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Abstract

Malassezia spp. are members of the normal cutaneous flora, but are also associated

with several cutaneous diseases. Recent studies of the interaction of Malassezia spp.

with melanocytes, fibroblasts, keratinocytes and dendritic cells have highlighted

their potential to modulate the immune response directed against them. In normal

skin they may downregulate the inflammatory response, allowing them to live as

commensals. In contrast, in atopic/eczema dermatitis syndrome and psoriasis,

they may elicit an inflammatory response that contributes to the maintenance of

lesions. Future research may define ways to influence this inflammatory cycle and

hence to control or prevent exacerbations of these diseases.

Introduction

Yeasts of the genus Malassezia undergo asexual reproduction

by monopolar or sympodial budding from a broad base

(Chen & Hill, 2005). Some of the species are able to undergo

a phase transition from yeasts to hyphae, although the

factors that control this transition are poorly understood

(Chen & Hill, 2005). Except for M. pachydermatis, the

species require an exogenous source of lipid owing to their

inability to synthesise C14–C16 saturated fatty acids, be-

cause of a block in the de novo synthesis of myristic acid

(Shifrine & Marr, 1963).

The taxonomy of this genus has been very confused, with

the yeast phase originally described as Pityrosporum and the

hyphal phase as Malassezia, before they were unified in 1986

with both phases included in Malassezia (Cannon, 1986).

Since then considerable further change has occurred. The

number of species in the genus has increased from two in

1989 to 11 currently characterized species, with others

tentatively named but not formally accepted. The definition

of seven species (M. furfur, M. pachydermatis, M. sympodia-

lis, M. globosa, M. obtusa, M. restricta and M. slooffiae) by

Guillot & Gueho (1995) unified several previous taxonomic

schemes. Since then, however, work by other groups has led

to the definition of more species, including M. dermatis

(Sugita et al., 2002), M. japonica (Sugita et al., 2003),

M. yamotoensis (Sugita et al., 2004) and M. nana (Hirai

et al., 2003). A further species, M. equi, has been described

and tentatively named (Nell et al., 2002), but not fully

characterized. Other groups have found significant variation

within some species (Sugita et al., 2005), which may be

sufficient to lead to their division into further species in the

future (Cabanes et al., 2005).

Malassezia in health and disease

Malassezia spp. are members of the normal human cuta-

neous flora. They occur mainly on the trunk and head

(Leeming et al., 1989), with the highest densities found in

postpubertal adolescents and adults, before levels decrease

in late middle age (Bergbrant & Faergemann, 1988).

The description of the new species of Malassezia has resulted

in a number of studies examining the distribution of the

species at different body sites. The results are summarized in

Table 1, and demonstrate the variability in the results

obtained. These variations may be a result of the sampling

methods and culture media used, as most of the studies have

used only qualitative skin-sampling methods (contact

FEMS Immunol Med Microbiol 47 (2006) 14–23c� 2006 Federation of European Microbiological Societies
Published by Blackwell Publishing Ltd. All rights reserved



Ta
b

le
1
.

Th
e

sp
ec

ie
s

o
f

M
al

as
se

zi
a

is
o
la

te
d

fr
o
m

h
ea

lt
h
y

an
d

d
is

ea
se

d
sk

in

R
ef

.

H
ea

lt
h
y

sk
in

Pi
ty

ri
as

is
ve

rs
ic

o
lo

r
Se

b
o
rr

h
o
ei

c
d
er

m
at

it
is

A
to

p
ic

d
er

m
at

it
is

Sp
ec

ie
s

(%
o
f

su
b
je

ct
s

co
lo

n
iz

ed
;
si

te
)

N

Sa
m

p
lin

g

m
et

h
o
d
/

cu
lt
u
re

m
ed

iu
m

Sp
ec

ie
s

(%
o
f

su
b
je

ct
s

co
lo

n
iz

ed
;
si

te
)

