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ABSTRACT

Chromoblastomycosis is a chronic granulomatous subcutaneous fungal disease caused mainly by
Fonsecaea monophora in southern China. Melanin is an important virulence factor in wild strain
(Mel+), and the strains lack of the polyketide synthase gene is a melanin-deficient mutant strain
(Mel-). We investigated the effect of melanin in F. monophora on Dectin-1 receptor-mediated
immune responses in macrophages. Conidia and tiny hyphae of Mel+ and Mel- were co-cultured
with THP-1 macrophages expressing normal or low levels of Dectin-1. Compare the killing rate,
phagocytosis rate, and expression levels of the inflammatory cytokines tumour necrosis factor-a,
interleukin-1p, interleukin-6, and nitric oxide in each group. The results showed that the killing rate,
phagocytosis rate, and pro-inflammatory factor levels of Mel+ infected macrophages with normal
expression of Dectin-1 were lower than those of Mel-. And the knockdown of Dectin-1 inhibited the
phagocytic rate, killing rate, and proinflammatory factor expression in macrophages infected with
Mel+ and Mel-. And there was no significant difference in the above indexes between Mel+ and
Mel- groups in Dectin-1 knockdown macrophages. In summary, the study reveals that melanin of
F. monophora inhibits the immune response effect of the host by hindering its binding to Dectin-1
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on the surface of macrophage, which may lead to persistent fungal infections.

1. Introduction

Chromoblastomycosis (CBM) is an infectious disease of
the skin and subcutaneous tissue caused by a variety of
dematiaceous fungi (Kurien et al. 2023). The disease
typically affects the limbs, especially the lower extre-
mities, and is characterized by slowly developing pleo-
morphic lesions, such as nodules, verrucous
hyperplasia, plaques, scarring, and atrophy (Brito and
Bittencourt 2018). Fonsecaea monophora was identified
as a new species of Fonsecaea by De Hoog et al. (2004)
using the sequencing of ribosomal DNA internal tran-
scriptional spacers. It has been proven that
F. monophora is the main pathogen for CBM in south-
ern China by morphology, rDNA sequence diversity,
and random amplified polymorphic DNA typing
(Fransisca et al. 2017; Shi et al. 2018; Soda et al. 2018).

The wild strain of F. monophora (Mel+) is char-
acterised by a slow-growing, black, cotton-like
colony (Xi et al. 2009). Melanin is considered to

be an important virulence factor in opportunistic
and pathogenic fungi. Melanin can protect fungi
from oxidative damage, inhibit cell-mediated
immune response, interfere with complement
activation, and reduce the sensitivity of antifungal
agents (Santos et al. 2007). In our group’s pre-
vious study, we constructed a melanin-deficient
mutant strain (Mel-) by structuring a pks gene
targeting disruption vector and then inserting it
into F. monophora using Agrobacterium-mediated
transformation. We found that the pksA gene in
F. monophora is the main polyketide synthase
required for melanin synthesis, and Mel- obtained
by knocking out the pksA gene can reduce mela-
nin production, growth rate, and sporulation
capacity (Xiao et al. 2021). Furthermore, Mel- is
more susceptible to oxidative stress, extreme pH
environments, and antifungal agents such as itra-
conazole, terbinafine, and amphotericin B (Sun
et al. 2011).
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Macrophages possess various pattern recognition
receptors (PRRs) on their surface, which can effec-
tively identify the pathogen-associated molecular
patterns (PAMPs) on the surface of pathogenic micro-
organisms such as bacteria, fungi, and parasites to
activate immune response (Shiokawa et al. 2017).
The dendritic cell-associated C-type lectin-1 (Dectin-1)
receptor is one of the PRRs that has been demon-
strated to induce intracellular signalling. Dectin-1 has
been proven to recognise a variety of fungi, including
Aspergillus, Candida, Saccharomyces, Saccharomyces,
and Pneumocystis, and it can promote protective
immune responses, including phagocytosis, respiratory
burst, and the production of proinflammatory factors
(Drummond and Brown 2011). Siqueira et al. (2017)
demonstrated that the internalisation of F. pedrosoi
in vitro requires the recognition of FcyR and Dectin-1.
de Castro et al. (2017) demonstrated that the produc-
tion of IL-1B in F. pedrosoi-infected macrophages
depends on Dectin-1, —2, and -3 receptors and the
Syk-NF-kB signalling pathway using inhibitors and
gene knock-out cells. These results indicate that the
recognition of F. monophora by macrophages may be
related to Dectin-1. However, how melanin affects the
immunoregulatory mechanism mediated by Dectin-1
when F. monophora infects the macrophages has not
been reported yet.

