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Background: Several workers have found that Malassezia are
capable of suppressing cytokine release and downregulating
the phagocytic function of monocytes. But lipid-depleted
Malassezia furfur (M. furfur) extracts have also been shown
to induce increased production of TNF-a, IL-6 and IL-1 8 in
monocytes. We thought that the detergents in shampoos or
soaps could change the composition of the lipid in the M. fur-
fur cell wall. Objective: We studied whether detergents af-
fect the morphology of M. furfur and if the inflammatory cyto-
kine profiles change in the monocytes treated with de-
tergent-treated M. furfur. Methods: Commonly used de-
tergents such as sodium lauryl sulfate, ammonium lauryl sul-
fate and tween-80 were respectively added to the modified
Leeming-Notman’s media. M. furfur was cultivated in each
media (detergent-added or untreated). Thereafter, the surface
morphology of the yeast was evaluated by scanning and trans-
mission electron microscopy. The cytokine profiles of mono-
cytes, which were treated by M. furfur with or without de-
tergents, were also evaluated. Results: The detergent- treated
M. furfur were similar to the lipid-extracted form of M. furfur on
the electron microscopic study, with a recessed, withered sur-
face and with thinner and rather electron transparent cell walls
than the detergent-untreated M. furfur. The levels of TNF-«
were higher in monocytes treated with detergent-treated
Malassezia than that in the monocytes treated with the de-
tergent-untreated ~ Malassezia (p<0.05). Conclusion:
According to the findings in this study, it could be inferred that
the detergents in shampoos or soaps affect the lipid layers of the
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Malassezia cell wall and these lipid-extracted Malassezia in-
duce or aggravate some inflammatory conditions. But to corre-
late the relationship between detergents and Malassezia-asso-
ciated diseases, in vivo experiments that will focus on
short-term contact with detergents in real life conditions
should be done. (Ann Dermatol 21(2) 130~ 135, 2009)
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INTRODUCTION

The Malassezia species is one of the normal human cuta-
neous commensal flora, and it is related with various cuta-
neous diseases such as seborrheic dermatitis, tinea versi-
color and Malassezia folliculitis'?. It has been reported
that the genus Malassezia has lipid-rich multiple layers on
the cell wall*”. It is thought that the lipid-rich layers play a
critical role in physiologic and pathologic conditions.
According to Kesavan et al®, Malassezia furfur (M. furfur)
has the ability to modulate the proinflammatory and im-
munomodulatory response of human peripheral blood
mononuclear cells and keratinocytes. It has been reported
that Malassezia is capable of suppressing cytokine release
and downregulating the phagocytic function of mono-
cytes. Moreover, lipid-extracted M. furfur was shown to
produce high levels of TNF-a, IL-6 and IL-1 8 in mono-
cytes”®, and it induced proinflammatory cytokine pro-
duction via a TLR2-dependent mechanism®. It could be in-
ferred that the detergents in shampoo and soap alter the
composition of the lipid in the cell wall of M. furfur, and
this may have some role in Malassezia-associated in-
flammatory dermatoses. In this study, we demonstrate that
the detergents in shampoo and soap affect the morphol-
ogy of M. furfur and the pro-inflammatory cytokine (i.e.,



TNF-a) profiles in monocytes that were treated with de-
tergent-treated M. furfur.

MATERIALS AND METHODS

Materials

M. furfur CBS 6001 (Centraalbureau voor Schimmelcul-
tures, Utrecht, Netherlands) was used in these studies.

Methods (Fig. 1)

1) Preparation of M. furfur

M. furfur was cultured for 3 days at 37°C in modified
Leeming-Notman medium (MLNM): 1% w/v bacterio-
logical peptone (Difco™, BD, Sparks, MD, USA), 1% w/v
glucose (Oxoid Limited, Hampshire, UK), 0.2% w/v yeast
extract (Oxoid Limited), 0.8% w/v of desiccated ox bile
(Oxoid Limited), 1% v/v of glycerol (Sigma-Aldrich, St.
Louis, MO), 0.05% w/v of glycerol monostearate (VWR
International Ltd., Leicestershire, UK), 2% v/v ml of olive
oil (Sigma-Aldrich) and 1.5% w/v of agar No. 1 (Oxoid
Limited). M. furfur was also grown in MLNM with de-
tergent added [0.2% Tween 80, 0.1 or 0.2% sodium lauryl
sulfate (SLS), and 0.1% or 0.2% ammonium lauryl sulfate
(ALS)]. After cultivation, the yeast cells were suspended in
PBS buffer (Medical & Biological Laboratories Co.,
Nagoya, Japan), and then they were washed three times.
The cell suspensions were vortexed for 20 seconds to dis-
perse the Malassezia clumps.

