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Reconhecimento
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PADROES MOLECULARES ANTIGENOS

(PAMPs, DAMPs) ESPECIFICOS



PAMPs & DAMPs

PAMPs

Moleculas ou porgoes de moleculas do
microrganismo que nao existem no hospedeiro.
Essenciais para sobrevida ou patogenicidade

Toxinas
DNA O
RNA—FH——
CpG nao G
metiladas
dsRNA O (’
. . Flagelo
Superficie Flagelina

Lipopolisacarideo (LPS)
Peptidoglicano (PG)

Acido Lipoteicoico (LTA)

Mannosio terminal nas glicoproteinas
Proteinas do envelope viral

Zymosan (fungo)

Profilina (T gonodii)

DAMPs

Moleculas do hospedeiro (endogenas) produzidas
por celulas danificadas/mortas ou produtos de
degradacao de proteinas (celular ou extracelular)
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DNA/RNA Heparansolfato
Acido urico Hialuronano
HMGB1

HSP

Metabolic intermediates
High Cholesterol

High Glucose

R-amiloid



PAMPs & DAMPs

O microbo carrega multiplos PAMPs

Yeast Cell Wall
(a) Gram negative bacteria Cell wall organization
E. coli

Lipopolysaccharide
(endotoxin)

= Mannoprotein

'1 T p-Glucan
‘:—ﬁ-Glu-:ar + Chitin
' |—Mannoprotein

4 E1RieRT |
aly |[—Membrane

(b) Gram positive bactena
S. aureus _—— Spikes
/ (for attaching
to specific cell
surfaces)

DNA or RNA)
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Pode gerar dano (DAMPs)
(Exclusivo de organismos patogenicos!)



PAMPs & DAMPs
O dano/stress pode gerar multiplos DAMPs
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VAMPs: venenom-associated molecular patterns
ACAMPs: apoptotic cells molecular patterns (fosfatidiiserina, anexina)



Reconhecimento

Infeccao < Dano tecidual

Patogeno (esteril)

N\

Dano tecidual

J J

PAMPs DAMPs DAMPs

Sistema imune inato = “orgao de percepcao”

Reconhecimento feito por quase todas as celulas somaticas

Receptores de reconhecimento de
padroes: PRRs




Associados a
membranas

Citoplasmaticos

Soluveis/Secretados (“tag”)

Ativacao do sistema imune inato

Opsonizagao

Ativacao complemento

Fagocitose

Mediadores inflamatorios

IFNs

Morte da célula infectada/danificada



PRRs

Associados a
membranas

Citoplasmaticos

Soluveis/Secretados (“tag”)

— Associados a membrana
Toll-like receptors (TLRS)
Receptores de carboidratos (CLRS)

Celulares — Receptores Scavanger
TKRs (plantas)

__Citoplasmaticos

Receptores com dominios NBD and LRR (NLRs)
Sensores de DNA

RIG-I like receptors (RLRs)

Secretados (PRMS) por figado (cel.imunes)

- S. Complemento
- Collectinas, ficolinas e pentraxinas



PRRs associados a membranas

Fagocitose
PRR

Mannose receptor
Scavanger Receptor
_______________________________________ Via de sinalizacao intracelular
PRR o Trascrigao geni de defesa
irec‘ggec’me”to indireto - NF-kB: citocinas, quimiocinas, AMPs
FcR - IRFs: interferon tipo |

PRR
TLRs



Receptores de fagocitose

Os macréfagos possuem receptores fagociticos
que ligam micrébios e seus componentes

Receptor do

Receptor de
dcomplemento

manose

1 Receptor
de AC

Dectina-1
feceptor ) Receplor de Receptor
glicano-B) varredura  Scavanger
Receptor de
mancse
O
G0 Receptores de varredura

(SR-A I, MARCO)
2

_________________________________________

Receptor de Manose
- Receptores Scavenger:

EReconhecimento indireto
- CR |



Receptores de fagocitose

Receptor de mano

G. Mannose Receptor

H. CLEC54 I Langerin

F. DC-SIGN(R)

o/

Intracellular

L
CRD: o crD: @ cro:@ crD:@ crp: Q)

L. Calnexin M. ERGIC-53
Cytoplasm

ER lumen

v Fagocitose

J. CI-MPR

Internalization

K. CD-MPR

crD: O

Extracellular

motif

SP-D CTLD

MBL CTLD
MR_CTLD4
Langerin CTLD
DC-SIGN CTLD
DC-SIGNR_CTLD
SP-A1 CTLD
Aggrecan CTLD
Neurocan CTLD
Versican CTLD
ASCPR-H1 CTLD
SRCL_CTLD
Endo180 CTLD1
Tetranectin CTLD

Fnll R-type
CRD

C-type CRDs

VYSNWAPGEPNDDGGSEDCV—- 20
TYTNWNEGEPNNAGSDEDCV—- 20
SYENWAYGEPNNYQNVEYCG— 20
SVRFWIPGEPNNAGNNEHCG—- 20
FKQYWNRGEPNNVGE-EDCAE 20
FQRYWNSGEPNNSGN-EDCAE 20
NYTNWYRGEPAGRGK-EQCVE 20
QFENWRPN-—QPDNF-FAAGEDC 20
QFENWREN-—QPDNF-FAGGEDC 20
QYENWRPN-—QPDSF-FSAGEDC 20
GFKNWRPE-——QPDDW-YGHGLGG 20
DYKNWKAG—QPDNWGHGHGPG—- 20
KYLNWESD——QPDNP-SEENCGV 20
——NWETEITAQPDGG-KTENCAV 20



Receptores de fagocitose
Receptores Scavanger

PAMPs: LPS, acido
lipoteicoico, acidos
nucleicos, 3-glucanas e
proteinas.

DAMPs: LDL, HDL
SREC-I/

‘ T }T SREC-|I
NI AVAURD N0 NARALNRRER=]=dnnnp!n

N

SR-PSOX/
CXCL16

Class E Class F Class G

Endosome

Class D



Reconhecimento indireto

Receptores para complemento (CR)

 Fagocitose
 Desgranulacao
* Pro-inflamacao

Opsonization

Macrophage

CR1



Reconhecimento indireto

Receptores para Fc dos AC (FcR)

- Fagocitose (muito aumentada na presenca de AC!)
- Desgranulacao

FceRI
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Regiao Fc do anticorpo
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Receptor para Fc

IgM, 1gG, IgA, IgE

D
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Receptores semelhantes a Toll (TLRs)

Bacterial  Bacterial ; . Bacterial : Bacterial Di h het

lipopeptides | peptidoglycan: LPS | flagellin | lipopeptides - Dimeros (homo ou he ero?

TLRI:TLR2 | TLR2 TLR5 TLR2 TLR6 - Membrana celular (bacteria
| 7 & : PAMPSs)

- Endosomes (viral PAMPs)

Blaers TLR structure

membrane | || eucine rich
repeat motifs—

7' dsRNA . SSRNA ' ssRNA :CpG DNA o Cysteine rich
: : : naosome i i
TLR3 | TLR7 | TLR8 | TLR9 flanking motif__

TIR domain —




TLRs

Reconhecimento imune inato pelos TLRs de mamiferos

Receptor TCR Ligante Distrbuicdo celular
) Lpomananos (micobacténas)

Heterodimero TLR-1:TLR-2 Lipoproteinas (lipopeptideos diacil; lipopepticeos triaci)
Acidos lipoteicoicos (bactérias gram-posifvas) Mondditos, células dendriticas, masticitos, eosindfilos, baséfios
B-glicanos ce parede celular (actérias e fungos)

Heterodimero TLR-2TLR-6 7i (urgos)

