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Yeasts of Malassezia, members of the microbiologic
flora of the skin, cause pityriasis versicolor and have
also been implicated in the pathogenesis of other
superficial dermatoses; the most important ones are
seborrheic dermatitis, folliculitis, and atopic derma-
titis. The mechanisms by which the yeasts cause
these dermatoses however, are not yet clear, and
there have been no studies on the interaction
between fungi and keratinocytes, especially the
effects of fungi on the production of cytokines by
human keratinocytes. Recently, the genus Malassezia
has been expanded to seven species based on mol-
ecular data. In this study, we estimated the effects of
Malassezia yeasts on cytokine (interleukins 13, 6, and
8, monocyte chemotactic protein-1, and tumor
necrosis factor-0) production by human keratino-
cytes in order to examine whether the pathogenicity
of the respective Malassezia yeasts is different from
each other and to elucidate the mechanism by which
Malassezia yeasts cause the dermatoses with different

clinical and pathologic manifestations. Variable levels
of interleukin 6 and 8, and tumor necrosis factor-o
in the supernatants in response to Malassezia yeasts
(except M. furfur) increased from 1 to 24 h co-
culture, but the monocyte chemotactic protein-1
was undetectable. Furthermore, cytokine levels in
the supernatants were undetectable 1-24 h after the
keratinocytes were harvested with only supernatants
of Malassezia. These results indicate that Malassezia
stimulates cytokine production by keratinocytes, the
cytokine production needs the presence of
Malassezia, and there are differences in ability to
induce cytokine production by human keratinocytes
among Malassezia yeasts. These differences may
reflect the different inflammatory responses in
Malassezia-associated dermatoses, resulting in differ-
ent clinical and pathologic manifestations. Key words:
interlenkin/pityriasis  versicolor/seborrheic ~ dermatitis. |
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uperficial mycoses such as cutaneous candidiasis, derma-

tophytosis, pityriasis versicolor, and some related infec-

tions are common diseases and are generally confined to

the stratum corneum in the epidermis and cutaneous

appendages (Longley, 1997). The physical and chemical
structure of the skin represents a form of defense against fungal
pathogens. As cutaneous fungal infections are more frequent and
more severe in the patients with immunologic defects, immune
responses to fungal antigens would seem to play an important part
in the host defense against these infections. A number of studies
suggest that the epidermis of the skin represents more than a passive
barrier against entry of infecting organisms; i.e., that it also acts as an
immunologic organ with some unique elements (Streilein, 1983).
A variety of cell types are involved in this cutaneous immune
system. This system is probably responsible for initiating immune
responses that work to eliminate the infecting organisms in the
immune host. In addition, such responses may also produce some
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of the inflammation that results in much of the symptomatology of
these infections.

The epidermis is largely composed of keratinocytes, and they
not only play an important structural part in forming a physical
barrier to foreign antigens and microorganisms, but also are
important functionally in mediating cutaneous immune reac-
tions. For example, keratinocytes secrete a number of soluble
factors that are capable of upregulating and downregulating
immune responses. Interleukin (IL) -8, a potent chemoattractant
for neutrophils, was reported to be induced from keratinocytes
in psoriasis and by the stimulation of other cytokines (Ansel et
al, 1990; Anttila et al, 1992; Jiang et al, 1996). IL-1B, IL-6,
monocyte chemotactic protein 1 (MCP-1), and tumor necrosis
factor (TNF)-ol are also important chemical mediators in the
acute inflammatory phase of the healing process on skin lesions
(Barker et al, 1990; Anttila et al, 1992; Kutsch et al, 1993;
Boxman et al, 1996; Jiang et al, 1996) and are confirmed to be
released from activated keratinocytes (Jiang et al, 1996; Barker et
al, 1990; Anttila et al, 1992; Kutsch et al, 1993; Boxman et al,
1996). To the best of our knowledge, however, there have
been no studies on detailed interactions between fungi and
keratinocytes, especially the effects of fungi on the production
of these cytokines by human keratinocytes.

