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SUMMARY

There are few studies on the role of innate immune response in dermatophytosis. An investigation was conducted to define the
involvement of Toll-Like Receptors (TLRs) 2 and 4 in localized (LD) and disseminated (DD) dermatophytosis due to 7. rubrum.
Fifteen newly diagnosed patients, eight patients with LD and seven with DD, defined by involvement of at least three body segments
were used in this study. Controls comprised twenty skin samples from healthy individuals undergoing plastic surgery. TLR2 and TLR4
were quantified in skin lesions by immunohistochemistry. A reduced expression of TLR4 in the lower and upper epidermis of both
LD and DD patients was found compared to controls; TLR2 expression was preserved in the upper and lower epidermis of all three
groups. As TLR4 signaling induces the production of inflammatory cytokines and neutrophils recruitment, its reduced expression
likely contributed to the lack of resolution of the infection and the consequent chronic nature of the dermatophytosis. As TLR2
expression acts to limit the inflammatory process and preserves the epidermal structure, its preserved expression may also contribute
to the persistent infection and limited inflammation that are characteristic of dermatophytic infections.
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INTRODUCTION

Dermatophytosis is the infection of keratinized structures caused
by members of the fungi of the genera Trichophyton, Epidermophyton
and Microsporum. These fungi are adapted to infect keratinized tissues
by virtue of their ability to utilize keratin as a nutrient source. Sites of
infection include hair, nails, and the stratum corneum of the skin**?, The
clinical presentation of dermatophytosis depends on several factors: (i)
the site of infection, (ii) the immunological response of the host, and (iii)
the species of infecting fungus®. More than 40 dermatophyte species
that infect humans (anthropophilic), animals (zoophilic) or are present
in soil (geophilic) have been identified”. The infections caused by the
anthropophilic species tend to be chronic but the resultant inflammation
is minimal®-?!,

About 90% of chronic dermatophyte infections are caused by 7.
rubrum and T. mentagrophytes®®, possibly because these organisms may
suppress inflammation and cell-mediated immunity’.

Keratinocyte is the predominant cell type in the epidermis,
comprising over 90% of the cells’. However, during an inflammatory
process the innate immune network of the epidermis consists of not
only the pre-existing keratinocytes, but also of rapidly mobilized host
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defense cellular components such as neutrophils, mast cells, eosinophils,
and macrophages®. Recognition of pathogens by innate immune cells
is mediated by pattern recognition receptors (PRRs) that recognize
conserved pathogen-associated molecular patterns (PAMPs). Toll-like
receptors (TLRs) are a family of PRRs that have recently been identified
as crucial signaling receptors mediating the innate immune recognition,
and comprise a family of 10 receptors with distinct recognition profiles
in humans'”. Human keratinocytes are known to express TLRs 1 to 6
and TLR93.]0.1 1‘14,15,19,22‘

Although it is known if certain elements of the fungal wall increase
TLR expression upon recognition by these receptors, a previous in vitro
study demonstrated that whole Trichophyton rubrum conidia could
diminish TLR expression on a keratinocyte cell line’. However, there are
few studies on human immune response to dermatophytes. In this study
it is demonstrated that TLR4 expression is lower on keratinocytes of
patients with either localized or disseminated dermatophytosis compared
with normal skin.

PATIENTS AND METHODS

Two groups of patients with dermatophytosis were evaluated:
seven patients with disseminated dermatophytosis (involving at least
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three distinct body parts), and eight with localized dermatophytosis
(involvement of only one body part). All of the patients were recruited
from the Mycology Outpatient Clinic of the Division of Clinical
Dermatology, Clinics Hospital, University of Sdo Paulo. Twenty skin
samples from healthy individuals undergoing plastic surgery were
included as controls. The following inclusion criteria were used: (i)
the subjects had dermatophytosis but did not present any comorbidity
affecting the immune response or predisposing them to dermatophytosis
(e.g., primary or secondary immunosuppression, diabetes mellitus,
Cushing’s disease, transplant recipients); (ii) 7. rubrum was the fungal
agent; and (iii) the subjects had not used topical or systemic treatments
in the last month. Patients who were under 18 years of age or pregnant
were excluded. All patients signed an informed consent form previous to
inclusion in the study. The study was approved by the Ethics Committee of
the Clinics Hospital, University of Sao Paulo Medical School (#673/06).
Identification of 7. rubrum was done by microscopic examination of
samples obtained from lesions that had been cultured in Agar Sabouraud'?
(Becton, Dickinson and Company, Heidelberg/Germany).

