into nitrocellulose
membranes (Bio-Rad) and followed by probing with the indicated antibodies. CYP1A1 rabbit
polyclonal (Abcam) and AhR mouse monoclonal antibodies (Abnova GmbH, Germany) were
used in 1:50 (CYP1A1) and 1:200 (AhR) ratio. After washing, membranes were incubated
with IRDye anti-mouse or anti-rabbit IgG (Li-Cor Biosciences). Relative quantification was
determined with the use of actin (Sigma). All images were taken with the Odyssey Imaging

System (Li-cor, USA).

Flow cytometry

Cells were harvested with cold PBS and washed twice in PBA (PBS containing 0.5% bovine
serum albumin and 0.01% sodium azide) supplemented with 2% human serum. Cells were
incubated with primary antibodies CD86, CD80 (both BD Pharmingen), CD83 (Immunotech),
CD14 (Beckman Coulter), anti-HLA-DR/DP (Q5/13, BD Pharmingen) and the appropriate
isotype for 20 minutes on ice followed by 2 washing steps in PBA. Subsequently, cells were
incubated with Alexa488-labeled goat anti-mouse IgG antibody (Invitrogen Viability was
measured by propidium lodide (5ug/ml) staining.

Flow cytometry was executed on a CyAn Flow cytometer (Beckman Coulter, USA) and the

results were analyzed using Summit v4.3 software (Dako, USA).
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ELISA

Cells were cultured for 24h at 0,5%10%/ml in 12 well plates before supernatant collection.
TNF-a, IL-10 and IL-6 production were analyzed using standard ELISA kits (TNF-a and IL-10
from BD and IL-6 from Sanquin, respectively) according to manufacturer’s instructions. IL-
12p70 production was analyzed with murine monoclonal capture and HRP-conjugated anti—

IL12 antibodies (Pierce Endogen, USA), using standard ELISA procedure.

Mixed lymphocyte reaction (MLR)

MoDCs were stimulated with LPS and R848 in the presence or absence of indirubin and ICZ
(100nM) and their allostimulatory capacity was assessed with the use of MLR. Allogeneic
peripheral blood leukocytes (PBLs) were co-cultured with the activated moDCs in a 96-well
round bottom plate (moDC:PBL ratio 1:20 with 1*10° PBLs). After 4 days of culture, 1
uCi/well of tritiated thymidine (GE Healthcare, Eindhoven, Netherlands) was added for 9 h

and incorporation was measured in a beta-counter.
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Results

Distribution of Malassezia species within family members and

phylogenetic analysis of the isolated M. furfur strains.

Out of the 84 patients included in the study 63 had positive cultures and 65 strains,
belonging to five species, were isolated: M. furfur (N=30), M. sympodialis (N=20), M. globosa
(N=8), M. restricta (N=6), and M. slooffiae (N=1) (figure 17). From 2 patients more than one
species were isolated: M. globosa with M. resticta and M. restricta with M. sympodialis. M.
furfur was the most frequently isolated species (Figure 29). None of the isolated Malassezia
species clustered within families in a statistical significant way. In 10 out of the 18 families a
single Malassezia species was isolated from all the members of the family, irrespective of
presence or absence of skin disease. This included 7/10 families with M. furfur as the single
isolated species, 2/10 with M. sympodialis and 1/10 with M. globosa. The Malassezia species
isolation rates did not correlate with gender, sampling site or disease origin.

Phylogenetic associations of the M. furfur isolates were assessed by PCR-fingerprinting
(Figure 30). Genotypic analysis of the banding pattern within the polyacrylamide gels was
performed with the use of appropriate software (Bionumerics version 5.1). All M. furfur
strains studied clustered in a group with ~40% genomic similarity (Figure 31). The genomic
similarity of M. furfur strains isolated from a certain family ranged from 95% to 40%.
Nevertheless, the present experimental data does not support the dominance of a particular

M. furfur subtype within a family.
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Figure 29: A) Distribution of the isolated species. M. furfur and M. sympodialis were the
most frequently isolated species B) The number of Malassezia species strains isolated from
at least 2 members of the same family (red) in comparison to the total number (red and
blue).
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Figure 30: Genotypic analysis of the M. furfur subtypes with the use of PCR fingerprinting. In
the representative polyacrylamide gels within each of the green boxes are strains isolated
from members of the same family. (M: marker, uoi xx: taxonomy code of Malassezia
species-University of loannina)
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Figure 31: M. furfur phylogenetic tree. M. furfur strains isolated during this study (red
rectangle) are compared with M. furfur isolates from a previous study (Gaitanis et al, 2008).
A trend towards geographic clustering can be observed. However, strains isolated from the
same family cluster either closely (blue rectangles) or with distinct phylogenetic distance
(blue double arrow). The dendrogramm was generated employing Bionumerics software
(version 4) using as an input the PCR fingerprinting results. (Origin of strains Gs: Swedish
residing in Greece, B: Bulgaria, Cbs: fungal biodiversity centre - Netherlands, Ch: China, Uoi:
University of loannina)
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Phospholipase production by Malassezia strains in relation to yeast
species, health status of the host and b-endorphin exposure of the
relevant strains.

Phospholipase production was confirmed in the following Type and reference strains: M.
furfur CBS 6001, M. caprae CBS10434, M. pachydermatis CBS1879, M. dermatis CBS 9170,
M. slooffiae CBS7956, M. globosa CBS7966. The limited growth rate of certain reference
strains of species such as M. nana (CBS 9558) might have affected their ability to produce a
visible hydrolysis of lipids in the egg yolk medium.

Regarding the clinical strains phospholipase was not produced by 9% of the strains pre-
incubated in the control medium and 13% of the strains pre-incubated in the b-endorphin
(100nM) supplemented medium. An additional 3% of the isolated strains did not produce
phospholipase in egg yolk medium irrespective of the preincubation medium. All the non-
phospholipase producing strains were almost equally distributed among patients and
healthy subjects. No association was observed between phospholipase production and
gender, sampling site or family distribution. Additionally no significant difference was
observed between the basic phospholipase production (without b-endorphin pre-exposure)
of strains of different species (p=0.683).

Regarding the effect of b-endorphin in phospholipase activity, growth in 1 nM b-endorphin
containing Dixon’s medium had no significant effect in phospholipase activity. However, the
100 nM b-endorphin demonstrated a trend towards increased b-phospholipase activity in
strains of the species M. furfur (p=0,063) and M. restricta (p=0,157) in contrast to M. globosa
(0.655) and M. sympodialis (p=0.533) (Figure 32). For M. furfur the mean phospholipase
activity index was altered from 0,93 (prior to exposure) to 0,88 and for M. restricta from
0,94 to 0,88. When compared to strains isolated from healthy skin, strains from seborrheic
dermatitis lesional skin tend to have decreased phospholipase activity before (p=0.057) and
increased after (p=0.061) exposure to b-endorphin (Figure 33). Phospholipase inducibility by
b-endorphin per strain was measured as the ratio of phospholipase activity after b-
endorphin exposure to basal enzyme activity. This inducibility ratio did not correlate with
Malassezia species (p=0.652), however, it was found higher in strains isolated from SD

lesional skin as compared to healthy skin (p=0.036) (Table 8).
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Figure 32: The recorded phospholipase activity was increased in M. furfur and M. restricta
after b-endorphin (100 nM) exposure. This was not observed for M. globosa and M.

sympodialis.
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Table 8: Inducibility of phospholipase activity by b-endorphin is not depended on the
particular species of the tested strain but rather on the skin disease it was isolated from. This
strongly suggests an association of phospholipase inducibility and skin disease such as

seborrheic dermatitis.

Muolassezia M. furfur M. giobosa M restricta M. sympodiais Al

speries

Mo strains 30 & & 20 &4

tested

Cortrol 0.954:0.024 0.952+0.035 09480034 05250025 0.934+0.015

B-endorphin 0.886+0.052 0.959:).041 QBEE+NOT1 0941+0.018 0.912+0.018

P (Wilcoxon 0.063 0.655 0157 0533 0.166
paired)

Ratio b- 0.9500.027 1.0120.017 0.929:0.045 10340034 0.981:0.018
endorphin /

cortrol

Likelhood Ratio Test P-values

Phospholipase activity Effect of Malossezio. species  SDvs. healthy
Control culture 0.683 0.057
Endorphin 0.606 0.061

Endorphin/control 0.652 0.036
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Figure 33: B-endorphin exposure does not alter the mean ratio of phospholipase activity in
strains isolated from healthy individuals (p=0,65). Seborrheic dermatitis isolates tend to
produce more phospholipase prior and after b endorphin exposure (p=0,057 and p=0,051
respectively) when compared to strains isolated from healthy skin. Also b-endorphin
exposure (100 nM) significantly augments the lipolytic enzyme activity in those strains

(p=0,037).
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Discussion on Malassezia phospholipase production and species
distribution among family members.

Proopiomelanocortin  (POMC) is the precursor molecule of melanocyte stimulating
hormones (a-MSH, b-MSH and c-MSH), corticotrophin (ACTH), lipotropins and b-endorphin
and these active peptides are produced in a tissue specific manner (Milington et al, 2006).
POMC is mainly synthesized in the central nervous system (pituitary gland and
hypothalamus) but also in the skin by melanocytes and keratinocytes in a precursor form or
as active peptide (Milington et al, 2006). B-endorphin can also be synthesized in
unmyelinated nerve fibers that are found in the epidermis just beneath the stratum
corneum (Biglardi et al, 2004). The presence and action of melanocortins in the skin is
further indicated by the identification of the melanocortin receptor in human sebaceous
glands and the control of lipid metabolism in rodent sebum glands by a-MSH (Thiboutot et
al, 2000). B-endorphin binds to p-opiate receptors, which are found in the basal cell layer of
the epidermis and in the epithelial cells of skin adnexal structures (Bigliardi et al, 1998). The
above data provide evidence that b-endorphin is present and has a physiological role in the
epidermis (Biglardi et al, 2004; Kauser et al, 2004). Thus, it could modify the tissue effects of
Malassezia on the adjacent skin.

Phospholipase activity is an established virulence factor in yeast species like Candida
albicans (Mayser et al, 1996), Cryptococcus neoformans (Chen et al, 1997) and Rhodotorula
rubra (Mayser et al, 1996) and also M. pachydermatis and M. sympodialis (Pini et al, 2011).
Recently, with the use of immunoblotting and immunofluorescence, two potential micro-
opioid receptor-like proteins were described on the surface of M. pachydermatis strains
isolated from both healthy and dermatitis suffering dogs (Cafarchia et al, 2009). The
functionality of these “potential opioid receptors”, regarding their effects on the yeast
phospholipase activity, was tested using both agonistic and antagonistic ligands (b-
endorphin and naloxone) (Cafarchia et al, 2009, Cafarchia et al, 2008). Phospholipase activity
was modulated in M. pachydermatis strains isolated from dogs with dermatitis, in a dose
depended way. On the contrary, strains originating from healthy dogs did not produce
lipases (89,5%) (Cafarchia et al, 2004; Cafarchia et al, 2010).

The herein presented results strongly support the concept that phospholipase enzymatic
activity and especially its inducibility after b-endorphin exposure is a metabolic feature of

the yeast that correlates with Malassezia strains isolated from SD lesions. Our current
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findings suggest that phospholipase activity is present in vitro in all clinically significant
Malassezia species and could represent a candidate virulence factor in accordance to the
previous results shown for M. pachydermatis (Cafarchia et al, 2004;Cafarchia et al, 2010).
This is further in line with the recent demonstration of increased Malassezia lipase and
phospholipase mRNA expression in SD lesional skin (Patino-Uzcategui et al, 2011).
Furthermore, the production of secreted lipases by M. globosa has been associated with the
development of dandruff (Dawson et al, 2007) which is considered by some investigators as
a mild form of SD.

A stimulating novel finding in this study is the induction of phospholipase enzymatic activity
of Malassezia SD isolates after incubation with 100nM b-endorphin. This supports the
existence of Malassezia strains with diverse pathogenic capacity within the same species of
this genus, a finding that has been observed in the past exclusively for M. furfur (Gaitanis et
al, 2012; Kaneko et al, 2011). It has been confirmed that SD is not associated with seborrhea
(Burton et al, 1983) but rather with phases of altered production of sebum in the skin. An
indication of this relationship is provided by the decrease in sebum production in autumn
and the simultaneous exacerbation of SD (Youn et al, 2005). Sebum is the primary source of
energy for Malassezia yeasts (Gaitanis et al, 2012). Thus, it is possible that strains with
enhanced phospholipase activity might have a survival advantage in a dynamically varying
skin microenvironment, like that of SD skin lesions. This is further supported by the
observation that Malassezia blood isolates from patients with catheter associated fungemia
have increased in vitro phospholipase activity when compared with strains from the same
patients’ skin or other healthy individuals (Kaneko et al, 2011). Blood circulation is a hostile
environment for Malassezia yeasts and the extreme incapacitating conditions due to host’s
immune reactions could be coupled by increased survival ability of the infecting strains by
the increased phospholipase activity. Likewise, in inflammatory skin diseases immune
responses can be coupled by the modified Malassezia phospholipase activity.