Yeasts of the genus Malassezia are now considered synonymous
with those previously named Pityrosporum, which are members of
the microbiologic flora of the human skin and have also been found
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Table I. Species and strains used in the study

Species Strain*

M. furfur VUT-98021 (CBS 1878)

M. furfur VUT-98022 (CBS 7019)

M. furfur VUT-98023 (CBS 6000)

M. pachydermatis VUT-98028 (CBS 1879)

M. pachydermatis VUT-98010 (Clinical isolate of cat)
M. slooffiae VUT-98030 (CBS 7875)

M. slooffiae VUT-98031 (CBS 7956)

M. sympodialis VUT-98032 (CBS 7222)

M. sympodialis VUT-98033 (CBS 7977)

“VUT, School of Veterinary Medicine, University of Tokyo. CBS,
Centraalbureau voor Schimmelcultures.

in numerous other warm-blooded animals (Yarrow and Ahearn,
1984). An association with skin disease was first observed in 1846
when Eichstedt reported the presence of yeasts and filaments in
material from the infected scales of pityriasis versicolor in which the
mycelial phase predominates (Keddie, 1967). Yeast phase
Malassezia has also been implicated in the pathogenesis of other
superficial dermatoses, the most important ones being seborrheic
dermatitis (severe and difficult to treat when associated with AIDS)
(Groisser et al, 1989; Bergbrant and Faergemann, 1990), folliculitis
(Back et al, 1985), and atopic dermatitis (Waersted and Hjorth,
1985). The mechanisms by which the commensal microorganisms
cause these dermatoses, however, are not yet clear and several
investigations failed to demonstrate any significant difference in
humoral and cell-mediated immune responses specific to Malassezia
in patients suffering from Malassezia-associated dermatoses when
compared with controls (Ashbee et al, 1994a,b; Parry and Sharpe,
1998).

Recently, the genus Malassezia has been revised using
morphology, ultrastructure, physical, and molecular biology. As
a result, the genus has been enlarged to include seven species
comprising the three former taxa: M. furfur, M. pachydermatis,
and M. sympodialis, and four new taxa, M. globosa, M. obtusa,
M. vestricta, and M. slooffiae (Guilot and Guého, 1995, 1996).
Epidemiologic studies regarding the frequency and distribution
of each Malassezia yeast, however, have not been sufficiently
performed yet and the pathogenicity of each is unknown at
present. If the pathogenicity of the respective Malassezia yeasts
is different from each other, different clinical and pathologic
manifestations of several dermatoses caused by Malassezia
infection could be explained by the difference of its patho-
genicity. Neither its pathogenicity nor detailed interaction
between Malassezia yeasts and human keratinocytes, however,
have been studied previously, although there appear to be only
two reports that connect the effects of Malassezia yeasts on pro-
inflammatory cytokine production by human peripheral blood
mononuclear cells in vitro (Walters et al, 1995; Kesavan et al,
1998). These data concerning the interaction between Malassezia
yeasts and human peripheral blood mononuclear cells may be
useful for elucidating the pathogenesis of bloodstream infections
of Malassezia yeasts in low-birth-weight human neonates and
immune deficiency patients (Chang et al, 1998; Lautenbach et
al, 1998), but not Malassezia-associated dermatoses; this is
because Malassezia yeasts are located in the stratum corneum
and have usually no chance to come into contact with the
peripheral blood cells (Longley, 1997). Therefore, we investi-
gated the direct effects of Malassezia on the cytokine production
by keratinocytes in order to examine whether the pathogenicity
of the respective Malassezia yeasts is different from each other
and to elucidate the mechanisms by which the yeasts cause
several dermatoses with different clinical and pathologic mani-
festations, such as pityriasis versicolor, seborrheic dermatitis, etc.
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MATERIALS AND METHODS

Fungal cultures The strains of Malassezia used in this study are listed
in Table I. These species have been maintained by culturing on
modified Dixon agar (Guého et al, 1996) at the Department of
Dermatology, Teikyo University School of Medicine.

