
















clusion is a common predisposing factor (18), especially for sus-
ceptible individuals (126), and the condition is also associated
with immunosuppression (8, 226, 263); however, in these pa-
tients, it may appear with less distinct pruritus (65). Histopatho-
logical sections reveal dilated, partly destructed hair follicles,
which contain keratinous material, debris, and, sometimes, mu-
cin. Usually, a mild to moderate chronic inflammatory cell infil-
trate encapsulates the infundibular portion of the affected follicle
(Fig. 6). On periodic acid-Schiff (PAS)-stained sections, the
presence of Malassezia yeasts becomes evident in the form of
small spherical-to-oval yeast organisms without the regular
observation of hyphae (250). There seems to be some predis-
position to the development of Malassezia folliculitis along
with other Malassezia-associated diseases like pityriasis versicolor
and seborrheic dermatitis (99). It is more common in hot and
humid environments and has been reported to coexist in 56% of
acne patients in the Philippines (163) and to be present in 1 to
1.5% of dermatology outpatients in China (36). Thus, because of
clinical similarities, this condition might be underdiagnosed in
patients with acne (16). Also, Malassezia folliculitis in the form of
an epidemic in an intensive care setting (12) and in heart trans-
plant recipients (263) has been reported. However, it is rather rare
in pregnancy (186), despite the corresponding relative immuno-
suppression.

The pathogenesis of Malassezia folliculitis is incompletely un-
derstood, but recent evidence shows that it is the normal cutane-
ous flora that infects the hair follicle and leads to the development
of folliculitis (5). Thus, the most common species identified are M.
restricta, M. globosa, and M. sympodialis, either alone or in associ-
ation with each other (5). An older report assessing the use of
ketoconazole for Malassezia folliculitis attributed the observed
therapeutic effectiveness to the reversal of the follicular occlusion
from the drug and not to its antifungal effects (149). In the future,
studying the population of patients who develop Malassezia fol-
liculitis under modern biologic therapies, pharmaceutical agents
that also intervene with complex cellular signals, might prove
more effective for the understanding of the pathophysiology of
Malassezia folliculitis. Thus, this rash has been observed for pa-
tients receiving anti-tumor necrosis factor alpha medication (in-

fliximab) for inflammatory bowel disease (231); erlotinib, an epi-
dermal growth factor receptor tyrosine kinase inhibitor, for renal
carcinoma (68); and cetuximab for parotid gland adenocarci-
noma (56).

Onychomycoses

Different reports in the literature have linked Malassezia yeasts
with cases of onychomycoses. However, even in the most well-
established cases (57), the question remains whether Malassezia
has the ability to invade the nail, as no keratinolytic capacity has
been demonstrated to date. However, in a case described by
Chowdhary et al. (57), the nail invasion of M. furfur was proven by
histopathology; the pathogenic strain was isolated more than once
and was identified by conventional and molecular (sequencing)
techniques. In addition, other comorbidities that could affect the
nail plate, like psoriasis, were excluded. However, those authors
remained skeptical, suggesting that M. furfur onychomycosis
could have resulted from an initial damage of the nail plate by
Candida albicans. Reported Malassezia onychomycosis case series
include those describing laboratory personnel who handled these
yeasts (67) and immunocompromised patients (67). In one study,
370 screened patients had a diagnosis of fungal onychomycosis,
and a Malassezia isolate was involved in 14 cases (289), but in 3
cases, it was coisolated with Candida albicans or Trichophyton
rubrum, which could have been the primary pathogen. Recent
cases involved extended hand nail plate damage in a 26-year-old
woman (351) and involvement of all hand nails in a 34-year-old
male worker (349) and a liver transplant patient (95). Although
the therapeutic criterion was stated in the reported cases, the ab-