Conclusively, inducibility of secreted phospholipase activity by b-endorphin is a candidate
virulence factor for Malassezia yeasts. The correlation with skin diseases, particularly SD,
could be the target for further research evaluating enzymatic expression characteristics of
this yeast. Nevertheless, the expression of functional opioid-like receptors by anthropophilic
Malassezia yeasts will have to be verified and more accurately quantified with molecular
methods.

Regarding the familial distribution of Malassezia species and its relation to disease state or

severity, as presented above, none statistical significance appeared. The presence of more
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than one species per host, in some cases, underlines the complexity in the relationship
between the species and the epidemiological characteristics of the examined population. M.
furfur appears to be more likely isolated and distributed into families than the rest species,
but this result is biased by the constitution of the examined population (the number of
family members is greater than the control population) and the higher M. furfur isolation
rate. The high growth rate of the specific species (M. furfur-M. sympodialis) that increases
their chance of isolation should also be taken under account. The genotypic analysis of the
M. furfur strains did not support the dominance of a particular subtype within a family, nor
did collate a subtype with seborrheic dermatitis. This fact further indicates that the
appearance of seborrheic dermatitis is not clearly based on the genomic characteristics of
the yeast but on a more complicated yeast-host interaction that has also a metabolomics
perspective. Moreover, this genotypic analysis made evident that a close association
between hosts, as in family, is not enough to ensure a strain or species dominance on the

host’s skin.
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In vitro effects of indolic compounds produced in vitro by Malassezia
yeasts on human dendritic cells.

Cyplal and Cyp1b1 gene transcription depends on ligand structure and

concentration.

Day 6 immature moDCs were exposed for 6h to 100pM, 1nM, 10nM, 100nM and 1uM of
indirubin, ICZ, malassezin, tryptanthrin and TCDD. As shown in Figure 34A, no increase in the
expression of the AhR-target Cyplal was observed at concentrations of 100 pM or 1nM.
Addition of 10nM indirubin resulted in significant (p<0.05) induction of Cyplal, whereas all
other ligands including TCDD did not induce any Cyplal expression. At the higher
concentrations of 100nM and 1uM, all ligands tested significantly upregulated Cyplal
transcription with indirubin being still the most potent ligand (>40-fold at 100 nM
concentration compared to unstimulated cells; Figure 34A). ICZ was the second most potent
ligand, and induced Cyplal to similar extent as indirubin at 1uM. Notably, stimulation with
indirubin showed 4-fold increase of Cyplal at 6 hours compared to the well-studied
exogenous ligand TCDD (Figure 34B). 24h after stimulation, CYP1A1 mRNA was reduced for
indirubin, when compared to the 6h time point. A similar trend was also observed for the
remaining of the naturally occurring ligand. TCDD induced activation was also decreased, yet

to a lesser degree (Figure 34B).
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Figure 34A: Induction of Cyplal in monocyte derived dendritic cells exposed to increasing
concentrations of indirubin, ICZ, tryptanthrin, malassezin and TCDD for 6 hours. 6 hours after
exposure of monocyte derived dendritic cells to the selected concentrations of AhR-ligands
MRNA was isolated and CYP1A1 mRNA was determined. Relative CYP1A1 mRNA
concentrations are displayed as quotients to unstimulated cells (medium only groups). All
tested compounds significantly upregulated Cyplal expression. Indirubin and ICZ seem to
be the most potent ones. (*Statistical significance at p<0.05 compared to medium; axons
demonstrate standard deviation, all results are averages of at least three independent
experiments)
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Figure 34B: AhR pathway activation by indirubin in the 24h time point is reduced in
comparison to the 6 h time point. Monocyte derived dendritic cells were stimulated with
100 nM of indicated ligands and Cyplal relative expression was determined at 6 and 24
hours. TCDD caused induction of CYP1A1 mRNA displayed a mild decrease at 24 hours while
the mRNA levels of these enzyme achieved by indirubin stimulation at 6h, were reduced up
to 70% at 24 hours.

*Statistical significance at p<0.05 compared to medium; axons demonstrate standard
deviation, all results are averages of at least three independent experiments

Indirubin and ICZ also significantly induced the expression of other genes, members of the
AhR gene battery, like Cyp1b1 or Ahrr in moDCs (p<0.05; Figures 35A, 35B). BDCA1" myeloid
DCs are a subpopulation of DCs which are also present in the skin (myDCs) (Zaba et al, 2007).
We tested whether AhR-dependent gene expression is also modified in these cells upon
exposure to the tested indolic ligands. Indirubin and to a lesser extent ICZ induced Cyplalin
BDCA1" myDCs directly isolated from blood (p<0.05; Figure 35C). The AhR dependency of all
the aforementioned results was confirmed by partial inhibition of the observed induction

during co-exposure with the AhR inhibitor CH223191 (Figure 35D).
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Figure 35: Upregulation of the expression of Cyplbl and AHRR in monocyte derived
dendritic cells and of Cyplal in myeloid derived dendritic cells by indirubin and ICZ in an AhR
depended way. Panel A: Cyp1b1 expression was determined as in Figure 34 upon stimulation
of monocyte derived dendritic cells for 6 hours with 100nM of the indicated ligands. Panel B:
AhRR expression was determined as for (a). Panel C: BDCA1" myeloid DCs (mDCs) were
stimulated with indirubin and ICZ and mRNA expression was determined as for Panel A.
Panel D: Monocyte derived dendritic cells were co-exposed for 6 hours to 10uM of
CH223291 and 10nM of indirubin or 100nM ICZ (*Statistical significance at p<0.05 compared
to medium; Bars demonstrate standard deviation, all results are averages of at least three
independent experiments).
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The ability of the tested indolic compounds to induce AhR activation was further verified by
demonstrating increased expression of additional target genes of the xeniobiotic responsive
element, as is Gstp1 (Figure 36A).

Exposure of moDCs for 6 or 24h to the selected indolic compounds at concentrations of
100nM (Figure 36B) or 1uM, had no significant effect (despite and incremental trend) on
AhR and ARNT mRNA levels.

The above titration experiments showed that indirubin and ICZ were the most active ligands

and thus they were selected for subsequent experiments.



106

A Gstp1 6h
g
§ o
o
3 s
=
=
E 4 -
2
= -5
2 4
l -
D -
Medium ICZ 1M
B
25 -  AhR ARNT AhR ARNT
2 -
:
g 1,5 -
]
2
=
E
g 17
-]
&
05 -
D T T T T 1
Medium Medium Indirubin Indirubin
100nM 100nM

Figure 36: Upregulation of Gstp 1 in monocyte derived dendritic cells after exposure to
100nM ICZ for 6h (panel A) (representative experiment). AhR and ARNT are not significantly
upregulated in monocyte derived dendritic cells after exposure to 100nM indirubin for 24h
(panel B).
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Exposure to indirubin and ICZ causes AhR nuclear translocation in
moDCs.

Nuclear translocation of AhR in moDCs exposed to 100nM of indirubin, ICZ or TCDD was
confirmed by confocal microscopy. In accordance with previous experiments using human
and rodent cell lines (Garside et al, 2008) translocation of AhR to the nucleus was evident
already at 30 min and was highest at 60 min after the onset of stimulation (Figure 37, 38).
After 6h of continuous stimulation, nuclear concentration of AhR decreased. AhR
translocation to the nucleus was equivalent in immature moDCs and in moDCs that besides

indirubin were concurrently exposed to 100ng/ml of LPS (Figure 39).

Vehicle 60’

Indirubin 100nM 60’

Indirubin 100nM 6h

B Nuclei

pe2
=
=



108

Figure 37: AhR translocates to the nucleus of monocyte derived dendritic cells (moDCs) upon
stimulation with indirubin. moDCs were exposed to indirubin or vehicle and subsequently
AhR localization was determined by confocal microscopy at the indicated time points. Panels
a, b: Vehicle; Panels ¢, d: exposure to 100nM indirubin for 60 minutes; Panels e, f: exposure
to 100nM indirubin for 6 hours. AhR is shown in green, the nuclei in red. The
nuclear/cytoplasmic ratio peaks at 60minutes and gradually decreases again in the following
hours.

AhR

Figure 38: Monocyte derived dendritic cells were exposed to indirubin (100nM) for 1 hour
and subsequently were stained with the AhR antibody. Perforation of the cells with
methanol instead of Triton X-100, in order to achieve intracellular and intranuclear staining,
results in accumulation of AhR in the cell membrane, besides nuclear accumulation.
Presence of AhR is shown as green color.
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Figure 39: The nuclear concentration of AhR after exposure to indolic compounds is not
evidently different between ‘steady state’ and LPS stimulated dendritic cells. Monocyte
derived dendritic cells were simultaneously exposed to indirubin (100nM) alone (right panel)
or to either LPS (100 ng/ml) plus indirubin (left panel). Presence of AhR is indicated as green
fluorescence.

TLR ligands enhance AhR induced Cyplal and Cyplbl expression in
moDCs.

Both TLR and AhR ligands are present on the surface of the skin as they constitute part of
the bacterial or fungal structures (Mempel et al, 2007; Netea et al, 2004) or possibly result
from their metabolic activity (Magiatis et al, 2013). To assess possible modifications of AhR
signaling on TLR cell stimulation, day 6 moDCs were exposed to the TLR ligands LPS, PIC or
R848 in the presence or absence of selected indolic compounds (indirubin or ICZ) for 6 and
24 hours. No upregulation of CYP1A1 or CYP1B1 mRNA was found following TLR ligand
exposure alone (Figure 40A). However, simultaneous exposure of moDCs to TLR ligands and
indirubin for 6h or 24h showed a statistically significant increase in the transcription of the
target genes at mRNA level (p<0.05; Figure 40A) as compared to indirubin alone. For
indirubin/indirubin and LPS or R848 this was also observed and at the protein level (Figure
41B). This increase was also recorded for ICZ and TCDD, yet it was less pronounced (Figure

41C).
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Figure 41: Co-exposure of moDCs to TLR and AhR ligands increases Cyplal expression in
comparison to single AhR ligand exposure. Panel A: moDCs were stimulated for 6 hours with
the indicated TLR ligands (LPS 100ng/ml, R848 4ug/ml or poly(l:C) 20 pg/ml) in the presence
or absence of 100nM indirubin. (*Statistical significance at p<0.05 compared to indirubin;
Bars demonstrate standard deviation, results are averages of at least 3 separate
experiments). Panel B: Increased induction of CYP1A1l protein levels upon indirubin
stimulation. moDCs were stimulated as described above and CYP1A1l protein levels were
determined after 24hrs by Western blotting. Panel c: The increase in Cyplal induction by
concurrent exposure to AhR

was also confirmed for ICZ and TCDD.

Next we tested the response of moDCs that were allowed to mature for 24 hours with TLR
ligands before AhR stimulation. Interestingly, Cyplal and Cyplbl expression was increased
in mature moDCs exposed to LPS and R848 for 24 hours prior to AhR stimulation for 6 hours
(Figure 42), when compared to DCs that were concurrently stimulated with these ligands.
This finding indicates a possible link between DCs’ maturation state and P450 enzyme’s
inducibility. When moDCs were exposed to LPS and R848, AhR mRNA levels demonstrated a
small increase (~2 fold) (Figure 43A) but these results could not be confirmed at the protein
level (Figure 43B). This suggests that induction of Cyplal and Cyplbl is not simply due to

the presence of higher AhR-protein levels in matured moDCs.
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Figure 42: Monocyte derived dendritic cells were either exposed to TLR ligands (LPS
100ng/ml, R848 4ug/ml) and indirubin (100nM) alone or concurrently for 6 hours (indicated
as 6h), or were previously matured by exposure to TLR ligands for 24h and subsequently
exposed to indirubin for 6 additional hours (indicated 24+ 6h). Exposure to the single TLR
ligands (LPS and R848) for 6-24-30 hours did not result in an increase of the Cyplal mRNA.
MRNA expression of Cyplal was determined as previously described (representative
experiment).
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Figure 43: Monocyte derived dendritic cells that were exposed to LPS (100ng/ml) or R848
(4pg/ml) for 24h displayed a mild increase (~2 fold) in AhR mRNA levels (Panel A). However,
no significant increase in AhR protein was exhibited, when Western blotting was performed
under the same conditions (Panel B). The mild mRNA increase and the non-measurable
alteration in the protein levels of AhR indicate that the induction of Cyplal and Cyplbl
could not be solely the result of higher AhR levels in Lps-matured dendritic cells.
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Indirubin or ICZ limit the phenotypic maturation of ‘inflammatory’

moDCs.

