
Cryptococcosis is a major human and animal life-
threatening fungal disease1–3. Globally, most human
infections are caused by Cryptococcus neoformans, with

the related species Cryptococcus gattii causing less than 1% of all
human cryptococcal disease. However, in the late 1990s a near-
clonal lineage of C. gattii became established in British Columbia,
Canada, and subsequently caused a major cluster of human and
animal disease that has come to be known as the Pacific
Northwest Outbreak4. A defining feature of cells within the
outbreak lineage is their ability to proliferate very rapidly within
host phagocytes5. We previously demonstrated that this rapid
proliferation is driven by a ‘division of labour’ mechanism, in
which individual fungal cells coordinate their behaviour to
maximise proliferation of the population as a whole6. However,
the mechanism by which this coordination occurs at a cellular
level has remained enigmatic.

Here we demonstrate that the key regulator of this ‘division of
labour’ process is the release and exchange of extracellular vesicles
(EVs) by outbreak strains of C. gattii. These EVs are efficiently
taken up by infected host macrophages and trafficked to the
fungal phagosome, where they induce rapid proliferation of
the recipient pathogen cell and thereby drive pathogenesis in this
highly virulent lineage.

Results
‘Division of labour’ can be triggered over large distances. We
previously showed that outbreak strains of C. gattii induce the
rapid intracellular proliferation of otherwise non-virulent strains
during co-infection6. To test whether this effect required the
fungal cells to be present within the same host cell, we generated
fluorescently tagged versions of an outbreak (R2657) and non-
outbreak (ICB180) strain of C. gattii and confirmed that these
strains were unaltered from their parental strains in morphology,
growth or stress tolerance (Supplementary Fig. 1). ICB180-
mCherry and R265-GFP were used to infect J774 macrophages
either alone or together. Microscopy observations of infected
macrophages at 2 hours post infection (h.p.i.; Fig. 1a) and 24 h.p.i
revealed that dually infected host cells were exceptionally rare
(2/5479 infected host cells; Fig. 1a), suggesting that isolates do not
need to be in the same phagocyte to trigger ‘division of labour’.
To test this in more detail we infected macrophages with the non-
outbreak strain ICB180 and then used a transwell system
(ThinCertTM) to physically separate C. gattii R265 (an outbreak
strain) from contact with the macrophages while continuing to
allow them to freely exchange particles below the 400 nm
transwell cut off (Fig. 1b). Under these conditions, the presence of
an outbreak strain, but not a non-outbreak strain, in the upper
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Fig. 1 Long-distance communication can drive rapid intracellular proliferation in C. gattii. a During co-infection, different strains of C. gattii (R265-GFP shown
in green; ICB180-mCherry shown in red) are rarely phagocytosed by the same macrophage. Bar: 10 μm. The number of infected macrophages containing
both isolates of yeast at the same time is very low at 2 h.p.i. (2 in total 5479 tested macrophages) and at 24 h.p.i (1 in total 3235 tested macrophages). Data
are presented as scattered dot plots with lines representing their medians. Data are representative of results from 8−12 independent experiments with a
minimum of 150 macrophages analysed per sample per experiment. b A schematic representation of the experiment using transwell system ThinCertTM