N

Sa
m

p
lin

g

m
et

h
o
d
/

cu
lt
u
re

m
ed

ia

Sp
ec

ie
s

(%
o
f

su
b
je

ct
s

co
lo

n
iz

ed
;
si

te
)

N

Sa
m

p
lin

g

m
et

h
o
d
/

cu
lt
u
re

m
ed

ia

Sp
ec

ie
s

(%
o
f

su
b
je

ct
s

co
lo

n
iz

ed
;
si

te
)

N

Sa
m

p
lin

g

m
et

h
o
d
/

cu
lt
u
re

m
ed

ia

C
re

sp
o
-

Er
ch

ig
a

et
al

.

(1
9
9
9
)

M
.
sy

m

(9
3
;
tr

u
n
k)

1
3
6

Sw
ab

s/

m
D

ix
o
n
s�

M
.
g
lo

b
(8

7
)

M
.
sy

m
(3

4
)

1
0
0

Ta
p
e

st
ri
p
/

m
D

ix
o
n
s

M
.
re

s
(4

3
;

h
ea

d
/f

ac
e)

M
.
g
lo

b
(3

4
;
h
ea

d
/

fa
ce

)

M
.
sy

m
(1

9
;
h
ea

d
/

fa
ce

)

7
5

Ta
p
e

st
ri
p
/

m
D

ix
o
n
s

A
sp

ir
o
z

et
al

.

(1
9
9
9
)

M
.
g
lo

b
(6

0
;
tr

u
n
k)

M
.
re

s
(5

1
;
sc

al
p
)

3
8

Sw
ab

s/

L&
N

C
re

sp
o
-

Er
ch

ig
a

et
al

.

(2
0
0
0
)

M
.
g
lo

b
(1

2
;

fo
re

h
ea

d
)

M
.
sy

m
(4

2
;

sh
o
u
ld

er
s)

Ta
p
e

st
ri
p
/

m
D

ix
o
n
s

M
.
g
lo

b
(7

7
)

M
.
sy

m
(3

2
)

9
6

Ta
p
e

st
ri
p
/

m
D

ix
o
n
s

N
ak

ab
ay

as
h
i

et
al

.
(2

0
0
0
)

M
.
g
lo

b
(2

2
)

M
.
sy

m

(1
0
)
M

.
fu

r
(3

)

1
0
5

B
ru

sh
o
r

ta
p
e

st
ri
p
/

m
D

ix
o
n
s

M
.
g
lo

b
(5

5
)

M
.
sy

m
(9

)

2
2

Sw
ab

,

D
ix

o
n
s

M
.
g
lo

b
(2

1
)

M
.
fu

r
(2

1
)

4
2

Sw
ab

,

D
ix

o
n
s

M
.
fu

r
(2

1
;
fa

ce
/

n
ec

k)

M
.
g
lo

b
(1

4
;
fa

ce
/

n
ec

k)

M
.
sy

m
(7

;
fa

ce
/

n
ec

k)

Sw
ab

,

D
ix

o
n
s

G
u
p
ta

et
al

.

(2
0
0
1
a)

M
.
sy

m
(5

9
)

M
.
g
lo

b
(2

5
)

M
.
fu

r
(1

1
)

1
1
1

Sk
in

sc
ra

p
e,

L&
N
w

G
u
p
ta

et
al

.

(2
0
0
1
b
)

M
.
sy

m

(5
0
;
fo

re
h
ea

d
)

2
0

C
o
n
ta

ct

p
la

te
s/

L&
N

M
.
sy

m
(6

3
)

2
3

C
o
n
ta

ct

p
la

te
s/

L&
N

M
.
g
lo

b
(4

5
)

2
8

C
o
n
ta

ct

p
la

te
s/

L&
N

M
.
sy

m
(5

1
)

3
1

C
o
n
ta

ct

p
la

te
s/

L&
N

Su
g
it
a

et
al

.