In this study, we used a melanin-producing wild
strain (Mel+) and a melanin-deficient mutant strain
(Mel-) of F. monophora to evaluate the effect of mel-
anin on the immune response by macrophages. We
also assessed the effect of Dectin-1 receptor knock-
down in macrophages on the killing effect of Mel+
and Mel-.

2. Materials and methods
2.1. F. monophora strain preparation

The wild strain (Mel+) of F. monophora (CBS269.37)
was generously donated by Central Bureau Voor
Schimmel cultures Fungal Biodiversity Centre
(CBS). The melanin-deficient mutant strain of
F. monophora (Mel-) was a mutant strain that lacked
melanin production due to the knock-out of the
pksA gene in the wild strain. F. monophora was
cultivated on PDA medium at 26 °C for approxi-
mately 14 days, and the colonies exhibited robust
growth. Mel+ colonies had a flat, greyish-green

surface and were covered with fluffy hyphae resem-
bling goose down (Figure S1a). In contrast, Mel-
colonies appeared uneven with a white surface
reminiscent of bean curd residue (Figure S1b). The
colonies of the growing F. monophora were scraped
off and transferred into a 1.5mL Eppendorf (EP)
tube with RPMI-1640 medium. The mixture of con-
idia and hyphae was filtered with a 40 umol/L filter,
which retains conidia and small hypha fragments of
F. monophora. Upon microscopic observation,
brown clumps of hyphae and smaller spores were
discernible for Mel+ (Figure S1c), while antler-
shaped mycelia and white conidia were visible for
Mel- (Figure S1d).

2.2. Cells culture and polarisation

THP-1 cells have been widely used in studies of mono-
cyte and macrophage-related mechanisms, signalling
pathways, nutrition, and drug delivery due to their
ease of culture and amplification in the laboratory.
Human macrophage THP-1 cells were purchased from
American Type Culture Collection (ATCC) and cul-
tured in RPMI-1640 medium supplemented with
10% foetal bovine serum (Gibco, USA) and 1% peni-
cillin-streptomycin solution (HyClone, USA). The cells
were maintained at 37 °C in a humidified incubator
containing 5% CO,. THP-1 macrophages were pre-
pared by stimulating with 100 ng/mL phorbol 12-
myristate 13-acetate (PMA, Sigma, USA) for 24 h
before use.

2.3. Cell transfection

THP-1 was transfected with small interfering RNA
(siRNA) and siRNA-Mate transfection reagent
(GenePharma, China) according to the manufacturer’s
instructions. Briefly, siRNA (100 nmol/L) and transfec-
tion reagent (8 pL) were added to serum-free RPMI-
1640 medium, and incubated for 10 min to form
a transfection complex. Then the transfection complex
was added to cultured THP-1 cells. THP-1 cells were
incubated with the transfection complexes at 37 °C for
48 h and then the expression of gene was detected by
RT-gPCR and Western blot to assess silence efficiency.
The targeted sequences for each gene are as follows:
Dectin-1 siRNA  (5-UUCUCCGAACGUGUCACGUTT
/ACGUGACACGUUCGGAGAATT-3’), Negative control



(5'-GUAGUAAGGAGGACAGAAATT/UUUCUGUCCUCCU
UACUACTT-3’).

