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Chromoblastomycosis (CBM) is a neglected, chronic, and progressive subcutaneous mycosis caused by different
species of fungi from the Herpotrichiellaceae family. CBM disease is usually associated with agricultural activities,
and its infection is characterized by verrucous, erythematous papules, and atrophic lesions on the upper and lower
limbs, leading to social stigma and impacts on patients’ welfare. The economic aspect of disease treatment is
another relevant issue. There is no specific treatment for CBM, and different anti-fungal drug associations are used
to treat the patients.

chromoblastomycosis Fonsecaea pedrosoi immunotherapy treatment

immune response

| 1. Introduction

Chromoblastomycosis (CBM) is a chronic, subcutaneous, and progressive mycosis caused by fungi from the
Herpotrichiellaceae family. The main etiological agents of chromoblastomycosis are Fonsecaea pedrosoi, F.
monophora, F. nubica, F. pugnacious, Phialophora verrucosa, Cladophialophora carrionii, Rhinocladiella
aquaspersa, Exophiala spinifera, Aureobasidium pullulans, and Chaetomium funicol W2, Like almost all fungal
infections (maybe except for candidiasis and aspergillosis), CBM is a neglected tropical disease, affecting mainly
rural workers and low-income people. The first report of the disease dates back to 1911 when two Brazilian
physicians observed ulcerative and nodular skin lesions (similar to the lesions found in cutaneous blastomycosis)
in four patients from the rural area of the Minas Gerais state [2l. Skin biopsies showed a brownish fungal structure
while a filamentous colony with velvety-cotton aspects was observed in the lesion culture. Although the skin lesions
were similar to those observed in cutaneous blastomycosis, the biopsy and culture findings suggested a different
fungal disease. Therefore, Dr. Pedroso and Dr. Gomes temporarily named the disease as “black blastomycosis”
and shipped the patients’ samples to Paris, for a complete mycology analysis. However, due to a critical moment in
the world’s history (World War 1, 1914-1918), these findings were only published in 1920 &l During this 9-year gap,
between the initial contact with those four patients and the publishing of the article, a German physician working in
Brazil, Dr. Maximilliano Willibaldo Rudolph, published a related case in a German journal in 1914 of about six
patients with lower limb lesions caused by a black fungus. At that time, Dr. Rudolph named the disease “figueira
disease”, since the patients were farmworkers working strictly with fig crops . In 1936, an Argentinian researcher,
Dr. Pablo Negroni, classified the fungus observed in the Brazilian patients (by Dr. Pedroso and Dr. Gomes, and
also by Dr. Rudolph) as belonging to the Fonsecaea genus and, in honor of Dr. Pedroso, named the species as

pedrosoi 8. Since Dr. Rudolph has published the first case report of chromoblastomycosis in 1914, he is
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considered the “father” of this disease. However, the scientific community currently gives credit for the discovery of
the disease to Dr. Pedroso and Dr. Gomes as their reported case started in 1911, despite not being published until
1920.

Although the disease was first reported in 1911-1920, the term chromoblastomycosis was suggested only in 1922
1. However, this term was not a concept at that time, and different names have been used all around the world to
describe this disease, e.qg., figueira disease, black blastomycosis, new blastomycosis, verrucous dermatitis caused
by Phialophora verrucose, Pedroso disease, Fonseca disease, and Lane and Medlar disease, among others.
However, in 1992, the International Society for Human and Animal Mycology stated that the nomenclature

chromoblastomycosis is the correct one to describe this disease [,

| 2. Epidemiology

Although observed worldwide, CBM is a disease that is often associated with tropical and subtropical climates with
the majority of cases occurring in Brazil RI19 Madagascar 2, Mexico 2], China 28], and Australia 4. Since it is
not a notifiable disease, it is difficult to precisely know the incidence and prevalence of CBM. Surveys and case
reports in the literature suggest a prevalence of 1:6800 in Madagascar and 1:196,000 in Brazil 414 CBM is a
disease associated with rural workers, so it has been suggested that the natural habitat of the fungus is the
environment, such as the soil and in several species of plants. However, the isolation of the pathogenic species
from the environment is difficult. A couple of studies have isolated the saprophytic species from their natural
habitat, but the pathogenic species have only been isolated in a few cases. Recently, a Brazilian group isolated
pathogenic species from insects like bees, ants, and termites 2. A typical example of pathogenic species
recovered from the environment was observed in the state of Maranh&o, in Brazil. A CBM outbreak was observed
in this region in the 1990s, and the disease was diagnosed in farmworkers, specifically those working with babassu