TLR-3 dsRNA (virws) Céluas NK

TLR-4 (mais MD-2 e CD14) 'ﬁsﬁ‘mmm' maﬂ&;sa;)m positvas) Macrotagos, células dendriticas, mastocios, eosindiilos

TLR-S Flagelina (bactérias) Epitélio intestinal

TLR-7 ssRANA (virus) pDCs, céluas NK, eosindfilos, céluas B

TLR-8 ssANA (virus) Céluas NK

TLR-9 DNA com CpG ndo metilaco (bactérias e herpes-virus) pDCs, eosindfilos, células B, basdfilos

TLR-10 Descorhecido pDCs, eosindfilos, células B, baséfilos

’ Profilina e proteinas semelhantes a profilina Macréfagos, células dendriticas, células epitelais do
TLR-11 {somene em camundongos) | | (7o,vasma gond, bactrias uropatogénicas) figado, dos rins e da bexiga




Dimerizacao
TIR
domain
& Death
domain
Adapter Sinalizagao
protein
Myd88,TRIF
NF-kB IRFs
Expressao genica
Expression of inflammatory genes: Expression of type 1
-Cytokines (TNF, IL-1, IL-6) :
Chemokines (MCP-1, IL-8, others) intederon PN c.8) genes
-Endothelial adhesion molecules
(E-selectin) -
-Costimulatory molecules (CD80, CD86) | Secretion of type 1 IFNs |
\/ \ Genes pro-inflamatorios Interferon
-Acute inflammation

|Antivira| state '

-Stimulation of
adaptive immunity

de tipo |



Filogenia dos TLRs

TIRs ’
¥ SARMiL " TIR Ectd | SARM1
My‘088 { y‘osg_/ yD8

IRAK1 IRAK4 IRAK1 |RAK4 IRAK1 IRAK4

N b ) b )
TRAF6 TRAF6 TRAF6 TRAF6

"4 ) /

TAB1 TAB2 TAB1 TAB2 TAB2 Tak1 TAB1 TAB2 TAB1 TAB2
TAK1 TAK1 TAK1 TAK1

/ } i i

IKK IKKs IKK IKK

} ¢ }

NF!KB NFt{B é ‘ NFt{B _

A. queensiandica N. vectensis C. elegans D. melanogaoster 8. floridae pola
. - : X. tropicalis
S. domuncule H. magnipapillata C. briggsae i cordes

Poriferans Cnidarians Nematodes Arthropods Deuterostomata Vertebrates

NF-kB duplication
kB duplication

TLR duplication TRIF
TRAM Early metazoa

NF-kB duplication @ siateria
TLR duplication @) Chordates
MAL ‘ Vertebrates

IKK duplication

. Gene duplication
* N. vectensis only




PRRs citoplasmaticos

PRR
- NLRs

- NF-kB: citocinas, quimiocinas, AMPs
- IRFs: interferon tipo |
PRR

- NLRs
- ALRs



Receptores com NBD e LRR (NLRs)

NLRA

29 geneS em humanos subfamily CIITA A P/S/T | NBD LRR
Citoplasmaticos
NBD e LRR comuns NLRB
N-terminal especifico subfamily A" il Sl i
PYD pyrinico (NLRP) NLRP1 LRR FIIND g CARD
CARD recrutamento
caspase (NLRC) NLRP NERF2-9

subfamily  NLRP11-14

NLRP1,
NLRs montam NLRP3 — FHD =
inflamassomas: NLRC4,  MACS
NLRP1, NLRP3, NOD1. NOD2 N-RCS NBD LRR
NLRC4 NLRXT
NLRs attivam NF-kB: NLRC/X  ipcq )
NOD1, NOD2 subfamily NOD1