2) Morphological study - Electron microscopy (EM)

M. furfur was fixed for 30 min with 2% gluteraldehyde in
1xPBS, (pH=7.35 and at room temperature), and then
the cells were washed three times and suspended in 1T mL
1xPBS. The scanning EM samples were filtered (or
placed) onto a micropore filter. The filters with the sample
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Fig. 1. Flow chart of this study.
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on top were dehydrated in a graded series of ethanol sol-
utions (50%, 75%, 95% and 100%) for 15 minutes in each
solution, and this was followed by similar transfers into
hexa-methyl-disilazane reagent solutions (50%, 75%, 95%)
for 30 minutes for each solution, and this was followed by
placing the filters in 100% hexa-methyl-disilazane reagent
overnight. The scanning EM samples were gold coated and
then viewed and photographed on a Cambridge Scanning
electron microscope. The transmission EM samples were de-
hydrated in a series of graded ethanol solutions as described
above, embedded in Epon (Hexion Specialty Chemicals,
Columbus, OH, USA) and sectioned on a Sorvall MT6000
(RMC, Tucson, AZ, USA). Thin sections (75 x#m) were
stained with uranyl acetate, and then they were viewed and
photographed on a Jeol XC100 at 80-kV.

3) Functional study

(1) Monocyte culture: The human monocytic cell line
U-937 (American Type Culture Collection, Rockville, MD,
USA) was cultured in RPMI 1640 medium (Nissui Pharma-
ceutical Co., Tokyo, Japan) supplemented with 10%
heat-inactivated fetal bovine serum (JRC Biosciences,
Lenexa, KS, USA), 0.6 mg/ml L-glutamate (Wako Pure
Chemical Co., Osaka, Japan), 100 U/ml penicillin (Banyu
Pharmaceutical Co., Tokyo, Japan) and 100 mg/ml strepto-
mycin (Meiji Seika Co., Tokyo, Japan) under a humidified
atmosphere containing 5% CO, at 37°C for 7 days. After 7
days in culture, the adherent cells were washed three
times with pre-warmed RPMI 1640, and then they were
supplemented with 60 mg/ml of penicillin, 100 mg/ml of
streptomycin, 20 mM HEPES and 5% (v:v) heat-inactivated
fetal calf serum. The monocytes were resuspended at
1% 10° cells/ml in culture medium.

(2) Stimulation of the human monocytic cell line with M.
furfur: The monocytes were cultured with 10 or 30 /2 g/ml
of detergent-untreated or detergent-treated M. furfur for 24
h for performing ELISA. As a positive control, 10 « g/ml of
lipopolysaccharide (LPS; from Escherichia coli [Sigma,
Poole, UK]) was also cultured with the monocytes. After
the overnight incubation, the cell-free supernates were
used for ELISA assay.

(3) ELISA for TNF-a: A 96-well plate (Becton, Dickinson
and Company, NJ, USA) was coated with anti-human
TNF-@ monoclonal antibody (Pharmingen, CA, USA).
One hundred microliter aliquots of the mononuclear cell
supernantants were added to the respective wells and a
secondary mouse anti-human TNF-@ monoclonal anti-
body was then added. The antibody-cytokine-antibody
complex was detected by a reaction with biotinylated an-
ti-mouse antibodies and horseradish-peroxidase-avidin con-
jugate (Vector Laboratories, Peterborough, UK). The color
reaction was detected by adding orthophenylenediamine
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(OPD; Sigma, Dorset, UK) and the reaction stopped with
2:5 M of H,SO,. The absorbances at 450 nm were de-
termined by using an ELISA plate reader (Molecular
Devices Co. Ltd., USA).

Statistical analysis

The values of the cytokine specific activities were ana-
lyzed by one-way analysis of variance (ANOVA). The min-
imum significant differences (MSD; p<0.05) between the
means were calculated by the T-method.

RESULTS

Morphological study: Detergents alter the surface of M.
furfur

The detergent-untreated M. furfur showed the normal

pleomorphic structure on both the scanning and trans-
mission EM micrographs. On the scanning EM, the surface
of the untreated M. furfur appeared smooth and rounded
with fimbriae present, whereas the Tween 80-treated M.
furfur demonstrated a recessed, withered surface (Fig. 2).
On the transmission EM, the untreated M. furfur had a cell
wall that consisted of an outer lamellar layer, an inner in-
dentation layer and a "membrane-like" electron-trans-
parent middle layer between two electron-dense layers.
However, the cell wall of the detergent-treated M. furfur
was thinner and more electron-transparent than that of the
untreated M. furfur (Figs. 2, 3).