2.4. Total RNA isolation and qPCR analysis

The mRNA expression of different genes was
detected by real-time fluorescence quantitative
PCR. Firstly, total RNA was isolated using Trizol
reagent (Invitrogen, Carlsbad, CA, USA). Secondly,
cDNA was synthesised using PrimeScript RT Master
Mix (TaKaRa, Japan) according to the instructions. In
addition, SYBR Green gPCR Master Mix (TaKaRa,
Japan) was used to detect all target genes and the
control gene GAPDH, and all data were analysed
using the 2722 method. The primer sequences
used in this experiment were as follows: GAPDH

forward (5-AGGTCGGTGTGAACGGATTTG-3') and
reverse (5'-TGTAGACCATGTAGTTGAGGTCA-3');
Dectin-1 forward (5'-TGCTCCCAGCTAGGTG

CTCATC-3’) and reverse (5'-TCACTCTGATTGCGGGAA
AGGC-3’). The results showed that the siRNA-Dectin
-1 group exhibited a significant decrease in the
MRNA expression of Dectin-1 as compared to the
control group with only transfection reagent siRNA-
Mate and the negative control group (P<0.05;
Figure S2a).

2.5. Western blotting

THP-1 macrophages were subjected to protein
extraction using RIPA lysis buffer (Beyotime) sup-
plemented with a phosphatase inhibitor cocktail
(Beyotime, China) at a ratio of 100:1. After homo-
genisation, the whole protein extracts were sepa-
rated by 12% sodium dodecyl sulphate
polyacrylamide gel electrophoresis (SDS-PAGE,
Beyotime, China) and transferred onto polyvinyli-
dene difluoride membranes (PVDF, Millipore, USA).
The membranes were blocked with 5% skim milk
(Absin, China) for 1 h, incubated overnight at 4 °C
with primary antibodies to Dectin-1 (1:1,000
Abcam, USA), and then incubated with the second-
ary antibodies at room temperature for 1h.
Antibodies against B-actin (1:10,000, Abcam, USA)
were used as an internal control. Finally, chemilu-
minescence detection was carried out using an ECL
Plus kit (Beyotime, China). The results showed that
the siRNA-Dectin-1 group exhibited a significant
decrease in the protein expression of Dectin-1 as
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compared to the control group with only transfec-
tion reagent siRNA-Mate and the negative control
group (P < 0.05; Figure S2b).

2.6. The co-culture system of THP-1 and
F. monophora

THP-1 macrophages were seeded into a 6-well plate at
a concentration of 1x 10> cells/mL and stimulated with
PMA (100 ng/mL) for 48 h. Control groups were treated
with siRNA-Mate transfection reagent only, while experi-
mental groups were treated with mixed siRNA-Dectin-1
and siRNA-Mate transfection reagent. The 6-well plate
was incubated in an incubator containing 5% CO, at
37 °C for a further 48 h. Mel+ was added to THP-1 with
siRNA-Mate transfection reagent only or mixed siRNA-
Dectin-1 and siRNA-Mate transfection reagent at a cell-
to-spore/hyphae ratio of 1:1, so as Mel- was added.

2.7. Evaluation of the macrophage killing effect

THP-1 macrophages (1x 10° cells/well in a 6-well
plate) in RPMI medium were incubated with Mel+ or
Mel- conidia and small hyphae (multiplicity of infec-
tion [MOI] = 1). After 24 h of incubation at 37 °C with
the conidia, intracellular F. monophora cells were har-
vested. Subsequently, the wells were washed twice
with ice-cold PBS to remove the conidia not phago-
cytosed by macrophages from the culture system. All
samples were washed twice with PBST, then phago-
cytes were lysed by incubation in 2% Triton X-100 for
10 min. The released F. monophora was diluted by 100
times and plated onto PDA and incubated for 7 days
at 28 °C. The colonies were then counted to deter-
mine the number of colony-forming units (CFU). The
killing rate of THP-1 macrophages against
F. monophora was calculated as follows: (CFU of con-
trol group — CFU of treatment group)/CFU of control
group X 100%. The test was performed in triplicate.

2.8. Evaluation of the macrophage phagocytosis

Add 100 pL of 100 pg/mL fluorescein isothiocyanate
(FITC) to F. monophora suspension and stained over-
night at 4 °C. The stained precipitate was obtained by
centrifuging the suspension at 4 °C for 5 min at
10,000 r/min and washing it with PBS 3 times. THP-1
macrophages were co-cultured with the stained
F. monophora (MOI = 1). After co-culture for 4 h, the
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spores and hyphae that had not been engulfed were
removed by washing with PBS 3 times. The cells were
fixed with 1 mL of 4 °C paraformaldehyde at 25 °C for
20 min and washed 3 times with PBS. Add 1 mL 0.5%
TritonX-100 and react at 25 °C for 10 min, then wash
with PBS 3 times. 1 mL of 100 pg/mL 4’,6-diamidino-
2-phenylindole (DAPI) was added to each well, incu-
bated at 37 °C for 15 min, and then washed with PBS 3
times. The staining was observed under
a fluorescence microscope and the phagocytosis
rate was calculated using the formula: (number of
macrophages with internalised F. monophora /num-
ber of macrophages in the visual field) x 100%. The
experiment was performed in triplicate and 10 differ-
ent fields were counted.