FIG 6 Histopathology of Malassezia folliculitis. (A) Dilated hair follicle filled
with keratinous material and basophilic debris. Shown is a perifollicular in-
flammatory cell infiltrate with hematoxylin-eosin staining. Original magnifi-
cation, �40. (B) Detail of panel A showing hardly recognizable yeast cells in
this section in keratinous masses within the infundibular lumen adjacent to the
site of wall destruction. Hematoxylin-eosin staining is shown. Original mag-
nification, �200. (C) Dense perifollicular chronic inflammatory cell infiltrate
with amorphous mucinous material in the dilated follicle lumen and PAS
stain-positive tiny budding yeasts. PAS staining was used. Original magnifica-
tion, �100. (D) Detail of a serial section of the same follicle demonstrating
numerous yeast spores within the dilated follicle lumen. PAS staining was
used. Original magnification, �200.

FIG 5 Malassezia folliculitis in a 34-year-old construction worker. The con-
dition developed after working in a hot, humid environment for a few days.
(A) Back of the patient. (B) Close-up view of the lesions.
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sence of a possible pathogenetic mechanism as well as the lack of a
constant source of lipids under the nail plate do not support a role
for Malassezia yeasts, at least as primary pathogens, in onychomy-
cosis.

Malassezia in Systemic Infections

The first report of a systemic infection caused by the alleged “in-
nocent” basidiomycetous yeast Malassezia was described in 1979
(327) and complicated the continuous ambulatory peritoneal di-
alysis of a patient with chronic renal failure. The increased number
of immunosuppressed individuals susceptible to rare fungal
pathogens (143) append Malassezia yeasts as candidate pathogens
in adult and neonatal intensive care units (ICUs).

As the majority of cases were reported prior to the implemen-
tation of the new taxonomy for Malassezia yeasts, the genus name
Malassezia sp. will be used in order to address cases of lipophilic
yeast systemic isolates characterized as M. furfur (sensu lato) or
Pityrosporum ovale, while M. pachydermatis will be used for non-
obligatory lipophilic isolates.

The majority of published case reports and miniepidemics have
involved infants, children, and adults with profound immuno-
suppression, serious concurrent health problems, and the infu-
sion of total parenteral nutrition (TPN) with lipid supplementa-
tion (LS) through central vascular catheters (CVCs). Apart from
systemic infections caused by the nonobligatory lipophilic yeast
M. pachydermatis, the infections caused by the lipophilic Malasse-
zia species are divided here into an infant group and into a second
group that includes pediatric and adult patients (Table 11).

M. pachydermatis infections. The first case of M. pachyderma-
tis infection was described in 1983 in an insulin-dependent dia-
betic patient on continuous ambulatory peritoneal dialysis who
was admitted for weight loss, diarrhea, and cloudy “sterile” peri-
toneal effluent (103). M. pachydermatis was isolated in culture
following repeated positive microscopy results for yeast cells in the
effluent. The simple removal of the peritoneal catheter and treat-
ment of renal failure with hemodialysis sufficed for cure.

M. pachydermatis was the cause of fungemia in a neonatal ICU,
affecting 8 premature (gestational age, 23 to 27 weeks) low-birth-
weight (600- to 1,000-g) neonates with multiple comorbidities
who received total parenteral nutrition with lipid supplementa-
tion (58). M. pachydermatis was isolated from blood (6/8 neo-
nates), tracheal aspirate (2/8), eye (1/8) and nose (1/8) secretions,
and urine (1/8). The infections were self-limited in 2 neonates,
while in the remaining 6 neonates, fungemia was treated with
amphotericin B plus flucytosine infusion and fluconazole. The
typing of M. pachydermatis strains with PCR-random amplifica-
tion of polymorphic DNA (PCR-RAPD) (Table 8) generated
identical profiles, and an exogenous transfer of the M. pachyder-
matis strains was supported. Clonal M. pachydermatis and lipo-
philic Malassezia sp. isolates have been serially isolated from incu-
bator surfaces, supporting the suggestion that M. pachydermatis
strains can persist on incubator surfaces for up to 3 months de-
spite standard cleansing procedures. Thus, meticulous personal
hygiene of medical and health care staff handling neonates (52) as
well as modifications of the cleansing procedures were imple-
mented (319). The potential transfer of M. pachydermatis is high-
lighted by the fact that DNA has been amplified at high rates from
the hands of dog owners regardless of whether the dogs were
healthy (92%) or had atopic dermatitis (93%) (225).