(Orbignya phalerata) crops, an economically important resource for the local population in Maranh&o 26171,

CBM infection is associated with skin lesions caused by infected plants, plant debris, thorns, or with the contact of
a previous open wound with contaminated soil and leaves. Lesions in the upper and lower limbs are the most
frequent symptom in CBM patients, and these are the body parts that are usually in contact with soil and plant
debris. However, some patients have unusual lesions on the face, cornea, brain, chest, and abdomen (10](18][19][20]
(21 Recently, a case of chronic fungal meningitis caused by F. pedrosoi was reported in a patient from an endemic
region for tuberculosis in India 22, demonstrating the high virulence capacity of this fungus to cause human
disease. Similar to other fungal infections, CBM treatment is challenging since it is costly, of long length, has

moderate efficacy, and can present several side effects.

| 3. Immune Response in CBM

Since the first case report, in the early twentieth century, researchers worldwide have been working to understand

how our immune system works against CBM infection. After more than 100 years of the discovery, a lot has been

https://encyclopedia.pub/entry/7269 2/18



Chromoblastomycosis | Encyclopedia.pub

done to understand the immune response against this fungus. In the sections below, we discuss the most

important data on the CBM immune response in the literature.

3.1. Adaptive Immune Response in CBM

One of the first published works in the literature observed that murine models of CBM showed disseminated
disease, with live fungi in organs like the brain, liver, lungs, heart, spleen, and kidneys. The authors suggested that
the cellular response is more protective to the host than the humoral response 23l The significance of T
lymphocytes in the control of CBM disease has been observed in experiments using nude animals (T-cell deficient
mice). In the absence of T-cells, a severe disease was observed in these animals. However, after an adoptive T-
cell transfer, the infected animals showed complete remission from the disease 24, The following studies
demonstrated that the CD4" T lymphocytes are the subpopulation responsible for the control of the disease. The
absence of CD8" T lymphocytes did not interfere with the severity of the disease, at least in murine CBM 23, Since
CD4* lymphocytes (especially Thl subset) are important to IFN-y production, the role of CD4* lymphocytes was
also observed in humans, whereby patients with mild symptoms of CBM showed higher levels of IFN-y and lower
levels of IL-10 than patients with severe symptoms of CBM [28127] Recently, in vitro experiments showed that F.
pedrosoi drives CD4* Th17 cell differentiation 281239 while an increase in the IL-17 level was observed in skin
lesions of murine CBM Y, |17 was also showed to be important in the early stage of the disease. Animals that
had IL-17 blocked by anti-IL-17 injections showed a greater fungal burden during the early stages of the
disease Bl |L-17 is an important cytokine that is related to AMP release in the skin and fungal infections [22133]134]
helping with the killing of extracellular pathogens, such as hyphae. Although related to the polarization of anti-
inflammatory macrophages (M2 macrophages) 831881 ||.-17 is an important cytokine for neutrophil migration. It is
related to the increases in MIP-2 and KC, important chemokines in neutrophil attraction 728 Therefore, the
blockage of IL-17 could interfere with AMP release and neutrophil attraction to the infection site, leading to an
increase in the fungal burden; thus, neutrophils are important in F pedrosoi conidia and hyphae killing (as
discussed below). However, the roles of the Th1l7 cell population and IL-17 in the control of CBM disease still

remain unclear.

Although the cellular response is important for CBM control, the role of the humoral response in the disease is not
fully determined yet. In the 1980s, one group demonstrated the capacity of F. pedrosoi-specific IgG antibodies to
decrease 50% to 60% of fungal growth in vitro B2, Later, a specific antibody to F. pedrosoi melanin was isolated
and demonstrated to inhibit fungal growth and increase human neutrophil phagocytosis, as well as reactive oxygen
species (ROS) production 49, |n 2010, Machado and colleagues observed that B-cell-deficient mice (Xid animals)
had more severe CBM than wild-type animals, suggesting that the humoral response is essential for the control of
the disease 1. However, the patients’ samples showed conflicting results about the importance of the humoral
response in CBM disease control. Esterre and colleagues first observed that IgG levels were directly related to
disease severity 421 but this finding was not observed by Gimenez and colleagues [28]. Therefore, the actual
consensus is that the CD4" Thl lymphocyte response is associated with better control of the disease, while the
CD4* Th2 lymphocytes are related to poor control and higher disease severity 43 (Eigure 1). The importance of a