2.9. Measurement of proinflammatory cytokines
and nitric oxide (NO) production

Mel+ and Mel- conidia infected Dectin-1 normal and
low expressing THP-1 macrophages, respectively.
Untreated cells and cells pretreated with 1 ug/mL
depleted zymosan (Invivogen, San Diego, CA)
(which only activates Dectin-1) were added as
a negative control, cells pretreated with 100 ng/mL
LPS (Sigma, USA) (TLR4 ligand) were added as
a positive control. The level of tumour necrosis
factor-a (TNF-a), interleukin-1B (IL-1B), and interleu-
kin-6 (IL-6) in macrophage supernatants were
assayed with ELISA kits (Boster, China) under the
manufacturer’s instructions. The cytokine concentra-
tions were calculated using standard curves for each
test. Nitric oxide (NO) production was analysed
using NO assay kit (nitrate reductase method)
(Sangon Biotech, Shanghai, China). The optical den-
sity (OD) was measured at an absorption wave-
length of 550 nm and the nitrite concentration was
calculated from the nitrite standard reference curve.
The test was performed in triplicate.

2.10. Statistical analysis

The GraphPad Prism software was utilised to analyse
data for statistical significance. Data are presented as
mean+SD. Unpaired student’s t-test or ANOVA
(Analysis of Variance) was used to determine the sig-
nificance between two or multiple groups, and P <
0.05 was considered to be statistically significant.

3. Results

3.1. Killing effect of macrophages on
F. monophora

After co-culturing macrophages with F. monophora for
24 h, the fungal solution was diluted and spread onto
a PDA plate for cultivation. The PDA plates were then
incubated for 14 days, and subsequently, grey-green or
white colonies were observed on the plates (Figure 1a).
The killing rate of THP-1 macrophages with normal
Dectin-1 expression against Mel+ was slightly lower
than that of Mel-. However, when compared with the
untransfected group, the transfected macrophages
exhibited a significantly decreased killing rate against
both Mel+ and Mel- (P < 0.05; Figure 1b).

3.2. Phagocytosis effects of macrophages on
F. monophora

When observed under a fluorescence microscope,
macrophages with normal or low expression of
Dectin-1  were  observed to phagocytose
F. monophora (Figure 2a). After 4 hours of co-culture,
the phagocytosis rate of macrophages with normal
Dectin-1 expression against Mel+ was lower than that
of Mel-. After cell transfection, the phagocytosis rate of
the macrophages with low Dectin-1 expression was
lower than that of the macrophages with normal
Dectin-1 expression against Mel+ and Mel- (P < 0.001;
Figure 2b). Nevertheless, there was no significant dif-
ference in the phagocytosis rate of macrophages with
low Dectin-1 expression against Mel+ and Mel-.

3.3. Proinflammatory cytokines expression and NO
production of macrophages on F. monophora

The levels of TNF-a, IL-1B, IL-6, and NO were
higher in LPS (TLR4 ligand)-treated THP-1 macro-
phages with normal and low expression of Dectin-
1 than in the blank control group (P < 0.05); while
the levels of TNF-a, IL-13, IL-6, and NO in
depleted-zymosan (which only activates Dectin-1)-
treated THP-1 macrophages were only higher than
those in the blank control group (P <0.05). After
macrophages were co-cultured with F. monophora
for 24 hours, the levels of TNF-a, IL-1(, IL-6, and
NO in the supernatant of the Mel- co-culture
group were significantly higher than those of the
blank group and Mel+ group. After being co-
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Figure 1. Killing rate of macrophages with different expressions of Dectin-1 to Fonsecaea monophora wild strain (Mel+) or melanin-
deficient mutant strain (Mel-). (a) Colony image of surviving F. monophora cultured on PDA for 1 week after 24 h co-culture with

macrophages. (b) Killing rate of group (*: P < 0.05).