Immunohistochemistry of the biopsies of the lesions: Biopsies
were taken with a standard dermatological biopsy punch. For the patients
with dermatophytosis, two biopsies were taken: one on the border of the
active lesion and another from unaffected skin on the same body part at
least 4 cm away from the affected area. Twenty controls were obtained
from cosmetic surgery.

Slides were dewaxed in xylene and hydrated through a graded
series of ethanol. Endogenous peroxidase was blocked with 3%
hydrogen peroxide. Antigen retrieval for TLR2 and TLR4 analysis
was performed by incubation of slides in retrieval solution pH 9.0
(S2368, DakoCytomation, Carpinteria, CA, E.U.A) in a water bath
for 25 min at 95 °C. They were then incubated overnight at 4 °C
in the presence of a 1:50 dilution of anti-TLR2 primary antibody
(sc-10739, Santa Cruz Biotechnology, Santa Cruz, CA, U.S.A) and
a 1:400 dilution of anti-TLR4 primary antibody (ab47093, Abcam,
Cambridge, MA, U.S.A). The specific antigen-antibody reactions were
detected with an alkaline-phosphatase-based system (EnVision™ G2
system/AP; DakoCytomation, Carpinteria, CA, U.S.A.) for TLR2 and a
streptavidin-biotin-peroxidase-based system for TLR4, according to the
manufacturer’s instructions (LSAB™+ system-HRP; DakoCytomation,
Carpinteria, CA, U.S.A.). The reactions for TLR2 were visualized
using Liquid Permanent Red chromogen (DakoCytomation) and the
reactions for TLR4 were visualized using the 3,3’-diaminobenzidine-
tetrahydrochloride (DAB) chromogen (Sigma) and counterstained with
Carazzi haematoxylin.

All reactions were performed with positive and negative controls.
The latter comprised omission of the primary antibody.

Quantification of immunostained cells was performed using
AxioVision 4.8.2 software (Zeiss).

Image analysis: The epidermis was photographed along its entire
length under a 10X eyepiece and a 20X objective coupled to a Carl Zeiss
AxioCam MR3 camera mounted on a Zeiss Axiophot optical microscope.
The images were analyzed using the Image Pro Plus program. Prior to
quantification, the epidermis was divided into upper epidermis (surface)
and lower epidermis (deep tissue) at 50% of its thickness.
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Each measurement unit contained 3.11 pixels. The image analysis
system measured the mean color density of the immunohistochemical
staining in the epidermis, which represents the mean intensity of the
staining within the positive area (range, 0-255)'. The expression of
TLRs 2 and 4 in the epithelium was calculated as the product of the area
of positive staining and mean density, normalized by the corresponding
epithelial basement membrane length'®. This index of protein expression
takes into account both the intensity and the area of staining. A simple
average of the values for each photographic field on the same slide was
used.

Statistical analysis: The number of positive cells of the three groups
of tissue reaction was compared using Graph Pad Prism version 5.00
for Windows (Graph Pad software, San Diego, CA, USA) to perform a
Kruskal Wallis and Dunn’s post test with the level for significance set
at 95%.

RESULTS

The average age for the groups were as follows: 35 (range: 19-51)
years for the patients with DD, 39 (range: 18-62) years for those with LD,
and 57 (range: 46-72) for the controls. The average disease progression
time was 16 (range: 2-60) months in the patients with DD and 19 (range:
1-60) months in the patients with LD.

Hematoxilin staining did not reveal any inflammatory infiltrate in
the epidermis of the patients (data not shown), which was unremarkable
when compared with that of the healthy skin biopsies.

Fig. 1 - TLR2 expression in unaffected (a) and affected (b) epidermis from an individual
with localized dermatophytosis and in unaffected (¢) and affected (d) epidermis from an
individual with disseminated dermatophytosis. (e) shows TLR2 expression in the epidermis
of a healthy individual. Magnification: x200
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Fig. 2 - TLR4 expression in unaffected (a) and affected (b) epidermis from an individual
with localized dermatophytosis and in unaffected (c) and affected (d) epidermis from an
individual with disseminated dermatophytosis. (€) shows TLR4 expression in the epidermis
of a healthy individual. Magnification: x200

TLR4 expression was reduced in the upper epidermis of either LD
or DD dermatophytosis patients, as compared with the control group
(Fig. 3A). The TLR4 staining optical density index was 145 + 22 in the
controls, compared with 109 + 9 in biopsies of LD patients and 110 +
15 of the DD patients (p < 0.001). Interestingly, TLR4 expression in
unaffected skin in both dermatophytosis groups was similar to that in the
respective affected areas (LD: 109 + 9; DD: 110 + 7), and significantly
reduced compared with the control group (p < 0.001) (Fig. 3A). There
were no differences between individuals with LD and DD (Fig. 2a, 2b,
2¢, 2d and 2e).