Functional study: Cytokine induction in the monocytes
co-incubated with Malassezia

For the detergent-untreated M. furfur, the mean specific
activity of the immunochemical TNF-a was 241 pg/ml

Fig. 2. Scanning and transmission electron microscopic findings of the detergent-untreated and tween-80 treated M. furfur. (A) Scanning
EM of the detergent-untreated M. furfur shows a smooth, round surface with fimbriae. (B) The transmission EM shows outer lamellar
layers (arrowhead), an inner plasma membrane (arrow) and intermediate multiple layers. (C) M. furfur cultured in the tween-80 added
media shows recessed and withered irregular surfaces on the scanning EM. (D) As compared with the untreated M. furfur, the cell
wall of the M. furfur cultured in the tween-80 added media is much thinner and more transparent on the transmission EM.

132 Ann Dermatol



The Effect of Detergents on Malassezia furfur

Fig. 3. Morphological alteration of the ALS-treated M. furfur. (A) Transmission electron microscopic findings of the M. furfur cultured
in regular media. (B) The transmission electron microscopic findings of the M. furfur cultured in 0.2% ALS added media. As compared
with the untreated M. furfur, the cell wall of the M. furfur cultured in 0.2% ALS added media is much thinner and more transparent.

and 268 pg/ml in the monocytes cultured with 10 x g/ml
and 30 xg/ml of the detergent-untreated M. furfur, re-
spectively For the monocytes cultured with the de-
tergent-treated M. furfur, the levels of TNF-a ranged from
157 to 4,062.5 pg/ml. The LPS-treated monocytes as a
positive control showed a mean specific TNF-a activity of
2,347.5 in the monocytes treated with 10 2 g/ml of M. fur-
fur and 2,628.5 pg/ml in those with 30 « g/ml. The levels
of TNF-a in the moncytes cultured with 10 «g/ml and 30
1 g/ml of Malassezia were 604.5 and 1,018 in tween 80,
1,367 and 1,578.5 in 0.1% SLS, 1,941.5 and 1,773.5 in
0.2% SLS, 2,038.5 and 2,606.5 in 0.1% ALS, and 3,089
and 4,062.5 in 0.2% ALS. The maximum cytokine pro-
duction was detected in the 0.2% ALS treated monocyte
group, and this was significantly greater than the positive
control (Fig. 4).

Statistical results

The levels of TNF-a by the monocytes in response to the
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Fig. 4. The effect of detergent on the M. furfur-induced TNF-«a
production of monocytes (as detemined by ELISA). As compared
with the M. furfur from the non-treated media, the deter-
gent-treated M. furfur induced greater TNF-@ in the monocytes.
MLNM: modified Leeming-Notman media, SLS: sodium lauryl
sulfate, ALS: ammonium lauryl sulfate, LPS: lipopolysaccharide.
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detergent-treated and untreated M. furfur were analyzed.
The detergent-treated M. furfur induced a higher level of
TNF-a than did the untreated M. furfur, with statistical
significance (p<005). There was also a positive correla-
tion between the induction of TNF-@ and the concen-
trations of SLS and ALS (p<0.05).

DISCUSSION

In humans, M. furfur usually reside in the sebum-rich areas
of the body'. To survive in a normal environment, M. fur-
fur has its own protective mechanism against host de-
fenses'®. The melanin-like pigment allows the yeast to be
less susceptible to the reactive oxygen species generated
during the immunological response, and the lipases, phos-
pholipases and hydrolases of yeasts are essential for pro-
viding the lipids that are required for growth'""*.

The cell wall of Malassezia is very thick in comparison
with other yeasts and it constitutes 26% to 37% of the cell
volume'®. The cell envelop of M. furfur is composed of 3
layers: the outer lamellar layer on the surface, the inner in-
dentation layer closely attached to the plasma membrane
and the "membrane-like" electron-transparent middle lay-
er, which is enclosed by two electron-dense layers®*'°.
The outer layer, which seems to be equivalent to the cap-
sule, is a unique structure of Malassezia and it is thought
to contain lipid components. There is an inconsistently
visible intermediate zone that separates the main layers.
The main layers may be further lamellated, thus revealing
a multi-layered substructure®. The Malassezia yeast cell
wall is composed of an unusually high lipid content (15~
20%). This is a feature that is very distinctive from other
yeasts such Candida albicans (1~2%) and Saccharomy-
ces cerevisiae (1~2%)".