cultured with either Mel+ or Mel- for 24 hours,
macrophages that expressed low levels of
Dectin-1 showed decreased levels of TNF-q, IL-
1B, IL-6, and NO in the supernatant compared to
the corresponding Dectin-1 normal expression
macrophage co-culture group. However, there
was no significant difference in the levels of
TNF-a and IL-13 in the supernatant of macro-
phages with low Dectin-1 expression between
the blank group, Mel+ co-culture group, and
Mel- co-culture group (Figure 3).

4. Discussions

Innate immunity forms the first line of defence against
external pathogen invasion (Brubaker et al. 2015).
Macrophages are an important component of this sys-
tem, as they are capable of recognising, phagocytising,
and eliminating invading fungi. Hayakawa et al. (2006)
demonstrated that the macrophage-mediated killing
rate varies depending on the type of pathogenic fungus,
with F. pedrosoi, C. carrionii, R. aquaspersa, and
P. verrucosa being highly susceptible to macrophage-
mediated killing. However, the phagocytic index of
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Figure 2. Phagocytic rate of macrophages with different expressions of Dectin-1 to Fonsecaea monophora Mel+ or Mel-. (a) After 4
hours of co-culture with macrophages and F. monophora Mel+ or Mel-, phagocytic image under inverted fluorescence microscopy at
a magnification of 200; F. monophora was stained with FITC (green), and macrophage nuclei were stained with DAPI (blue). (b)

Phagocytic rate of each group (**: P < 0.01; ***: P < 0.001).

macrophages towards different fungi varies significantly.
F. monophora, one of the most common pathogenic
fungi causing CBM in southern China, is susceptible to
macrophage phagocytosis and killing (Qin et al. 2020).
Siqueira et al. (2017) demonstrated that the sclerosis
bodies of F. pedrosoi require recognition by FcyR and
Dectin-1 for internalisation in vivo. However, it is not clear
whether the melanin of F. monophora affects phagocy-
tosis and killing of macrophages by altering the recogni-
tion of Dectin-1. In our study, F. monophora Mel+ and
Mel- were co-cultured with THP-1 macrophages for 24
hours, and the results showed that the phagocytosis and
killing rate of macrophages against Mel+ was lower than
that of Mel-. Macrophages recognise [3-glucan on the cell

wall of F. monophora through PRRs on the surface.
Melanin on the cell wall of Mel+ may prevent macro-
phages from recognising and phagocytising
F. monophora by shielding the exposure of B-glucan.
Similar to our study, Keizer et al. (2020) investigated the
binding and internalisation of A549 epithelial Il type lung
cells to conidia of Aspergillus fumigatus. The dihydroxy
naphthalene (DHN) melanin-deficient strain was found
to expose more glucosamine and glycoprotein, making
it easier for A549 cells to internalise. This indicates that
the presence of DHN melanin in the spore cell wall
inhibits conidia internalisation into A549 cells (Keizer
et al. 2020). The killing rate of macrophages with normal
expression of Dectin-1 against Mel+ was slightly lower
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Figure 3. The production proinflammatory cytokines and NO by macrophages with different expressions of Dectin-1 infected by Mel+
and Mel-. after macrophages with different Dectin-1 expression levels were co-cultured with F. monophora Mel+ or Mel- for 24 hours,
the expression levels of inflammatory cytokines TNF-a (a), IL-1B (b) and IL-6 (c) in co-cultured supernatants. (d) NO production in each
group (*: P < 0.05, **: P < 0.01, ***: P < 0.001; #: P < 0.05, #i#: P < 0.01, ###: P < 0.001).