The effects of AhR pathway stimulation on certain moDCs phenotypic markers were
assessed. When immature moDCs were exposed to indirubin or ICZ for 24 or 48 hours, no
significant alterations were found in the expression of the major histocompatibility complex
II (MHC) and co-stimulatory molecules (CD80, CD83, CD86) on their cell surface (Figure 44A).
On the contrary, stimulation of moDCs with LPS or R848 resulted in upregulation of
costimulatory markers and MHC Il. However, when moDCs were exposed to indirubin or ICZ
during maturation with LPS or R848 (simultaneous exposure), a statistically significant
inhibition in the expression of these surface markers was observed (p<0.05; Figure 44B).
Interestingly, the impact of the indolic compounds on the inhibition of moDC phenotypic
maturation was not dose-depended (Figure 45), indicating a complex interaction of AhR

downstream with the cellular inflammation pathway.
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Figure 44: Indirubin or ICZ inhibit the phenotypic maturation of inflammatory monocyte
derived dendritic cells. Panel A: Flowcytometry (FCM) histograms of surface maturations
markers (CD80, CD83, CD86, MHC-Il) of immature monocyte derived dendritic cells after
exposure to indirubin (100nM) for 24h (dotted line) compared to medium (solid line). No
significant alteration regarding the indicated cell surface markers was observed
(representative experiment). Panel B: Flowcytometry histograms of surface maturation
markers (CD80, CD83, CD86, MHC-II ) of immature monocyte derived dendritic cells after
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exposure either to LPS (100ng/ml, black line), to LPS and indirubin (Indirubin+LPS, dotted
line) or left untreated (medium; grey line) for 24 hours. A partial but significant inhibition in
the expression of maturation markers was displayed, with the addition of indirubin
(representative experiment).
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Figure 45: Comparison of basal expression of the maturation surface markers CD86 (Panel A)
and MHCII (Panel B) (mean fluorescence intensity per cell; MFI) of monocyte derived
dendritic cells, with the expression after TLR stimulation (R848: 4ug/ml, Lps: 100ng/ml) or
after TLR and AhR ligand (indirubin in increasing concentrations) combinations exposure. A
linear dose dependency was not demonstrated.
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The production of IL-6 and IL-12 is significantly reduced in

inflammatory moDCs exposed to indirubin and ICZ.

As expected, secretion of the cytokines IL-6, IL-12, TNFa and IL-10 was increased in moDCs
that were stimulated with the TLR ligands LPS (100 ng/ml) or R848 (4ug/ml) for 24 hours.
The production of IL-6 and IL-12 was reduced when moDCs were concurrently exposed to a
TLR ligand and either indirubin or ICZ, in comparison to only TLR exposure (p<0.05; Figure
46A). TNFa was also slightly reduced and IL-10 showed a moderate increase in the case of
concurrent exposure, however, without reaching statistical significance (Figure 46C, IL10
p=0.1, TNF-a p=0.23). The observed inhibitory effect was more pronounced at 100nM of
indirubin and 1uM of ICZ. The effect of indoles on cytokine production was dose-dependent
(Figure 46B). Exposure of immature moDCs to indirubin or ICZ alone did not affect the

production of the tested cytokines (Figure 46A).
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Figure 46: Panel (A): Monocyte derived dendritic cells were exposed for 24 hours to 100nM
of indirubin or ICZ, TLR ligands (LPS 100ng/ml or R848 4ug/ml), combinations or were left
unstimulated. IL6 and IL12p70 levels were determined by ELISA as described. Indoles down
regulated the cytokines expression in inflammatory monocyte derived dendritic cells. Panel
(B): The inhibition caused by indoles in IL-6 and IL12 production is dose-depended. Higher
concentrations provided a higher inhibition. Panel (C): After indolic stimulation of Lps
exposed dendritic cells a Tnf-a production was prohibited while IL-10 production was
amplified. However the aforementioned trends remained insignificant (*Statistical
significance at p<0.05; Bars display standard deviation, results are averages of at least 3

separate experiments)

Effects of indolic compounds in maturation of monocyte derived DCs

are mediated through AhR.

As indicated in the aforementioned results the simultaneous exposure of moDCs to TLR and
AhR ligands limits TLR induced phenotypic and secretive maturation of these cells. The
putative role of AhR stimulation in the above process was further strengthened with the use
of the specific AhR inhibitor CH223191. MoDCs were exposed either to R848 or LPS (4 pg/ml
or 100ng/ml) and 100nM of indirubin or ICZ in the presence or absence of CH223191
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(10uM). IL-6 and CD80 were tested as secretive and phenotypic index markers of maturation

respectively. The addition of CH223191 partially “restored” the maturation of the monocyte

derived dendritic cells when they were pre-incubated with the inhibitor (Figure 47).
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Figure 47: R848 upregulates the expression of the surface marker CD 80 in monocyte
derived dendritic cells (moDCs). The simultaneous exposure to the AhR inhibitor CH223191
partially inhibits this effect of R848. moDCs were incubated with R848 (4ug/ml), 1ICZ (100
nM) and their combination with or without CH223191 (10uM) for 24h. The inhibitor was
added 1 hour before the rest of the ligands. The reduced expression of IL-6 (Panel A) and CD
80 (Panel B) caused by co-exposure to ICZ was partially rescued when the AhR inhibitor
CH223191 was also present. (Above diagrams are representative experiments)
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Indoles limit the ability of dendritic cells to induce lymphocyte

proliferation

Mixed lymphocyte reaction assay was employed in order to determine the ability of moDCs
to stimulate T cell proliferation after maturing in the presence or absence of AhR-ligands for
24h. Exposure of DCs to the TLR ligands LPS and R848 increased their ability to induce
lymphocyte proliferation. This proliferation was not observed when moDCs were exposed
only to either indirubin or ICZ. Concurrent exposure of DCs to indirubin or ICZ and the TLR
ligands significantly inhibited the proliferation of lymphocytes by the DCs. (p<0.05; Figure
48).
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Figure 48: Indirubin or ICZ impair the allostimulatory ability of LPS exposed monocyte
derived dendritic cells (moDCs) in mixed lymphocyte reaction assay. moDCs were exposed
for 24 hours to 100nM of either indirubin or ICZ and the TLR ligand LPS (100ng/ml) or their
combination. Subsequently, cells were harvested and their allostimulatory capacity was
assessed by Mixed Lymphocyte Reaction. PHA (Phytohaemagglutinin) was used as a positive
control. (*Statistical significance at p<0.05; Bars demonstrate standard deviation, results are
averages of at least three independent experiments).
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The in vitro differentiation process of peripheral blood mononuclear

cells to DCs displays a variable alteration after exposure to AhR ligands.

The previously described impact of AhR activation on the differentiation of DCs and other
cell lines (Platzer et al, 2009) led us to examine the effect of indirubin, ICZ or TCDD on the
differentiation of peripheral blood monocytes (PBMCs) to DCs. PBMCs are converted in vitro
to dendritic cells by incubation with GM-CSF (400u/ml) and IL-4 (300u/ml) for a period of six
days. Differentiation of PBMCs to DCs was determined with the use of cell surface markers
whose expression is altered during this process (CD1a, CD14, and CD11c). Addition of 100nM
of indirubin, or TCDD on days 0 and 3 during the in vitro differentiation process displayed a
variable effect regarding the final expression of CD1a, CD11c, and CD14 (Figure 49). In some
donors the expected alteration (increase for CD1a-CD11c, decrease for CD14) in the surface
markers expression was strengthened while in others it was prohibited or no change was
observed. Additionally, the basic expression of the previously used maturation markers
(CD80, CD83, CD86, and MHC II) also exhibited variance after exposure to the different AhR
agonists (Figure 49) and also between donors. During all the experiments no toxic influence

of the tested indoles on DCs viability was observed.
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Figure 49: Expression of surface markers in in-vitro differentiated dendritic cells displayed
variation with the addition of AhR agonists. Monocytes were exposed to indirubin (100Nm)
or TCDD (100Nm), in addition to IL-4 (300u/ml) and GM-CSF (400u/ml) during their in vitro
differentiation to dendritic cells. Panel A: For the displayed donor the mean expression of
CD11c CD14 was marginally increased, in contrast to the evident CD1a upregulation. In the
same donor the markers CD80, CD83, CD86 and MHCII were moderately increased by
indirubin but not by TCDD. Panel B: Comparison of the alteration in CDla expression in
monocyte derived dendritic cells after exposure to TCDD or indirubin during their in vitro
differentiation. In donors 1 and 3 no significant difference to control (medium) is observed,
while in the second donor both TCDD and indirubin augmented the CDla expression

(representative experiments).
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Discussion of the effect of the in vitro Malassezia produced indolic
compounds in dendritic cells

The data presented herein indicate that indolic substances produced in vitro and potentially
in vivo (Magiatis et al, 2013) by Malassezia yeasts have the ability, in appropriate
concentrations, to activate AhR in moDCs and modify the response of these cells to
simultaneous TLR stimulation. Furthermore, our data shows that indirubin and ICZ are more
potent inducers of Cyplal and Cyp1b1 transcription in human moDCs than TCDD, at least at
the tested time points. Human AhR differs from homologous rodent receptors (Flaveny et al,
2009) by displaying a 17-fold lower affinity to TCDD (Kawanishi et al, 2003). On the other
hand, ligands like indirubin demonstrate higher affinity to the human AhR as compared to
the rodent (Flavenyl et al, 2009). This difference in ligand affinity between human and
rodent AhR might be responsible for the herein observed higher AhR activation by indirubin
or ICZ in comparison to TCDD, a result that is the opposite to the one observed in rodents.
Furthermore, the Cyplal mRNA induction caused by TCDD displayed a smaller decrease
between 6 and 24 hours, in contrast to the effect of indirubin and ICZ that displayed a more
evident decrease between the two time points This could be attributed to the induced
Cyplal enzyme, which is able to metabolize the latter two ligands, yet has practically no
effect on the TCDD levels within the accounted time (Adatchi et al, 2004; Chen et al, 1995)
(resulting in a more sustained activation of the AhR downstream pathway (Kerkvliet, 2009)).
Thus regarding AhR activation, direct comparison of the naturally occurring ligands, like
indirubin and ICZ, with the anthropogenic TCDD is complex and the outcome varies between
humans and experimental animals (Prochazkova et al, 2011). Differences in the expression
or the characteristics of the aryl hydrocarbon receptor that give a species specific result in
the various agonists should also be accounted (Karchner et al, 2000). Therefore, studying
naturally occurring AhR ligands that can be degraded by P450 enzymes may produce
physiologically more relevant information that aids in understanding better the AhR function
in/on the skin.

A novel finding herein, was the observed increase in the transcription of Cyplal and Cyp1bl
by the combination of the TLR ligands LPS, PIC or R848 with indirubin or ICZ. In previous
experiments with murine splenocytes LPS-associated induction of Cyplal and Cyplbl was
considered as secondary to increased AhR levels upon TLR ligand exposure (Markus et al,

1998) This was not that evident in our study (Figure 29). The underlying mechanism that
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causes the enhanced induction of Cyplal in human moDC upon TLR plus AhR stimulation
remains to be elucidated. However, these findings demonstrate a link between maturation
of the dendritic cells and the activity of xenobiotic metabolizing enzymes.

Maturation impairment of moDCs has also been observed with other AhR ligands e.g.
VAF347 and benzopyrene (Lawrence et al, 2008; Laupeze et al, 2002). In our results this was
evident by the impairment of the increased expression of MHC Il and co-stimulatory
molecules on the cell surface in addition to the decreased production of inflammatory
cytokines by the AhR ligand exposed cells (Figure 44, 46A). Likewise, VAF347 and
benzopyrene (Lawrence et al, 2008; Laupeze et al,2002) were reported to down-regulate the
production of IL6 and IL12 in inflammatory moDCs, although their inhibitory effect on
phenotypic maturation markers was restricted to CD86 for VAF347 (Lawrence P, 2008) and
CD83 for benzopyrene (Laupeze et al, 2002). This inhibitory effect of AhR ligands on DC
maturation and on their capacity to subsequently stimulate T cells is mediated through a yet
unrevealed mechanism. Literature proposed theories include AhR interaction with the key
mediator of inflammation, NF-kB, at the protein level (Verhasselt et al, 1997), or
additionally, through antagonism for common transcription co-activators, such as p300, or
through modification of the IKBa activity (Tian et al, 2009). In any case, the observed anti-
inflammatory action of these AhR ligands is at least to some degree AhR mediated since the
addition of an AhR inhibitor partially restores the maturation ability of moDCs. The reduced
induction of IL-6 upon TLR stimulation in the presence of indirubin or ICZ might be a more
direct effect, since the IL-6 promoter possess up-stream non-consencus xenobiotic
responsive element sequences and modifications of IL-6 transcription via AhR activation
have been already described (DiNatale et al, 2010). Alternatively, IL6 transcription may be
secondarily modified through AhR-mediated alterations primarily in the NF-kB pathway, as
mentioned above. It is worth noting that xenobiotic responsive elements have also been
reported for the mice IL-12 gene-complex and the respective receptors (Kerkvliet et al,
2009), but this has not been shown for human IL-12 gene-complex yet.