Identified risk factors for M. pachydermatis systemic infection

include an increased median neonatal acute physiology score, �9
days of arterial catheterization, and contact with a potential car-
rier (52). The presence of intravascular devices and lipid infusion
were not identified as risk factors, suggesting that M. pachyderma-
tis systemic infections do not share a pathogenetic background
identical to that of lipophilic Malassezia systemic isolates. The
frequency of M. pachydermatis systemic infections was deter-
mined retrospectively to be 1.6% in the neonatal ICU (191), and
M. pachydermatis was isolated in that same study from CVCs (4/8
neonates); peripheral blood (2/8); urine (4/8); cerebrospinal fluid
(1/8); and eye (1/8), ear (1/8), and tracheobronchial (1/8) dis-
charge. M. pachydermatis fungemia in neonates can appear as a
cluster of cases (219). In that same study, 28 neonates and 5 adult
cases with M. pachydermatis infection were additionally retrospec-
tively identified. The screening of specimens for M. pachydermatis
revealed 44/600 (9%) positive samples, whereas for the adult ICU,
M. pachydermatis was isolated from only 5 cultures out of 19,000.
Eleven lipophilic Malassezia strains were also isolated, but no fur-
ther data were discussed.

The above-mentioned cases, and additional reported data
(192, 210), support the role of M. pachydermatis as a potential
pathogen in the neonatal ICU which is capable of generating
small-scale epidemics under favorable circumstances, and the di-
agnosis should not be overlooked when evaluating symptomatic,
low-birth-weight, premature infants receiving total parenteral
nutrition with lipid supplementation, as simple removal of the
catheter after the identification of the causative agent can lead to
clinical improvement.

Lipophilic Malassezia species infections. Lipophilic Malasse-
zia species infections can be divided in two major groups: the first
comprising children and adults with various forms of immuno-
suppression and diverse clinical syndromes and the second in-
volving infants on parenteral nutrition (Table 11). This discrimi-
nation was previously described with insight by Redline et al. in
1985 (262). The diagnosed cases comprised an infant group (3
patients) and a second group with ages ranging from 18 months to
48 years (4 patients). The first group included low-birth-weight
premature infants (�12 months of age), while the second group
incorporated children (�12 months of age) and adults with seri-
ous immunosuppression due to gastrointestinal disease. This clas-
sification is followed by the majority of reported cases. All patients
reported by Redline et al. (262) were receiving TPN with LS (In-
tralipid; Pharmacia & Upjohn), and as those authors pointed out,
linoleic, oleic, and palmitic acids, which are potent growth stim-
ulants of Malassezia species, compose 86% of the TPN-LS infus-
ate. The isolation of the lipophilic Malassezia isolate was achieved
by use of standard blood culture media (thioglycolate broth and
Trypticase soy broth; Bactec), as minimal growth was supported
by small amounts of normally contained lipids. The death of 2 out
of 3 infants treated with amphotericin B-flucytosine without a
discontinuation of parenteral nutrition underscores the impor-
tance of alertness in the clinical laboratory for this potential agent
of systemic infection. The poor response to amphotericin B (112),
is currently supported by the in vitro-recorded high MIC values of
this agent (320). Recent data showed that the M. furfur strains that
have the ability to cause systemic infections belong to a distinct
internal transcribed spacer 1 group and demonstrate increased
phospholipase activity (170).