than that of Mel- (71.68% + 6.26% vs 80.29% =+ 8.176%),
but there was no statistical difference between them (P
>>0.05). This may be due to another C-type lectin recep-
tor, the melanin-sensing C-type lectin receptor (MelLec),
which can recognise the immunologically active compo-
nent in the cell wall of melanised fungi-1,8-dihydroxy
naphthalene (DHN)-melanin (Stappers et al. 2018).
MelLec is expressed on myeloid cells, including various
DC cell populations, monocytes, macrophages, and
granulocytes. In mice, MelLec deficiency leads to
reduced survival and increased fungal load in
a systemic model of Aspergillus fumigatus infection
through delayed neutrophil recruitment. Additionally,
polymorphisms in the MelLec were associated with
increased susceptibility to disseminated Aspergillus infec-
tion in stem cell transplant patients. Mel+ may be killed
after the melanin on its surface is recognised by the

MelLec receptor. However, the specific mechanism
remains unclear, and more studies are needed to eluci-
date the interaction between F. monophpra melanin and
MelLec receptors on the surface of macrophages. The
effect of melanin on fungal killing by macrophages may
be a “double-edged sword”, preventing phagocytosis by
binding the membrane Dectin-1 receptor to 3-glucan on
the one hand, but on the other hand, it may directly bind
to MellLec to promote receptor binding. We suggest that
this may be a dynamic balance, with melanin inhibiting
phagocytosis when Dectin-1 expression is high on the
membrane surface, but promoting phagocytosis when
MelLec expression is high on the membrane surface.
Previous studies have demonstrated that Dectin-1
plays a vital role in host recognition and phagocytosis
of invading pathogens. For instance, the phagocytosis
of macrophages treated with siRNA-Dectin-1 to
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Candida albicans was significantly lower than that of
the siRNA-NC group, indicating that Dectin-1 can
mediate phagocytosis of macrophages to Candida
albicans. Additionally, the up-regulation of Dectin-1,
TLR-2, and TLR-4 can enhance the phagocytosis and
killing effect of macrophages against Aspergillus fumi-
gatus (Liu et al. 2017). Inhibition of Dectin-1 by mono-
clonal antibodies has been shown to impede the
binding and internalisation of Aspergillus conidia into
A549 epithelial type Il lung cells (Keizer et al. 2020).
Previous studies utilised a specific monoclonal anti-
body, 2G8, to label the B-glucan present on the sur-
face of  Aspergillus fumigatus conidia.
Immunofluorescence results indicated that pksP defi-
cient conidia had a higher concentration of 3-glucan
on their surface compared to resting conidia. This
increased exposed of B-glucan was recognised and
phagocytised by macrophages through the Dectin-1
receptor present on their surface. To further explore
the impact of F. monophora melanin on the phagocy-
tosis and killing effect of macrophages through
Dectin-1, this study treated macrophages with siRNA-
Dectin-1. In this study, macrophages with normal and
low Dectin-1 expression were co-cultured with
F. monophora Mel+ and Mel-. The results indicated
that the phagocytosis and killing rates of macro-
phages with low Dectin-1 expression against Mel+
and Mel- were lower than those of the corresponding
normal Dectin-1 expression group. Furthermore,
when Dectin-1 expression was low, there was no sig-
nificant difference in the phagocytosis rate and killing
rate of macrophages against Mel+ and Mel-. This is
because F. monophora melanin can prevent the (-
glucan on the cell wall surface from binding to
Dectin-1, resulting in Mel+ evading phagocytosis
and causing continuous infection. As a result, the
inhibitory effect of melanin on phagocytosis by block-
ing B-glucan could not be reflected when Dectin-1
expression was low, and there was no significant dif-
ference in phagocytosis rate between Mel+ and Mel-.

In addition, melanin may also affect the recognition of
F. monophora by other C-type lectin receptors or PRRs,
such as Dectin-2, Mincle, FcyR, CR3, TLR2, TLR4 etc.
Dectin-2 recognises a-mannan on the surface of
F. pedrosoi conidia and induces Th17 cell differentiation.
In the chronic phase of CBM, Dectin-2-/- mice have
reduced Th17 cell responses and increased fungal bur-
den (Siqueira et al. 2020). Simultaneously, F. monophora