Going back to the situation on the human skin, we could speculate that the production of
these immunomodulatory AhR ligands by skin-colonizing Malassezia in vivo could represent
at least one aspect out of the multiple strategies employed by this yeast in order to ensure
survival and growth on the surface of the skin. It has been previously shown that Malassezia
possess a lipid wall that assists evasion of the immune system and that it can also produce
melanin, which has immunomodulatory and ‘defense’ (free radical scavenger) properties

(Mayser and Gaitanis, 2010, Gaitanis et al, 2010). Within this hypothetical framework the
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production of AhR ligands in loco may ameliorate occasional activation of DCs by incidentally
exposed Malassezia antigens (Wollenberg et al, 2002) or down-regulate the skin immune
response in the heavily infected lesions of PV (Crespo-Erchiga and Hay, 2010).

In conclusion, the Malassezia derived AhR ligands demonstrate a significant activation
potential of the AhR pathway in moDCs. Furthermore, they can inhibit the ability of TLR
ligands to induce moDC maturation and T cell proliferation. These results combined with the
potential of Malassezia yeasts to synthesize these ligands on the skin surface, underscore
the biological significance of the modification of the AhR pathway on the skin and warrants

further investigation.
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Synopsis and conclusions

Malassezia is a constitutional part of the human skin microflora. As is the predominant
eukaryotic organism of the skin microflora, a complex interaction with the skin is
anticipated. This complexity is highlighted by the yet mostly unraveled mechanisms that
underlie the transformation of Malassezia yeasts from a harmless commensal to a persistent

pathogen.

The pathogenetic potential of Malassezia species in the development of pityriasis versicolor
is well supported by the association of this disease with the hyphal form of the yeast, a
distinct, disease associated transformation. Regarding seborrheic dermatitis, direct solid
evidence is lacking, yet the previous observation on the effectiveness of antifungal
formulations on this condition is supported by a distinct metabolic profile of the M. furfur
seborrheic dermatitis isolates (Gaitanis et al, 2008) which is confirmed by in vivo findings
(Magiatis et al, 2013). In the present Thesis, seborrheic dermatitis patients and their family
members, as well as healthy volunteers were studied in respect to the distribution of
Malassezia species and the corresponding molecular and metabolic profile of selected
strains. Although Malassezia yeasts were isolated from all the patients and the majority of
healthy volunteers, no particular pattern or correlation was identified between the
isolated species and the epidemiological characteristics of the host population. More
specifically no specific Malassezia species could be correlated with host’s gender, sampling
site, disease state or disease severity. The strains of M. furfur, the most commonly isolated
species, were further subtyped by PCR fingerprinting, yet no particular pattern could be
recorded in strains isolated from members of the same family irrespective of the underlying
skin condition or healthy skin. Conclusively it is intriguing that in the present study,
seborrheic dermatitis could not be connected to a specific Malassezia species and
furthermore, despite that part of the seborrheic pathogenesis can be attributed to the
action of skin microbes, neither Malassezia yeasts, no seborrheic dermatitis can be

transmitted within family members.

However the metabolic profile of the isolated strains, as assessed by phospholipase
production, seems to contribute to the pathogenetic potential of Malassezia. For species like

Candida or Saccharomyces cerevisiae increased virulence and adherence has been related to
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increased phospholipase activity. Also for the zoophilic Malassezia species M.
pachydermatis, lipolytic activity has been directly connected the yeasts ability to cause
dermatitis in animals. Additionally, modification in the production of phospholipase enzymes
by M. pachydermatis through a possible opioid receptor on the yeast cell membrane has
been described. In the present study, exposure of seborrheic dermatitis isolates to b-
endorphin increased b-phospholipase activity in strains of M. furfur and M. restricta, in
contrast to M. globosa and M. sympodialis. Furthermore, higher phospholipase enzymatic
activity was recorded in vitro for strains isolated from seborrheic dermatitis lesional skin in
comparison to strains from healthy volunteers after b endorphin exposure. These
pathogenic stains responded more to b-endorphin stimulation with increased
phospholipase production (phospholipase inducibility). Overall, these observations are in
favor of the existence of pathogenic Malassezia species within the skin flora of susceptible

individuals.

Although production of various indolic substances has been shown for different non-skin
associated microorganisms, the quantitative production of Malassezia indolic compounds in
vitro and its association with a skin disease is a novel observation. The herein presented data
on the effect of Malassezia indoles on the maturation and antigen presenting ability of
dendritic cells complement the aforementioned findings as they propose a functional role of
these ligands on skin physiology. Indoles are produced by all known Malassezia species and
interestingly in higher quantities by strains originating from diseased skin. These biologically
active compounds have variable effects on cellular subsets of the immune system including
the differentiation of dendritic cells and T-cells as well as the phagocytosis ability of
macrophages. In this Thesis, the tested indoles, which can be produced in vitro and in vivo
by Malassezia, were shown to activate the aryl hydrocarbon receptor (AhR) pathway in
monocyte derived dendritic cells as well as in myeloid dendritic cells. Moreover, when
monocyte derived dendritic cells are conditioned towards a pro-inflammatory phenotype
this induction is significantly higher and it is coupled by down-regulation of the functional
ability of dendritic cells to mature, present antigens and induce inflammation. This effect
is at least partly mediated through AhR activation as inhibition of this pathway restores

the ability of dendritic cells to respond to TLR ligand stimulation.

The metabolic profile of Malassezia yeasts and the response of the skin barrier and immune
function to it represent an interesting area of future research. There is an increasing array of

autoimmune and autoinflammatory conditions that have their trigger on epithelia that are in



131

direct contact with microbial populations, as is the integument, the gut and the lungs.
Differences and similarities on the epithelia and the relevant microbial populations could
constitute a unique area of comparative studies that would assist in the comprehension of
aspects of human physiology as well as the development of disease. Likewise, in the skin, the
in loco production of the Malassezia associated indoles has been proposed as the
explanation of the absence of inflammation in pityriasis versicolor and the hyperproliferative
response in seborrheic dermatitis. The present Thesis has assessed yeast descriptive
characteristics (epidemiology) and functional traits (phospholipase production) as well as the
effect of Malassezia metabolites on human immune cells (dendritic cells). The findings
further support the role of Malassezia yeasts in a common skin disease as is seborrheic
dermatitis and highlight the need of a comprehensive approach for understanding skin

physiology in health and disease.
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EAAnvViKA NepiAnyn Awdaktopkng Atatptfng

Elcaywyn

OL uLkpoopyavicpol mou PBpiokovtal oto S€ppa Kal anoteAolV T UKpoBLakn Tou YAwpida
eudavitouv pia evtumwolakn TOWKWAa avdaloyn Ttg TolkIAlag tng duololoyiag Kot
tornoypadiag Tou Séppatog. H MAEOVOTNTA TWV OPYOVIOUWY QUTWV €lval Baktrpla mou
toaflvopolvtal os meplocotepo amd XiAla €ibn. H pukntiokn xAwpida avtibeta eivat
dLaitepa EPLOPLOPEVN KOl TOV KUPLO EKTTPOCWTO TNG amoTeAEl To yévog Malassezia.

Ol pUKNTEG TOU Yévoug Malassezia ival eukapuwTtikol opyaviopol. H aAAnAenidpacn Toug
pe to 6€épua Sev meplopiletal amAd otn culhoyn Blopopiwy, Ta omola XpnolonoloUvTaL ylo
EVEPYELD. Kal W¢ SOUKA otolxela, aAAd emektelvetal Kol otnv mapaywyr BloAoylkd
SpOOTIKWY OUGLWY TIOU €XOUV TOCO AUTOAOYN OGO Kol eTepOAoyn Spaan.

MéxpL onuepa €xouv avayvwplotel 14 €i6n Malassezia. Ta oteAéXn TOU YEVOUG QUTOU
Bewpouvtal altloAoykol mMapAyovieC o SEPUATLKA VOONUOTA OMWS N OUNYUOTOPPOIKN
Seppotitida Kal n molkiAoxpon mituploon, evw epmAékovtol oe GAANa voonuata Onwe n
Ywplaon kat n atorikr depuatitida. OL akplfeic maboyevetikol pnxaviopol wotoco, Sev
€Xouv akopa amoocadnvioTeL.

JKOTOC TNG Tapoucag MeAETNg eival n Slelpuvon Kal Katoavonon maboduololoyLlkwv
UNXQVIOUWV o oXéon UE TN ocuppetoxn twv upwv Malassezia otn OUNYUATOPPOIKA
Seppuartitidag. Mo ouykekpuéva SlepeuvnBnkav ta akolouBa: 1) n Katavoun Twv eldwv
TOU yévoug Malassezia ot OLKOYEVELEG TIOU TIEPLELXAV TIAOXOVIEG QMO OUNYUATOPPOIKNA
Sepuoatitida B) n mapoywyn AUTOAUTIKWV eviUpwV omd TO amopovwBévta oteléxn
Malassezia kot n enidpaocn tng B evdopdivng oe autn Kal y) n in vitro Spdcn WEOALKWY
napaywywv tng Malassezia os avBpwriva §gvdpLtikd KUTTApaA .
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lotopia, BloAoyia kot otkoAoyia tov yévoug Malassezia

To vévo¢ Malassezia mApe 1o dvoud tou amd tov maboloyoovotdopo tou 19% awwva
Malassez, mou mepléypae éva HOKNTA UE TN XOPAKTNPLOTIKN oBA&A popdoloyia oto Sépua
aoBevwv pe TOWKIAOXpon Tmutuplaon. Ta éva peydlo Xpovikd Sldctnpa To YEVog
armokoAoUVTaV £MioNG HE TOV OPO TITUPOOTIOPO, O OToLoG €lonxBn amd tov Sabouraud To
1902. H ouyyxpovn xpnon Twv 2 Opwv TpokaloUce ouyxuon Kot apdlBoria petalu
SepuaToAOYyWVY Kal BLOAGYWV yLa Thv Tautdohun ¢von twv eldwv. To 1970 avayvwpilotnkayv
3 €i6n tou puknta Malassezia (P. ovale, P. orbiculare, and P. pachydermatis) kot to 1977
emBefawOBNKE N LKAVOTNTA TOU HUKNTO VO PLETATPETETAL and HUKAALO o€ udn. TeAKA, TO
1986 n emMOTNUOVLKA KOWOTNTA amodéxbnke tnv evomoinon tou yévoug UTIO TO OVopd
Malassezia. H xprion poplakwv peBodwv odnynoe otnv avénon twv TOEWOUNUEVWY OTO
Vévocg eldwyv ot 14.

H popdoloyia Twv oTeAeXwV TOLKIAEL PETALD TWV EL6WV, TOCO O KUTTAPLKO eMinmedo 600 Kot
ot eninedo amoiwkiag. To KUTTAPLKO oXAo HUrtopel val eival KUKALKO Omw¢ otnv M. restricta 1)
M. globosa, eniunkeg 6nwg otnv M. furfur, KUAVEpLKO OMWG otnv M. pachydermatis rj oBAA
onw¢ otnv M. yamatoensis. EmumAéov SladopéC UTAPXOUV KAl oTo  MoTifo
noAAamAacloopol, To onoio édwaoe otnv M.sympodialis to 6voud tnG. MaKpooKOTLKA oL
amolkieg epdavilovral Aeieg kot kpepwdelg, ermbelkviovtog OUws Sladopeg HeTall Twv
e16WV Kuplwg otnv udn.

210 NAEKTPOVLKO ULKPOOKOTILO N Malassezia epdavilel £vo KUTTAPLKO TOLXWHA e TIOAAQTIAEG
doAibec oe onelpoeldn diataln. Ta Buyatplka kUTTapo ekplovtal and TNV €0w emibAvela
TOU KUTTAPLKOU TOLXWHATOC TOU UNTPLKOU KUTTAPOU adRVOoVTaG VA XOPAKTNPLOTIKO onUadL.
H £kduon tou BuyatplkoU KuTtApou eival cuvABwc povomoAkr). Eva emimAéov 6laitepo
XOPOAKTNPLOTIKO TOU YEVOUC €lval n tapoucia evéoomopiwv.

