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Abstract
Background

Encephalitozoon cuniculi, are obligate intracellular fungi that determine emerging diseases in humans
and other animals, with economic relevance. Studies have shown that Malassezia are able to modulate
the production of pro and anti-in�ammatory cytokines by keratinocytes and human monocytes and has
an immunomodulatory effect. In the present work, we evaluate the effects of heat-killed M.
pachydermatis suspension on the modulation of the response of macrophages challenged with the
microsporidia E. cuniculi.

Methods

Heat-killed M. pachydermatis suspension was used to treat macrophage for 1 hour, subsequently,
macrophages were infected with spores of E. cuniculi (2:1) and evaluated at 15, 30, 60 minutes and 48
hours. To determine the phagocytic capacity (PC) and index (PI), cultures were stained with Calco�uor
and the spores, internalized or not, were counted.

Results

Microbicidal and phagocytic activity was evaluated by transmission electron microscopy (TEM). The
untreated macrophages and had PC, PI, and larger amounts of phagocytosed spores than those treated,
but by TEM it was observed that in macrophages treated the microbicidal activity was faster, since in the
phagocytic vacuoles there were few spores in different degrees of degeneration and few amounts of
amorphous material. Macrophages treated with heat-killed M. pachydermatis suspension showed lower
PI and PC, with the incipient presence of E. cuniculi in phagosomes inside these macrophages.
Additionally, these same treated macrophages had a mixed pattern of cytokine release with a Th1, Th2
and Th17 pro�le, with emphasis on IL-10, IL-4, IL-17, IL-6 and IFN-g secretion, particularly greater
production of anti-in�ammatory cytokines.

Conclusions

Our results showed that the treatment with heat-killed M. pachydermatis suspension determined an
increase in the release of cytokines and reduced the phagocytic activity of macrophages challenged with
E. cuniculi

Background
Microsporidia constitute a broad group of fungi belonging to the Phylum Microsporidia [1]. These
unicellular beings have mandatory intracellular development. There are currently more than 1200 species
classi�ed and distributed in more than 140 genera, being described in invertebrate and vertebrate hosts
[1, 2]. Microsporidia are considered emerging infectious agents that affect hosts from the main biomes in
the world, from terrestrial to aquatic, thus reaching sectors of food production, from which they are also
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consumed by human beings [3, 4]. The host after contracting the disease, which most often originates in
the intestinal or respiratory epithelium, can spread to other parts of the body [5, 6]. This spread can occur
due to the pathogen's ability to infect macrophages, which often, instead of eliminating the pathogens,
can become “Trojan horses”, in which they serve as reservoirs, transporting spores and spreading the
disease [7].

Pathogens can manipulate the immune cell response in their favor to evade death and persist in the host
[7, 8]. Innate immunity involving mainly monocytes and macrophages is considered an important defense
mechanism against pathogenic fungi involved in systemic mycoses. These phagocytes play a key role in
host defense by ingestion and inactivation of invading organisms, cytokine production, and interactions
with other cells participating in adaptive immunity such as T and B lymphocytes. Interaction of
macrophages with intracellular pathogens that express one or more PAMPs (pathogen-associated
molecular patterns), provides a signal which stimulates macrophage activation through toll-like receptors
4 [8]. These stimuli generally induce the activation and secretion of in�ammatory cytokines. These
cytokines may modulate monocyte and macrophage functions by stimulating or inhibiting the oxidative
and non-oxidative microbicidal activities of these cells in an autocrine and paracrine fashion [8]. The
imbalance in pro- and anti-in�ammatory cytokine production by these cells during infection with
pathogenic fungi may determine the disease progression or microorganism death. It has been shown that
the lipid-rich layer that lines the yeasts of Malassezia sp., modulate the production of cytokines avoiding
the induction of a nonspeci�c in�ammatory response in the host, thus allowing the commensal
relationship with the host's skin [9].