humoral response in CBM disease needs deeper and specific studies.
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Figure 1. PRRs and immune response in chromoblastomycosis (CBM) infection: Membrane receptors of the
TLR and CLR families described in F. pedrosoi conidia recognition. To date, only one receptor is described in
hyphae recognition—the intracellular NLRP-3 inflammasome—and none is described in muriform cell recognition
(Bottom). The Thl and Thl7 response is associated with mild disease, and an increase in IFN-y and IL-17
secretion, while a Th2 response is related to severe disease with increases in IL-4 and IL-10 secretion and fungal

spread (Top).
3.2. Innate Immune Response in CBM

Most studies of CBM’s immune response have focused on the innate immune response. In 1984, Torinuki and
colleagues observed the activation of the alternative pathway of the complement system over F. pedrosoi 44,
Thereafter, it was identified that melanin, present in a high concentration in the £ pedrosoi cell wall, was triggering
the activation of the alternative pathways of the complement system 4248 The complement system’s activation
seems to be important for the opsonization (C3b) and chemotaxis process (C3a and Cbha), which drives the innate
immune response towards fungal clearance. However, due to the F pedrosoi cell wall thickness, it is highly unlikely
that the complement system acts to directly eliminate £ pedrosoi through formation of the membrane attack
complex. Another important innate immune component is the macrophage. In vitro experiments have demonstrated
that F pedrosoi conidia ingested by peritoneal resident macrophages can survive and grow inside the
macrophages, transforming into hyphae particles and leading to macrophage death through mechanical disruption
of the cytoplasmic membrane 4. Previous activation with IFN-y will enable macrophages to block fungal growth
inside it, acting as a Trojan horse and carrying live fungal particles around the host 28l The inability of
macrophages to kill ingested conidia is due to the capacity of F pedrosoi to block nitric oxide production in

macrophages, even after IFN-y activation #4239, Therefore, although the levels of IFN-y are related to a mild form
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of the disease, the mechanism of IFN-y to act against CBM agents is still unclear. Unlike macrophages, neutrophils
show a high in vitro microbicidal activity against F. pedrosoi BL[E2 |n 2011, in an analysis of skin biopsies from
mice infected with three different forms of F pedrosoi (conidia, sclerotic bodies, and hyphae), Machado and
colleagues observed dead fragments or injured fungal particles in neutrophilic areas, while intact or particles similar
to the live particles were observed in regions of macrophage cells. These findings suggest that neutrophils are
important for £ pedrosoi killing, not only in vitro but also in vivo. The authors also suggested that neutrophils
release Neutrophil Extracellular Traps (NETs) to kill hyphae particles since they found an area of degenerative
neutrophils surrounding hyphae particles in the skin biopsies 23], findings also observed by Dr. Ogawa and
colleagues later on B4, Recently, our group demonstrated that neutrophils kill conidia and hyphae in vitro in a
distinct manner. Whilst conidia killing relies on phagocytosis and ROS production, neutrophils kill hyphae particles
through ROS-independent Neutrophil Extracellular Trap (NET) release B, These findings, together with the
increase of IL-17 in skin lesions of CBM patients, suggest that neutrophil attraction and activation are the most

important roles of IL-17 in CBM infection, leading to F. pedrosoi killing and avoiding the spread of the disease.

Another important type of innate immune cell is the DC. These cells are important in the defense against several
fungal infections and have a high migratory capacity, cytokine production, and expression of co-stimulatory
molecules upon activation, which makes them the perfect bridge between the innate and adaptive immune systems
(for a review of DCs and fungal infection, see [32l). Unlike macrophages and neutrophils, the role of DCs in CBM
reported in the literature is sometimes contradictory. One of the studies using DCs obtained from the mouse skin
(Langerhans cells) showed that the F. pedrosoi conidia block T-lymphocyte activation by inhibiting the CD40 and
B7.2 expression in Langerhans cells in vitro 28], However, our group demonstrated that monocyte-derived dendritic
cells from CBM patients positively modulated HLA-DR and CD86 after conidia stimulation in vitro, leading to CD4"*
Th1 lymphocyte differentiation and proliferation BZ. Since these studies focused on DCs in different parts of the

body, more studies are needed to improve the understanding of the DCs’ role in CBM disease.