with 400 nm porous membrane that separates lower from upper compartments thereby allowing splitting of growth of two different C. gattii strains R265
(pathogenic) and ICB180 (non-pathogenic). After two initial hours of the infection the transwell system was removed and intracellular proliferation rate (IPR)
of ICB180 was measured (as T0) and after following 24 h (as T24). The 2-h presence of R265 (outbreak) cryptococci in the transwell system (ICB180(+R265))
induces significantly higher intracellular proliferation of ICB180 (non-outbreak strain) within macrophages (P= 0.0038, Wilcoxon matched-pairs signed rank
test), an effect that is not seen when R265 is replaced for ICB180 (R265(+ICB180); P= 0.9263, Wilcoxon matched-pairs signed rank test). Data are presented
as scattered dot plots with lines representing their medians. Data are representative of results from 12–22 independent experiments with 879–5238 total
yeasts counted for each sample. Wilcoxon matched-pairs signed rank test where ** (P≤ 0.01), significant difference; ns (P > 0.05), not different
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Fig 1. Overview of the functional aspects of fungal EVs. A. Fungal cells release heterogeneous populations of EVs that are immunologically active, as
inferred from experimental models resulting in positive modulation of cytokine and nitric oxide (NO) production after exposure of host cells to EVs. Treatment
of immune effector cells with EVs induces increased expression of CD86 and MHC-II molecules. For details and references, see Table 1. B. Biogenesis of
fungal EVs is illustrated through (I) plasmamembrane remodeling, resulting in cytoplasmic subtractions (inverted macropinocytosis), (II) membrane budding,
resulting in ectosome formation, and (III) multivesicular body (MVB) formation, followed by fusion with the plasmamembrane for the extracellular release of
exosomes. C. The current literature supports the notion that fungal EVs can be lyzed for cargo release (IV). Alternatively, fungal EVs can be either
internalized by (V) or fuse with the plasmamembrane of host cells, likely resulting in the intracellular release of vesicular cargo (VI).

doi:10.1371/journal.ppat.1005240.g001
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VESÍCULAS EXTRACELULARES FÚNGICAS
Marta Hernández Puertas. Facultad de Farmacia. Junio 2018

INTRODUCCIÓN Y ANTECEDENTES
Las vesículas extracelulares (EVs) son un conjunto heterogéneo de
estructuras membranosas liberadas por las células.
Poseen una gran variedad de componentes y desempeñan importantes
funciones en la patogénesis y fisiología microbiana.
Son consideradas como un mecanismo utilizado por todas las células
existentes para el tráfico de moléculas al espacio extracelular.
En la actualidad se diferencian 3 grandes subgrupos de EVs:
cuerpos apoptóticos, microvesículas y exosomas. [Figuras 1 y 2]

• Su caracterización comenzó en 2007 con Cryptococcus
neoformans mediante microscopía electrónica de
transmisión. Hasta el descubrimiento del modelo no
patogénico de Saccharomyces cerevisiae se las relacionaba
únicamente con procesos patogénicos.

Vesículas extracelulares fúngicas (EVs fúngicas)
• Un marcador para su observación in situ se

describió en un transformante de C. neoformans
al expresar la proteína 14-3-3 fusionada con la
proteína verde de fluorescencia (GFP) por su
extremo C-terminal.

OBJETIVOS METODOLOGÍA
En este trabajo se plasman los últimos avances en los estudios de estas estructuras, claves
para conocer su composición, complejidad de su secreción y modo de interaccionar con el
hospedador así como su posible futura aplicación en el campo clínico, diagnóstico y
terapéutico.

Para la realización de este trabajo se utilizó en su gran mayoría la base de datos PubMed®
y buscadores de internet como Google Académico y Google de donde se obtuvieron los
diferentes artículos que comprende este trabajo. Posteriormente, se contrastó toda la
información.

RESULTADOS Y DISCUSIÓN
Caracterización de las EVs fúngicas

Presentan componentes glucídicos, lípídicos, mRNA,
microRNA y múltiples proteínas de rutas metabólicas. Siendo
las más relevantes:
• Gliceraldehido-3-fosfato deshidrogenasa (GDPH)
• Enolasa
• Transaldolasa.

Secreción de las EVs fúngicas
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Basidiomycetes
Filamentous fungi that 
reproduce sexually via the 
formation of specialized cells 
called basidia, which bear 
external spores called 
basidiospores. Some 
basidiomycetes can also 
reproduce asexually.

Ascomycetes
Fungi that, when reproducing 
sexually, form a structure 
called an ascus in which the 
spores are formed. Some 
ascomycetes can also 
reproduce asexually.