In order to evaluate the immunomodulatory potential of this yeast, Malassezia sp. killed by heat was
administered to mice, before the challenge with pathogenic bacteria (Salmonella typhimurium) or with
tumor cells [10, 11]. In these studies, previous treatment with killed Malassezia determined resistance to
infection and tumor development, indicating that this pathogen, similarly to what is observed with
Propionibacterium acnes, has an immunomodulator effect and may constitute an adjuvant for vaccines
[12].

As there are no treatments against microsporidia, �nding therapeutic forms that stimulate immunity and
imply the host's response may implement infection control measures. In the present work, we evaluate the
effects of heat-killed M. pachydermatis suspension on the modulation of the response of macrophages
challenged with the microsporidia Encephalitozoon cuniculi.

Methods
Heat-killed M. pachydermatis suspension

M. pachydermatis (standard strain CBS-1696 isolated from dog) was maintained in Sabouraud medium
incubated at 32ºC for 5 to 7 days at the Universidade Paulista - Unip, Molecular Biology Laboratory. The
fungus extract was made with a suspension containing 5 yeasts for each macrophage (5:1), diluted in
PBS and boiled at 120ºC for 30 minutes and then �ltered with a 0.20 µm �lter to remove debris.
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E. cuniculi spores

Spores of E. cuniculi (genotype I) (from Waterborne Inc., New Orleans, LA, USA) that were used in this
experiment were previously cultivated in a rabbit kidney cell lineage (RK-13, ATCC CCL-37) in RPMI
medium supplemented with 10% of fetal calf serum (FCS- Sigma-Aldrich, St. Louis, MO, USA), pyruvate,
nonessential amino acids (Sigma-Aldrich, St. Louis, MO, USA), and gentamicin at 37 °C in a humidi�ed
atmosphere with 5% CO2. The spores were puri�ed by centrifugation and cellular debris was excluded by
50% Percoll.

Macrophage cultures

RAW 264.7 macrophages were maintained in RPMI (Sigma-Aldrich, St Louis, MO, USA) supplemented
with 10% FCS (R10 at 37 °C in a humidi�ed atmosphere with 5% CO2. The maintenance of the cultures to
obtain the macrophages was made with periodic changes of the medium R10, respecting the necessity of
the culture. The medium was changed every 2 days, until 70 to 80% of con�uence was reached.

Macrophages treatment and infection

Macrophages were platted in 24-well plates with 3x105 cells/well in 300 µl of R10 and incubated
overnight at 37 °C in a 5% CO2 atmosphere. Heat-killed M. pachydermatis suspension were added for 1
hour to the macrophages. After removal of supernatants, the cultures were infected with E. cuniculi
spores at a 2:1 concentration (2 E. cuniculi spores for each macrophage) for 15, 30, 60 minutes and 48
hours. The experiments were done in triplicate. After the established periods, the supernatants were
removed and stored at -80ºC for subsequent measurement of cytokines. To investigate to visualize the
spores inside the phagocytic cells, 10 μl of Calco�uor (Sigma-Aldrich, St. Louis, USA) was added per cell
cultures. Phagocytic capacity and index were calculated according to the formula: PC = number of
phagocytes containing at least one ingested spore/100 phagocytes and PI = total number of phagocytic
spores/100 phagocytes containing spores.

Quanti�cation of Cytokines

Cytokines were measured in culture supernatants using CBA Mouse Th1/Th2/Th17 Cytokine Kit (BD
Biosciences, CA, EUA), according to the manufacturer’s instructions. A mixture of 25 μl of each sample, 25
μl of mixed beads containing speci�c capture antibodies, and 25 μl of PE-conjugated detection antibody
was incubated for 2 h at room temperature in the dark. Subsequently, the samples were centrifuged,
washed, and resuspended for analysis by two-color �ow cytometry using C6 Accuri (BD Biosciences,
Mountain View, CA, USA). All the analyses were done using the software FCAP Array 3.0.