Aéko amo ta 14 £i6n Tou pUKNTA Oveupiokovtol Kupiwg oe avBpwmoug (M. furfur, M.
globosa, M. symbodialis, M. restricta, M. slooffiae, M. nana, M. yamatoensis, M. obtusa, M.
japonica, M. dermatis). Ta eldn auTtd £xouv amopovwBel amd molkileg SepULATLKEG TIEPLOXEG
OTWG TO TPLXWTO TNC KEDAANC, TO MPOCWTO N 0 KOPUOG AAAA UTIO CUYKEKPLUEVEG CUVONKEC
KOl amo ta ovupa 1) To aipa. Ta untdAowuta 4 €idn (M. pachydermatis, M. carpae, M. equina,
M. nana) amopovwvovTtol Kupiwg amd olklakd {wa, Xwpeig wotdco va amokAsietal kot o
TAPOSLKOG ATTOKIOUOG TOU avOpwrvou S€pUatoc.
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O petaBoAiopdg tng Malassezia

H g€aptnon tou yévoug Malassezia amo ta Aumidio odelletal otnv avikavotnta cuvOeong
TOU HUPLOTIKOU 0££€0G, EVOG TPOSPOHOU TWV AUTApwV 0EEWV HaKPAC alloou. H avdluaon Tou
voviSlwpatog the M. furfur emuPeBaiwos tnv ENewdn twv yovibiwv tg ouvBdong twv
Amapwyv oéwv aAAd tautoxpova avédelfe kot tnv UTapén moAudplBuwv yovidiwv mou
Kw&LkomoloUv Aumdoeg kol pwodoAmdoces. IUVENWE, oL HUKNTEG Tou Yévoug Malassezia
elvol og Béon va petoafolifouv Amapd oféa XpNOLUOTOLWVTAC TA ETE AV SOULKA CUCTATLKA
elte oav nmnyn evépyelog.

H ofeikn TOpwon ekyuliopatog AekiBou afyol (egg yolk assimilation) amoteAel pia
a€LOTLOTN KAl ETLOTNOVIKA omodektr HEBoSO yla Tov €Aeyxo TapaAyOUeEVWY Autacwyv. H
Xpnon tng pebddou edpalwdnke pe TtV avixveuon tng Spdong dwdoAumacwv amod Thv
Candida albicans kal tov Cryptococcus neoformans Kol €NeKTAONKe apyotepa o€ €idn tou
vévoug Malassezia onwg n M. furfur ko n M. pachydermatis. Baowkn apyxn tng pedodédou
amoteAel n mapadoxn ot n {wvn kabilnong yupw amod TNV amolkio Tou pUKnTa amoteAesl
npoldv g 6pdong Autacwv Kot eival euBéwg avaloyn tng mocotntag autwv. Kotd
OUVETELX O AOYOG TNG SLAPETPOU TNG amolkiag mpog tnv Slapetpo tng {wvn kabilnong
amotelel éva SelKTn TNG MAPAYWYLKOTNTAC AUTACWV.

Yrootpwpota ovamtuéng ywa tn Malassezia omotedoUv Kal LSATAVOPAKEG OMWE N
00pPLTOAN Kal N HavitoAn. Autol amoteAolv eVAaAAAKTIKO TwV AUTSiwv 1600 oav SOULKO
OUOTOTLKO 000 KOl ooV TNyn evépyelag AvtiBeta, ol HUKNTEG TOU yévoug Malassezia 6¢e
Uropouv va petaBolicouv cdkyapa.

Me tn xprion katdAAnAou umootpwpartog (minimal essential medium) kat au&avoypAUpOTOG
vatplou anodeixbnke OTL 0 HUKNTOG UIMOPEL va xpnoLUomolel OAa Ta amapaitnta apwoéa,
Le TNV e€aipeon TG KUOTElvNG, oav mNyEG vatpiou yla Thv avantuén tou. O YeTaBoALoUOG
™¢ TpumTodaAvng amd Tov HpUKNTA amodidel wOoAlka mapdywya, ouociec pe upnAn
BloAoywkn onuaocia. Nopoadeiypata ouCLWV TIOU TPOKUTTOUV OO TO HETABOALOUO TNG
tpuntodavng, in vitro, and tn Malassezia amoteloUv n pitiriacitrin, n indirubin, n
malassezin kat n 6-Formylindolo(3,2-b)carbazole. Ta ¢puoikd kot BLOAOYLKA XAPOKTNPLOTIKA
TWV OUCLWV QUTWV €XOUV CUCXETLOTEL e TNV KALWVIKN onpacia tou yévoug Malassezia.
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ZUMUBATIKEG KOl HOPLOKEG HEOOSOL amopovwong Kat TauTonoinong tng
Malassezia

Ol HOKPOOKOTILKEG SLadPOPEC TWV ATOLKLWY KOl OL ULKPOOKOTILKEG SLaPOPES TWV KUTTAPWY,
6ev elval emapkelg yw 1O SloXwplopo petafl Twv eldwv. EmutAéov  Ploxnuikd
XOPAKTNPLOTIKA aAAG Kal yoviSlakn avaAuon elval amapaitnta yla va tavtonotnfoulv ta 14
elbn tng Malassezia.

H AumodiAia tou yévoug amotéAleoe tn Baon yia thv Snuoupyia mMoOAUAPLOUWY EKAEKTIKWY
UTIOOTPWHATWY avamtuéng, pe mAéov Sladedopéva to Leeming Notman kat to Dixons
modified agar. EmumAéov tnNg avamtuéng oe eKAeKTIKA MECO, Ol UETABOALKEC LOLOTNTEG
opLopévwy eldwv ,0mwe o kataBollopdc Tween 40/60/80, eokoulivng kat umepoteldiou
Tou uSpoyovou amoTEAecay TN BAcn yla TNV avayvwpeLon Kol Tautonoinon 7 eldwv.

Tn &ekaetia tou 90 oL cupPatikéc PEBOSOL APXLOAV VA CUUMANPWVOVTOL UE HOPLOKEG
TeEXVIKEC. OL péBodol avaluong tng yovidlakng akoloubBiag (sequencing analysis) o6nynoav
otnv avayvwplon emmAéov eldwv onwg n M. japonica, M. carpae kot M. equina. H avaiuon
ouvnBbw¢ mpaypatonoleital otig meploxég ITS-1/2, 1GS-1 tou plBoowpikot RNA, mou
TAPEXOUV TNV amapaitntn MoKIAOTNTO OTLC VOUKAEOTIOLIKEG TOUC akoAouBisg, yla Stdkplon
METAEL €L6WV EVTOC TOU YEVOUC.

H PCR mpayuaTikol XpOvou £XEL XpnolpomolnBel emttuywg otnv avixveuon kal emiBePfaiwon
™G Malassezia aneuBeiag ano Aéma dépupartoc. H pébBodog autr xpnolpomotnbnke yla th
ouox£tlon oplopévwy eldwv Malassezia pe Segppatikd voonpato onwe n Ywploon.
EmutAéov péBodol evioxyuong moAupopdilkwy Seiktwv tou DNA €xouv xpnotuomotnBel
Kuplwg otnV avayvwplon UMoTUTIWV €VIOC TWV EL0WV KAl CUCXETIONG TOUG HE AAAa
ETLSNULOAOYIKA XAPAKTNPLOTIKA TwV POPEWV OMWE TNV KOTACTACN VOOOU Tou &evioTth A
OKOMA KaL TN Yewypadikr tpogAeuon.

Mpooddatwg ta yoviSlwpata tTwv 8wV M. globosa kal M. restricta avaAuOnkav TARPWE
QIOKAAUTITOVTOC TOAUAPLOUa PETABOALKA HOVOTIATIA, OXETIKA He T YAUKOAUON, TN
oUVOEoN AUIVOEEWY KOl VOUKAEIKWY 0EEWV KalL TNV TTOPAYWYN AUTAowV.
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Noonpata nov oxetilovral pe tn Malassezia

H mokiAdxpon mutupiaon amoteAel pla ouxvh SeppatondOsia mou spdaviletal oto 2-8%
TOU yevikoU TAnBuopol. H vooog €xel cuoyeTlotel Ye tnv auvénuévn Spaotnplotnta Twv
OUNyHOTOYOVWY adévwyv Kal tnv mapoucia tng  Malassezia. Mo GUYKEKPLUEVA O
TaBodpUGLOAOYLKOC UNXAVIOUOG TNE TIOLKIAOXPOOU TUTUPLACEWC TTEPAQBAVEL TN LETATPOTN
TOU UUKNTA omd MUKAALO ot udr, yeyovog mou BewpnTikd TOUAAXLOTOV SLEUKOAUVEL Th
Slelobuon tou puknta otn Kepativn otiBada. MAALOTO, N XAPAKTNPLOTIKY HLKPOOKOTILKN
€lKOVA TNG ouVUTOPENG HLUKNALWY Kal UWV aToTEAEL SLAYVWOTIKO KPLTHPLO TNG vooou. Eva
ETUMAEOV XOPOKTINPLOTIKO TNG vooou, o ¢Ooplopdg twv PAaBwv KATw amodé Tn Auvyxvia
Wood,amnobidetal eniong og HeTaBOAKA TOPAYWYQ TOU HUKNTA.

To £ibo¢ Malassezia TOU QAMOUOVWVETAL TILo cuyvd amod PAGBeg molkiAdxpong mitupiaong
elvat n M. globosa. O poAog Tou HUKNTLOKOU POoPTIOU WG TTPOKANTLKOU TIOPAYOVTO ATOTEAEL
aKOUN attia dyyoyvwpiag petafd Twv gpeuvntwy. Mapd Opwg tnv mapoucia tng Malassezia
1000 UTO popdn HuknAiou 6co Kal umd popdn udng ot BAGPeC tnG molkihoxpdou
Tutuplacewg, mapatnpeitat eAdyiotn ¢Asypovwdng aviidpacn amod TO AVOCOTOLNTLKO
ouoThua Tou 6€pUaToC.

H ounypatoppoikn deppartitida amoteAel pia £tepn cuxvn depoatondbela mou adopd to 1-
5% tou mMAnBuopou. Xapaktnpiletal and tnv napoucia epubnuatwdwyv MAAKWY pe cuVoSo
amoAémnion. H nrmuotepn popdr tng voéoou, n omola meplopilletal oto TPXWTO TNG KEPAANC
ovopaletal mutupiba kot amotelel apketd ocuxvotepn ekdnAwon. Eva KUplo emixeipnua
OUOYETLONG TNG VOOoOU He TNV Malassezia omoteAel n KON AVTILUKNTIOKA SpaoTikotnTa
OAwv Twv Bepameutikwv PEBOSWVY Tou €xouv xpnoldomolnBel. Metafd dAAwv, o
TABOYEVETIKOG LNXAVIOUOC TNG VOOOU CUVSEEETAL LLE TNV TTOPAYWYN AUTACWY oo ToV HUKNTO
mou petafolilovrag to ounyuHa napdyet eAsUBepa Autapad oféa. Autd omwg £xel amodelyBel
TELPAPOTIKA eUOUVOVTAL KATA €va LEPOG YL TOV TOTIKO £peBLOMO. H mapouoia auénpévwy
emunédwv RNA Autacwv tou poknta oe PBAAPec ounypotoppolkng €xel emiPePfaiwbdet
MElpapaTIKA. EvBladépov €xel n mapatipnon OtL ta eAelBepa Amapd oféo mpokoaAolv
QTOAETILON OTO S€pUa TWV TOOXOVIWV OAAA OXL TwV LYLWV. Emlong otn opnylatoppoikn
Sepuartitida to €idog mou amopovwveTaL cuxvotepa eivat n M. globosa.

H BuAakitida and Malassezia yapaktnpiletal ano tnv UTAPEN MOAVAPLOUWY LOVOUoPHWY
BAatidwv 1 PpAuktavdiwv Ta omoia cuvodelovtal amo TOMIKO £peBLOUO. I LOTOAOYLKO
eninedo nmapouoialovral SlateTapéva TpLYoBUAAKLA TTou TEpLEXOUV ddBova KUTTapa Tou
poknta Malassezia, oubetepodida, Aspdokutrapa Kot totokUttapa. H Bulakitiba amd
Malassezia umopel va emiteuxBel nelpapotikd, av oe acbeveic pe otoplkd Bulakitidag
tonoBetnBouv oto €ppa PUKNTEG Tou Yévoug Malassezia pe kAelotn mepideon. EmumAéov oL
nidoxovteg epdavitouv uPnNAGTEPO TITAO AVIICWHATWY EVAVTL TOU HUKNTO O OXEON LE TOUC
UYLELG 1) TOUC TACYOVTEC Ao MOLKIAOXPON TLiTtupiaaon.
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H artormukr Seppartitida amoteAel pla ouyvy Sepuatomdbela pe MOAUAPLOUEC KALVIKEG
ekbNAwoelg kol oadec yoviblakd umoBabpo. H Malassezia amopovwvetal and ta Sépua
TWV TAoXOVIWV amod atorikny Oeppatitida oxeddév oto 100% Twv TEPUTTWOEWV. TO
ouxvotepa anmopovwOey eibog eival n M. restricta ota modLd kat n M. furfur otoug eVAALKEG.
H kOpla umoBeon eumhokng tng Malassezia otnv atormikn Seppatitida adopd tnv pdon
™G WG aMAepPyLOyOvo UE eVIOVOTEPN avtidpacn oe ATopa Tmou €xouv sualcOntomnolnOel.
Mepapotika €xouv eruPePalwdel n Betikn avtidpacn os éAeyxo e patch test kat ta vPnAa
enineda tne IgE évavtl tng Malassezia oa cuxvo elpnua (20-100%) oe aloBeveiG PUe OTOTILKNA
deppuaritida.