binds to Mincle, which blocks IL12A transcription, and IL-
12 deficiency leads to impaired Th1 responses, promotes
Th2 polarisation, and suppresses antifungal immunity
(Wevers et al. 2014). Melanin may affect Dectin-
2-mediated Th17 immune responses and Mincle-
mediated Th2 immune responses by masking fungal
surface a-mannans. If other membrane surface receptors
are blocked, the phagocytosis of macrophages on
F. monophora may be affected, such as FcyR, CR3, etc.
A study showed that phagocytosis of F. pedrosoi muri-
form cells by macrophages was impaired when FcyR was
blocked (Siqueira et al. 2017). Another study showed that
CR3 plays an important role in 3-glucan recognition, as
blocking this receptor significantly decreased phagocy-
tosis of B-glucan and B-glucan-induced ROS production
by neutrophils (Baert et al. 2015). In another study, mel-
anin inhibits phagocytosis of Sporothrix globosa and
defence against macrophage attack by protecting oxy-
gen- and nitrogen-derived free radicals, as well as inhi-
biting host pro-inflammatory cytokine responses (TNF-a
and IL-6). Melanin is also involved in regulating the
expression of TLR2 and TLR4 receptors, impairing the
killing efficiency of S. globosa (Guan et al. 2021).
Moreover, S. globosa melanin inhibits macrophage
autophagy by regulating TLR2 expression and thus sup-
presses the immune defence of macrophages (Guan
et al. 2023). Recognition of F. monophora (including
FcyR, CR, Dectin-2, Mincle, MelLec, TLR, etc.) by other
PRRs is not affected by siRNA-Dectin-1. However, the
presence of melanin may affect the recognition of
F. monophora by different PRRs at the same time,
which still needs to be verified by further experiments.
Macrophages can secrete various cytokines and
chemokines such as TNF-q, IL-1B, IL-6, IL-12, CXCLT,
and CXCL2 to improve innate immunity and adapta-
tive response (Zhang et al. 2013). De Castro et al.
(2017) have shown that the IL-1B production in
macrophages after infection of F. Pedrosoi is depen-
dent on Dectin-1, -2, and —3 receptors, as well as the
Syk-NF-kB signalling pathway. In addition to its role in
recognising fungal pathogens, Dectin-1 has also been
shown to recognise endogenous ligands on the sur-
face of T cells, promoting T cell activation and prolif-
eration, and acting as a co-stimulator for antigen-
presenting cells. However, it remains unclear whether
F. monophora melanin affects the release of proin-
flammatory cytokines from macrophages, and if this
effect is related to Dectin-1 recognition. The results of



this study revealed that the proinflammatory cyto-
kines TNF-a, IL-1B, IL-6, and NO released by macro-
phages after infection of the F. monophora Mel+ were
lower compared to those released by Mel- group. This
suggests that Mel+ had a weak immunogenicity pos-
sibly due to the presence of melanin on its surface
that can mask PAMPs, reducing the induced cytokine
response. In contrast, Mel- lacked melanin coverage
on its surface, which allowed for better exposure of
PAMPs to induce more proinflammatory cytokines. In
a previous study, we obtained melanin mutants of
F. monophora from a case of CBM, one of which was
a melanised strain producing melanin, and the other
was an albino strain lacking melanin. In vitro and
in vivo experiments revealed that compared to the
albino strain, the melanised strain was more effective
in inhibiting the pro-inflammatory Th1 and Th17 reac-
tions while enhancing the anti-inflammatory Th2
reaction. These findings suggest that melanin helps
F. monophora to evade the host’s immune system and
enhance its pathogenicity (Jiang et al. 2018). Similarly,
Chai et al. (2010) conducted experiments wherein
human peripheral blood mononuclear cells were
infected with either Aspergillus melanised conidia or
albino conidia. Interestingly, the results revealed that
albino conidia triggered the production of a higher
amount of proinflammatory cytokines when com-
pared to the melanised wild strain conidia. This find-
ing indicates that the presence of a melanin layer
might hinder the production of inflammatory
responses by preventing the recognition of fungal
PAMPs by host PRRs.