Transmission Electron Microscopy (TEM)

Macrophages was adjusted to 1×107 cells, transferred to 25 cm2 bottles and incubated overnight in R10
medium at 37 °C with 5% CO2 atmosphere. Then, heat-killed M. pachydermatis suspension were added
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for 1 hour to the macrophages, respecting the 5:1 ratio. After removal of the extract, the cultures were
infected with E. cuniculi spores at a 2:1 concentration for 15, 60 minutes and 48 hours. The cultures were
collected and �xed using 2% glutaraldehyde in 0.2 M cacodylate buffer (pH 7.2) at 4 °C for 10 h. They
were then post-�xed in 1% OsO4 buffer for 2h. Semi-thin sections stained with toluidine blue were made
for visualization by light microscope, and ultrathin sections were made for TEM analysis (LEO EM 906E).

Statistical Analysis

Prism 5 (GraphPad Software Inc, La Jolla, CA, EUA) using a one-way analysis of variance (ANOVA)
followed by Bonferroni test post hoc analysis was used to compare samples with untreated macrophage
cells. All results are presented as mean ± SEM. A p value of 0.05 or less was considered signi�cant.

Results
In order to observe the modulation of phagocytic activity of macrophages by heat-killed M.
pachydermatis suspension, phagocyted spores were counted under the �uorescence microscope to
obtain phagocytic capacity (PC) and phagocytic index (PI) analysis at times 15, 30, 60 minutes and 48
hours after infection. Untreated macrophages had higher PC, PI and phagocyted spore amounts than
those treated at 1 hour and 48 hours (Fig. 1).

By TEM, in the untreated macrophages it was observed that in 15 and 30 minutes of infection there was a
small amount of phagocytic spores. At 60 minutes, these untreated macrophages exhibited many
phagocytic vacuoles with intact and degenerating spores (Fig. 2A, B, C). It was also frequently observed
the presence of amorphous material, suggesting of lytic activity, with exocytosis of this material. These
same �ndings were observed at 48 hours, but with few intact spores and much amorphous material
within phagosomal vacuoles (Fig. 2D, E, F). In this study, we also observed the fusion of vacuoles
homotypic phagosomes containing a single E. cuniculi spore forming of megasomes (Fig. 2F). No
multiplication stages of E. cuniculi were visualized inside macrophages.

In treated macrophages after 60 minutes and 48 hours of infection, the phagocytosis of spores occurred
in cell cultures characterized by projections of the cellular membrane of macrophages near or around the
spores (Fig. 3). Few intact spores were seen outside or inside of macrophages. The presence of
phagocytic vacuoles with spores in degeneration phases or amorphous material was incipient (Fig. 3).
Neither stages of multiplication of E. cuniculi within macrophages were visualized (Fig. 3).

Infection of macrophages with E. cuniculi spores determined the production of IL-6 after 15 minutes, a
cytokine already detected in other experiments carried out with this pathogen (Fig. 4). However,
macrophages treated with heat-killed M. pachydermatis suspension showed the most signi�cant
changes in cytokines levels (Fig. 5). The production of IFN-γ, IL-6, IL-17, IL-4 and IL-10 cytokines increased
in macrophages treated with heat-killed M. pachydermatis suspension when compared to E. cuniculi
infected macrophages (Infected) or treated plus infected macrophages (Infected + Treated) (Fig. 5). These
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results suggest that the heat-killed M. pachydermatis suspension increases the release of Th1, Th2 and
Th17 cytokines, while the pathogen E. cuniculi favored the decline in the release of these cytokines.

Discussion
Herein, we have demonstrated the immunomodulatory effect of heat-killed M. pachydermatis suspension
in macrophages activity. Macrophages treated with heat-killed M. pachydermatis suspension showed
lower index and phagocytic capacity, with the incipient presence of E. cuniculi in phagosomes inside
these macrophages at the time of observation. Additionally, these same treated macrophages had a
mixed pattern of cytokine release with a Th1, Th2 and Th17 pro�le, with emphasis on IL-10, IL-4, IL-17, IL-
6 and IFN-γ secretion, particularly greater production of anti-in�ammatory cytokines.