Télo¢ n Ywplaon amotelel xpovio Seppatikd voonua He ouxvotnta 3% OTO YEVIKO
MANBUOUO. Xe LOTOAOYLKO eTimedo YopaKTNELlETOL QMO UTEPKEPATWON, TAPAKEPATWON,
unepmAaoia Twv ayyeiwv tng emdepuidag kat dAeypovn. To 1982 o Lober €6goe TiIg BAoelg
OUOYXETLONG TNG VOoou Ue TN Malassezia avamapdyovtag Pwplaotopopdeg PAABEG pe TV
eniBeon evawwpnuatog Malassezia otnv emdavela Tou S€pUatog. Rpepa yvwpiloupe OTL N
Malassezia pmopei va §pAcel ooV XNUELOTAKTIKOG TTAPAYOVTAG YLol Ta TToAUopdomnupnva
aoBevwv mou mdoyxouv and Ywpliaon, oe avtiBeon pe autd Twv Uylwv. EmumAéov €xel
anodelyBel OTL To MPOdIA KUTTAPOKIVWV TIOU TTAPOUCLAlOUV T KEPATIVOKUTTOPA aoBevwv
pe pwplaon epdavilel TOAEC OUOLOTNTEG UE AUTO KEPATLVOKUTTAPWY UYELWV TIOU £XOUV
exteBel otn Malassezia. To oTéAeXog mou Kupiwg amopovwvetal anod PAaBeg Ywplaong eivat
n M. restricta akohouBoUpevn and tnv M. globosa.
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Yrniodoxéag evofrotikol petafoAiopov (AhR)

O AhR egival évag KUTTOPOTTAOCHATIKOC UTTOSOXEASG, MEAOG HLOG OLKOYEVELAG METAYPOUPLKWY
TapayovIwv yvwotr wg PAS (Per-Arnt-Sim). Yo ouvBnkeg npeuiag o AhR Bpioketal oto
KUTTapOMAQoUO O £va aVeVePYO cUUMAOKO. Katomy mpoodeong Tou aywvloth petapaivet
otov mupnva, duuepiletal pe tov AhRR kol emdyetl Tnv petaypadn HLag ospdg yovidiwv
HeTafl TWV omolwv Kot ekelva tou EgvoBLoTikou petaBoAlopol onwe ta CyplA2, CyplB1 kot
Gstpl. O polog tou AhR emekteiveTal MEpav TG EMAYWYAC YoviSiwv tou petaBoAlopol Kot
oe AAAeC PBaolKEC KUTTAPLKEG Slepyaoieg OmMwe tn pUOULON TOU KUTTAPLKOU KUKAOU, TNV
amontwon, T Asttoupyia Twv UTOSOXEWV OLOTPOYOVWY, TOV KIpKASLO pubud kal tnv
OpYOaVOYEVEDH).

OL oywviotég tou umoboxéa tou EgvoPlotikol petafoAlopol €xouv ouvnBwg pLa
XOPOKTNPLOTLKA OPXLTEKTOVLKH Ttou TteplAapavel emineda, vdpdPofa Kal APWHATIKA HopLa.
Mpoodatwg évag peyahog aplbuoc popiwv pe Stadopetikny Soun amno thv npoavadepbeioa
neplypadnkav va evepyomoloUv tov AhR. To yeyovog autd amodobnke otnv Umopén
ToAudpBuwy BEcewv mpdadeaong enti tou AhR 1 otV evepyomnoinon xwplic npdodeon.

OL aywviotég tou AhR Slakpivovtal oe efwyevelg kat evboyeveic. H mAelovotnta twv
€€WYEVWVY OVAKEL OTNV OLKOYEVELD TWV OPWHOTIKWY Udpoyovabpdkwv Onmwg ot
S1Beviodiotiveg  ta Sidpevilia. Mpokettat yia uSpodoPa, CUHUUETPLKA LOPLA TTOU aTtoTeEAOUV
LOXUPOUC QYWVLOTEG KOL €lval Kuplwg BLopnXavikA Tpolovia. ITnv opada Twv eEwyevwy
QVNKOUV Kal ouciec pe Sladopetiky Soun OnMwe n opepmpaloAn 1 n wpevéaldin mou
ouvnBw¢ amoteAolV a.oBeveig aywVIOTEC.

KOpla mnyn evéoyevwv aywviotwv tou AhR amotelei n Slatta. 'H6n amd to 1992 eixe
napatnpnBel otL kamola ppouTa Katl Aaxavikd prmopoloav va 0dnynoouv o€ emaywyn Tou
Cyplal oe nelpapatolwa. 2uvnBwe oL evboyeveic aywvloTéG sival aoBevelc aywvIoTEG Ue
KUPLOTEPEG OUABEG TIG LVOOAEG, TIG TETPATUPOAEG, Ta dAaBvoeldr, Toug petafoAitegc Tou
apaxLSovikoU 0€€0C, TA KAPOTEVOELSH KOL TLG OEUOTEPOAEG.

To 2001 o Wille xpnowuomolwvtag tnv Tpuntodavn we nnyn alwtou oe KAAALEPYELEG TNG M.
furfur amopoévwoe TNV WO0AN malassezin. O petofoAitng autdg Adyw TNG SOUKNAG Tou
opoLoTNTAG HE GAAOUG YyVWOTOUG aywvLoTEG Tou AhR 6mwg to ICZ kat to FICZ eAéyxBnke w¢
TPOG TNV LKAVOTNTA EMOYWYNG Tou P450 kal eudavice SpacTKOTNTO OVTLOTOLXN HE AUTH
AAwv evdoyevwv aywviotwy. MpoodeuTikd emmAéov aywviotég tou Ahr mpootédnkav
OTOUG MapayOUeVoOUG amno thv Malassezia 6mwg ot indirubin, tryptanthrin, ICZ, FICZ. MdAlota
pepLkol amd autolG cuvSEBNKaV LE TNV UTtAPEN 1 OXL VOoou (oXeTllouevnG We tn Malassezia)
0ToUC Popeic KABWE Kal e KALVIKA XAPAKTNPLOTKA TWV VOCWV.
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To avooomnowntikd cluoTNpa Tou S€ppatog kat n aAAnAenidpaon tov pe
t™n Malassezia.

To S€pua amoTeAel TNV MPWTN YPOAUL AUUVOC TOU OPYQVIOUOU £VaVTL TWV EMIOECEWV TWV
naBoyovwy Kal Twv uotkwy attiwv. E€attiag authg tng ekBEoewc Tou aAAd KAl TOU PeyAdAou
pey€Boug Tou, N avocosmtpnon amoteAel pia mpokAnon. Aopikd Slakpivetol os 3 pépn: o
unoSeppua, To xoplo (Sepuida) kat tnv emdepuida. Ta KUpLa KUTTApPA TNG embepuidac eival
TO KEPATLVOKUTTAPA, TA HeAavivokUuTttapa, ta Langerhans kat ta Aspdokutrapa evw h
Sepuida mepléxel WVoBAAOTEG, AUTOKUTTAPA KOl LaKpodAaya.

Ta kepotwokUttapa sivol eéomAlopéva pe umodoxelg aviyveuong maboyovwy TOco oThv
KUTTOPLKA HEUPPAVN 000 KAl OTO KUTTAPOTAQCA TOUG KOL UITOPOoUV VO TTAPAYOUV KATOTILY
Sleyépoewg dAsypuovwbelg kutTapokiveg onweg IL-1/6 kat Tnf-a kal xnueLokiveg émwg CXCL1
Kot CXCL8. EmumAéov sival oe Béon va mapdyouv avtlpikpoflakd memtidia onwe ot B-
defencin, aAAd kal va ekppdcoouv otnv emidbAvVELA TOUC avtilyova otooupBatotntag (MHC)
SpwVTaC €V HEPEL WG AVTILYOVOTIAPOUCLOOTIKA KUTTAPA.

Ta kUTtapa Langerhans eival ta kUpLO AVTLYOVOTIAPOUGLAOTIKA KUTTApA TG embepuidag.
P&Aog Toug elval N dayoKUTTAPWaON aVILYOVWY Kal n mapouoioon toug ota T Aspdokitrapa
enayovtag tn Stadopomnoinon Twv teAeutaiwyv tpog tov Th2 datvotumo. Mépa amd auth th
6pdon n mapoucia Toug €xel Mpoodata ocuvdeBel kal pe TV TpowBNON NG AVOXNG
(tolerance) oe avtdpdoelg unepevaloOnoiag. AAo MANBUOUS SevEpLTIKWY KUTTAPWY TOU
Sépuartog amoteholv ta dAeypovwdn Sevdpitika erubepuidika kuttopa (idecs) ta omoia
glvol HOVOKUTTOPLKAG TipoeAeUoewg Kal Seopevouy IgE cUPMAoOKa. XTO XOPLO UTIAPXOUV
eMUMAEOV T OevdplTikd KUTTApPA TOU XOplou HE OVTLYyOVO-TIAPOUGCLAOTIKO POAO Kal Ta
TAQOUOTOELS SEVEPLTLKA KUTTAPA UE SuvaToTnTa mapaywyng wtepdepdvng 1.

Ta T Aepdokutrapa tng emdepuidag Bplokovral Kuplwg ota emupavelokd OTPWHATA,
mAnoiov Twv Langerhans kuttdpwv. Embepuidikad enikpatei o CD 8 TUMOG evw OTO XOpLO
tooduvapoulv ot CD4 kot CD8 tumoL. Ta Aspdokitrapa Katd tnv Sidpkela GAeyuovwdwy
avTdpacewyv prnopouv va enaxBolv npog toug pawvotumnoug Th 1,2,17,22.

O &uttog poAog tng Malassezia wg ¢puolodoyikn xAwplda Tou SEpUATOG aAAd KAl wC
guUKALPLOKO TaBoyovo avadelkvlel tn oUvOetn aAlnAenmidpacn Tou HUKNTO HE TO
QVOOOTIOLNTIKO cUOTNA.

Ta oteléxn tng Malassezia pumopoUv va €VEPYOTOLACOUV TOCGO TO KAAOGLKO 000 Kol TO
EVOAAOKTIKO HOVOTIATL TOU CUUMANPWHUOTOG, YEYOVOG TIOU Ba UMopoUsE va AMOTEAECEL
OUVOETIKO Kpiko Tou puknta pe Slddopeg deppartonddeleg onws n Ywpliaon. EmutAéov
avVOOOAOYLKA avtidpacn ekSNAWVETAL KAl HUE AVTLULKpOBLOKA memtidia onwg to LL 37, mou
€xeL Ppebel auvénuévo oe BAAPeg mokloxpdou Tutupilacsws 1 to HBD-22 mou mapdyetatl
Qo T KEPOTLVOKUTTAPA in Vitro KOTA TNV MOpousio Tou HiKnTa .
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Ye KUTTAPKO emimedo €xel emiPePalwbdel n taxela dayokuttdpwon Twv OTEAEXWV TNG
Malassezia amo oudetepodila n omola Opwg cuvodeletol amd TMOAU YapnAd emineda
evbokuttapiou Bavatou. H mpdodeon tng Malassezia amd ta povokUTTOpA YiVETAL PECW
Twv Unmodoxéwv Havolng Kot P-yAukavwv. Ta KOpla ¢Asypovwdn KUTTApO TIOU
aveuplokovtal otic BAAPec voonudtwv mou oxetilovtal pe thv Malassezia omwg otnv
TMoWKIAOXpon Tutupiacn elvat ta T AepdokUtrapa Ttou Pondntikolu  davotumou
ouvodeuopeva ano pakpodadya, povokuttapa Kot kUtrapa Langerhans. H cuykaAAlépyela
Kuttapwv Malassezia pe kepatvokuTTapa emidpd oto nMPodiA Twv MAPAYOUEVWY, Ao T
Seltepa, KUTTAPOKWVWY avahoya tou Aoyou Malassezia/KCs kol tou £idoug tou puknta. H
aloAdynon tng avoooAoyLKNG amavtnong évavil tg M. furfur pe Tig texvikég lymphocyte
transformation assay (LT) kat leucocyte migration inhibition assay (LMI) avéSelfav pelwpévn
OVOOOYOVLKOTNTA TWV OTEAEXWV EKEVWV TIOU TIPOEPYOVTAV QATIO TIACXOVTEC E TIOLKIAOXpON
TUTIplaon  £vavil TwWV OTEAEXWV TIOU TIPOEPXOVIAV amo Uylelc 1 Emaoyav amo
opnyuatoppolkny Sepuatitida. Téhog Ba mpemel va aflohoynBel to yeyovog OTL n
OUNYHOTOPPOLKA SeppaTtitida eival TOAU cu)V 0 AVOOOKATESTAAUEVOUG acBevelc Onwg o€
naoyovteg amno AIDS ) LETAPOOXEUEVOUC.