No differences were observed in TLR4 expression between
unaffected and affected skin samples in the two patient groups. In
addition, there were no differences between individuals with LD and
DD (Fig. 2a, 2b, 2¢ and 2d).

In the lower epidermis, TLR4 expression was also lower in patients
with dermatophytosis than in controls (Fig. 3A). The optical density index
was 145 £+ 17 in controls and 111 £ 7 and 111 + 13 respectively in the
unaffected and affected areas of DD patients (Fig. 3A). In patients with
LD, the optical density indices were respectively 111 + 8 and 110 + 5.
As in the upper epidermis, there were no differences between unaffected
and affected skin areas (Fig. 2a, 2b, 2c and 2d).

TLR2 expression was diffusely detected in the upper and lower
epidermis of both patients and controls (Fig. 1 and 3B). In contrast to
the TLR4 findings, no differences were detected in TLR2 expression in
the upper and lower epidermis in the LD and DD when compared with
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Fig. 3 - (A) Comparison of TLR4 expression in unaffected and affected skin of patients with
disseminated (DD) and localized dermatophytosis (LD), and in skin of healthy controls. (B)
A comparison of TLR2 expression in unaffected and affected skin of patients with DD or
LD and in skin of healthy controls. TLR4 and TLR2 expression were quantified based on the
optical density index (ODI) of the lower and upper epidermis layers. Results are presented
as mean = SEM. * p =0.01.

the control group. The intensity of expression of TLRs 2 and 4 in the
epidermis was apparently comparable, although this comparison should
be regarded with caution since the chromogens used for each staining
differed.

DISCUSSION

T. rubrum infections are often chronic and result in minor
inflammation. Additionally, these infections are marked by polarization
during the immediate immune response and the later inadequate cellular
response®. The patients in this study had chronic disease; patients with
both the disseminated and localized forms had an average duration
of more than one year. Accordingly, no inflammatory infiltrate in the
epidermis of the infected skin areas was observed. The reasons for such
lack of inflammatory response are not yet known.
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Recognition of pathogens by innate immune cells is mediated
by PRRs that recognize PAMPs. TLRs (comprising a family of 10
receptors with distinct recognition profiles in humans) act as pattern
recognition receptors and these receptors are able to recognize fungi
and polarize the immune response'2. Various cell subtypes express
these receptors, including human keratinocytes, which express TLRs
1 to 6, and TLR9%*%. Moreover, TLR2 is highly expressed in normal
skin, particularly in proliferating basal keratinocytes, but TLR4 is less
detectable by immunostaining®!®. Constitutive expression of mRNA
specific for both TLR2 and TLR4 has recently been demonstrated in
cultured human keratinocytes and gingival epithelial cells'. A report
showed that TLR2 mRNA was more prominently upregulated in normal
human keratinocytes than TLR4 mRNA'". Thus keratinocytes may act
both as a mechanical and an immunological barrier to pathogens, the
latter by triggering an innate immune response to control the infectious
process™.

Among TLR family members, both TLR2 and TLR4 have been shown
to recognize bacterial and fungal components and mediate the production
of the cytokines required for the development of an effective immunity.
TLR2 has been implicated in the recognition of Gram-positive bacteria
components, bacterial lipoproteins, and zymosan while TLR4 recognizes
lipopolysaccharide (LPS) and O-linked mannans'.

Here, marked TLR2 and TLR4 expression was observed across the
entire thickness of the epidermis of patients with LD and DD, confirming
previously published studies on the expression of TLR2 and TLR4 on
keratinocytes>!*-!!

No significant differences were observed between TLR2 and TLR4
expression levels in both the upper epidermis and lower epidermis when
dermatophytosis patients and controls were compared, as has been
described in normal epidermis*!-'>1%22, However, reduced TLR4 was
detected, but not TLR2 expression, in the upper and lower epidermis
layer in both DD and LD patients when compared with the control group.
This reduced expression was equally observed in patients with LD and
DD in the sample group of this study.