It has been reported that several bacterial species have a high biological activity that inhibits tumor or
bacteria growth when administered in vivo [10, 11]. Most of the studies have been performed by using
Propionibacterium and Lactobacillus [12, 13]. Even though these bacteria possess the ability to activate
macrophages, either in vivo or in vitro, the precise mechanisms concerning the antitumor or bactericidal
effect of activated macrophages have not been de�ned [10, 11]. Mice treated with killed Malassezia sp.
showed resistance to Salmonella typhimurium infection [10]. Although the survival rate of mice treated
with Malassezia sp. was slightly lower than that of mice treated with P. acnes, the clearance of bacteria
from the blood and the inhibition of bacterial grow thin the liver and spleen occurred at almost the same
levels in mice treated with Malassezia sp. [10] and P. acnes [12]. In contrast, our results showed less
phagocytic activity associated with a pro�le of anti-in�ammatory macrophages.

Heat-killed P. acnes potentiated a type I hypersensitivity in�ammation (Th2 response), including late
phase reaction, when it was injected simultaneously with antigen implantation (coagulated ovalbumin).
When the animals were treated with P. acnes previously to antigen inoculation a complete change to a
typical Th1 immune response was obtained, suggesting that different immunization protocols induced
either a Th1 or a Th2 cytokine pattern [14, 15]. The hypothesis that signi�cant reduction in pro-
in�ammatory cytokine production by human peripheral blood mononuclear cells (PBMCs) in response to
Malassezia species (formalized and viable) [16] was related to the unusually high quantity of lipid
associated with the yeast cell wall. It has been demonstrated that removing the lipid layer surrounding the
Malassezia yeast causes increased pro-in�ammatory cytokine production and reduced IL-10, suggesting
that the lipid layer confers the evasion of the in�ammatory response by keratinocytes [17]. The M.
restricta extract increased the mRNA and protein expression of Th1-attracting CXC chemokine ligand
(CXCL)10 and STAT1 activity and phosphorylation in keratinocytes, which was suppressed by a Janus
kinase inhibitor [17]. However, our results showed a more anti-in�ammatory pro�le with the treatment of
macrophages with heat-killed M. pachydermatis suspension. Corroborating these results, in previous
studies, we demonstrated in macrophages infected with live M. pachydermatis intense proliferation of the
fungus with the death of macrophages and release of high levels of IL-4 [18].
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Untreated macrophages demonstrated high index and phagocytic capacity and intense phagocytosis by
TEM, with the presence of many intact or degenerating spores inside phagosomes. A peak IL-6 release
was demonstrated after 15 minutes of challenge and, in the other periods, cytokine levels were similar to
the heat-killed M. pachydermatis suspension treated and challenged macrophages but lower than in the
only treated macrophages with heat-killed M. pachydermatis suspension. These results suggest that the
challenge with the E. cuniculi microsporidia reduced the release of cytokines, despite the stimulus caused
by the heat-killed M. pachydermatis suspension.

In a previous study, we demonstrated that diabetes mellitus (DM) increased the susceptibility of C57BL/6
mice to encephalitozoonosis and DM mice infected with E. cuniculi showed higher levels of IL-6 than DM-
uninfected mice, suggesting that DM may also modulate a pro-in�ammatory state of the organism [19].
IL-6 is a pleiotropic cytokine that mediates several biological functions, including regulation of the
immune system by anti-in�ammatory and pro-in�ammatory production [20]. We speculate that the
cytokine IL-6 released by macrophages shortly after the challenge with E. cuniculi may be involved in the
pronounced phagocytic activity observed in this group and not seen in the groups treated with heat-killed
M. pachydermatis suspension.