(2
0
0
1
)

M
.
re

s
(6

1
;
sc

al
p
/

n
ec

k)

M
.
sy

m
(5

0
;
sc

al
p
/

n
ec

k)

M
.
g
lo

b
(4

4
;
sc

al
p
/

n
ec

k)

1
8

A
d
h
es

iv
e/

D
N

A

ex
tr

ac
ti
o
n

M
.
g
lo

b
(9

4
)

M
.
re

s

(8
8
)
M

.
sy

m
(4

1
)

M
.
fu

r
(4

1
)

3
2

A
d
h
es

iv
e/

D
N

A

ex
tr

ac
ti
o
n

Le
e

et
al

.

(2
0
0
1
)

M
.
re

s
(7

5
;
fa

ce
)

M
.
g
lo

b
(6

0
;
fa

ce
)

2
0

?/
L&

N

A
sp

ir
o
z

et
al

.

(2
0
0
2
)

M
.
g
lo

b
(8

2
)

M
.
sy

m
(3

5
)

Sw
ab

/L
&

N
M

.
g
lo

b
(9

0
)

M
.
sy

m
(4

1
)

7
9

Sw
ab

/

L&
N

FEMS Immunol Med Microbiol 47 (2006) 14–23 c� 2006 Federation of European Microbiological Societies
Published by Blackwell Publishing Ltd. All rights reserved

15Recent developments in the immunology and biology of Malassezia species



plates, swabs, sellotape strips) and so cannot accurately

determine the relative proportion of species on the skin.

The medium on which the samples are plated will have

a significant impact on the range of species recovered.

However, it may be that the differences between studies and

from country to country represent genuine geographic

variations in the predominant Malassezia species on normal

skin. Until there is a systematic survey, using quantitative

sampling methods and optimized culture medium, this

cannot be determined.

The carriage rates found on children have varied signifi-

cantly between studies, with one study finding no Malassezia

on the skin of 60 healthy children (Abraham et al., 1987)

whilst others found Malassezia present on up to 98% of the

children sampled (Bergbrant & Broberg, 1994; Ashbee et al.,

2002; Bernier et al., 2002).

Malassezia spp. are associated with several cutaneous

and systemic diseases, either as the causative agent of these

conditions or associated with lesions. Diseases with which

Malassezia is associated include pityriasis versicolor, sebor-

rhoeic dermatitis, dandruff, folliculitis, atopic dermatitis

[recently renamed atopic eczema/dermatitis syndrome

(AEDS); Johansson et al., 2001], psoriasis, confluent reticu-

late papillomatosis and seborrhoeic blepharitis. Malassezia

spp. have also been shown to cause more deep-seated

infections, including mastitis, sinusitis, septic arthritis,

malignant otitis externa, fungaemia, pulmonary vasculitis,

peritonitis and meningitis (Ashbee & Evans, 2002).

Malassezia spp. are the aetiological agents of pityriasis

versicolor (PV), with lesions most commonly seen

on the trunk (Gordon, 1951). Scrapings from lesions

examined microscopically demonstrate the transition of the

organism from the yeast to the hyphal phase, producing a

characteristic ‘spaghetti and meatballs’ appearance.

One of the characteristics of PV, and often the factor that

causes patients to seek diagnosis and treatment, is

alteration in the pigmentation of the skin. Lesions may be

either hypo- or hyper-pigmented, depending on the normal

skin colour. Many reasons have been suggested for the

disturbance in pigmentation of the skin, including a

block in the transfer of melanosomes to keratinocytes and

inhibition of melanin production either by azelaic

acid or lipoxygenase (Charles et al., 1972; Karaoui et al.,

1981; Galadari et al., 1992). Recently, tryptophan

metabolites of M. furfur have been shown to induce apop-

tosis in melanocytes, with concomitant decreases in melanin

synthesis that may account for depigmentation associated

with one form of PV (Kramer et al., 2005). Several

groups have examined the species of Malassezia isolated

from the lesions of PV to determine whether specific

species were associated with the disease (see Table 1).

