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Molecular half-full mechanisms by phagocityc cells on
invasive Aspergilosis

Mecanismos moleculares mediados por células fagociticas en la
aspergilosis invasiva

Karla Rossanet Dzul-Rosado,MSc’, Viridiana Martinez-Campos, QFB?,
Gaspar Peniche-Lara, MSc3, Jorge E. Zavala-Castro, PhD'

Summary

Fungus from the Aspergilius genus mainly affects lung tissue, occurring when the integrity of the host immune
system is compromised. The human body uses immunocompetence conditions from mechanical and enzymatic
defenses and the action of the innate immune system cells and also uses adaptive responses to control infection.
Neutrophils, macrophages, and dendritic cells are critical as antifungal effector cells possess surface receptors that
recognize fungal structures and trigger specific responses. TLRs and Dectin-1 the most studied for this interaction.
TLRs are responsible for the production and release of cytokines and Dectin-1 is essential in the phagocytosis of the
particle recognition and production of ROS. The best-studied cytokines and its crucial role in the response to
Aspergillus spp. are TNF-a, IFN-y, and IL-12. In this work, we reviewed the main mechanisms related to molecular
receptors on phagocytic cells involved in the recognition of Aspergillus spp. Understanding the immune response in
situations of immunocompetence and its comparison in immunodeficient organisms could provide alternatives to
control invasive aspergillosis.
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Resumen

Los hongos del género Aspergillus afectan sobre todo al tejido pulmonar, presentaindose cuando la integridad del
sistema inmune del hospedero se ve comprometida. El organismo en condiciones de inmunocompetencia se vale para
controlar la infeccién tanto de defensas mecanicas, enzimas y la accién de células del sistema inmune innato y
respuestas adaptativas. Los neutrofilos, macrofagos y células dendriticas son de fundamental importancia como
células efectoras antifungicas, poseen receptores de superficie como TLR, Dectina-1, DC-SIGN y receptor de manosa
(MR) que reconocen estructuras micéticas y desencadenan respuestas especificas. TLR y Dectina-1, son los mas
estudiados para esta interaccién. Los TLR son los responsables de la produccién y liberacion de citocinas y Dectina-
1 es fundamental en la fagocitosis de la particula reconocida yla produccién de ROS. DC-SIGN es el receptor esencial
para el reconocimiento de las esporas de Aspergillius spp. por células dendriticas y macréfagos, y se encuentra presente
en células pulmonates con actividad fagocitica. EIl MR reconoce estructuras micéticas después de la internalizacion
del hongo y promueve la liberacién de una amplia variedad de citocinas. Las citocinas mejor estudiadas y cuyo papel
es crucial en la respuesta contra Aspergilius spp. son TNF-a, IFN-y e IL-12. En el presente trabajo, se revisaron los
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principales mecanismos moleculares relacionados con
los receptores presentes en las células fagociticas implica-
das en el reconocimiento de Aspergilius spp. La compren-
sién de la respuesta inmune en situaciones de
inmunocompetencia y su comparaciéon en organismos
inmunodeficientes podria proporcionar alternativas que
permitan el control de la aspergilosis invasiva.

Palabras clave: Aspergillus; Sistema inmune; Recepto-
res Toll-like; Dectina-1; DC-SIGN; MR vy citocinas.
Colomb Med. 2012; 43: 95-102

The medical advances in the 1990s have led to
greater longevity of the population, as well as to a
greater number of patients with some type of organ
transplant, chemotherapy as a means of combating
neoplasia, or an increase in patients on immuno-
suppressive regimens, which also increased the
number of patients with different degrees of
immunosuppression. This condition has led to the
developmentof opportunistic infections, particularly
those caused by fungi, which cannot be limited to
local infection, but also get to spread to a systemic
infection, such as invasive aspergillosis (IA).

Al is the most common fungal disease in
neutropenic patients and hasincreased progressively,
mainly involves the invasion and involvement of the
lung tissue, and has become the leading cause of
opportunistic fungal infection by filamentous fungi
and death in patients with hematologic diseases. Its
mortality rate ranges between 40 and 90% in high-
risk**. This infection is mainly favored by the inability
of the immune system to limit the infectious process,
which becomes rapid in evolution and its clinical
manifestations are nonspecific and atypical, making
diagnosis difficult. Therefore, requiring establish-
ment of treatment regimens that sometimes generate
repercussions to the patient’s health.