(i) Malassezia species infections in children and adults. The
first reported Malassezia systemic infection was a case of “sterile
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peritonitis,” until yeast cells that grew on Sabouraud agar overlaid
with olive oil were identified as Pityrosporum ovale (327). Lipids
leaking postprandially from the small bowel into the peritoneal
cavity were incriminated in the overgrowth of this lipophilic yeast.
Continuous ambulatory dialysis is an identified risk factor, and
subsequent cases have been described (121, 167, 236). The identi-
fication of Malassezia species as a possible agent of infection can
lead to the removal of the catheter and resolution of the infection
(236). A common characteristic of systemic infections of Malasse-
zia yeasts in adults is the existence of a central venous catheter and
total parenteral nutrition (13, 23, 29, 34, 72, 118, 142, 212, 220,
278, 280, 287). Hematologic malignancies (212, 226, 280, 337),
cancer (72, 118, 337), and Crohn’s disease were the background of
Malassezia systemic infections. Also, other less common causes
include hyperemesis gravidarum (287), quadriplegia (59), preex-
isting cellulitis, and sinus formation (236). Apart from the symp-
toms and signs of systemic infection, clinical syndromes that have
been attributed to Malassezia sp. systemic infections include en-
docardial mass (278), pneumonia (59, 287), osteomyelitis (337),
and meningitis (11). Interestingly, some cases have clustered in
the spring and summer months (23), and therapy is always as-
sisted by the prompt removal of the central venous catheter. An
alternative therapeutic approach that has been proposed is the
“locking” of amphotericin B in the catheter (13).

In conclusion, Malassezia sp. systemic infections in adults have
variable clinical presentations and can afflict patients with var-
ious degrees of immunosuppression. Current data are against
their high prevalence, although it is evident that infections
caused by this agent, as rare as they may seem, may well be
underdiagnosed.

(ii) Malassezia species infections in infants. The first report of
Malassezia fungemia was published in 1981 and described a pre-
mature infant (gestational age, 28 weeks; birth weight, 740 g) re-
ceiving total parenteral nutrition with lipid supplementation
(261). The child developed signs, symptoms, and radiological ev-
idence of pneumonia, with negative bacterial and fungal cultures
and without responding to triple-antibacterial chemotherapy. An
open-lung biopsy revealed yeast cells, which were erroneously
characterized as Candida sp. Infusion with amphotericin B plus
flucytosine failed to alleviate symptoms and clear the infection,
resulting in death on the 66th hospitalization day. An autopsy
reported evidence of small-vessel vasculitis with abundant mono-
polar budding yeast cells, identified as Malassezia after morpho-
logical study in a mycology laboratory. Since then, a plethora of
publications describing Malassezia infections in premature and
debilitated infants who were receiving total parenteral nutrition
with lipid supplementation have been reported (Table 11) (7, 17,
124, 175, 203, 209, 235, 251, 252, 283, 333). As is evident in the
cases described in Table 11, the rapid diagnosis and removal of the
CVC can suffice for cure when the underlying condition is revers-
ible. An alternative therapeutic approach that has been success-
fully used incorporates the reallocation of the infusion site to a
peripheral vein (209). Malassezia sepsis is not very rare, as it was
reported for up to 23% of sepsis cases (3 out of 13 patients) (152)
in 263 infants prospectively studied in an ICU and in 2/66 (3%)
(291) infants after the placement of a central venous catheter.
However, as proper isolation media were not used, only 1 out of
102 identified cases of probable fungemia was attributed to
Malassezia (313). The role of health care personnel in the spread-
ing of Malassezia yeasts is significant, as it was incriminated in a

miniepidemic during a 7-day period in July 1987 (265). Skin
swabs from infants and health care workers revealed that 2 out of
10 infants as well as 2 out of 11 health care workers were colonized.
Malassezia systemic infections can be controlled when stringent
aseptic care of neonates is enforced (152).

An interesting case of Malassezia yeast central nervous system
infection was described after the spread of intravenous adminis-
trated fluid to a ruptured dural vein, which was fatal for the neo-
nate (270).