The ways in which Malassezia interacts with the host im-
mune system is, in many ways, paradoxical'”'®. Several
researchers have insisted that Malassezia is able to upre-
gulate phagocytic cells and thus this provides enhanced
protection against bacterial and tumor cell challenges in
animals''??°. Yet other studies have demonstrated that
Malassezia is also capable of downregulating the immune
system”"?. When various preparations of Malassezia were
co-incubated with monocytes, the levels of IL-1 8 released
by the monocytes were significantly lower than those of
the negative control'’. This apparent contradictory behav-
ior may be related to the lipid-rich capsule-like layer that
surrounds the yeast cells. Removal of the capsule-like lay-
er reverses the suppression of cytokine production by
monocytes’. Kesavan et al® have examined the effect of
the Malassezia species with and without the capsular lay-
er on the cytokine production by monocytes. As a result,
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the levels of IL-1 @, IL-6 and TNF-a production were low-
er in the Malassezia with the capsular layer, suggesting
that the capsule suppresses the release of proinflammatory
cytokine and it prevents an inflammatory response’. More-
over, Oh et al’ revealed that when M. furfur lipids were
removed from the cell wall, the capacity to activate pri-
mary human monocytes was restored, and this was corre-
lated with the induction of proinflammatory cytokine pro-
duction via a TLR2-dependent mechanism. In addition,
the mechanism by which M. furfur lipids inhibited cyto-
kine production in monocytes was found to be via down-
regulation of the TLR2 expression’. Therefore, the ability
of M. furfur to exist in a homeostatic environment may be
partly due to the expression of immune inhibitory lipids
on its cell wall®®. However, the exact lipid that is respon-
sible for the immune inhibition has not yet been
established.

In shampoo and soap, there are various ingredients such
as detergent, viscosity control agents, preservatives, fra-
grances, dye etc’"**. Detergents are used for skin cleans-
ing and as wetting and emulsifying agents. According to
the hydrophilic polar group, detergents are classified as
anionic, cationic, amphoteric and nonionic. The anionic
surfactant in most products has outstanding cleansing
properties. These days, various anionic surfactants are be-
ing used together with other ingredients to optimize the
cleansing properties”>?*. We hypothesized that the de-
tergents in shampoo or soap can alter the composition of
the lipid in the cell wall of M. furfur, as in lipid extraction,
and this could cause Malassezia-associated inflammatory
dermatoses. In this study, we used the commonly used
anionic detergents such as, SLS, ALS and Tween 80, and
these detergents changed the morphology and structure of
M. furfur by altering the cell wall lipid layer, as was seen
on the EM study. M. furfur cultured in detergent-treated
media showed a more undulating and transparent cell
wall than did the M. furfur cultured in regular media. M.
furfur grown in media with detergents had a resemblance
to the lipid-extracted form, and it also induced greater
TNF-2 in the monocytes than did those M. furfur grown
in regular media. The level of TNF-a varied according to
the different concentrations and types of detergents. The
M. furfur grown in 0.2% ALS, induced more TNF-a than
was induced by the positive control with LPS (p<0.05).
The production of TNF-@ was greater for the 0.2% SLS
than for the 0.1% SLS, and this was greater for the 0.2%
ALS than for the 0.1% ALS, all with statistical significance
(p< 0.05). Yet the concentration of Malassezia seemed to
be statistically irrelevant.

It is possible that for the individuals with Malassezia-asso-
ciated inflammatory dermatoses such as seborrheic derma-



titis, the physiology of the normal commensal yeast is
altered. Thus, the presence of abnormal rendering yeast
can induce inflammatory responses™'®. M. furfur grown in
media with detergents induced greater proinflammatory
cytokine in the monocytes than did those M. furfur grown
in regular media, and detergents influenced the morphol-
ogy of M. furfur by alternating the cell wall lipid layer, as
was seen on the EM. The detergents in shampoo and soap
modify the lipid component of the cell wall and they
transform the morphologic features, along with inducing
an inflammatory effect. Thus, it could be inferred that the
detergents in shampoo and soap have some role in
Malassezia-associated inflammatory dermatoses.

In our experiments, Malassezia grew in detergent-added
media for 3 days. However, the detergents used for daily
skin cleansing are in contact with the skin for only short
periods of time, and it is not reasonable to soak human
skin in detergents for a long period. Besides, the shampoo
and soap used nowadays contain various detergents that
have less toxic effect, and so further research is needed on
other detergents that may affect Malassezia furfur. Accor-
dingly, it is uncertain that detergents can not only cause,
but also aggravate Malassezia-associated inflammatory der-
matosis by making changes in the morphology and im-
munomodulatory function of M. furfur. However, we think
that in vivo experimentation and also assessing the molec-
ular changes in the lipid component of the cell wall after
short-term contact with detergents are required to establish
the precise relationship between the effect of detergent and
the Malassezia-associated inflammatory dermatoses.
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