S. cerevisiae cell wall varies from 50 nm to 500 nm and 
can increase to 400 nm under stress conditions64. This 
pore size is comparable to EV diameter, and the pore 
therefore represents a potential channel for EVs to trav-
erse the cell wall in this species. In C. neoformans, the 
induction of melanization causes a decrease in cell wall 
pore size and is associated with the accumulation of  
vesicle-like structures between the plasma membrane and 
cell wall, which can be interpreted as a reduction in the 
porosity needed for EV export65,66. It is conceivable that 
remodelling of the cell wall to facilitate EV transit occurs 
in response to a secretion signal; alternatively, EV release 
may occur at natural ‘break points’ of the cell wall, such 
as at areas that undergo thinning during daughter cell 
budding67. EVs may stimulate remodelling by including 
wall-remodelling enzymes as their cargo: β-glucosidases 
and endochitinases have been identified in proteo-
mic screens of both basidiomycetes and ascomycetes,  
raising the possibility that their enzymatic activities 
contribute to EV transit through the cell wall in these 
organisms2,36,57. Such a mechanism may be widespread, 
as EVs from the Gram-positive bacterium S. aureus 
carry peptidoglycan-degrading enzymes, such as Sle1, 
that can manipulate the thick Gram-positive peptidogly-
can cell wall3. One possible explanation for the broad 
range of sizes of fungal EVs is that cytosol-derived EVs 
could swell when they are exposed to the lower osmo-
lality of the extracellular environment (compared with 
that of the cytoplasm), causing them to burst and subse-
quently reseal. However, we lack definitive information 
on how EVs cross the cell wall of Gram-positive bacteria, 
mycobacteria and fungi, and this is an important area  
for further investigation.

In Gram-negative bacteria, genes affecting OMV 
production have been identified in E. coli using a screen 
for known OMV components and lipids68. Although 
vesiculogenesis in Gram-negative bacteria has been 

studied intensively, an OMV-null mutant has never 
been isolated; this raises the possibility that OMV for-
mation is only partially under genetic regulation and is 
driven by physical and biochemical processes that are 
not attributable to single genes. Data about the genetic 
regulation of vesiculogenesis in Gram-positive bacteria, 
mycobacteria and fungi are lacking, with the exception 
of data concerning L. monocytogenes sigB (encoding 
RNA polymerase sigma factor σB) and M. tubercu-
losis vesiculogenesis and immune response regulator 
(virR; also known as rv0431), the roles of which in 
vesiculo genesis offer insight into the mechanism of 
this process8,50.

Evidence suggests that the transcription factor σB 
regulates some aspects of vesiculogenesis in L. monocy-
togenes8. σB regulates genes required for survival under 
cellular stress, as well as the expression of internalin B 
(InlB), which is important for bacterial invasion, and 
positive regulatory factor A (PrfA), which regulates 
the biosynthesis of the haemolytic toxin listeriolysin O 
(LLO)69 ,70. EVs isolated from a wild-type strain con-
tained three times as much InlB as EVs from a ΔsigB 
mutant strain, whereas the expression of LLO associated 
with EVs remained the same in the two strains, indicat-
ing that σB can contribute to EV cargo regulation8. Fewer 
EVs were recovered from the ΔsigB mutant than from 
the wild-type strain, as measured by protein content. 
Although the quantification of EVs is often determined 
based on protein concentration, this method does not 
take into account the possibility that the same number 
of EVs could be produced, but each could be associated 
with less protein than in the wild type. EVs from the 
ΔsigB mutant strain also appeared deformed compared 
with EVs from a wild-type strain8. A global decrease in 
transcription may explain the protein quantity differ-
ences between these strains, but the variation in mor-
phology indicates that σB, or proteins regulated by σB, 
may have a role in vesiculogenesis.