(iii) Systemic infections by lipophilic Malassezia species. M.
sympodialis is rarely reported to be the causative agent of systemic
infection (51, 70, 176). M. sympodialis was isolated from the ear
lesion of a 53-year-old non-insulin-dependent diabetic man who
was receiving intravenous antipseudomonal therapy and was
eventually subjected to surgical debridement (51). His condition
did not improve but rather deteriorated, with the development of
cranial nerve paralysis. Histological examination of tissue speci-
mens obtained from the nasopharynx demonstrated budding
yeast cells, and findings suggested a chronic inflammatory reac-
tion. The isolation and identification of M. sympodialis with the
subsequent administration of intravenous amphotericin B ther-
apy (1 mg/kg of body weight/day) led to a rapid recovery. The
patient was subsequently given fluconazole prophylaxis (400 mg
once daily) and was free of clinical and radiological signs of infec-
tion 6 months later, although the resulting nerve paralysis did not
improve. A central venous catheter-associated M. sympodialis in-
fection in a 63-year-old man receiving total parenteral nutrition
with lipids was reported (176). Identification was pursued by
Tween utilization tests (Table 1) and sequencing of the internal
transcribed spacer 1 region (Table 2). Unfortunately, that strain
was not deposited in an international culture collection; thus, it is
not available for further virulence studies. A recent epidemiolog-
ical study identified M. sympodialis catheter colonization in 3 out
of 983 intravenous catheters cultured in Dixon’s agar (70). In that
same study, two more isolates were characterized as being M. fur-
fur (sensu stricto), and 2 isolates did not keep in culture long
enough to allow identification to the species level. The only clini-
cal information recorded in that study was that the patients were
hospitalized in a surgical ward and were not receiving lipid sup-
plementation. More epidemiological surveys accompanied by de-
tailed laboratory studies would substantiate the potential of M.
sympodialis to cause systemic disease.

Prevention. All observations reported thus far have con-
firmed the persistence of Malassezia yeasts on incubator sur-
faces and on the hands of health care workers who are pet dog
owners. Therefore, the most important preventive measure
against the spread of Malassezia systemic infection in immu-
nocompromised pediatric and adult patient wards entails the
scrupulous adherence of medical and health care staff to stan-
dard hygienic measures.

The prevention of Malassezia systemic infection by altering the
composition of the lipid infusate was suggested by Papavassilis et
al. (242). This was based on the observation that medium-chain
fatty acids could delay the growth of the seven Malassezia species
in vitro, but as the alteration of the infusate composition raises
safety issues, clinical trials to determine both safety and efficacy
seem imperative. However, the efficiency of this preventive mea-
sure has still not been fully explored.

Conclusion. Malassezia isolation followed by identification to
the species level should be included in the evaluation of a febrile
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infant who is receiving total parenteral nutrition with lipid sup-
plementation as well as any patient with immunosuppression and
a central venous catheter who presents with persistent fever that is
unresponsive to antibiotics and amphotericin B. The seasonal
clustering of some reported cases makes this tactic reasonable,
especially in ICUs located in countries with a hot and humid cli-
mate. Laboratory practices comprising microscopy of blood
drawn from the central venous catheter or involved tissue and

culture of biological fluids and biopsy specimens in selective me-
dium, as well as an increased incubation time (10 to 15 days),
would increase the rate of isolation of lipophilic Malassezia spe-
cies. However, nonspecific laboratory findings that are commonly
found in association with Malassezia systemic infections are leu-
cocytosis or leucocytopenia and thrombocytopenia.

All reported data confirm that an important aspect of Malasse-
zia systemic infections is that they can surface from any back-

FIG 7 Chemical structures of the currently identified indoles produced by M. furfur when grown on L-tryptophan agar. The corresponding references of the first
description of isolation from Malassezia extracts are in parentheses.
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ground of immunosuppression. Therefore, a high degree of clin-
ical suspicion coupled with laboratory expertise and alertness are
prerequisites for the timely management and control of this rare
but emerging infection.