NOD2 CARD CARD

R proteins D NB-ARC g2 LRR

Tuncer, 2014



Receptores com NBD e LRR (NLRs)

iE-DAP PAMP? (MDP?)
(PGN) flagelina ER stress

PAMPs
DAMPs

Bacteria
Viruses
Fungi
Efluxo K+, Protozoa
ROS Toxins
Roptura DNA, RNA
lisossomas Enviromental DAMPs:
silica, asbestos, alum
ég Endogenous DAMPs:
ATP, uric acid, B-amyloid,

‘ ’( ' cholesterol crystal,

saturated fatty acid

proIL-IB/—\ prollL- 1B/\/

prolL-18 IL-1B prolL-18

NF-xB activation




Filogenia dos NLRs

eubacteria

archaebacteria

protists

Bos taurus
fungi Canis familiaris
Ciona intestinalis
Homo sapiens
metazoans Mus musculus
Strongylocentrotus purpuratus

- ~1.5Ga « o chlorophytes Chlamydomonas reinhardrii

Physcomitrella patens
Marchantia polymorpha

b ~600 Ma « bryophytes

Iycophytes Selaginella moellendorffii

ferns

O I Cycas revoluta
~ASOMa sie s oo n s f
[ ~ gymnosperms %‘]m (be) Pinus monti

b ~350Ma ¢ 4 b 0 000 a e basal angiosperms

O @ Amborella richopoda
? Nuphar advena

magnoliids CEED (Z, Persea americana

Hordeum vulgare
A Oryza sativa

CC. BED, PK o Sorghum bicolor
Zea mays

green plants
land plants
flowering

monocots

: Ol
eudicots Dt e

Aquilegia coerulea
Arabidopsis lyrata
Arabidopsis thaliana
Beta vulgaris
£33 NB-ARC < non-TIR Lotus japonicus Brachypodium dystachyon
Medicago truncatula Brassica rapa
EB NACHT © TIR Nicotiana benthamiana Carica papaya
Populus trichocarpa Cucumis sativus
Solanum tuberosum Glycine max

Vitis vinifera Lactuca sativa

D LRR * Fusion event between
<> CARD,PYR, the NB-ARC/NACHT
BIRs or others and the LRR domain




Filogenia dos NLRs

D08 S0 Ut S1 7993 10 MEpOL S0SD ,




Reconhecimento

fagocito O fagocito carrega multiplos
Receptores

.‘\.\-\' ...................

i

et

Staphylococcus aureus

O microbo carrega multiplos
PAMPs




Reconhecimento por neutrofilo

C5a, C3bi or
Complement complement
CRS receplors op,onized particles FCRS
e.g. C5aR, CR1 B aacacy Para IgG
Ceplors
Para G3b, C3a, Coa 6 e.g. FcyRI, FcyRIIA,
_4'_4' 3 FqﬂlllB Antibody or
5 N antibogy-
OO%?\ / : \/("\\ opsonized ]
NA 1 8) \ “pances  Fagocitose
.‘ " | Desgranulacao

Toll-like receptors \ 0 Qo0 % NETS
eq.TLR1,2,4,9 O = D
PRRs \\/\/L@ - “'..",.."'
TLRs, NLRS =2+ j /" =% _
Aid N mediadores

Pathogen products | AN
e.q. LPS  Sa,




Reconhecimento por eosinofilo

'Chemoattractant’
receptors PAR1 or

PAR2 CD80or

CDs6

® class |l

sombrero {
vesicles

FcRs
Ea reeptors Para IgG, IgE,
o 1A

dhesion
:ceptors

Desgranulacao

c R s A Eoszinophil

PRRs

TLRs, NLRs




Reconhecimento por mastocitos

PRRs FcRs CRs
TLRs, NLRs para IgG, IgE C3b, C4b, C3a, C5a
a Direct interactions b Fc-receptor-mediated activation c Complement-receptor-mediated activation

B-call superantigen
(4_" _C'".‘f,-'-~ .~

N
v a =
4 VD

/0?5\

ool O
LTC, ~i5y &,/ o
—¢- 3-'~’1'..KQQ/OO
TN F ...0.000. :..-
-6 ** Q
GM-CSF o' Proteases
CXCLS Histamine