In a recent study, virR was identified as a regulator 
of immune modulation and EV formation in mycobac-
teria50. Disruption of virR augments cytokine produc-
tion by mouse and human macrophages in response to 
the bacterium, and results in an attenuated phenotype 
in macrophages and mice50. However, virR deletion 
mutants have no growth defect in broth culture, which 
suggests a role for virR in M. tuberculosis virulence. virR 
seems to control the release of immunomodulatory fac-
tors, such as the lipoprotein LpqH, via EVs, as there is 
no evidence that virR deficiency globally enhances the 
non-EV secretory pathways mediated by SecA2 and 
Tat. However, only a limited number of proteins that 
are transported via the non-EV secretory pathway were 
tested (6 kDa early secretory antigenic target (Esat6), 
Ag85b, α-crystallin (HspX; also known as Acr), catalase–
peroxidase (KatG; also known as CP) and β-lactamase 
(BlaC)), and it is possible that the virR mutation affects 
secretion of other non-EV substrates50. VirR is a cyto-
plasmic protein with a highly hydrophobic region, 
which suggests that it binds to the inner face of the cell 
membrane or to a protein with a hydrophobic surface. 
Co-immunoprecipitation studies led to the identification 

Figure 2 | Extracellular vesicle formation and release: three non-mutually exclusive 
hypotheses. Three hypotheses explain possible non-mutually exclusive mechanisms by 
which extracellular vesicles (EVs) traverse thick cell walls. a | EVs may be forced through 
the wall by turgor pressure after release from the plasma membrane. Pore size or cell wall 
thickness may regulate the size and ability of EVs to pass through the cell wall1,59. b | Cell 
wall-modifying enzymes released with EVs may ‘loosen’ the wall and increase pore size 
to facilitate EV release. Preparations of EVs from both fungi and Gram-positive bacteria 
include cell wall-modifying enzymes2,3. c | Protein channels or structural cables may 
guide EVs to the extracellular environment. Proteomic data show that many fungal EV 
preparations contain tubulin and/or actin, which are components of structural cables 
(not shown)1,59.
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sequence of the other 10% of these proteins (the acid trehalase
Atc1, the 40 ribosomal subunit Asc1, the plasma membrane
protein Axl2, Orf19.6119, Orf19.6741 and the polyubiquitin
Ubi4), but in some of them this is not consistent with previous
reports. This inconsistency might be related to bioinformatics
clues or sequence errors. In this way, Axl2 was identified
exclusively in the EV-free supernatant fraction (not in vesicles),
and curiously, it had been previously identified in a genetic
screening of C. albicans exported proteins. The screening was
based on in-frame fusions of N-terminal signal sequences with
an intracellular allele of the S. cerevisiae invertase gene, a
strategy to identify putative secretion signals.8 In that work, a
signal peptide for Axl2 was also detected. Furthermore, the
S. cerevisiae Axl2 homologue also bears an N-terminal signal
sequence.63 Also, Atc1, detected in the two fractions, has been
described as a cell wall-linked acid trehalase containing a
hydrophobic N-terminal domain corresponding to a signal
peptide.64 Therefore, the percentage of canonical secreted
proteins in the EV-free supernatant would increase to 93% (57
proteins), which suggest that the classical secretory pathway is
the general mechanism used for C. albicans to secrete EV-free
supernatant proteins into the extracellular medium. Interest-
ingly, in the unique report of a different comparative proteomic
analysis of vesicles and extracellular vesicles in a pathogenic
fungi (P. brasiliensis), 70% of proteins are predicted as
secretory, but most of them use nonconventional secretory
pathways.22