Previous studies have shown that Dectin-1 is one of
the important receptors for host recognition of patho-
gens. Mezger et al. (2008) showed that the silencing of
Dectin-1 resulted in decreased expression of proinflam-
matory cytokines TNF-a and IL-12 in dendritic cells
when exposed to Aspergillus fumigatus. Yuan et al.
(2017) showed that the production of IL-1B and the
phosphorylation level of JNK in C57BL/6 mice pre-
treated with siRNA-Dectin-1 were significantly lower
than those in the normal Dectin-1 expression group
after corneal infection by Aspergillus fumigatus. In addi-
tion, compared with cells isolated from healthy donors,
Aspergillus fumigatus has a weaker stimulatory effect on
PBMCs isolated from Dectin-1-deficient individuals to
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produce cytokines (Chai et al. 2010). Our study also
reveals that macrophages treated with siRNA-Dectin-1
produced lower levels of the proinflammatory cyto-
kines TNF-a, IL-1B, and IL-6 than the corresponding
Dectin-1 normal expression group after infection with
F. monophora Mel+ and Mel-. These findings suggest
that F. monophora Mel+ and Mel- can activate Dectin-1
receptors on the macrophage surface and mediate
cytokine production to induce an immune response.
Furthermore, there was no significant difference in the
release of proinflammatory factors between the siRNA-
Dectin-1 treated macrophages infected with Mel- and
Mel+. This is due to the decreased expression of Dectin-
1 on the macrophage surface after transfection with
siRNA-Dectin-1, resulting in a significant reduction in
the binding of B-glucan to Dectin-1 on the surface of
F. monophora Mel+ and Mel-. At this point, even
though melanin has a shielding effect on B-glucan, it
has no impact on the release of proinflammatory
factors.

Dectin-1 is a receptor that recognises -glucan
present in the fungal cell wall, and it can trigger
various immunomodulatory responses like phago-
cytosis and activation of oxidative bursts. When
fungi are recognised by Dectin-1 receptors on
macrophage surfaces, downstream signalling path-
ways are activated, leading to inflammation. The
activation of Syk and the transcription factor NF-
kB by B-glucan is dependent on Dectin-1, which
then mediates the production of numerous proin-
flammatory factors (Jia et al. 2014). Duan et al.
(2017) showed that after macrophage infected by
Candida tropicalis, the expression of Dectin-1
increased, the NF-kB, Syk, p38, and ERK1/MAPK
signalling pathways are activated and the secretion
of TNF-a and IL-6 enhanced in a time and dose-
dependent manner. However, this study has only
confirmed the impact of melanin on the inflamma-
tory response through Dectin-1 in vitro. To explore
its mechanism further, further studies can be car-
ried out in the next step: 1) To conduct more
experiments on the determination of macrophage
activation indicators (including ROS, iNOS2, CD14,
CD68, etc.). 2) To investigate the expression differ-
ence of downstream signalling pathway proteins
such as Syk, p65, NF-kB, and CARD9. 3) To construct
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the Dectin-1 knock-out macrophage and evaluate
the role of Dectin-1 in the immune recognition of
F. monophora Mel+ and Mel-. 4) To conduct func-
tional acquisition experiments through the overex-
pression of Dectin-1 by lentiviral plasmids. 5) To
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construct the wild strain and Dectin-1-/- mouse
foot pad models of F. monophora infection, and
compare the fungal load, cytokines levels, and his-
tological characteristics of the skin infected by Mel+
and Mel-.
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Figure 4. Role of Dectin-1 in immune response of macrophages induced by Fonsecaea monophora Mel+ and Mel-. F. monophora binds
to Dectin-1 receptor, activating phagocytosis and killing macrophages, and mediating the release of pro-inflammatory factors. These
effects are blocked after Dectin-1 receptors are silenced by siRNA. As for Mel- lacking melanin, the phagocytosis, killing rate and
release of proinflammatory factors by macrophages are enhanced compared to those of Mel+.



5. Conclusions

Our findings demonstrate that when Dectin-1 is
expressed normally, macrophages exhibit lower kill-
ing rate, phagocytosis rate, and proinflammatory
factor level against Mel+ than Mel-. However, when
Dectin-1 was lowly expressed, the killing rate, pha-
gocytosis rate, and proinflammatory factor level
decreased significantly against both Mel+ and Mel-.
Moreover, with low Dectin-1 expression, there was
no significant difference in the killing rate, phagocy-
tosis rate, and proinflammatory factor level between
Mel+ and Mel-. These results demonstrate that mel-
anin can prevent the recognition of F. monophora by
the Dectin-1 receptor on the surface of macro-
phages, thereby inhibiting the inflammatory
response and leading to persistent fungal infection
(Figure 4).
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