Malassezia-Produced AhR Ligands and Significance of AhR
Activation on Skin

Malassezia yeasts have the ability to synthesize in vitro an array of
indolic compounds when tryptophan is used as the single nitrogen
source (108, 157, 158, 336). Within these compounds, some of the
most potent ligands of the aryl hydrocarbon receptor (AhR) (syn-

onym, dioxin receptor) have been identified, and, as mentioned
above, their quantitative production has been linked to M. furfur
strains isolated from cases of seborrheic dermatitis, dandruff, and
pityriasis versicolor. AhR is an orphan nuclear receptor, a member
of the per-arnt-sim family of proteins, and has pluripotent biolog-
ical functions in addition to mediating the detrimental effects of
dioxin intoxication in the skin and other organs (241). Upon li-
gand binding, AhR translocates to the nucleus, where it dimerizes
with the aryl hydrocarbon nuclear translocator, binds to xenobi-
otic responsive elements flanking the 5= ends of genes, and mod-
ifies their transcription (155) in a ligand-, cell type-, and tissue-

FIG 7 Continued
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specific manner (96, 253). AhR functions in skin physiology by
affecting the cell cycle (182, 260) and melanogenesis (204), while it
also modifies responses to injuries, as it affects wound healing
(155), mediates UV damage (105), and modifies the inflammatory
response to immune signals (22, 174). Among the Malassezia-
produced indoles, indirubin is currently proposed to be the en-
dogenous AhR ligand (1, 253).

Indole derivatives isolated from the genus Malassezia. During
the last decade, fungi of the genus Malassezia and especially those
of the species M. furfur have been extensively studied for their
chemical metabolic profile. When these fungi are cultivated in a
selective medium containing tryptophan as the single nitrogen
source, they can produce a significant number of chemically di-
verse indole derivatives (151, 157, 213, 336). A complete list of
tryptophan derivatives as Malassezia metabolites that have been
isolated up to now is shown in Fig. 7.

However, despite the significant number of isolated metabo-
lites, only a few of them have been studied for their biological
roles.

(i) Malassezin. Malassezin was initially isolated from ethyl ac-
etate extracts of M. furfur cultures (336). It was found that
malassezin induces the apoptosis of melanocytes (184). More spe-
cifically, a dose-dependent induction of apoptotic markers after
the cultivation of melanocytes with malassezin for 24 h was re-
ported. It was also observed that the biosynthesis of melanin is also
reduced in a similar dose-dependent way (184). However, the re-
duction in the level of melanin is most probably due to the apop-
tosis of melanocytes, and it is not the result of a specific activity on
the biosynthetic pathway of melanin. Nevertheless, the character-
istic hypopigmentation associated with pityriasis versicolor has
been attributed to this biological action of malassezin. Hypopig-
mentation seems to be enhanced by the inhibition of melanin
transportation from melanocytes to keratinocytes due to the
breakdown of the actin cytoskeleton (184).

Additionally, malassezin is an AhR agonist with a 50% effective
concentration of (EC50) of 1.57 ��, which is able to induce the
activity of CYP1A1-dependent 7-deoxyresorufin-	-dealkylase
(EROD) in hepatocytes (184). However, malassezin does not ful-
fill the basic structural characteristics that are necessary for AhR
agonist activity (336), and for this reason, it is possible that this
type of activity could be attributed to the intracellular transforma-
tion of malassezin to indolo[3,2-b]carbazole (ICZ) (108, 184).

(ii) ICZ. ICZ is known as a product of indole-3-carbinol (I3C)
condensation in the acidic stomach environment after the inges-
tion of plants belonging to the genus Brassica (Cruciferae), such as
cabbage and broccoli, etc. (248). I3C is a product of glucobrassicin
catabolism, a natural ingredient of the above-mentioned foods
(188, 336).