It is important to note that the identification of the repertoire
of 57 canonically secreted proteins presented in our work
represents the most comprehensive analysis of the classical
secreted proteins of C. albicans. As shown in Supporting
Information Table S1, most of the secreted proteins are
involved in cell wall synthesis, integrity or remodeling, such as
Eng1, Cht1−3 or the glycosidase Phr2, described as located at

the cell wall62,65,66 or at the cell surface.67,68 From our point of
view, some of these proteins might reach the extracellular
medium due to the release from the cell wall during its
remodeling. On the other hand, some of the identified proteins
were categorized as virulence factors.3 In this way, Als proteins,
Ecm33, Mp65, the Saps, glucoamylase (Gca2), Bgl2, Xog1,
Plb1, Plb4.5, Phr2 and the protein repressed by Tup1 Rbt5
were included as specialized proteins mediating C. albicans
adherence to other cells and surfaces or involved in biofilm
formation, nutrient acquisition, pH regulators or required for
tissue invasion, such as secreted hydrolases and phospholi-
pases.3,13,69−72

C. albicans Extracellular Vesicles As Carriers of Cytoplasmic
Proteins Including Several Moonlighting Proteins

A very interesting result of our work, shown in Figure 3A and
Supporting Information Table S1, is that all of the proteins
involved in metabolism were exclusively detected in the vesicle
sample (Eno1, the phosphoglycerate mutase Gpm1, Pdc11,
Pgk1, the transaldolase Tal1, Tdh3, Met6 and the s-adenosyl-L-
homocysteine hydrolase Sah1), as well as all proteins lacking a
signal peptide involved in protein folding (the cyclophilin
Cyp1, Hsp70, the chaperone Kar2, the protein disulfide-
isomerase Pdi1 and the HSP70 family chaperone Ssa2) or
protein synthesis (the aspartic proteinase Apr1, the elongation
factor Eft2 and the translation elongation factor Tef2). In
addition, the metabolic enzymes Tdh3, Eno1, Pdc11 and Pgk1
and the translation elongation factor Tef2 were abundant
proteins in vesicles.
The presence of these noncanonical secreted proteins in the

cell wall of C. albicans, although being controversial, was
reported many years ago (revised by Nombela30 and
Chaffin31); for example, for the glycolytic enzymes enolase73

or glyceraldehyde-3-phosphate dehydrogenase74 and for the

Figure 6. Model of two different C. albicans secretory pathways. The classical protein ER−Golgi pathway that secretes proteins with N-terminal
signal peptide is shown in the upper part. Underneath, the unconventional secretion mechanism proposed, by which proteins (with and without
signal peptide) would be carried to the extracellular medium in vesicles formed at the plasma membrane, is represented. Enlarged view of EV was
shown. Representative protein groups and single proteins identified in EVs and EV-free supernatant were shown.
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Figura 1: Tamaño de los diferentes tipos de EVs.
Imagen tomada de György y colaboradores [1].

Figura 2: Tipos de vesículas extracelulares. Imagen modificada de
Gustafson y colaboradores [2].

Figure 2.
Comparative analysis of proteins identified in EV obtained from different fungal species.
Overlapping groups are shown in gray/black. Reproduced with permission from [35].

Rodrigues et al. Page 14

J Proteomics. Author manuscript; available in PMC 2015 January 31.

NIH-PA Author M
anuscript

NIH-PA Author M
anuscript

NIH-PA Author M
anuscript

Figura 3: Comparativa del análisis de
proteínas vesiculares de EVs. Imagen
tomada de Rodrigues y colaboradores [3].1. Tres hipótesis diferentes de la liberación de las vesículas

a través de la pared en los microorganismos

HONGOSFigura 4: Modelos de
secreción de EVs. Imagen
modificada de Brown y
colaboradores [4].

3. Las propiedades viscoelásticas y deformables de la pared fúngica pueden llegar a permitir el tránsito de
las EVs a través de ella, de la misma manera que el Ambiosome atraviesa la pared.

Figura 7: Rutas de secreción en C. albicans. Imagen tomada de de
Gil-Bona y colaboradores [7].