Immune defense against invasive
aspergillosis (lA)

The main route of infection is inhalation of spores
in the air, followed by deposition in the bronchioles
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or alveolar spaces™®. The spotes ate inhaled, trapped
inmucus, and then actively transported by the motion
of the cilia to the oropharynx, where they are ingested
or expelled through expectoration®.

Mechanical defenses, including the cough reflex
and sneezing help expel particles inhaled’. Cells in the
respiratory tract produce large numbers of molecules
with antimicrobial activity, some of which have
antifungal activity against A. fumigatus. Such is the
case of lactoferrin produced by neutrophils and
epithelial cells that bind iron and deprive the fungi of
this element, which is essential for growth®.

Several enzymes play an importantrole asa defense
against Aspergillus species. Elastase and cathepsin G
are two serine proteases present in the azurophilic
granules of neutrophils that have activity against
Aspergillus’. Chitinases are produced by macrophages
and epithelial cells are capable of degrading chitin,
which is an essential component of A. fumigatus'.

Neutrophils, macrophages and dendritic cells are
critical as antifungal effector cells. In healthy subjects,
spores not eliminated by mucociliary depuration are
recognized by the alveolar macrophages from
epitelium, which try to eliminate the spores or the
damage they produce.

Additional effector cells are recruited to infection
sites of infection by the action of inflammatory
signals such as cytokines, chemokines and
complement components'!. Macrophages phagocyte
spores and they can only destroy spores that are
distended'?. The spotes that escape the death of
macrophages and germinate become the target of
neutrophils, which are capable of destroying the
hyphaer”.

Denderitic cells (DC) initiate innate and adaptive
immune response of a wide range of microorga-
nisms'. These cells capture and process antigens,
express co-stimulatory molecules, migrate to lymphoid
organs, and secrete cytokines that initiate immune
responses and these T cells provide the appropriate
signals'*"°. The differentiation of CD4 + T cells into
T-helper cell (Th) type 1 (Th1) or type 2 (Th2) and the

development of pathway-specific responses is a key
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determinant of susceptibility or resistance to invasive
fungalinfections. The predominance of Th1 responses
on Th2-type correlate with protection against fungal
infections'®!”. The defense against invasion by A.
fumigatus 1s impaired by the action of inflammatory
cytokines (IL-4 and I.-10), whose depletion improves
the elimination of spores'®". High levels of IL.-10
increase survival of the spores because they affect the
tespiratory burst in macrophages®’. The proinflam-
matory cytokines IFN-y and TNF-a, I1L.-12, IL-1,
and I1.-6 play a protective role against the AT* and are
essential for optimal activation of phagocytosis at
infection sites?!. TNF-oo and INF-y are critical
components of innate immunity in both immuno-
competent patients and those with some degree of
immunosuppression. When macrophages are in
contact with structures of A. fumigatus they mainly
produce these cytokines, which are essential for
recruitment of neutrophils in the lungs and also play
an important role in epithelial cell response against
AT?*%.The role of I1.-12 in Th1 cell growth is linked
to its ability to promote the production of INF-y and
encourage expansion and survival of cells producing
this cytokine. The production of IL-12is linked to the
response of alveolar macrophages from viable spores
of A. fumigatus, dependent on TLR*. High levels of
IL-10 affect the production of INF-y and have been
detected in patients with aspergillosis and are
associated to susceptibility of infection. However,
this cytokine secretion by Treg cells could be a
consequence rather than the cause of the infection?’.