M. globosa has been suggested to be the ‘causative’ agent

(Crespo-Erchiga et al., 2000), and several authors haveTa
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supported this view (Nakabayashi et al., 2000; Aspiroz et al.,

2002), although others have found M. sympodialis to be the

predominant species associated with the lesions (Gupta

et al., 2001a).

The role that Malassezia spp. play in seborrhoeic derma-

titis (SD) and dandruff is controversial and has been the

subject of much debate. There is also disagreement in the

literature over whether they are different conditions, or

extremes of the same condition, but in this review they will

be considered as a single condition. The association of the

organism with lesions, the finding that antifungals improve

the condition, and that on withdrawal of treatment there is

an increase in the population densities of Malassezia and

consequent relapse in the disease have all supported the role

of Malassezia yeasts as the aetiological agent. As with other

diseases, researchers have attempted to determine which of

the new species of Malassezia can be detected on lesions of

dandruff (see Table 1). Gemmer et al. (2002) used a novel

method of nested PCR of the intergenic transcribed spacer

region after sampling using scalp swabs, without the use of

culture to recover organisms from patients with dandruff.

This study found that M. furfur was not present, but that

M. restricta and M. globosa were the predominant species

associated with the scalp, in both health and disease. More

patients with dandruff were colonized than those without

disease. These findings are similar to those of other groups,

who used traditional sampling and culture methods to

enumerate yeasts present in SD or dandruff (Crespo-Erchiga

et al., 1999; Lee et al., 2001).

Two recent studies have examined the stratum corneum

from patients with dandruff and found that the structure is

altered compared with normal skin. The corneocytes

of skin affected by dandruff are loosely associated and

desmosome numbers are reduced or absent (Warner et al.,

2001). The lipids present in the stratum corneum

are also decreased, which affects the epidermal water barrier,

and the itch response to histamine has been shown

to be increased in dandruff patients, probably as a result

of the impaired barrier function of the skin (Harding

et al., 2002). These defects may allow Malassezia to

penetrate the skin, elicit inflammation and hence contribute

to SD.

A mouse model of SD has recently been described in

which the mice spontaneously develop inflammatory lesions

that resemble SD (Oble et al., 2005). The mice have a

defect in the T-cell receptor and severe lymphopenia, and

develop disease once they reach sexual maturity. Histologi-

cal examination of the skin demonstrated the presence of

‘small ovoid structures’ in the lesions, which the authors

believed to be Malassezia yeasts. The authors also showed

that the use of fluconazole to treat the mice resulted in

clinical improvement, and they suggested that this mouse

model might be useful to study SD. However, the mice

spontaneously recovered from the disease once their T-cell

count increased, and their lymphopenia resolved. It has

previously been shown that Malassezia is not found nor-

mally on the skin of mice (Guillot et al., 1994), so the

interpretation of the ovoid structures as yeasts may not be

correct. Thus, the utility of this model in studying SD will

need further evaluation.

Atopic eczema/dermatitis syndrome is a common skin

disease, the aetiology of which is not fully understood.

However, since a study in 1983 found that treatment of

patients, who had lesions on the head and neck, with

ketoconazole resulted in clinical improvement, there has

been growing interest in the role of Malassezia as a con-

tributory factor in the disease (Clemmensen & Hjorth,

1983). The various findings that support the involvement

of Malassezia in AEDS are detailed in Table 2. Patients

usually have an increased sensitization to Malassezia, via

both the cellular and humoral immune responses. The

cellular responses tend to be of Th2 type (Tengvall Linder

et al., 1996), with higher levels of IL4 and IL5 production by

the T cells of patients than of healthy controls (Tengvall

Linder et al., 1998). These cytokines are associated with

immunoglobulin E (IgE)-mediated reactions and so may

drive the continued production of IgE (Wollenberg &

Bieber, 2000). Allergen-specific IgE on mast cells may result

in histamine release, and the itching associated with this

would encourage scratching and so provide an opportunity

Table 2. Evidence that Malassezia is a contributory factor in the aetiology of atopic/eczema dermatitis syndrome (AEDS)

