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Mecanismos de defesa da imunidade inata

Barreiras

Camadas epiteliais

Evitam entrada do microorganismo

Defensinas

Morte do microorganismo

Linfdcitos intraepiteliais | Morte do microorganismo
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ESPECIFICIDADE DA INATA X ADAPTATIVA

Receptores

Distribuicao

Reconhecimento

Proprio x ndao Préprio

Tempo de agao

Resposta

Genoma fixo — ndo precisa de
rearranjo

Nao clonal

Padroes moleculares
conservados (LPS, mananas,
glicanas, etc)

Perfeito: evolucao

Ativacao imediata

Moléculas co-estimuladoras,
citocinas (IL-1 B, IL-6) e
quimiocinas (IL-8)

Rearranjo necessario

Clonal

Estrutura molecular (proteinas,
peptideos, carboidratos, etc)

Imperfeito: células somaticas

Ativacao tardia

Expansao clonal ou anergia, IL-2
e citocinas efetoras (IL-4, IFN-y)



TEMPO DE RESPOSTA

Imunidade inata Resposta precoce induzida Imunidade adaptativa
(imediata: 0-4 hs) (precoce: 4-96 hs) (tardia: > 96 hs)

Transporte do antigeno

Reconhecimento de para os orgaos linfoides
Reconhecimento por padrdes moleculares
efetores inespecificos associados aos micro
pre-formados organismos Reconhecimento pelas

células T e B virgens

Remocao do agente Inflamacao,
infeccioso recrutamento e ativacao Expansao clonal e
de células efetoras diferenciacdao em células

efetoras

Remocao do agente

. . Remocao do agente
infeccioso

infeccioso




Células do sistema imune inato

Célula

Macréfagos

Neutrofilos

Células dendriticas

Células NK

Eosindfilos

Basofilos

Mastocitos

Células ILCs

Fungdo Principal

Fagocitose, produgao de citocinas,
apresentacao de antigenos

Fagocitose e liberacdo de enzimas
antimicrobianas

Apresentacdo de antigenos, ativagdo de
linfocitos T

Destruicdo de células infectadas ou tumorais

Combate a parasitas e participacdo em
reacOes alérgicas

Mediagdo de respostas alérgicas e
inflamatdrias

Defesa contra parasitas e mediagdo da alergia

Producao de citocinas, regulagdo da resposta
imune e inflamatéria

Caracteristicas

Derivados de mondcitos; residentes nos
tecidos

Primeira célula a chegar na inflamacgao; vida
curta

Ponte entre imunidade inata e adaptativa

Reconhecem a auséncia de MHC [; liberam
perforinas e granzimas

Liberacdo de granulos toxicos; recrutados em
infeccGes helminticas

Liberacdo de histamina; circulam no sangue

Residem nos tecidos; liberam histamina,
heparina e citocinas

N3o possuem receptores especificos;
subdivididas em ILC1, ILC2 e ILC3



Reconhecimento da Imunidade Inata

 produzidos somente por patdégenos e nao pelo hospedeiro;

PAMPs | =
* invariaveis;
*Essencial para a sobrevivénvia do patégeno
Ex: LPS, acido lipoteicoico, etc
PRRs *Sensores da imunidade inata resultando na fagocitose, indugao da resposta

inflamatodria, e ativacao da resposta adaptativa

Ex: TLR, Lectinas do tipo C, etc

MO, DC, neutréfilos, células endoteliais e células epiteliais




Neutrophil

Dectin 1

Nature Reviews | Microbiology



PRRs: 4 familias

| TLRs - Toll-like receptors ‘
| CLRs - C-type lectin receptors J

NLRs — NOD (nucleotide binding and
oligomerization domain - like receptors)

RIG-1Retinoic acid-inducible gene 1-like receptors







Componentes Peptideoglicano, mananas, LPS flagelina
PAMPs bacterianos lipoproteinas, etc
Rece ptores TLR1/TLR2 TLR2 TLR4 TLR5

Recrutamento de proteinas adaptadoras

|

Recrutamento e ativacao de proteina kinase

v

Ativacao dos fatores de transcricao

|

Transcricao génica

|

*Expressao de citocinas inflamatérias (TNF, IL-1 e IL-12)
*Quimiocinas (IL-8, MCP-1, RANTES)

*Moléculas de adesao endotelial (E-selectinas)
*Moléculas coestimulatdrias (CD80 e CD86)