3.3. Pattern Recognition Receptors (PRRS)

The PRRs—PAMPs interaction is one of the most important and most-studied parts of the host's strategy in
pathogen recognition. The PRRs are located in the cell surface or in intracellular vacuoles, and several pathogen-
associated molecular patterns (PAMPS) have been recognized. They are present in large amounts in APCs and
innate immune cells, but it can also be found in other immune cells, such as B and T lymphocytes, and also in non-
immune cells, such as keratinocytes 28159 and melanocytes 89, present in our skin. Two of the most studied PRR

classes are Toll-like receptors (TLRs) and C-type lectin receptors (CLRS).

Although a variety of studies have demonstrated the importance of these two classes of receptors in different
fungal infections [BLIE2I63I64I[65][66I[67] |ittle is known about their roles in F pedrosoi recognition. Recently, a new
receptor of DHN-melanin was discovered by Stappers and colleagues and named the Melanin sensing C-type
Lectin receptor (MelLec). This discovery might be important for understanding the host immune response in CBM
infection, where muriform cells have a higher concentration of melanin in the cell wall. It is the infection morphotype

of the fungus, leading to the chronicity of the disease 68 (Figure 1). Another recent study demonstrated that
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Dectin-1 89 and Dectin-2 22 are important in F. pedrosoi recognition, stimulating the Th1 and Th17 responses,
respectively. However, CBM agents bind to MINCLE, a new discovery receptor of the CLR family that inhibits and
evades the host immune system. Fungal interaction with MINCLE leads to intracellular signaling that blocks IL-12
production (which was stimulated by Dectin-1 activation), inhibiting the Th1 differentiation of CD4+ lymphocytes 9
(Eigure 1). This inhibition occurs through the IRF1 degradation after fungal recognition by the MINCLE receptor [62],
leading to Th2 differentiation favoring the pathogen survival and infection spread. The MINCLE activation also
inhibits Th17 differentiation, but its inhibition mechanism is not clear yet. Recently, Castro and colleagues
demonstrated that F. pedrosoi conidia and hyphae activate the NLRP3 inflammasome, an important intracellular
receptor belonging to the NOD-like receptor family (Eigure 1). NLRP3 activation leads to IL-13 production in DCs
and macrophages; however, IL-13 was not essential for the of control CBM disease, since no differences were
observed in in vitro and in vivo experiments using NLRP3 KO animals 4. Although several studies have focused
on understanding the role of TLRs in fungal infections, almost no studies can be found in the literature regarding
the roles of these receptors in CBM infection. A recent study showed an increase in tIr-2 and tlr-4 gene expression
by macrophages infected with F. pedrosoi sclerotic bodies, but not with conidia. Later, our group demonstrated that
TLR-2 and TLR-4 are essential receptors for £ pedrosoi conidia recognition and killing by murine neutrophils B2
(Eigure 1). Although these receptors are important for conidia phagocytosis and ROS production, they are

dispensable for hyphae killing through NET release.

Confirming the in vitro findings, TLR-2KO, TLR-4KO, and Myd88-KO animals infected with F. pedrosoi conidia
showed poor prognoses compared with wild-type animals, demonstrating that the TLRs are an essential class of
PRRs for the recognition and control of CBM agents B9, Although fungal recognition by TLRs has proved to be
important in the early stages of the disease, it seems that F. pedrosoi has the ability to hide from the host’s immune
system. Sousa and colleagues (2011) observed that animals pretreated with LPS had a better immune response in
CBM, leading to a mild disease followed by its cure. This work demonstrated that F. pedrosoi has the ability to hide
or to trick the host immune system by being invisible to the host immune system, leading to the settlement, spread,
and chronicity of the disease 9. This is possible probably due to the cell wall complexity of this fungus, which
insufficiently stimulates PRRs, leading to an inappropriate host immune response that favors the fungal survival
and disease spread. The authors demonstrated that, after exogenous stimulation of the innate immune system by
LPS-TLR4 or imiquimoid-TLR9 activation, the host immune response was restored, providing disease resolution.
This costimulatory response also requires the CLR Mincle and signaling via the Syk/CARD9 pathway. LPS is a
well-known macromolecule that is able to induce a strong immune response in mammalian cells via the TLR4
pathway, promoting the secretion of proinflammatory cytokines, including tumor necrosis factor-a (TNF-a) and
interleukin-1 (IL-1) 22, Therefore, the treatment of patients with LPS can boost the immune response against fungi
and improve their clearance; however, its toxicity impairs its medicinal use 2. Similar to LPS, imiquimod is a
cytokine inducer and an innate immune booster that works through the agonistic activity of TLR7, inducing cell
recruitment and activation with IFN-gamma production 24!, Imiquimod is a well-characterized compound. It is FDA-

approved and the topical 5% cream is already being manufactured and commercialized 4],