Likewise, other cells such as Th17 lymphocytes
and Th regulators play an important role in infection
with A. fumigatus. Th17 lymphocytes, a type of
lymphocyte recently discovered characterized by the
release of IL-17, are believed to be important in the
immune response against pathogenic microorganisms
including bacteria and fungi, as well as contributing
to the development of autoimmune diseases®. Th17
responses have been implicated in immunity against
fungi, suggesting that this type of response is required
for the protection of C. albicans®®®. Dectin-1 is
involved in the generation of the protective response
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of IL-17 on Aspergillus fumigatus pulmonary infection™.
Justas thereis also evidence that DC-SIGN receptors,
TLR2, and mannose receptor are involved in the
production and modulation of Th17 responses®!2
The inflammation present in these clinical pictures is
controlled by expansion, activation and recruitment
of regulatory Th cells, which can suppress neutrophil
activity. Regulation is an essential component in the
host response in infection and allergy to the fungus,
but could be inhibited by it. Also, germination of
conidia interferes with anti-inflammatory responses
and activity of T lymphocytes regulators®.

Phagocytosis in invasive aspergillosis

Polymorphonuclear neutrophils (PMN) are the
predominantimmune cells in the acute phase of most
fungal infections in different clinical situations and
are essential for the eradication of pathogens®*. The
role of PMN in the innate immune system is the
destruction of microorganisms, which is carried out
through oxidative and non-oxidative mechanisms™.

Oxidative mechanisms involve ROS generation
through the NADPH oxidase pathway, which pro-
duces superoxide and also through the MPO, which
catalyzes the conversion of hydrogen peroxide and
superoxide to hypochlorous acid and hydroxyl
radicals. The neutrophil granules contain cationic
peptides, which are part of the non-oxidative
mechanisms of microbial killing directly, plus they
produce awide variety of cytokines and chemokines®.

The phagocytes produce TNF-a in response to
different morphological structures of Aspergi/ius, but
production of I1.-12 is linked to the internalization
of the spores; whereas, I1.-4 and I1.-10 is produced
only by phagocytosis hyphae of the fungus™.

Cell wall composition of Aspergillus spp.
The cell wall of Aspergillus spp. is comprised
mainly of polysaccharides, which are divided into

two groups depending on their solubility in alkaline
solutions. The alkali-insoluble fraction, believed
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responsible for the rigidity of the cell wallis composed
of linear B-glucans and B-(1.3)/(1.4)-glucans, which
had notbeen described in any other fungus, as well as
GM, chitin, and B-(1,3)-glucans (BG) as major
components’”*. The BG are involved in pathogen-
associated molecular pattern (PAMP) recognition of
Aspergillus spp., stimulate and prolong PMN
adherence, as well as stimulate the respiratory burst
by these cells®.

The innate immune system does not respond to
the inactive or resting spores of _Aspergillus and
responses occur only when the spores are in the
process of germination®>*** because the remodeling
and expansion of the cell wall spores during
germination results in the exposure of PB-glucans
present in fungi*!.

Receptors

The main receptor involved in recognizing BG in
Aspergillus in myeloid cells is the receptor called
Dectin-1*%. There is evidence that TLRs and MR are
involvedin the production of inflammatory responses
against Aspergillus infection. Like TLRs that initiate
these responses®*, DC-SING also plays animportant
role in the Al to be essential for the initiation of the
adaptive response.

Toll-like receptors (TLR)

In PMN, TLRs are activated by different mecha-
nisms and play an important role in controlling the
functions of phagocytic cells in fungal infection.
TLRs involved in host defense against A. fumigatus
are TLR2, TLR4, and TLRY, which recognize
zymozano, mannans, and fungal DNA. Cleatrly, the
role of TLR2 and TLR4 in recognizing Aspergillus and
structures in triggering responses that cause the release
of proinflammatory cytokines® .

CD14, TLR2, TLR4, and the adapter protein
MyD88 play an important role in immune responses
of mouse peritoneal macrophages and human
monocytes, against different growth phases of A.
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Sfumigatns**. Signaling by TLR2 to produce TNF-4 is
predominantly on TLR4 in the development of a
response against Aspergillus infection*™. TLR2 plays
a greater role than TLR4 in the phagocytosis of A.
Sfumigatns®. The tresponse from TLR4 is effective
against germ spores of this fungus, but does not have
the ability to recognize hyphae; unlike TLR2, which
does notdecrease cytokine production in response to
different growth phases of Aspergillus in macro-
phages®. In the absence of TLR2 and MyD88
inflammatory cytokine production is not triggered;
however, TLR2 and MyD88 are not required for
phagocytosis and ROS production in response to
zymosan, given thatin the absence of these molecules
there is still release of ROS and phagocytosis of these
particles, suggesting mechanisms independent of
TLR2 and MyD88 in the production of ROS and
mediated phagocytosis®.