E. cuniculi replication is possible in peritoneal macrophages [21]. However, when macrophage is activated
by spores opsonized by speci�c antibodies, lysosomes and fusion occurs and the spores were easily
destroyed [22, 23]. Herein, we identi�ed inside macrophages treated or not with heat-killed M.
pachydermatis suspension phagocytic vacuoles with spores in degenerate and intact stages, thus
reinforcing that endocytosis/phagocytosis was evidently the preferred entry form for E. cuniculi spores in
macrophages, corroborating the literature data. Additionally, phagocytosis by treated macrophages was
less than that observed in untreated macrophages, which suggests impairment of the phagocytic activity
of these macrophages, despite the presence of the pathogen.

Conclusions
In summary, the treatment of macrophages with heat-killed M. pachydermatis suspension determined the
release of cytokines with anti-in�ammatory pro�le and reduced the phagocytic activity after challenged
with E. cuniculi.
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Figure 1

Phagocytic index and capacity of macrophages treated or untreated with heat-killed Malassezia
pachydermatis suspension and infected with E. cuniculi at 15, 30, 60 minutes and 48 hours. A)
Phagocytic index. B) Phagocytic capacity. C) Number of E. cuniculi spores phagocytized by
macrophages. D) Number of E. cuniculi spores not phagocytized by macrophages. E) Photomicrography
of macrophages treated or untreated with heat-killed M. pachydermatis suspension and infected with E.
cuniculi under calco�uor stain. Data are represented as mean  SEM (*P < 0.05, ** P < 0.01, **** P <
0.0001, One-way ANOVA with Tukey post-test)



Page 11/13

Figure 2

Phagocytic activity of macrophages untreated with heat-killed M. pachydermatis suspension and
infected with E. cuniculi after 60 minutes or 48 hours. (A) Photomicrography of macrophages with spores
inside by Toluidine Blue stain at 60 minutes. (B) Intact spore inside macrophage by ultramicrography at
60 minutes. (C) Many preserved spores outside macrophages, by ultramicrography at 60 minutes. (D)
Photomicrography of macrophages with spores inside by Toluidine Blue stain, at 48 hours. (E) Homotypic
phagosomes vacuoles in macrophages, with intact (arrow) ou degenerating spores by ultramicrography
at 48 hours. (F) Megasome (me) with amorphous and electron dense material and E. cuniculi spores
(arrow) inside. Ultramicrography of macrophages at 48 hours.

Figure 3

Phagocytic activity of macrophages treated with heat-killed M. pachydermatis suspension and infected
with E. cuniculi after 60 minutes or 48 hours. (A) Photomicrography of macrophages with spores inside
by Toluidine Blue stain at 60 minutes. (B) Intact spore inside macrophage by ultramicrography at 60
minutes. (C) Homotypic phagosomes vacuoles in macrophages, with degenerating spores (arrow) by
ultramicrography at 60 minutes. (D) Photomicrography of macrophages with spores inside by Toluidine
Blue stain at 48 hours. (E) Projections of the cellular membrane of macrophages involving the spores
(arrow) of E. cuniculi by ultramicrography at 48 hours. (F) Phagosomes vacuoles with amorphous
material inside in the macrophages (arrow) by ultramicrography at 48 hours.
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Figure 4

Nitric oxide and hydrogen peroxide production by macrophages treated or untreated with heat-killed
Malassezia pachydermatis suspension and infected with E. cuniculi at 15, 30, 60 minutes and 48 hours.
The data are presented as mean  SEM (*P < 0.05, ** P < 0.01, *** P <0.001, One-way ANOVA with Tukey
post-test)
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Figure 5

Cytokines levels in the supernatants of macrophages treated or untreated with heat-killed Malassezia
pachydermatis suspension and infected with E. cuniculi at 15, 30, 60 minutes and 48 hours. Data are
represented as mean ± SEM (** P <0.01, *** P <0.001and ND = not detected, One-way ANOVA with
multiple comparisons and Tukey post-test).