Finding References

More patients with AEDS lesions on the head and neck are skin-prick-positive to Malassezia than

patients with lesions in other areas

Waersted & Hjorth (1985)

Antifungal treatment results in clinical improvement in AEDS patients with lesions on the head and neck Clemmensen & Hjorth (1983)

Antifungal treatment results in clinical improvement in AEDS lesions at any site Back et al. (1995)

Increased prevalence of Type I hypersensitivity to Malassezia in AEDS patients Young et al. (1989)

AEDS patients with lesions of the head and neck are more likely to have Malassezia-specific IgE responses Devos & van der Valk (2000)

Prevalence of IgE specific to Malassezia is higher than IgE to other fungi in AEDS patients with head and neck lesions Lindgren et al. (1995)

AEDS patients have Th2 cells specific to Malassezia Tengvall Linder et al. (1996)

Direct contact with Malassezia induces eczematous skin reactions in sensitized AEDS patients (‘atopy patch test’) Rokugo et al. (1990)
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for ongoing sensitization to Malassezia. Treatment with

antifungals reduces the population of yeasts on the skin,

and this decrease in the antigen load would help to break the

inflammatory cycle.

As with other diseases, there have been several studies

attempting to define whether one particular species of

Malassezia is associated with AEDS (see Table 1). There has

been no consensus about which species is/are associated

with lesions, with M. globosa, M. restricta (Sugita et al.,

2001), M. sympodialis (Gupta et al., 2001b; Faergemann,

2002) and M. furfur (Nakabayashi et al., 2000) all commonly

isolated from lesions.

Immunology of Malassezia-associated diseases

The last five years have seen a dramatic increase in our

understanding of the way in which Malassezia interacts with

the immune system. Much of the impetus for this has been

from studies attempting to elucidate the role of Malassezia in

AEDS. Several studies have defined allergens present in

Malassezia that are able to bind IgE (summarized in Ashbee

& Evans, 2002). The use of crude extracts of Malassezia as

allergens for clinical testing of AEDS patients has many

problems, including instability and variability of the allergens.

These problems may be overcome using purified allergens.

Several allergens have now been defined and produced as

recombinant proteins, of which 11 are now described (Mala

f 1–4, Mala s 5–11; Andersson et al., 2003, 2004). (The

nomenclature of the allergens has recently changed from the

original Mal, which is used to denote allergens from apple, to

Mala.) The distribution of the allergens varies, with some

specific to a particular species of Malassezia (Mala f 2 and

Mala f 3 are found only in M. furfur) and others common to

several species (e.g. Mala s 6; Andersson et al., 2003), a finding

that may partly explain the variation in the results found in

the literature, with different studies using different species for

their antigen source. Many patients with AEDS have circulat-

ing IgE to Malassezia spp. and most commonly to M. globosa

(Koyama et al., 2001; Zargari et al., 2003), but, despite the

presence of common antigens across the species, the use of

more than one species in testing for Malassezia-specific IgE

has been found to improve the sensitivity of tests (Zargari

et al., 2003). If the recombinant allergens are used in testing,

IgE is most commonly present to Mala s 9, but again the

sensitivity of testing increases with the use of more than one

allergen (Zargari et al., 2001). These allergens have been used

to detect specific IgE in patients with AEDS, in the skin-prick

test (SPT; to detect Type I IgE-mediated hypersensitivity) and

the atopy patch test (APT; to detect Type IV delayed

hypersensitivity). Skin-prick testing with Malassezia is posi-

tive in more patients with AEDS than in healthy individuals

or in those with other Malassezia-associated diseases, with

patients having lesions localized to the head and neck having

the highest rate of positivity. Some authors have stated that

the SPT is a more sensitive method for detecting reactivity to

Malassezia in AEDS patients than the measurement of IgE

(Johansson et al., 2003), but others have called the utility of

the SPT into doubt (Devos & van der Valk, 2000). The overall

picture that emerges from the large number of studies

examining the contributory role of Malassezia in AEDS is

that, whilst the organism may not be responsible for the

initiation of lesions, once the cycle of itch and scratch has

been initiated, its antigens will contribute to the maintenance

of lesions, especially in the head and neck area, where the

highest population densities of the organism occur.