Figura 6: Imágenes de TEM de la pared de C. albicans SC5314 incubada con 12 µg/ml
Ambiosome. Imágenes tomadas de Walker y colaboradores [6].

Figura 5: Procesos de interacción de la membrana
plasmática. Imagen modificada de Rodrigues y colaboradores [5].

Existen tres procesos diferentes 
por los que las EVs podrían a 
travesar la membrana:

Cryptococcosis is a major human and animal life-
threatening fungal disease1–3. Globally, most human
infections are caused by Cryptococcus neoformans, with

the related species Cryptococcus gattii causing less than 1% of all
human cryptococcal disease. However, in the late 1990s a near-
clonal lineage of C. gattii became established in British Columbia,
Canada, and subsequently caused a major cluster of human and
animal disease that has come to be known as the Pacific
Northwest Outbreak4. A defining feature of cells within the
outbreak lineage is their ability to proliferate very rapidly within
host phagocytes5. We previously demonstrated that this rapid
proliferation is driven by a ‘division of labour’ mechanism, in
which individual fungal cells coordinate their behaviour to
maximise proliferation of the population as a whole6. However,
the mechanism by which this coordination occurs at a cellular
level has remained enigmatic.

Here we demonstrate that the key regulator of this ‘division of
labour’ process is the release and exchange of extracellular vesicles
(EVs) by outbreak strains of C. gattii. These EVs are efficiently
taken up by infected host macrophages and trafficked to the
fungal phagosome, where they induce rapid proliferation of
the recipient pathogen cell and thereby drive pathogenesis in this
highly virulent lineage.

Results
‘Division of labour’ can be triggered over large distances. We
previously showed that outbreak strains of C. gattii induce the
rapid intracellular proliferation of otherwise non-virulent strains
during co-infection6. To test whether this effect required the
fungal cells to be present within the same host cell, we generated
fluorescently tagged versions of an outbreak (R2657) and non-
outbreak (ICB180) strain of C. gattii and confirmed that these
strains were unaltered from their parental strains in morphology,
growth or stress tolerance (Supplementary Fig. 1). ICB180-
mCherry and R265-GFP were used to infect J774 macrophages
either alone or together. Microscopy observations of infected
macrophages at 2 hours post infection (h.p.i.; Fig. 1a) and 24 h.p.i
revealed that dually infected host cells were exceptionally rare
(2/5479 infected host cells; Fig. 1a), suggesting that isolates do not
need to be in the same phagocyte to trigger ‘division of labour’.
To test this in more detail we infected macrophages with the non-
outbreak strain ICB180 and then used a transwell system
(ThinCertTM) to physically separate C. gattii R265 (an outbreak
strain) from contact with the macrophages while continuing to
allow them to freely exchange particles below the 400 nm
transwell cut off (Fig. 1b). Under these conditions, the presence of
an outbreak strain, but not a non-outbreak strain, in the upper
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Fig. 1 Long-distance communication can drive rapid intracellular proliferation in C. gattii. a During co-infection, different strains of C. gattii (R265-GFP shown
in green; ICB180-mCherry shown in red) are rarely phagocytosed by the same macrophage. Bar: 10 μm. The number of infected macrophages containing
both isolates of yeast at the same time is very low at 2 h.p.i. (2 in total 5479 tested macrophages) and at 24 h.p.i (1 in total 3235 tested macrophages). Data
are presented as scattered dot plots with lines representing their medians. Data are representative of results from 8−12 independent experiments with a
minimum of 150 macrophages analysed per sample per experiment. b A schematic representation of the experiment using transwell system ThinCertTM