*Citocinas




Receptores tipo NOD (NLR) — grupo de proteinas envolvidas no reconhecimento padrao

intracelular

Dominio de ligacdo a Regidao C- terminal rica em — -
nucleotideos (NBD) leucinas (LRR) Dominio CARD N-terminal

* reconhecem patdgenos intracelulares

e recrutam moléculas efetoras (ex. Pro-caspases e kinases) — processamento de
citocinas e ativacao de NF-kB

*NODs est&o envolvidos na regulacdo da apoptose e processo inflamatério (caspase 1)

*Os dominios CARD de NOD1 e NOD2 associados com a proteina kinase RIP2 ativam NF-kB

*NOD1 e NOD2 ativam NF-kB em resposta ao LPS, através da ligacdo com os seus LRRs

Wagner, et al, 2009, Plos One
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can be detected remotely from the air
or from space. We acquired high-spatial-
resolution {1 m > 1 m}, multispectral images
from the air of two reefs in the lagoon of
Rangiroa Atoll, French Polynesia, by using a
compact spectrographic imager. We carried
out this imaging in November 1998 because
coral populations had suffered significant
martality after the extreme El Nifio/South-
ern Oscillation that ocourred in the austral
summer of 1997-98 (ref. 11). At the same

CLRs- Lectinas do tipo C
Dectin-1

plots of 25 m® each would need to be

20 equivalent-sized plats by video

on the reefs surveyed (that is, similar
sizes for field and remote methods).
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[ the immune system — stimulating
antitumour and antimicrobial activity, for
example — by binding to receptors on
macrophages and other white blood cells
and activating them. Although B-glucans
are known to bind to receptors, such as
complement receptor 3 (ref. 1), there is
evidence that another B-glucan receptor is
present on macrophages. Here we identify
this unknown receptor & dectin-1 {ref. 2),a
finding that provides new insights into the

R ———

o e st st Wiy OO prowa. Ty vl s v 2 weyst-cos s o i sy of roacs s o e e bkl cover
Conpart

Ot e -7 Y g

D, Rtk

) a mmepa 0

[Peue A ——

A% © 2001 Macmillan Magazines Lid

<

W
o

Volume 196, Issue 3
5 August 2002

innate immune t of B-glucans.
‘We screened a RAW264.7 complemen-

tary DNA retroviral expression llbmx

using the B-glucan-rich partide zymosan

NATURE | WOL 413 | & SEFTEMBEER 2001 | wyew.nsture.com
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and isolated a single receptor that bound to
zymosan. The DNA sequence identified the
receptor as dectin-1, a small (relative maol-
ecular mass about 28,000) type-11 mem-
brane receptor with an extracellolar C-type
lectin-like domain fold and a cytoplasmic
domain with an immunoreceptor tyrosine-
based activation motif®. In contrast to its
reported specificity for dendritic cells’, we
found that dectin-1 was expressed in every
macrophage population we examined and
in more tissues than was previousty report-
«ed, with the highest expression being in the
liver, lung and thymus (results not shown).

By assaying the ability of different carbo-
y to block the binding of o
Nm cells g:pmssmgdec%m md
dectin-1 to be a pattern-recognition recep-
tor that recognizes a variety of B-1,3-] llnh!d
and B-1,6-linked glocans from fungi and
plants (Fig. 13). Dectin-1 did not recognize
monosaccharides (data not shown) or
-m:hnh}drms with different linkages. Lam-
inarin and glocan phosphate, a :trucm.rs]v
defined, immunologically active B-glacan’
were the most effective inhibitors; both
bind to the P-glucan receptor on mono-
cytes and macrophages™. The ability of
dectin-1 transfectants to bind to zymosan
was tr;rpsln-éznmwe, a well-known feature
of the B-ghscan recep
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similar to those of natural-killer T-cell C-
E;apelecun domains, which lack the residues
t are involved in calcium coordination
and are required for carbohydrate binding
in classic Ca™-dependent C rI‘pe lectins™.
This is consistent with our finding that
binding of dectin-1 to rymosan is indepen-
dent of metal ions (resalis not shown).
Soluble, recombinant dectin-1 also stim-
ulates the proliferation of T lymphocytes®.
In a whole-cell binding assay, binding of
T cells to NIH3T3 cells expressing dectin-1
was not inhibited by B-ghucans (results not
shown). We conclude that dectin-1 has two
ligand-binding sites: one that recognizes

brief communications

«cytosis of this opportunistic pathogen.