There have been large numbers of studies examining the

cellular and humoral immune responses to Malassezia in

patients with many Malassezia-associated diseases. For

many of the diseases, the responses reported have varied

widely, and the possible reasons for this have been reviewed

(Ashbee & Evans, 2002). An important trend that has

occurred over the last 5–7 years has been to move away

from studying immune responses as measured in peripheral

blood cells and to begin to dissect out the responses, specific
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to Malassezia, in cutaneous cell populations. The interac-

tions of Malassezia with melanocytes, dermal fibroblasts,

keratinocytes and natural killer cells have been studied in

some detail and have yielded insight into several diseases.

The findings of these studies, described in the following

paragraphs, are summarized in Fig. 1.

The interaction of Malassezia with normal human dermal

fibroblasts in vitro has recently been reported (Baroni et al.,

2001a). Malassezia was found to adhere to fibroblasts

within 4 h and was internalized into the fibroblast cytoplasm

within 24 h, resulting in fibroblast membrane damage.

Uptake appeared to be an active process, dependent on

F-actin (a cytoskeletal component, involved in cell motility).

Although these are interesting findings, Malassezia spp. are

unlikely to come into contact with dermal fibroblasts in vivo

and so the clinical relevance of these results is hard to

interpret.

Of greater relevance are several studies that have exam-

ined the interaction of Malassezia with keratinocytes, an

interaction that will obviously occur in vivo, both in normal

and in diseased skin. Keratinocytes are the major cell type in

the epidermis, having both a structural role and an involve-

ment in immunological defence. Keratinocytes produce a

range of cytokines, some constitutively and others after

induction by, for example, microorganisms or skin damage,

including IL1a, IL6, IL8 and TNFa . Watanabe et al. (2001)

were the first group to examine the effects of coculturing

Malassezia with keratinocytes. Yeast cells of M. furfur, M.

pachydermatis, M. slooffiae and M. sympodialis were cul-

tured, at a ratio of 1 : 1, with normal human keratinocytes

for 1–24 h. The supernatants from the cocultures were then

assayed for IL1b, IL6, IL8, TNFa and monocyte chemotactic

protein 1 (MCP1) at each time-point. For all the species,

MCP1 levels were low or undetectable, and for M. furfur all

the cytokines measured were also low or undetectable.

Malassezia pachydermatis induced higher levels of cytokines

than either M. slooffiae or M. sympodialis, and levels of IL6

were higher than those of the other cytokines at the same

time-points. Culture supernatants from the cultures of

Malassezia did not induce cytokine production by keratino-

cytes; therefore, cell–cell contact is required, and cytokine

production is not caused by a soluble factor. Watanabe et al.

(2001) suggested that the higher levels of cytokine induction

by M. pachydermatis may explain the greater severity of

disease associated with this species as seen in animals.

Another study, using different isolates from Watanabe et al.

(2001) cocultured M. furfur with the HaCat keratinocyte cell

line and also examined cytokine production, as well as yeast

uptake (Baroni et al., (2001b). The results of this study

contradict those of Watanabe et al. (2001) finding that M.

furfur downregulated IL1a production and upregulated

IL10 and TGFb1, leading to inhibition of IL6 and TNFa.

Malassezia were taken up into the keratinocytes, but there

was only limited killing of the organism. It is also interesting

that Watanabe et al. (2001) found that the species M. furfur

had minimal effects on cytokine production, whereas Baroni

et al. found it to have a significant immunomodulatory

capacity. Baroni et al. postulated that the suppression of

IL1a, IL6 and TNFa might allow Malassezia to survive

within host cells without causing an inflammatory response.