Zto)xoL tnG SLdaktopkng StatpBig

Ikomog NG mopouong Sidaktopkng Slatplprig eivalr n Slelpuvon Kal KoTAvVONnon
naBodpUCLOAOYLKWY UNXAVIOUWY O 0XEON HUE TN CUPUETOXN Twv {upuwv Malassezia ot
ounypatoppoikny Seppatitida. Mo cuykekpLuéva HEAETABNKaAV Ta akoAouBa a) amouovwon
Kol Tautomoinon twv eldwv Malassezia amd OLKOYEVELEC TIOOYXOVIWV LE CUNYUOTOPPOLKNA
Sepuatitidba Kal CUYKPLON OUTWV KPE OTEAEXN amopovwOévta amd opdda eAéyyou PB)
mapaywyrn AUTOAUTIKwY  eviUUWV  amo  OTeAEXN amopovwBhévta omd  TACYOVIEG
OUNYUATOPOLKNG Sepuatitidag Kol UYLELG Kol N HETABOAR TNC MOPOYWYNG AUTAC KOTOTILY
ekOEoewC Twv otehexwv oe B evbopdivn y) in vitro emiSpoon WSOAKWY TTAPAYWYWY TIOU
napdayovtal ano oteAéxn Malassezia o 5evSpLTikad KUTTOPA.
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YAka kot péodot

JUVOALKA 84 eBeloviég mepleAndpOnoav otnv HEAETN €K Twv omoiwv 43 TACXOVIEG Omo
opnyuatoppoikn depuatitida kat 41 vylelc. O MANBUOUOG GUAAEXBNKE amd ta eEwTepLkd
latpeia tNg OSeppatoloyLlkAC KAWLIKAC Tou [MMavemotnuiakol YeVIKOU VOGOKOUEiou
lwavvivwv. Ztov mAnBuopod meplhapPfdavovtal 27 OLKOYEVELEG MACXOVIWV KaBwg Kal pio
opada eAéyyou. EmumAov, wg opdada eAéyxou xpnotuomotnnkav kat 11 otedéxn avadopdg
arnd to 61ebvég kévtpo avadopdg pukntiokng PBlomowilotntag( (Centraalbureau voor
Schimmelcultures (CBS). H &eswypatoAnio mpaypatomolnbnke pe T HEB0SO TOU
Bappoakodopou otuleol oe MPOKAOOPLOPEVEG TIEPLOXEG OTOUG UYLELG Kal ag B€oelg PAABNG
otoug mdoxovteC. Emi umdpfewg Aemiwv autd adatpolvtav, HIKPOOKOTIOUVTAV Kol
KaAAtepyouvtav. Ta culexBévra Seiypata kaAAlepyouvtav o modified Dixons agar.

Ma tv tavtonoinon twv ewdwv Malassezia xpnoluomoltibnkav CUPBATIKEG KOl LOPLAKEG
péBodol. OL cuppatikég péBodol mepleddpfavav a) tnv emPBeBaiwon e€dptnong twv
oteAexwv amnod tnv napoucia Aumidiwv oto Opemtikd UALKO B) Ttnv Umapén KataAdong Ue TtV
Slaomacn tou unepogeldiou Tou uSPOoYOVOU V) TNV LKAVOTNTA UETOBOALOLOU UTIOCTPWHATWY
onw¢ ta Tween 20/40/80 kat Cremophor el kat t &nuouvpyia avaioyou dalvoturmikol
QmoTEAECHATOG §) TNV UETATPOTN TNG E0KOUALVNG O E0KOUAETIVN ammd TNV mapousia Tou
evllou B-yAukoupovidaon.

Me Bdon ta mMapaAnmavw XoPAKTNPELOTIKA WMopoUuE va Slakpivoupe PeTaty 9 StadopeTikwyY
el6wV Malassezia. QoTd00 OL MAPATIAVW TEXVIKEG CUUMANPpWONKAV HE HopLOKES HeBOSoug
npog enmiBeBaiwon twv anoteAeopdtwy. Edapudotnke PCR otig meploxég ITS 3 kat ITS 4
Tou ploowpikol DNA. Ita mpolovia MOAUUEPLOUOU €Ylve emegepyaoia e TIEPLOPLOTIKA
évlupa. Ta mpoidvta akoAoUBwG nAektpodoprnBnKav Kal avaAOYWE TOU OMOTEAECUATOC
TautomnoBnkav ta oTeAEXn o £(6n.

To oTeAEXN TOU avrkouv oTo o M furfur utoPANBNKav og EMUTAEOV YEVETLKA AVAAUCN LIE
avaAuon amotunwpdtwy tou DNA (STR-PCR:short tandem repeat PCR) emutpénovrtag tnv
avaAuon evtog tou eidoug oe umotumoug. Ta dedopéva tng PCR emeepydotnkay Pe TV
xpnon katdAAnAou Aoylopkou (bionumerics version 4) TPOKELWEVOU VOL CUCXETLOTOUV LIE T
ETUSNULOAOYLKA XOPAKTNPLOTIKA TOU TTANBUoUOU.

H a&lohdynon tng mapaywyns ¢pwodoAndcng npayuotonoldnke pe tn pébodo egg yolk
plate. Ta oteAéxn koAAiepynOnkav oe Dixons agar pe f xwpic tnv mpoabikn 100 nM B-
evbopdivng. AkoAoUBw¢ ol amolkieg petadépovrav o egg yolk agar 6mou kal eAéyyovtav n
napaywyn Autacwv avaioya pe pia Lwvn kabilnong mou dnuwoupyolvtav yupw amod tnv
armotkia. H wvn oautr amnotelel To GOLVOTUTILKO ammoTEAeopa SpAong TWV ALMAoWwY Kol TOo
€UpPOC TNG lval avAAOYO TNG TTAPAYWHEVNC TTOCOTNTAG TOUG.

Ta wdoAka mapdywya tng Malassezia (indirubin,|CZ, malassezin, tryptnthrin) cuvtéBnkav in
Vitro KaL XpnoLlomolOnkayv Katomy TitAomoinong.
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Ta xpnolponownBévta Sevdpltika kuTTapa npogkuPav anod Ty in vitro e€epyaocia pe IL-4 kot
G-CSF povokuttapwy, ta omoia amopovwonkav and povadeg nepidepkol oipaTog LYLWV
Sotwv. Ta devbpltikd kuTtapa sktednkav os TLR r AhR aywviotég, ocuvBwg katd tnv 6"
pépa wplpavong Toug yla pokaBboplopéva xpovika Staotriuota. H emidpaocn twv vEoAkwy
napaywywv efetaobnke smumAéov oe pueloeldny SevdpLtikad KUTTOPO TIOU amopovwonkov
aneuBeiag amno 1o nepldeplkd aipa uyLlwy So0TwWV, HECW ETIIAOYAG LE LAYVNTIKA avTlyova.

H a&loAdynon tng 6pdong Twv tvdoAwv ota SevdpLTika KUTTapa LETPNONKE o€ emimedo RNA
pe PCR Kal og eninedo mpwrteivwv pe western blotting. H HIKpOOKOTIKA mapathpnon tng
petakivnong tou AhR petd tn 6pdon Twv LVEOAKWVY TApayOvVTwV TPAYUOTOTOBNKE UE ThV
TEXVLKI TNG OUVEOTLOKAG ULKpooKoTiaG. TEAOG N emiSpacn Twv VSOAKWY TAPAYOVIWV OTh
dALVOTUTIKA KOl €KKPLTKA wplpavon twv Sevépltikwv aflohoynbnke e KuTTapopeTpia
pong otnv ékdbpoon twv emibavelakwy Oelktwv Kot e Eliza yla TIC mMopayOUeVeS
KUTTAPOKIVEG. H pelktr AepdokuTttaplkn avtidpacn ebapUOoTnKe MPOKELUEVOU va eAeyxOetl
n enibpaon twv WSOAKWV TAPAYWYWVY OTNV LKAVOTNTA TwV OEVOPLTIKWV vV EMAYOUV
dbAeypovn.

AnoteAéopata

EVS00LKOYEVELOKE KOTOVOUH TWV EL8WV Kot GUAOYEVETIK OlVAAUGH TWV ATOUOVWOEVTWY
eldwv Malassezia

Ano toug 85 aoBeveig mou mepleAndOnoav otn PeAETN amopovwOnkav 65 oteAéxn mou
katavépovtal oe 5 €ién (M. furfur (N=30), M. sympodialis (N=20), M. globosa (N=8), M.
restricta (N=6) kaL M. sloofiae (N=1)). Ze 2 acBeveic amopovwBNKavV MEPLOCOTEPA TOU €VOG
eldn. e kavéva amo ta amopovwBévta eibn Sev mapatnpnOnke £vOOOLKOYEVELOKN
Katavopn. e 10 amod Tig 18 olkoyéveleg éva povo eidog Malassezia amopovwOnke amod oAa
To HEAN. Ze 7 amod T 10 owoyéveleg to €ibo¢ autd ntav n M. furfur. H ouyvotnta
amopdvwong Twv eMLpépoug el6wv Sev ouoxetiotnke e to dUAO, Tt B€on detypatoAniog
Kol tTnv Umopén A Oxt vooou. Ta amopovwBévta otedéxn M. furfur avalvOnkav pe tnv
pEBodo amotunwpatwy tou DNA. Ta otedéxn pe evOooLKOYeVELOKN TIPoEAEUDN 1 eKElva
TIoU amopovwonkav amno macyovrieg dev TALVOUNONKAV O GUYKEKPLUEVOUG UTIOTUTIOUG
EVTOC TWV EL6WV.

Napaywyn éowodoAindong and oteAéxn Malassezia oe cuvdptnon He to £i6og, TV
Unapén opnyuatoppoikng deppatitidog Kot tnv EKBeon Twv oteAexwv oe B-evdopdivn.
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Amo Tta oteAéxn avadopdg mou eAéyxOnkav, dwodoAunacn mapnyayav ta: M. furfur CBS
6001, M. caprae CBS10434, M. pachydermatis CBS1879, M. dermatis CBS 9170, M. slooffiae
CBS7956, M. globosa CBS7966. Ao Ta KAWIKA oTeAEXN To 3% Sev mapnyaye dwodoAurtdon
avefdptnTa amnod 1o UAKO oto omoilo emwdotnke (Dixons/ Dixons + b-endorphin). Ta un
Tapaywya otedéxn Katavépovtal £€ioou petall maoXOVTwv Kal uywwv. Asv umnpée
OUOYXETLON HETOEL TNG Tapaywyns $wodoAndons tou GUAOU, TNG OLKOYEVOUE KOTAVOUNG
Kal tng Béong SetypatoAnyiag. To StadopeTikd ei6n Sev eudAvicav OTATIOTIKA CNUAVTLKA
Stadopd petafl tng Baotkng mapaywyng dwaodoAmdonc.

H €kBeon twv otehexwv oe B-evéopdivn (100 nM) avénoe thv mopaywyn wodoAmaong
amnd ta €i6n M. furfur kai M. restricta oe avtiBeon pe tnv M. globosa kaL tnv M sympodialis.
Y& oX€on He TNV MPOEAEUCH TWV OTEAEXWV ATIO UYLELC ) mAoXoVTEG, N £€kBeon os B-evbopdivn
avénoe TNV €kkplon GwodOoATIACNC OTA OTEAEXN TWV TIACXOVIWV evw Oev AAAoée tnv
EKKPLON amO Ta OTEAEXN TWV UYLWV. TEAOG Ta OTEAEXN amod mdoxovteg epdavilouv
OTOTLOTIKA QUENUEVN EMAYWYLLOTNTA TNG Tapaywyns tng B ¢wodoAmaong (mapaywyn
dwodohndong petd amnd £kBeon oe B-evdopdivn/ Baoikn mapaywyn dwodolimdong).