ICZ is a highly active agonist of AhR (EC50 
 2.6 � 10�7 M)
(108). It is considered one of the most active, nonhalogenated
inducers of AhR ever reported in vitro (248, 330). The affinity of
ICZ for AhR is similar to that of dioxin, while it has been found to
regulate the expression of AhR-dependent genes in a way similar
to that of dioxin (81).

However, in contrast to dioxin, ICZ is metabolically labile, and
for this reason, the effects of ICZ are very different from those of
dioxin (54). More specifically, experiments with animals have
shown that the administration of one dose or repeated doses can-
not affect significantly the food intake of experimental animals, in
contrast to dioxin. Moreover, after ICZ administration, no growth

inhibition or weight reduction was observed, unlike dioxin. Those
same studies showed an induction of CYP1A1 in liver (with an
increase in levels of mRNA as well as EROD) in animals receiving
127 �g/kg ICZ for 4 days but not as strong as that achieved by
dioxin at 5 �g/kg. The induction of CYP1A1 by ICZ is dose de-
pendent, and in contrast to dioxin, the induction is transient due
to ICZ metabolism (54).

In addition to CYP1A1, ICZ also affects another protein, breast
cancer resistance protein (BCRP), probably through AhR activa-
tion. Experiments with Caco-2 cells have shown that ICZ (2.5
�M) can increase significantly the mRNA expression level of
BCRP after 8 or 24 h (90). Furthermore, ICZ presented antiestro-
genic activity in MCF-7 cells (201).

(iii) Indirubin. Indirubin and its analogues exhibit inhibitory
activities against cell proliferation as well as cytotoxicity and apop-
tosis induction in human cancer cell lines, and its identification in
M. furfur extracts (120) expands the spectrum of the interactions
of this yeast with the skin. The interest in indirubin and its deriv-
atives has increased significantly in the last years, after the discov-
ery of its inhibitory activity against cyclin-dependent kinases
(CDKs) and glycogen synthase kinase 3 (GSK3). Additionally, in-
dirubin has been found to be one of the most active agonists of the
AhR and was also proposed to be the natural ligand of this
receptor. In order to clarify the role of kinase inhibition and
AhR activation by indirubin in cell proliferation, a study of
synthetic derivatives with selective activity proved that AhR
activation is responsible for the observed cytostatic effects,
while the inhibition of CDKs or GSK3 is responsible for its
cytotoxicity (182).

(iv) Pityriacitrin. Pityriacitrin acts as a strong UV absorbent
and most probably is produced by fungal cells as an agent that
protects against UV light (206, 215). The presence of pityriacitrin
on human skin was initially proposed to convey UV protection to
the hypopigmented lesions of pityriasis versicolor and prevent
skin from the development of sunburn (190). However, those
results were not confirmed by subsequent in vitro experiments
(116), and the substances produced by Malassezia yeasts that pro-
tect against UV in vivo are still under investigation.

(v) Pityrialactone. Pityrialactone is also an agent that protects
against UV, like pityriacitrin. It is a compound presenting intense
yellow-green fluorescence. Its presence in the skin would probably
explain the fluorescence observed for pityriasis versicolor skin un-
der Wood lamp fluorescence (216).

(vi) Pityriarubins. Pityriarubins are bis-indol derivatives with
unique structures (158) showing inhibitory activity against the
oxidative burst of human granulocytes. Their presence in vivo
could explain the absence of inflammation in diseased skin.

(vii) Tryptanthrin. Tryptanthrin is an alkaloid found in a num-
ber of plants, most of them also producing indigo and indirubin. It
is a potent inhibitor of prostaglandin and leukotriene synthases in
various cell lines and a selective inhibitor of cyclooxygenase 2
(COX-2) (73) and of inducible nitric oxide synthase (iNOS) (NOS
II) expression (162). It inhibits the production of IFN-� and IL-2
after the stimulation of Peyer’s patch lymphocytes with staphylo-
coccal enterotoxin B (SEB) (309). Tryptanthrin was also found to
inhibit P-glycoprotein (Pgp) through MDR1 gene suppression
(346). It was also reported to act as a moderate AhR inducer (281).