Suppression of IL1b, IL6 and TNFa has previously been

reported when Malassezia was cocultured with peripheral

blood mononuclear cells (PBMNC), and that the suppres-

sion was IL10-dependent (Kesavan, 1998). A further recent

study has examined cytokine and human b defensin (HBD)

induction in keratinocytes by Malassezia (Donnarumma

et al., 2004). Malassezia furfur was cultured with normal

human keratinocytes at a ratio of 30 : 1 for 24, 48 and 72 h.

After 48 h of coculture, HDB2, TGFb1 and IL10 gene

expression was induced, but HBD1 gene expression was not

affected. The induction of TGFb1 and IL10, which are anti-

inflammatory immunosuppressive cytokines, was suggested

as a way in which Malassezia could modulate the immune

response against it and allow it to live within keratinocytes

without stimulating an inflammatory response. This corre-

lates with the situation seen in normal healthy skin and also

with the limited inflammation seen in PV, despite the large

fungal burden seen in the lesions (Wroblewski et al., 2005).

The production of IL10 encourages a Th2-type response

with associated IgE production – a feature seen in many

patients with AEDS. The differing findings on the effects of

Malassezia-induced cytokine production by keratinocytes

are hard to reconcile; however, it has been suggested that

cytokine production may differ in response to different

species or even strains (Kesavan, 1998), and this may go

some way to explaining the results. It is known that the

immunosuppressive effects of Malassezia on PBMNC can be

reversed by removal of the lipid-rich capsular-like layer

around the organism, and it will be interesting to determine

if this is also the case with keratinocytes.

The interaction of Malassezia with dendritic cells has been

the subject of several publications since 2000, and is now

probably the best characterized of the yeast–host cell inter-

actions. Most of the work described below and summarized

in Fig. 2 has concentrated on the role of the interaction in

lesions of AEDS. Dendritic cells, specifically Langerhans

cells, are present in the epidermis as immature cells efficient

at antigen uptake, but with limited antigen presentation

ability. After maturation this situation is reversed, and they

become very efficient at antigen presentation but have little

ability for further antigen uptake. They are also able to

present antigen to naive T cells and are involved in directing

the Th cell response. Thus, they are likely to be central in the

initiation of any immunological response to Malassezia.

Buentke et al. (2000) derived CD1a1 dendritic cells from

peripheral blood and determined their ability to take up
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whole M. furfur cells, various components of the yeast, and

recombinant Mala f5 allergen. Immature cells were signifi-

cantly better at uptake than mature cells, with whole-cell

uptake mediated mainly by the mannose receptor and not

influenced by IgE. The uptake of the yeast by the dendritic

cells induced maturation of the cells and a significant

increase in the production of TNFa, IL1b, and IL18, but

not IL10 or IL12, after 46 h of coculture (Buentke et al.,

2001). The dendritic cells that had been exposed to Malasse-

zia induced proliferation of autologous lymphocytes in a

dose-dependent way. Dendritic cell maturation may also be

influenced by interaction with natural killer (NK) cells.

Buentke et al. (2002) examined whether this may occur in

AEDS by comparing the numbers of NK cells in the normal

skin of healthy controls with those in the APT-positive skin

of AEDS patients. They found that there were only scanty

NK cells in normal skin, but that they were ‘numerous’ in

the APT-positive skin, and that where they occurred in the

APT-positive skin they were in close apposition with den-

dritic cells. Dendritic cells that had been preincubated with

Malassezia for 46 h were less susceptible to NK-mediated

lysis, and this protection was mediated by soluble factors.

This protection of dendritic cells against NK-mediated lysis,

if it were to occur in vivo, would allow the mature dendritic

cells to remain in the epidermis, presenting Malassezia

antigens to T cells and hence contributing to the main-

tenance of the inflammatory response in AEDS lesions.