with 400 nm porous membrane that separates lower from upper compartments thereby allowing splitting of growth of two different C. gattii strains R265
(pathogenic) and ICB180 (non-pathogenic). After two initial hours of the infection the transwell system was removed and intracellular proliferation rate (IPR)
of ICB180 was measured (as T0) and after following 24 h (as T24). The 2-h presence of R265 (outbreak) cryptococci in the transwell system (ICB180(+R265))
induces significantly higher intracellular proliferation of ICB180 (non-outbreak strain) within macrophages (P= 0.0038, Wilcoxon matched-pairs signed rank
test), an effect that is not seen when R265 is replaced for ICB180 (R265(+ICB180); P= 0.9263, Wilcoxon matched-pairs signed rank test). Data are presented
as scattered dot plots with lines representing their medians. Data are representative of results from 12–22 independent experiments with 879–5238 total
yeasts counted for each sample. Wilcoxon matched-pairs signed rank test where ** (P≤ 0.01), significant difference; ns (P > 0.05), not different
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CONCLUSIONES
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Las EVs de cepas patógenas son capaces de potenciar la proliferación
intracelular a distancia de cepas no patógenas en coinfección.

Cryptococcus gattii
Cepa no patógena

Cryptococcus gattii
Cepa patógena

Figura 8: Sistema transmembrana y gráfica del aumento de
proliferación intracelular. Imágenes modificadas de Bielska
y colaboradores [8].

• Las Evs presentan un gran 
potencial como vacunas.

• Se están realizando estudios 
para su desarrollo y 
posterior aplicación clínica.

• Una proteína vesicular de  
C. albicans, Bgl2, posee 
una cierta protección en 
modelos de ratón. 

• Todas las células son capaces de producir EVs y en concreto las EVs fúngicas presentan
numerosos componentes proteícos, glucídicos, lípidicos, mRNA y microRNA.

• Numerosas proteínas fúngicas carecen del péptido señal y utilizan procesos vesiculares
para ser secretadas.

• La pared fúngica presenta propiedades viscoelásticas y deformables que pueden llegar a
permitir el tránsito de las vesículas a través de ella.

• Las EVs fúngicas son estructuras ricas en proteínas metabólicas que intervienen en la
infección facilitando la diseminación del microorganismo y la evasión del sistema
inmune. Además, algunas de ellas son antigénicas y podrían activar la inmunidad por
múltiples mecanismos.

• Es necesario realizar estudios para ver la utilidad de las EVs fúngicas como vacunas.
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• Por proteómica se revelaron las similitudes que existían entre las
proteínas de las Evs de diferentes hongos como: S. cerevisiae,
C. neoformans, Histoplasma capsulatum y Paracoccidioides
brasiliensis.

• A pesar de las similitudes entre las especies existen proteínas
específicas de cada una de ellas.

4. Modelos
de rutas de
secreción

Fig 1. Overview of the functional aspects of fungal EVs. A. Fungal cells release heterogeneous populations of EVs that are immunologically active, as
inferred from experimental models resulting in positive modulation of cytokine and nitric oxide (NO) production after exposure of host cells to EVs. Treatment
of immune effector cells with EVs induces increased expression of CD86 and MHC-II molecules. For details and references, see Table 1. B. Biogenesis of
fungal EVs is illustrated through (I) plasmamembrane remodeling, resulting in cytoplasmic subtractions (inverted macropinocytosis), (II) membrane budding,
resulting in ectosome formation, and (III) multivesicular body (MVB) formation, followed by fusion with the plasmamembrane for the extracellular release of
exosomes. C. The current literature supports the notion that fungal EVs can be lyzed for cargo release (IV). Alternatively, fungal EVs can be either
internalized by (V) or fuse with the plasmamembrane of host cells, likely resulting in the intracellular release of vesicular cargo (VI).

doi:10.1371/journal.ppat.1005240.g001

PLOS Pathogens | DOI:10.1371/journal.ppat.1005240 December 3, 2015 2 / 6

EVs
EVs

Macrófagos

C. albicans

C. neoformans

Remodelación de la pared: 
Hipótesis de Nimrichter

Ruta convencional

Ruta Alternativa

• Diseminación
• Evasión del SI

C. albicans

Cell Wall