(viii) Malassezindole A and keto-malassezin. Malassezindole
A has shown activity in the inhibition of tyrosinase (71) and prob-
ably can affect melanin synthesis. Keto-malassezin is also probably
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a tyrosinase inhibitor capable of inhibiting the dopa reaction on
human epidermal melanocytes (71).

Synergy-preferential biosynthesis. It seems that the synergy
between the indole derivatives found in Malassezia can explain
some of the clinical symptoms of pityriasis versicolor, like depig-
mentation (malassezin), resistance to UV light, and reduced in-
flammatory reactions (pityriarubins) (151, 183).

It should be noted that a number of indole derivatives, like
malassezin, ICZ, and indirubin, have been found to be preferen-
tially synthesized by M. furfur strains isolated from seborrheic
dermatitis lesions. These compounds are synthesized in signifi-
cantly higher numbers by strains isolated from diseased skin than
by strains isolated from healthy skin (108, 120). These compounds
are among the most active known AhR agonists, and this common
property implies the possible role of this receptor in the develop-
ment of Malassezia-related skin diseases.

Malassezia and future research perspectives on skin cancer.
The production of the above-mentioned array of AhR ligands by
Malassezia raises the question of a possible participation of this
yeast in skin carcinogenesis through the activation of this recep-
tor. Current evidence points toward an association of these yeasts
with basal cell carcinoma (115), the malignant tumor with the
highest incidence in Caucasians worldwide. Presently, solar UV
light is regarded as the most significant carcinogen for this tumor;
however, not all basal cell carcinomas are caused by UV light, as
these tumors are rare in certain anatomical areas subjected to in-
tense UV radiation exposure throughout life (i.e., dorsal aspects of
the hands) and commonly appear on relatively sun-protected skin
localizations (i.e., eyelid, inner canthus, and retroauricular area)
(145). In the pathogenesis of basal cell carcinomas, activating mu-
tations of the hedgehog pathway at the cellular level are implicated
(94, 154), while at the tissue level, they act together with the in-
duction of immune tolerance by the establishing tumor (immu-
nosubversion) (172, 178, 352). The latter is a well-recognized
common process in the progression of many types of cancer. Ep-
idemiological observations that indirectly link Malassezia to basal
cell carcinoma have come from studies of patients with Parkin-
son’s disease, for whom seborrheic dermatitis and basal cell carci-
noma appear at higher rates than expected by a random associa-
tion despite the reduced prevalence of most other malignancies in
this group of patients (102). Additional epidemiological data from
different animal species on the rate of Malassezia colonization
implied a role for this yeast in the induction of this type of cancer.
Malassezia yeasts and basal cell carcinoma are more common in
dogs and cats (33), while they are extremely rare in lagomorphs
and rodents (325). In dogs and cats, these tumors develop on the
head and neck region (272), overlapping with the Malassezia niche
in these animals. Furthermore, in dogs, these tumors are more
common in hairy animal breeds with long pendulous ears (Saint
Bernards and Scottish Terriers), an anatomical trait that promotes
Malassezia overgrowth (115). Furthermore, in humans and ani-
mals, these tumors and Malassezia yeasts accrue in the so-called
seborrheic areas of the face and trunk. Basal cell carcinoma pro-
motion by the Malassezia-synthesized AhR ligands could happen
through a modification of UV radiation-induced carcinogenesis,
favoring a shift toward the salvage/survival of initiated tumor
cells, the inhibition of cell senescence, alterations in vitamin D
metabolism, the induction of immune tolerance, and, finally, the
procarcinogenic modulation of cell cycle progression and apop-
tosis (115).
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