Keratinocyte cultures Normal human epidermal keratinocytes
(NHEK) were obtained as cryopreserved first passage cells from
Clonetics (BioWhittaker, San Diego, CA). NHEK were grown in T-
75 cm? flasks using basal media (KBM-2; 0.15 mM Ca®") supplemented
with bovine pituitary extract (7.5 mg per ml), human recombinant
epidermal growth factor (0.1 ng per ml), insulin (5 Hg per ml),
hydrocortisone (0.5 ug per ml), epinephrine, transferrin, gentamicin
(50 pg per ml), and amphotericin-B (50 ng per ml) (KGM-2; Clonetics)
at 37°C/5% CO,. The media was replaced every 2-3 d. When near
confluence (70-90%), NHEK were disaggregated using 0.025% trypsin/
0.01% ethylenediamine tetraacetic acid in HEPES and either subcultured
for experimental use or cryopreserved in liquid nitrogen for future
purposes. All experimental procedures were performed using second to
fourth passage cells.

Co-culture of keratinocytes with Malassezia yeasts Co-culture of
NHEK with Malassezia yeasts was carried out according to the method
by Jiang et al (1996). Malassezia yeasts were harvested after 3 d of growth
in Sabouraud’s liquid medium containing 0.5% of Tween 40 at 37°C.
These yeast cells were washed twice in phosphate-buffered saline. The
yeast cells were resuspended in serum-free keratinocyte growth medium
(Clonetics), respectively.

In preliminary studies, it was determined that the number of yeast cells
per NHEK needed for optimal stimulation varied widely between the
tested yeast (data not shown). Based on these studies, 1:1 ratio of yeast
cells to keratinocytes was chosen for subsequent experiments. Therefore,
the NHEK (1 X 10" cells per well) were incubated on to the 96 wells of
the cell culture plate at 37°C, 5% CO, for 16 h. After that, 1 X 10* of
Malassezia yeasts was applied to the wells of the keratinocytes. Cell
viability was then checked by the Trypan blue exclusion tests. After 1—
24 h of co-culture, supernatants were obtained and kept at —20°C until
use for cytokine enzyme-linked immunosorbent assay (ELISA).

Co-culture of  keratinocytes  with  Malassezia culture
supernatants Malassezia yeasts (1 X 10% were cultured in 10 ml
serum-free keratinocyte growth medium (Clonetics) at 37°C for 14 h.
Yeast cells were centrifuged at 300 X g for 5 min to remove the cells.
The supernatant was harvested and filtrated by 0.22 mm of cellulose
acetate filter. The keratinocytes (1 X 10* cells) were incubated with
300 ml of the supernatant at 37°C/5% CO,. After 1-24 h of culture, the
supernatants were obtained and kept at —20°C until use for cytokine
ELISA.

Control samples The keratinocytes (1 X 10% cells per well) were
incubated in three wells and after 1-24 h of culture, supernatants were
obtained and the cells were also harvested. An equivalent amount of
serum-free keratinocyte growth medium (Clonetics) was added to the
cells, and they were lyzed by freeze/thaw two times. Lysate were
centrifuged at 900 X ¢ for 5 min to remove cellular debris. The
supernatant and keratinocyte lysate were obtained as control samples for
later assay.

On the other hand, 1 X 10* of Malassezia yeasts were cultured in
300 ml serum-free keratinocyte growth medium (Clonetics) at 37°C for
24 h. Yeast cells were centrifuged at 300 X g for 5 min to remove the
cells. The supernatant was harvested and filtrated by 0.22 mm of
cellulose acetate filter. The supernatant was also obtained as control
sample for later assay.

Lipopolysaccharide (from Escherichia coli; Sigma; 20 ng per well) served
as a positive control.