Based on these findings, Souza and colleagues (2014) later reported a new treatment for CBM patients, including

a topical cream with the TLR agonist, which was demonstrated to lead to significant improvement of the skin lesion

https://encyclopedia.pub/entry/7269 6/18



Chromoblastomycosis | Encyclopedia.pub

(as discussed below) [Z2],

| 4. Immunotherapy Approaches

As mentioned above, CBM treatment is a therapeutic challenge. Although several methods and antimicrobials
agents have been used in attempts to cure or control the disease, the high rate of relapses and the low cure rate,
observed especially in severe and chronic cases, make CBM treatment a real challenge. Currently, CBM agents
are not effectively controlled by a specific drug or by drug association, so the search for alternative methods,
particularly those based on immune modulation, is necessary. Nevertheless, a defect in innate recognition results
in the failure to mount robust inflammatory responses, causing infection susceptibility and chronicity Z9.
Immunotherapy aim to stimulate or restore the ability of the immune system to fight against an infection,
overcoming the host immune impairment. Currently, antifungal immunotherapies may target not only the host—
such as in adoptive cell transfer, the cytokine therapies, the modulatory mAbs/AMPs, and the vaccine approaches

—but also the pathogens, such as the monoclonal antibody (mAb) and the antimicrobial peptide (AMPS) treatments
[z6],

Studies aimed at enhancing host immune responses against CBM agents are being developed (Table 1). Some
immunostimulant agents, like imiquimod and glucan, are capable of overcoming this defect, enhancing the
inflammatory responses, which results in clearance of the pathogen and resolution of the infection. Imiquimod is a
synthetic compound that stimulates both the innate and adaptive immune pathways through Toll-like receptor 7
(TLR7). This synthetic compound has potent antiviral, antitumor, and immunoregulatory activities. It was approved
by the Food and Drug Administration (FDA) for the treatment of external genital and perianal warts (condylomata
acuminata) as well as for the treatment of actinic keratosis and superficial basal cell carcinoma X4, Recently, the
role of exogenous administration of a TLR7 agonist (imiquimod) in stimulating the inflammatory response mediated
by Syk/CARD9 through a Mydd88-dependent pathway was demonstrated 9. According to this study, four patients
were treated with topical imiquimod (5%) five times per week, with or without antifungal drugs. The treatment was
effective and provided not only clinical improvement but also a cure 2, Belda and colleagues also reported a
successful regression of lesions in patients treated with imiquimod as a monotherapy. It is interesting that both
reports observed a transitory exacerbation of the verrucous and infiltrative characteristics of the lesion that
preceded its gradual evolution to healing (8. This finding highlights the ability of imiquimod to restore the host’s

immune system, inducing a beneficial inflammatory response against the CBM agent.

In addition to imiquimod, treatment with Glucan is an immunotherapy that has been suggested for CBM treatment.
Glucan is a carbohydrate that is a compound of the cell wall of several fungi, and there is evidence that this
molecule has a positive effect on the treatment of diseases since it can stimulate innate immune responses.
Clinical improvement of a CBM patient treated with glucan was reported by Azevedo and colleagues 9. The
authors reported significant lesion regression in a severe form of CBM after Glucan and itraconazole (ITZ)
treatment in a patient with a 3-year history of unsuccessful treatment with only antifungal drugs. Glucan

administration once a week with ITZ improved the cellular immune response of the patient and might be an
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alternative/adjuvant to treat this disease. Similar results were also demonstrated in Candida spp. Y and

Aspergillus spp. B infection.

Another important strategy to prevent and cure fungal disease is the development of vaccines. Several studies
have uncovered components of the fungal cell wall that stimulate protective antibody production, making them
good candidates for vaccines. Although it is not clear whether the humoral immune response is protective in CBM,
it is known that CBM agents induce a highly specific humoral response in people living in endemic areas 2. Some
studies using mAb against glucosylceramide (GlcCer) and melanin have demonstrated the great potential of this
therapeutic approach in CBM treatment. In vitro experiments using Mab against fungal GlcCer showed the
inhibition of F pedrosoi conidial growth and an the enhancement of the antifungal functions of murine
macrophages 3. However, this mAb is not completely effective against muriform cells because they were only
able to recognize them at cell wall regions without melanization 4. mAb treatment against melanin was also
shown to be protective for the host. Melanin is a pigment present in a high concentration in chromoblastomycosis
agents’ cell walls, and it is an important virulent factor that protects the fungi against destruction by immune cells 4
7. The melanin of Aspergillus protects conidia from macrophage phagocytosis through Ca2* sequestration,
impairing cell homeostasis, and inhibiting the LC3-associated phagocytosis (LAP) pathway 2. Due to the
importance of this wall cell component in pathogen virulence, antibodies targeting F. pedrosoi melanin have been
developed. The human antibody anti-melanin inhibits the in vitro growth of conidial and sclerotic cells 2%, In
addition, soluble melanin improves the antifungal capacity of human neutrophils by enhancing phagocytosis and
oxidative burst 49, Although anti-melanin antibodies increase the phagocyte efficiency, some patients become
close to achromic, either during the course of the disease or after the treatment (88, This side effect suggests the
occurrence of a cross-reaction with human melanocytes, leading to the development of vitiligo after