A human homologue of dectin-1 (Gen-
Bank accession mumber, AYMO9090) is
similar to the murine receptor, except that
it lacks an extracellular stalk region and has
no sites for N-linked glycosylation. Binding
of zymosan and C, allicans by the human
receplor is also dependent on B-ghican
I:re-:uhs not shown), indicating that it may

the functional equivalent of dactin-1.
Ourldznnﬁmcm of dectin-1 as the elusive
meceptor for B-glocan resolves
a long-standing mystery and will open up
new opportunities to exploit the effects of
o

endogenous ligand on T cells’, and anothe}
for exngenous

The P-glucan receptor has also bees
implicated in the recognition and phagocy]
tosis of intact Saccharomyces cerevisias” ang
of the fungal pathogen Candida albicans'

‘Gordon D, Brown, Siamon Gordon
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Both of these organisms were bound to b
dectin-1 transductants in a B-ghican-depen-
dent manner (Fig. 1b), consistent with the
presence of B-1,3-linked and B 1.6-linked
ghicans within their cell walls™. Dectin-1

also mediates actin-dependent pl'ﬁgorrlusls
of zymosan, an activity that requires the
cytoplasmic tail of this receptor (results not
shown). Furthermore, C, albicns conidia
were internalized (Fig Ic), showing that
dectin-1 can mediate non-opsonic phago-
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o share v € Tools v

Zymosan is a p-glucan— and mannan-rich particle that is widely used as a cellular activator for examining the
effected by The receptor (MR) and complement receptor
3 (CR3) have h lly been lered the major lectins involved in the nonopsonic recognition of
these yeast-derived particles. Using specific carbohydrate inhibitors, we show that a B-glucan receptor, but not the
MR, is a predominant receptor involved in this process. Furthermore, nonopsonic zymosan binding was unaffected
by genetic CD11b deficiency or a blocking moneclonal antibody (mAb) against CR3, demonstrating that CR3 was
not the B-glucan receptor mediating this activity. To address the role of the recently described B-glucan receptor,
Dectin-1, we generated a novel anti-Dectin-1 mAb, 2A11. Using this mAb, we show here that Dectin-1 was almost
ble for the B-gl ! d of zymosan by primary macro-
phages. These findings define Dectin-1 as the leukocyte p-glucan receptor, first described over 50 years ago, and

resolves the long-standing controversy regarding the identity of this important melecule. Furthermore, these
results identify Dectin-1 as a new target for examining the immunomodulatory properties of B-glucans for
therapeutic drug design.
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CLRs- Lectinas do tipo C
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The Dectin-1 and Dectin-2 clusters: C-type lectin receptors with

fundamental roles in immunity
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CLRs- Lectinas do tipo C
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Monocytes/macrophages
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Resposta imunologica- Infeccao fungica

» ¢ Fungus or Vaccine-related antigen
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Adaptor molecules

Signaling pathways

Transcription factors:
(such as NF-kB, NF-AT, AP-1)

Phagocytosis Proinflammatory cytokines Chemokines Antiinflammatory cytokines T-reg proliferation

Current Opinion in Microbiology




Location

Soluble

Membrane

Intracellular

PRR

SP-A
SP-D
Galectin-3

TLR2

TLR4

Dectin-1

CR3

DC-SIGN
mannose receptor

CD14
?

MINCLE
Dectin-2
scavenger receptors

TLR9

PAMP(s)

mannan
mannan
B1,2-mannan

phospholipomannan
O-mannan
B-glucan
B-glucan, mannan
mannan
N-mannan
mannan

chitin

mannan

hyphal mannan
B-glucan

DNA
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DC-SIGN
Dectin-2
MBP
Mincle
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Fungal pathogen

PAMPs

Dectin-1 TLR2 TLR4

TRIF

<
o
= = o =
(=1 = ool
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=

CARDg9 @

Bcl10

MALT1 I R F3
Cytoplasm @

Nucleus T
IL-2, IL-10, Proinflammatory
IL-6, IL-23 Cytokines

Type 1

e.g. TNF-o, IL-1P
Interferon



Producdo de citocinas

pro-inflamatérias X anti-inflamatorias

(a) Blastospore

TLR4
Dectin-1

TLR2 +
receptor X?