Lactate dehydrogenase (LDH) assay This was carried out according
to the manufacturer’s instructions using a Cytotoxicity Detection kit
(Boehringer Mannheim). LDH is a stable cytoplasmic enzyme present in
all cells and is rapidly released into the cell culture supernatant upon
damage of the plasma membrane. LDH activity was determined by a
coupled enzymic reaction whereby the tetrazolium salt (INT) was
reduced to formazan. An increase in the number of dead or damaged
cells resulted in an increase in LDH activity in the culture supernatant.

ELISA for cytokines Cytoscreen Immunoassay kit (BioSource
International, CA) was used. All ELISA kits were used according to the
instruction manuals. The cytokines ELISA were sensitive to =15 pg per
ml.
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are expressed as means = SD. Comparisons between tests were done by
the Student’s t test, with statistical significance considered to be p <0.05.

RESULTS

Cytokine production by NHEK co-cultured with Malassezia
yeasts After 1-24 h of co-culture of NHEK with each Malassezia
yeasts, the IL-1f, IL-6, IL-8, MCP-1, and TNF-a. protein levels in
the supernatant were determined by ELISA. Figure 1 depicts the
results of this experiment. In the supernatants co-cultured with M.
furfur, the levels of cytokines examined in this study (IL-1B IL-6,
IL-8, MCP-1, and TNF-a) were low or undetectable (Fig 1). In
the supernatants co-cultured with Malassezia yeasts other than M.
furfur, however, the IL-1f, IL-6, IL-8, and TNF-o. were detected
and increased following co-culture, whereas the MCP-1 protein
was low or undetectable in the supernatants co-cultured with any
Malassezia yeasts (Fig 1). The cytokine levels were higher in the
supernatant co-cultured with M. pachydermatis than in that with M.
slooffiae and M. sympodialis (Fig 1).

Malassezia culture supernatant After 1-24 h, keratinocytes
were incubated with culture supernatant of each Malassezia, the
IL-18, IL-6, IL-8, MCP-1, and TNF-0. were low or
undetectable (Fig 2).

Controls In the controls where only keratinocyte culture
supernatant, Malassezia culture supernatant, and cell lysate,
respectively, present, no IL-1B, IL-6, IL-8, MCP-1, or TNF-o
proteins were detected at any time after culturing.
Lipopolysaccharide (1 ug per ml) induced significant amounts of
IL-1f, IL-6, IL-8, and TNF-o but not MCP-1.

Cell viability The release of cytokines was not due to cell lysis;
LDH, as a cytoplasmic marker, was found to be present in the
supernatant of stimulated cells at levels similar to those detected in
the supernatant of unstimulated cells. Overall, growth and viability
of NHEK, as assessed by the LDH assay, did not vary significantly
and NHEK remained viable throughout the 24 h co-culture
period.
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Figure 2. Effect of culture supernatants of
Malassezia yeasts (M. furfur, M. pachydermatis,
M. slooffiae, M. sympodialisy on cytokine
production by  human  keratinocytes.

Keratinocytes were cultured with the supernatant
of the Malassezia yeasts. The cytokine levels in the
supernatants (a: IL-1pB, b: IL-6, ¢ IL-8, d: MCP-1,
e: TNF-o) were measured by the ELISA method,
1h, 3h, 6 h, 12 h, and 24 h after keratinocytes
were harvested with only culture supernatants of
Malassezia yeasts. All cytokines examined in this
study are low or undetectable at any time after
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DISCUSSION

The etiology of seborrheic dermatitis is poorly understood.
Although there are arguments that Malassezia yeasts are not the
causative organisms but are merely present in large numbers, there
are data that support the concept that Malassezia also contributes to
the pathogenesis of seborrheic dermatitis. First, several compounds
with anti-fungal activity are effective treatments (Ford et al, 1984,
Marks et al, 1985; Skinner et al, 1985; Faergemann, 1986).
Secondly, the reduction in the number of Malassezia on the skin
during treatment correlates with clinical improvement (Marks ef al,
1985; Skinner et al, 1985; Faergemann, 1986). Thirdly, if
seborrheic dermatitis recurs, it does so when numbers of the
organism increase again (Faergemann, 1986). These data suggest
strongly that anti-fungal treatment for seborrheic dermatitis act by
an anti-fungal mechanism. It is presently unknown, however, how
Malassezia yeasts, which are not only a member of the normal
human cutaneous flora, but also a causative organism of pityriasis
versicolor, cause the dermatitis.