immunotherapy.

Table 1. Features of the reported chromoblastomycosis immunotherapeutic approaches.

Immunotherapy Immunotherapy . Antifungal Treatment
Mechanisms Dose Study Protocol o
Class Agent Association  Outcome
Immunostimulants  Imiquimod Toll receptor 5% of Human Five
7 agonist imiquimod times a
week Lesions healed

(topical) Monotherapy after 6 to 7
for 6 to months120
19

months
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DNA Vaccine

Monoclonal
antibody (Mab)
therapy

Purified

antibodies

31,3 glucan

DNA-hsp65

vaccine

Mab anti-GlcCer

Purified
antibodies anti-
Melanin

T cell
proliferation
and IFN-y

production

Reduction in
NO 9 mg

production

Fungistatic

and
NA
fungicidal

activities

Fungicidal
o NA
activities

Five
times a
week
(topical)
for 6 to
17

months

Once a
week
(IM) for 2

years

Human

Once
each 15
days
Mice (M)
during
15 0r 30
days

In vitro NA

in vitro NA

Monotherapy
or ITZ and/or
TERB

ITZ

Monotherapy
or ITZ and/or
AMB

NA

NA

Improvement in
clinical

aspectstl’

Resolution of
the majority of

lesionst?t

Healed injuries
and eliminated
F. pedrosoi

from lesions2”

Inhibition of £
pedrosoi
growth in vitro
and enhanced
antifungal
activity of
murine

macrophages®’

Inhibition of £
pedrosoi
growth in

vitro86 le; Mab,

Immunostimulants or vaccines may improve the immune system, leading to host protection, and can be an

adjuvant to antifungal drugs, which could reduce the treatment time and costs, increasing its success. Currently,

there is no licensed vaccine for the prevention or treatment of human CBM or any mycosis. A conventional vaccine

may be a live-attenuated or inactivated microorganism or a subunit that is able to stimulate the adaptive immune

system, leading to host immune memory. A DNA-hsp65 vaccine either in association or not with intralesional

administration of itraconazole and amphotericin B or not was effective for treating experimental CBM 87 with

regard to vaccine subunits, several antigens from fungal pathogens have been described, such as proteins,

carbohydrates and polysaccharides, and lipids, and the peptide vaccine has emerged as a promising advance in
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immunotherapy. The advantages of peptide-based vaccines include easy production on a large scale with high
purity; the possibility of being stored at room temperature, since it may be freeze-dried; the target specificity and
induction of a proper immune response; and the reduced risk of side effects B8, The main weakness of this
vaccine, on the other hand, is the low immunogenicity; however, it can be improved through the development of
better adjuvant-based delivery systems 2 or bioengineered molecules with more than two peptides 9. Dendritic
cells (DCs), as described above, play an important role in both innate and adaptive immune responses, and
because of their efficiency in activating T cells and inducting memory-like responses in vivo 21, DCs may be a
promising approach for vaccination. Mice protectively immunized with C. neoformans displayed a DC polarization
phenotype inducing high IFN-y and enhanced pro-inflammatory cytokine responses upon a subsequent challenge.
In 2011, Magalh&aes and colleagues showed the therapeutic or prophylactic effects of DCs primed with peptide 10
(P10), a gp43 peptide derived from Paracoccidioides brasiliensis, in mice challenged with a virulent isolate,
improving the lung fungal clearance 22, Likewise, the administration of P10-primed DCs to an immunosuppressed
mouse was also effective in combating P. brasiliensis infection. Until now, neither therapeutic DCs nor
immunogenic peptides towards CBM treatment have been reported, but there are some research groups involved
in this field for the development of peptide vaccines and DC pulses.
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