Dectin-1

Dectin-1 is a highly expressed receptor in various
populations of myeloid cells, particularly monocytes,
macrophages, neutrophils, and dendritic cells also
found in a population of T cells in which expression
is low, additionally, it is expressed in the B*
lymphocyte.

Dectin-1 receptors are the predominant PRR in
the recognition of a wide variety of ligands -1, 3 and
B-1, 6 glucan of fungi and plants****) which have
been implicated in the recognition and phagocytosis
of differentyeasts and filamentous fungi by using a f3-
dependent recognition glucans present in the cell
wall of these microorganisms>'.

The Dectin-1 receptor is required for defense
against_Aspergillus; the first evidence of the 7z vivo role
of Dectin-1receptors in the recognition of A. fumigatus
was reported in a study that assessed the production
of proinflimmatory cytokines after co-culture of
alveolar macrophages with A. fumigatus alive and
competitive carbohydrate monoclonal antibodies or
receptor blocking Dectin-1%.

The results were the reduction of inflammatory
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responses, especially the production of proinflam-
matory cytokines: TNF-a, IL-1a, I1L-1B, ILO6,
macrophage inflammatory protein 2 (MIP2),
macrophage inflammatory protein 1oo (MIP-1at), G-
CSF and GM-CSF, and decreased recruitment of
neutrophils”*’. These receptors are important in
alveolar macrophages in the induction of Th1-type
responses for host defense against optimal Aspergillus
infection. Th1 lymphocytes, when stimulated with
Aspergillus, produce ITFN-y?. It has been established
that PB-glucan recognition by Aspergillus receptor
Dectin-1 is an important cofactor triggering inflam-
matory responses via TLR2. In macrophages, the
cooperative role of Dectin-1 and TLR2 is required
for TNF-a production in response to the recognition
of fungal structures, and the first demonstration of
interaction between TLR and other PRR*.

Although Dectin-1 results in increased inflam-
matory responses produced by the recognition of
TLR2 in macrophages and dendritic cells mediated
by this recognition, the receiver is not capable of
producing these responses alone. The dectin-1 re-
ceptor can form phagosomes; this activity increases
in the presence of TLR2.

Alveolar macrophages lacking the expression of
any of these receptors are more susceptible to infection
by A. fumigatus, and the production of IL-1, TNF-a,
and MIP-1 is decreased resulting in an insufficient
recruitment of neutrophils in the lung and uncon-
trolled fungal growth™®. This is because the collabo-
ration of these receptors occurs by parallel activation
of Syk pathways and TLR /MyD88 Dectin-1, resulting
in the substantial degradation of IkB. Deficiency of
any of these proteins involves the abolition of
collaborative responses to the production of TNF-a.,
MIP-1, and MIP-2*,

Recent studies indicate that the cooperative role
of TLR and Dectin-1 is not restricted to TLR2, but
that there is also collaboration from TLR4, TLR5,
TLR7, and TLR9%%,
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DC-SING (Dendritic cell-specific ICAM-3-
grabbing nonintegrin)

DC-SING is a Type-II lecithin that functions as
adhesion receptor. This receiver has the ability to
interact with A. fumigatus spores, which like anti-DC-
SIGN are capable of inhibiting the binding of spores
to dendritic cells. The clinical relevance of this
interaction is emphasized by the presence of a DC-
SIGN receptor on lung dendritic cells and alveolar
macrophages®.

The binding and internalization of A. fumigatus
spores in dendritic cells is mediated by DC-SIGN
through recognition of cell wall polysaccharides like
the fungus. This receptor plays a critical role in the
capture of A. fumigatus spores by dendritic cells,
which is strengthened by its detection in alveolar
macrophages and further suggests that this
participation is done in the initial AT state>.