Time (hours)

culturing. Results shown are representative of five
experiments.

In this study, we estimated the effect of Malassezia on cytokine
production by human keratinocytes and demonstrated that causa-
tive fungi of superficial mycoses could induce cytokine production
by human keratinocytes and that there were differences in their
ability to induce cytokine production by human keratinocytes
among the Malassezia yeasts. These differences in cytokine
production may reflect different inflammatory responses, i.e.,
inflammatory infiltrate in the skin among several dermatoses related
to Malassezia infection. For example, the IL-1B, IL-6, IL-8, and
TNEF-o were detected in the supernatant, and increased following
co-culture with M. pachydermatis, M. slooffiae, and M. sympodialis,
whereas the cytokines in the supernatants co-cultured with M.
furfur were low or undetectable. These results indicate that M. furfur
causes no inflammatory response in the skin and may be a member
of the microbiologic flora of the skin. The other Malassezia yeasts,
however, can cause clinically and histologically different derma-
toses, according to their ability to induce cytokine production by
human keratinocytes. For example, some Malassezia yeasts stimu-
late IL-8 production by human keratinocytes, resulting in a
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neutrophilic infiltration in the Malassezia-associated dermatoses,
such as seborrheic dermatitis and Malassezia  folliculitis.
Interestingly, MCP-1, a potent chemoattractant for monocytes,
could not be detected in the supernatants co-cultured with any
Malassezia yeasts examined in this study. These results correspond
to the histopathologic features of seborrheic dermatitis: superficial
perivascular and interstitial infiltrate of lymphocytes sometimes
accompanied by a few neutrophils in the dermis and focal
exocytosis of lymphocytes and occasional pyknotic neutrophils
within parakeratotic foci in the epidermis, but no monocyte
infiltrate is observed (Ackerman et al, 1997; Cohen et al, 1997).
Therefore, the effects of Malassezia on cytokine production by
human keratinocytes could explain the pathogenic mechanisms by
which Malassezia yeasts cause seborrheic dermatitis.

In addition, the cytokine levels were higher in the supernatant
co-cultured with M. pachydermatis than in that with M. slooffiae and
M. sympodialis. M. pachydermatis was first described in 1925 in a
rhinoceros with exfoliative dermatitis (Weidman, 1925) and was
subsequently found to be associated with otitis media and otitis
externa in dogs (Abou-Gabal ef al, 1979). In general, these animal
dermatoses are clinically and histologically more severe than
Malassezia-associated human dermatoses. Therefore, the difference
in ability to induce cytokine production between M. pachydermatis
and the other Malassezia yeasts might reflect the difference in
severity between animal and human dermatoses.

On the other hand, after 1-24 h, keratinocytes were incubated
with only culture supernatants of Malassezia yeasts, the IL-1f, IL-6,
IL-8, MCP-1, and TNF-o were low or undetectable. These results
suggest that Malassezia cannot release a factor to stimulate cytokine
production by human keratinocytes and that cell to cell contact
between Malassezia yeasts and human keratinocytes play an
important part in cytokine production by human keratinocytes.

Our findings provide a clue to the solution in the heated debate as
to whether the commensal microorganisms, Malassezia yeasts,
directly cause not only pityriasis versicolor, but also other dermatoses
such as seborrheic dermatitis, folliculitis, atopic dermatitis, etc.
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