The expression of TLRs 2 and 4 in the biopsies of affected
(dermatophytosis) and adjacent unaffected (healthy skin) areas of
the patients were also compared. There were no differences in the
expression between unaffected and affected areas. As a constitutive
defect in TLR4 seems unlikely, it is conceivable that the down
modulation present in the affected skin spreads to adjacent, seemingly
clinically healthy areas.

Another important observation is that there was no difference in the
expression of the TLR between individuals with LD or DD. Therefore,
this suggests that TLR2 and TLR4 expression levels do not explain the
more extensive lesions. GARCIA-MADRID et al. (2011) showed that
keratinocytes can recognize and respond to cell wall components of
T. rubrum. Viable intact conidia inhibited TLR2 and TLR6 expression
by cultured human keratinocytes while conidial homogenate from
T. rubrum increased the expression of TLR2, TLR4 and TLR6.
Recently, YUKI et al.*” demonstrated that TLR2 activation enhances
tight junctions among keratinocytes, a crucial step in maintaining
the functional activity of epidermal barriers against infective agents,
such as bacteria or fungi. TLR2 inhibition increased the permeability
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of the cutaneous barrier, thereby decreasing the cohesion between
keratinocytes and facilitating fungal invasion®. Thus, the appropriate
TLR2 expression in the upper epidermis layer would represent a
protective mechanism inhibiting the fungal invasion and dissemination
into the epidermis while limiting the inflammatory process and reducing
tissue damage.

Contrary to this protective effect of TLR2 on keratinocytes tight
junctions, there is evidence that TLR4 induces the production of
inflammatory cytokines and neutrophils recruitment. Furthermore, TLR2
has been shown to induce a Th-2 response'®'". Thus, predominance of
TLR2-induced Th-2 response would not be appropriate for the elimination
of the invading dermatophytes, explaining at least in part the chronic
nature and extension of the lesions. The association with the decreased
expression in superficial epidermis of TLR4, and the consequent decrease
in pro-inflammatory cytokines production and neutrophil recruitment
would, in turn, explain the limited inflammatory response in the lesions
caused by 7. rubrum. In addition, Th2 responses can also inhibit Th17
responses, which are potent inducers of neutrophil infiltration and
production of pro-inflammatory cytokines*!>!416,

In conclusion, these results demonstrate reduced expression
of TLR4, a signaling receptor that recognizes important bacterial
(lipopolysaccharide) and fungal (O-linked mannans) components,
in the epidermis of dermatophotysis lesions. This down modulation
may represent a mechanism underlying the reduced inflammatory
response observed in this cutaneous fungal infection. Elucidation of the
mechanisms by which 7. rubrum interferes with the role of keratinocytes
in the initial stage of the innate immune response is essential to the
development of better therapeutic strategies.

RESUMO

Expressao de receptores do tipo 7oll 2 e 4 nos queratinécitos de
pacientes com dermatofitose localizada e disseminada

A literatura sobre o papel da resposta imune inata em dermatofitose é
escassa. Este estudo se prop0s a investigar a participac¢@o dos receptores
do tipo Toll 2 e 4 (TLRs) 2 e 4 em pacientes com dermatofitose
localizada (LD) e disseminada (DD, definida como lesdes em pelo
menos trés segmentos corpdreos distintos), causadas por Trichophyton
rubrum. Foram analisados cortes histoldgicos de 15 pacientes recém-
diagnosticados, oito com LD e sete com DD. O grupo controle foi
composto por 20 amostras de pele de individuos sauddveis submetidos
a cirurgia plastica. TLR-2 e TLR-4 foram quantificados em lesdes
cutaneas por imunohistoquimica. Encontramos uma expressio reduzida
de TLR-4 na epiderme superior e inferior nos dois grupos, LD e DD,
quando comparados com o grupo controle; a expressdao de TLR-2 foi
preservada na epiderme superior e inferior de todos os trés grupos.
Como a sinalizagao por TLR-4 induz produgio de citocinas inflamatdrias
e recrutamento de neutréfilos, a menor expressdo desta molécula
provavelmente contribui para a ndo resolucio da infec¢@o e conseqiiente
natureza persistente da dermatofitose. Como a sinaliza¢do via TLR-2
tem sido descrita como fator de regulacio do processo inflamatério e de
preservacdo da estrutura epidérmica, a sua expressdo inalterada nas lesoes
dos pacientes com DD e DL pode contribuir também para a persisténcia
da infec¢@o e do reduzido processo inflamatdrio que sio caracteristicos
das infec¢des por dermatofitos.
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