When dendritic cells preincubated with Malassezia were

then cocultured with NK cells, production of IL8 increased

and, in some cases, IL6 and IFNg also increased (Buentke

et al., 2003). Therefore, the interaction between dendritic

cells in the presence of Malassezia with NK cells leads to the

production of proinflammatory cytokines and will contri-

bute to the maintenance of inflammation in AEDS lesions.

Recently, it has been shown that the dendritic cells of

patients with AEDS respond differently to M. sympodialis

than those of healthy individuals (Gabrielsson et al., 2004).

Malassezia sympodialis was cocultured with the dendritic

cells from patients with moderate/severe AEDS or healthy

controls, and the gene expression of the dendritic cells

analysed. Although there were no genes exclusively upregu-

lated in either patients or controls, there were differences in

the magnitude of the upregulation between the two groups.

Six genes were upregulated more than fivefold in patients

with AEDS: IL8, CD54, CD83, IL1R, BTG1 (B-cell translo-

cation gene 1) and MDC (monocyte-derived chemokine).

The authors postulated that, as these molecules are involved

in cell adhesion, costimulation and chemoattraction, they

may indicate increased cell traffic and stimulation in patients.

In turn, this may result in increased potential for cell

interactions between dendritic cells presenting Malassezia

antigens and T cells. Dendritic cells are known to produce

numerous cytokines in response to microbial stimulation,

and in this environment continued Malassezia-driven inflam-

mation will occur in the lesions. Dendritic cells have a

differential response to the various phases of growth of

Candida albicans (d’Ostiani et al., 2000). The yeast phase

elicits production of IL12 and priming of Th1 cells, whilst the

hyphal phase inhibits IL12 and Th1 priming, and induces IL4

production, a Th2-type cytokine. The studies carried out so

far with Malassezia have used yeast-phase cells, and it would

be of interest to determine the dendritic cell response to the

hyphal phase and whether the differential response seen with

C. albicans also occurs with Malassezia.

Another disease with which Malassezia has been asso-

ciated is psoriasis (Rosenberg et al., 1980). Psoriasis is

characterized by hyperproliferation of keratinocytes, but

the cause is not known. The application of heat-killed

Malassezia to rabbit skin elicits lesions similar in appearance

and histology to those in human psoriasis (Rosenberg et al.,

1980), and its role in the disease has been debated for a

number of years. A recent study added to the evidence of its
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Fig. 2. A schematic illustrating the potential effects of Malassezia on

Langerhans cells (LC), natural killer cells (NK) and mast cells in atopic

dermatitis. Uptake of Malassezia by dendritic cells induces their matura-

tion, increased ability to present antigen and leads to an increase in

cytokine production and histamine release exacerbating the itch/scratch
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role in the hyperproliferation seen in psoriasis. Using

normal human skin and biopsies from psoriatic skin, the

effect of Malassezia on TGFb1, HSP70 and integrin expres-

sion by keratinocytes was determined (Baroni et al., 2004).

Malassezia furfur upregulated the expression of all three

molecules, and this was more pronounced in psoriatic skin

than in healthy keratinocytes. If the psoriatic skin was

colonized with Malassezia, upregulation was greater than

for noncolonized skin. Thus, Malassezia upregulates the

production of various molecules involved in hyperprolifera-

tion and cell migration, which may exacerbate psoriatic

lesions.

Conclusion and outlook

Our increased understanding of the interactions occurring

in normal and diseased skin highlights the ability of

Malassezia to modulate cutaneous immune responses. In

normal skin, most data suggest that Malassezia reduces the

inflammatory response, enabling it to live as a commensal.

In AEDS and psoriasis, the response against it maintains the

inflammation associated with the diseases and contributes

to the longevity of the lesions. A key area for future research

is to determine ways in which the inflammatory cycle can be

broken and how the exacerbation of these diseases can be

controlled or prevented.
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