H petaypadn twv yovidiwv Cyplal kai Cyplbl ots avBpwrmiva Sevdpltikd KUtTapo
g€aptaral amno tn SouN KoL GUYKEVIPpWON TwV WVSOALKWY tapaywywv tnhs Malassezia.

AsvdpLiikd KUTTOpO EKTEBNKAV yla 6 h og ouykevipwoelg 100pM, 1nM, 10nM, 100nM kol
1uM indirubin, malassezin, tryptanthrin, ICZ kat TCDD. H péylotn emaywyr Twv UTO €AeyX0
yoviSiwv mpogkue amod tn dpdaon tng indiroubin otn cuykévtpwon twv 100nM. Asltepog
TUWO LOYXUPOG aywvlothg amodeixbnke to ICZ. Afilel va onuewwBel OTL n emaywyn Tou
npokAnOnke amnd tnv indirubin Atav tetpamAdola ekeivng and to TCDD mou amoteAoloe wq
TWPEO TOV TILO LOXUPO YVWOTO ayWVLOTH. 2TO XPOVLKO CNUEL0 TwV 24 wpwv N emaywyn amnod Tig
WVOOAEG TOPEUELVE OTATLOTLKA ONUOVTLK Qv KOl UEWWUEVN O Oxéon HeE TIC 6 wpec. H
emaywyn and Tt woolec emiPeBalwbdnke Kal oe puehoeldry SevSpLTIKA KUTTOPO yla TO
yovidlo Cyplal. H xprion tou ekAektikoU avootoAéa tou AhR CH223191 meplopilel tnv
nipokaAoluevn emaywyn deiyvovtag otL mpokettal ylo éva AhR efaptwpevo amotéleoua. H
ékdpoaon twv yovidiwv tou AhR 1 tou ARNT(aryl hydrocarbon nuclear translocator) &ev
EMNPEACTNKE o TN §pdcn Twv LVEoAwv.

H ocuvbuacopévn €kBeon twv Sevépltikwv Kuttapwv o AhR kat TLR aywviotég evioyUel
TMEPALTEPW TN HeTaypadr Twy yovidiwv Cyplal kol Cyplbl.

H wéipoupunivn kat to ICZ mepopilouv tn daAVOTUTIKR wWpLilavon Kot TNV €KKplon
dAeyLovwS WV KUTTAPOKLWVWV oo Ta SEVSPLTIKA KUTTApO
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H ékBson avwplpwyv (6" pépag) Sevdpltikwv KuTtdpwv o WWSoAKA mapdywya 6¢
petaBallel Thv ékdpaon Twv emidavelokwy SelkTwV wpipaveong (co-stimulatory molecules
(CD80, CD83, CD86) 1 Tou peilovog CUUMAEYUATOG LoTocupBatotntac. AvtiBeta n enidpaon
aywvioTtwv TLR mpokaAel OTOTIOTIKA ONUOVTLIKN aUENON AUTWY TWV SelkTwv. O cuVSUAOUOC
tn¢ indirubin 1} Tou ICZ pe TLR aywviotég (Lps | R848) mpokalel £va OTATIOTIKA ONUAVTIKO
TLEPLOPLOUO TNG AVALEVOUEVNG Ao Toug TLR aywvioTéG EMaywyng.

Onwc elval avapevopevo n €kBeon Sevdpltikwv KUTTApwY o€ TLR aywviotég Sleyeipel tnv
€KKpLON GAeyLOVWEWY KUTTOPOKWVWV OTIWG ot IL-6, IL-12, TNFa kat IL-10. AvtiBeta n €kBeon
Sevépltikwv Kuttdpwv oe wolpouprivn n ICZ dev emnpedlel thv €kdbpaocn Twv
npoavadepBéviwy Kutokvwv. O cuvbuaopdg TLR aywvictwv (LPS 1 R848) pe AhR
OYWVLOTEG TEPLOPLTEL OTATLOTIKA ONUAVTIKA TNV ékdpaohn TG IL6 kat IL12. O meploplopdg
otnv napaywyn Tnf-a kat n avénon otnv mapaywyn IL-10 epdaviotnkav wg tadon aAAd dev
emBefalwbOnKaAV OTATLOTLKA.

H 8pdon twv WSOAKWYV MAPAYyOVIWV OTNV WPIHAVoN TWV SgVEPLTIKWY KUTTAPWY
Stapecolafeital anod tov unodoxéa AhR

O muBavoAoyolpevog polog tou umodoxéa AhR otnv ¢GaLVOTUTIIKY KOl EKKPLTIKN QVOOTOAN
wplpavong twv  SevéplTikwv Kuttapwyv emiPeBolwdnke pe tn xprion tou CH213191,
ekAekTIKOU avaotoléa tou AhR. AevdpLtikd kUttapa ektédnkav o cuvduaopolg R848/Lps,
wdtpoupmnivng/ICZ kat CH223191. H mpooBnkn tou CH312191 mepldplos TNV AVACTAATIKA
Spaon Twv WWdoAwv otnv wpipavon.

To WwOoAKA Tapdywya TEePLOPilouv THV KAVATNTA TWV OSEVEPLTIKWY KUTTAPWV va
Sieyeipouv twv moAAanAaolaopd twv Aepdokuttapwv

H wavotnta Twv OevOPLTIKWV va €MAYOUV TOV TOAAQMAOCLOOMO TwV AEUPOKUTTIAPWY
aflohoynbnke pe T XPHAON TNC MKTAC Agpdokuttaplkng avtidpaong. H ékBeon twv
SevdplTikwV KUTTAPWV 0 TLR aywVvLOTEC KAl N CUVEMAYOUEVN wplpavon Toug audavel Tnv
LKAVOTNTA TWV SeVOPLTIKWVY va TPOKOAOUV ToV TOAAQTAQOLOOUO TwV AgpdOoKUTTIAPWY o€
avtiBeon pe toug AhR aywviotég ot omoiol dev €xouv Kapla emidpacn. O cuvduoopdc AhR
Kol TLR aywvioTtwv EPLOPIIEL TNV LKAVOTNTA EMAYWYNG TOU TOAQMAQCLACOUOU O OXEon UE
v enidpaocn povo TLR aywvotwv.

H in vitro wpipavon Twv HOVOKUTIAPWV TOU TMePLPePlKkOU aipatog mpog SevSPLTIKA
KUTTOPO EMNPEALETOL TTOLKIAOTPOTIWG ATt TNV £KOeON O€ LVSOALKA mapAywyo
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Ta povoKUTTOpO Tou Tiepldepkol aipatog wplnalouv mpog SevepLTIkA KUTTAPA UETA Ao
é€kBeon oe GM-CSF (400u/ml) kat IL-4 (300u/ml) yia pia mepiodo 6 nuepwv. Amd TNV
BiBAoypadia eival yvwotd OtL n evepyomoinon tou AhR katd tn Sldpkela wpipavong Twv
LOVOKUTTAPWY aVAOTEAAEL TV wpipavon Toug Tpog Sevdpltikd Kuttapa. H Spdon twv
LVSOAKWYV Ttapaywywyv o auth thv Stadikaoia emnpéooe tn dtadikaoia Stadopomoinong pe
TPOTO TtoU TMOLKIAEL avaloya pe To §OTN Kal tnv e€etalduevn WWEOAN.

ZulAtnon anoteAeopdtwy

Onwc avadépbnke n kotavoun twv edwv tng Malassezia oe oxéon pe tnv Umapén N pn
vooou, TN PapuTnTa QUTHG KOL TNV OLKOYEVELOKN N U oxéon twv dpopéwv dev eudavioe
KATIOlX OTATLOTIKN ONUAVTIKOTNTA. H Tapoucia meplocotépwy Tou £vog eldoug  oToug
€Beloviég mou ouppeteiyov Seixvel TNV TOAUTAOKOTNTA TNG OXEONG QVAUECH OTQ
ETUSNULOAOYLKA XOPAKTNPLOTLKA TOU MANBUGHOU Kal TV Katavoun twv ewdwv. H Malassezia
furfur anotéleoe To ouxvoTeEpa AMOUOVWOEV £(60¢ Kal £6€lfe TAOELG EVOOOLKOYEVELAKNG
KOTAVOUNG XWPIC OUWE OTOTLOTLKY ONUOVTIKOTNTA.

Amo tnv umdpyxouvoa BiBAloypadia sival yvwoto ot n B-endorfin 600 kot ol mpodpopueg
ouocieg eival mapouoecg otnv avBpwrivn emubepuiba. Exel nén amodewybel 6tL n dpdon tng
B-endorphin emnpedlel tnv mopoaywyn dwodoAmacwv oe {wodlha €ibn Tou yévoug
Malassezia (M. pachydermatis). EmUuTA€éov TO yeyovog autd £xel ouvdeBel pe tnv LTapén
SePUOTITIOO0C OTOUG OUYKEKPLUEVOUG EevioTég. Ta Sedopéva mou moapoucldlovial otnv
napovoa HeAETn ouoxetilouv tn 6pdon tng B-endorphin pe tnv mapaywyn ¢wodoAmaong
KOl TNV KATtaotaon uyeiag tou gviotr. Mo CUYKEKPLUEVQ, TOL OTEAEXN TIOU TIPOEPYOVTOL Ao
aoBeveic pe opnypatoppoikn depuatitidba €xouv XaunAotepn Baoclkn mapaywyn mpw Ty
ékBeon oe B-endorphin kat uvdnAotepn petd, eudavilovtog OTOTIOTIKA ONLOVTLIKA
EMAywylpuotnTa. Ta avwtépw avadelkvUouv Tn ohpovtikotnta t¢ dwodoAmdacng otnv
naboyévela Tng vooou.

Ta napouclalOPeVa AMOTEAECUATA ATIOSELKVUOUV OTL TA LVEOALKA TapAywya anoteAolv in
vitro kaL ev SUVAUEL in vivo LoxupoUg aywvloTEG Tou umtodoxéa AhR. H indirubin anoteAel tov
LOXUPOTEPO QYWVLOTH Kol EUGAVIIETAL O CUYKEKPLUEVN OUYKEVTPWON 4 GopPEC LoxupoTEPN
tou TCDD. Mponyouueva Sedopéva mou mapouctalouv Loxupotepo To TCDD évavtl tng
LVSLPOUUTTLVNG O TPWKTLKA Hrtopouv va arnodoBoulv os ladopéc otnv Sopn Twv UTIOSoXEWY
HETAEL TwV e16WV. Eva vEéo elpnUa TNG HEAETNG ATV N AuEnuévn emaywyn OV TPOKAAEiTal
and To ouVSUAOUO LVSOALKWY TApayoviwy Kat TLR aywviotwv otnv enaywyr yovisiwv
EevoPlotikol petaPoliopou onwe to Cyplal. To ebpnua autd Sev pmopel va anodobel otnv
avénon twv urtodoxéwv AhR KaBwg KATL TETOLo dev eTIBeBalwONKE TMEIPAPATLKA.
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H avaotoAn wpipavong ota Sevdpliikd KUTTApA TIOU Ttapatnpndnke amd tn Spdon Twv
LWVOOAKWY TtapayoOvVTWY €XeL TiponyoUpeva avodepBel Kol ylo AAAOUG aywVLOTEG OTIWE TO
Bevlomupévio. OL mpotelvopeveg Bewpie¢ amo tn BiBAloypadia mepllappavouv Tnv
oAAnAemiSpaon tou AhR kal tou BaotkoU pecolapntr tng dAeypovng NF-kB og mpwteiviko
eminedo | TOV OQVTIAYWVIOUO TOUG yla HeTaypadlkoUc mapdyovteg omwe o p 300. H
enidpaon tou AhR otnv mapaywyn KUTOKWVWV pmopet va eival o dupeon, kabwg B£oelg
npocdeong tou AhR éxouv avadepBel mAnciwv Twv Béoswv petaypadng tng IL6 1 IL12 oe
Siadopa €idn.

Je eninedo Séppatog Ba pmopolos va UTOTEDEL OTL N MApAYywWYr OVOCOTPOTIOTMOLNTIKWY
0OUGCLWV OTWG oL LVEOAeG amoteAel pia amo TG MOAAEG OTPATNYLKES TTOU €PapPUOLEL O LUKNTOG
TipoKelpéVoU va e€aodalioet tnv emBiwon kat avamtuén tou. Etol n mapaywyn wdolwv Ba
UMOpPOUCE VA HELWOEL TNV EVEPYOTOLNON SeVSPLTIKWY KUTTApWVY HETA amd €kBeon o€
aviyova tng Malassezia | va pewwoel tn dAeypov) oe BOéoelg PAABNG OMwG otnv
TOLKIAOXpON TILTUPLAON KAl TN opnyUatoppoikr Seppatitida.
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