Pro-inflammatory response:
* Leukocyte activation
* Increased superoxide production
* Enhanced fungal killing

(b) TLR2 +
receptor Y?
T
LR4 -
Dectin-1-—

Anti-inflammatory response:

* Inhibition of leukocyte activation

* Decreased superoxide production
* Reduced fungal killing

Current Opinion in Microbiclogy




=== Mannan @ N-acetylglucosamine
= Cell wall protein @ o-(1.3}mannose

B-(1.6)-glucan @ u-(1.2)-mannose
== [3-(1.3)-glucan © o-(16Fmannose
e Chitin © B-(1.2) mannose

< B-(14)-mannose
@ B-(16)-glucose
@ B-(1.3)-gluccse

A Candida albicans

Budding yeast

Nature Reviews | Microbiology

Vermelho: Manana

Amarelo: Glucana



Fungal pathogen

PAMPs

Dectin-1 @LRQ %TLFM

CARDS @ / \

Bel10

MALTA I R F3
Cytoplasm @

Nucleus T
IL-2, IL-10, Proinflammatory
IL-6, IL-23 Cytokines

Type 1

e.g. TNF-o, IL-1j3
Interferon

Candidiase cronica
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Aspergillus

GAG

Rodlet e Melanin

B-glucans === Chitin

Innate immune defense against the different phenotypes of Aspergillus fumigatus.

® O C= O—

resting swollen germling hyphae
Recognition DC-SIGN? Dectin-1 Dectin-1 Dectin-1
TLR2 TLR2 TLR2
TLR4 TLR4 TLR4
DC-SIGN
Phagocytosis AM AM
PMN PMN
EC
Intracellular killing AM
PMN
EC?
Extracellular killing PMN PMN

AM, alveolar macrophage; PMN, polymorphonuclear neutrophil; EC, epithelial cell; TLR, Toll-like receptor.



Aspergillus




Importancia das moléculas
adaptadoras

Fungi C. albicans C. albicans C. albicans C. albicans C. albicans C. albicans C. albicans
P. carinii P. brasiliensis Malassezia sp. C.neoformans A. fumigatus A. fumigatus
A. fumigatus H. capsulatum F. pedrosoi P. carinii P. brasiliensis C. neoformans
C. neoformans
M. audouinii
T. rubrum
:::ng;sl B-glucan/zymosan B-glucan a-mannan a-mannose ;earrr;igi Phospholipomannan O-linked mannan
PRRs Dectin-1/TLR Dectin-1 Dectin-2 Mincle TLR2 TLR4
Membrane & + m %? W
Adaptors -O! MALLJ |MyD88 MyD88 { TRIF
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| i / \ \
v N\ w v ¥ | 1
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Wiithrich M, et al. 2012.
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Deep Dermatophytosis and Inherited CARD9 Deficiency
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Relembrando.....

v' PAMPs (Padrdes Moleculares Associados a Patogenos)

v A parede celular fungica contém PAMPs, como:
* B-glucanas (B-1,3-glucana e B-1,6-glucana)
* Mananas e manoproteinas

* Quitina

v’ Esses PAMPs s3o detectados por receptores de reconhecimento padrido (PRRs)
em células do sistema imune inato.

PAMP fuangico

B-glucanas

Mananas

Quitina

Diversos PAMPs

PRR (Receptor do
hospedeiro)

Dectin-1, CR3

Dectin-2, DC-SIGN, MMR

Receptores menos
definidos (NOD2, TLRs)

TLR2, TLR4

Células envolvidas

Macrofagos, células
dendriticas

Macrofagos, células
dendriticas

Macrofagos, eosinofilos

Macrofagos, neutrofilos,
DCs



Consequéncias do reconhecimento:

*Ativacao de vias de sinalizagao intracelular (como NF-«B)
*Producao de citocinas pré-inflamatorias (ex: TNF-a, IL-18, IL-6)
*Recrutamento de outras células do sistema imune

*Ativacao de respostas antiflingicas, como:

Fagocitose

Producao de espécies reativas de oxigénio (ROS)
Formacao de NETs (neutrofilos)

Ativacao da resposta imune adaptativa

Resumo:

A parede celular dos fungos é essencial para a detec¢cao pelo sistema imune
inato, funcionando como uma "assinatura" microbiana. Sua composicao rica em
carboidratos complexos ¢ fundamental para a ativacdo de receptores
imunoldégicos e para o desencadeamento de uma resposta eficiente contra
infeccdes fungicas.
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Controle da infeccao
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