Mannose receptor (MR)

The MR is a receptor for endocytosis, which has
a wide range of endogenous ligands such as antigens
and microbial antigens, allowing participation in a
wide variety of cellular processes including pathogen
recognition and cell migration. Although this recep-
tor induces a variety of cellular responses, the
molecular mechanisms responsible for intracellular
signal transduction are not clear. The recognition of
fungi by this receptor could occur only after
internalization of the fungus and promotes the
production of cytokines such as TNF-a, GM-CSF,
I1.-12, 118, IL-6, and IL.-1B25%,

The MR stimulation with Candida spp. is capable
of inducing significant levels of IL.-17, with Dectin-
1 and TLR2 able to amplify these responses®*2.

The structure recognition of A. fumigatus by the
Dectin-1 receptor causes increased shedding of the
mannose receptor>*.
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Internalization

Phagocytosis of A. fumigatus spores by alveolar
macrophages depends primarily on the degree of
polymerization of actin at the site of contact
between the spore and the macrophage. IP-3K, an
indispensable element for the phagocytosis of these
spores, can be carried out. It also requires phago-
lysosome acidifi-cation to eliminate spores ingested
by the action of several ATPases, which accumulate
in the phagosomal membrane during phagolysosome
maturation®,

Respiratory burst

Phagocytes respond to different stimuli through a
phenomenon known as respiratory burst, which
depends on nicotinamide adenine dinucleotide
phosphate (NADPH) oxidase. After activation of
macrophages and neutrophils, the cytosolic
components of the NADPH oxidase system are
translocated to join the membrane components; the
enzyme complex catalyzes the production of
superoxide anion because it accepts electrons from
cytosolic NADPH and donates it to molecular oxygen
found in the phagocytic vacuole; thereby, producing
ROS. The activation of this enzyme complex is
regulated by the influx of calcium released from
cellular deposits through phosphotylation of PKC.

ROS are essential for the elimination of A. fumigatus
in alveolar macrophages and neutrophils!>®. The
lack of a functioning NADPH oxidase system in
optimal conditions allows the internalization of the
spores of this organism, but lacks the capacity to
eliminate them. It is further noted that the admi-
nistration of corticosteroids prevents the eradication
of Aspergillus spores by altering the mechanisms of
ROS production'?. The mechanism of ROS release is
dependent on Syk in macrophages®’; however, it
requires only partial recognition of structures by
receptor Dectin-1in macrophages and neutrophils®®.
In contrast to the NADPH oxidase, inducible nitric
oxide synthase (iNOS)'? and the MPO*’ do not play
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an important role in the elimination of A. fumigatus.
Conclusion

Opportunistic mycoses like Al are affections that
produce severe clinical damages in immuno-
compromised patients in whom the prognosis is
unfavorable. Currently, there is information about
the mechanisms of the immune system to deal with
these infections.

In the innate immune system, responses to Al
phagocytic cells, macrophages, neutrophils, and
denderitic cells are predominantly involved, and these
are the link between innate and adaptive immunity.
Phagocytic cells have mechanisms activated in
response to contact with Aspergilius. MR, DC-SIGN,
TLR2, and Dectin-1 receptors are essential in the
recognition of Aspergillus structures on the cell surface
of phagocytes.

Dectin-1 is required for the internalization of
fungus and production of ROS; it is necessary to
control_Aspergillus structures in the body. TLR2 triggers
the production of proinflammatory cytokines. These
cytokines promote the eradication of infection
through cell recruitment to the infection site and
activation of adaptive responses. Although the role
of Dectin-1 and TLR2 is essential in the response to
the Al, other receptors such as DC-SIGN and MR
play an important role in all of these receptors being
critical to the resolution of the infection. The funda-
mental problemin patients with Alis thattheimmune
system is compromised and the body’s own response
is poor; however, because phagocytic cells are the
first contact of the fungus with the host; these cells
constitute an attractive research area.

Understanding their roles and mechanisms could
be key to provide empowering strategies to modulate
the response of the host phagocytes and allow
resolving the infection.
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