‘ Desgranulacao



Reconhecimento por monocitos/Mo

Monocyte
_ ' = o TLR4
Dectin1 ¢ % PRRs
£ ' TLRs, NLRs
; S TIR
MR St .
| SER TLRG
\ ® /
PRRs TLR9 Macrophage
Receptor para g T TLR2 % TLR6G
Manose, Scavanger _ % "
Dectin 2 W3¢ N . Dectin |

3

¢ | &
] . : .:.._-._j o a0 c_:
Fagocitose Galectin 3 Y N X MR
ﬁ~ “" --_.'
TIRAW 5 &\ cRr3
:CYQ
CRs

FcRs C3b, C3a, C5a
Para IgG

mediadores



Moleculas induzidas pelos PRRs

088,08 ,98) ¢ .
Clrcukation
Distant cell

Nearby cell

Acao anti-microbicida
direta

|\

— antimicrobicida

PRRs = citocinas

__ quimiocinas

Inflamacao ‘-)




Moleculas induzidas pelos PRRs

citocinas

IL-6

TNF

GM-CSF

Produtor
Monocytes,
macrophages,
dendritic cells, NK
cells, epithelial cells,
vascular endothelial
cells

Monocytes,
macrophages,
dendnitic cells, mast
cells, NK cells,
epithelial cells

Macrophages,
vascular endothelial
cells

Alvo
Lymphocytes

Bone marrow

Vascular endothelium

Liver
Hypothalamus

Macrophages
Vascular endothelium

Liver
Hypothalamus

Tumors

Bone marrow

Acao

Regulates activity

Promotes hematopoiesis

— neutrophils

Activates; increases vascular
permeability

Induces acute-phase response
Fever

Activates

Activates, increases vascular
permeability, fluid loss, local blood
clotting

Induces acute-phase response
Fever

Cytotoxic for many tumor cells

Stimulates hematopoiesis — myeloid
cells



Moleculas induzidas pelos PRRs

citocinas

IL-108

IL12, IL-18

quimiocinas

IL-8/CXCL-8

Produtor
Monocytes,
macrophages,
dendritic cells,
keratinocytes,
epithelial cells,
vascular endothelial
cells

Monocytes,

macrophages,
dendritic cells

Produtor

Macrophages,
dendrnitic cells,
vascular endothelial
cells

Alvo
Lymphocytes

Bone marrow
Vascular endothelium

Liver
Hypothalamus

Naive CD4 T cells

Naive CD8T cells, NK

cells

Alvo
Neutrophils, basophils,

immature dendritic cells,

T cells

Acao

Enhances activity

Promotes neutrophil production
Activates; increases vascular
permeability

Induces acute-phase response
Fever

Induce T, 1 phenotype, IFN-y
production
Activate

Acao

Chemoattracts cells to infection site



Moleculas induzidas pelos PRRs

antimicrobial Produtor

Defensinas

Catelicidina

IFN-a, -B

INOS
COX2

Epithelia (eg.,
oro/nasal,
respiratory,
intestinal,
reproductive tracts;
skin keratinocytes,
kidney); NK cells

Virus-infected cells,

macrophages,
dendrnitic cells, NK
cells

Phagocytes, epithelia

Phagocytes, mast cells

Alvo

Pathogens

Monocytes, immature
dendritic cells,

T cells

Mast cells

Virus-infected cells
NK cells
Macrophages, T cells

Pathogens

Leukocytes, endothelial cells
Epithelial cells

Acao

Inhibit, kill

Chemoattractant; activate cytokine
production

Activate degranulation

Inhibit virus replication
Activate
Regulate activity

NO production, killing
Converting arachidonic
acid into prostaglandins
(inflammation)



Acao anti-viral dos IFN tipo I

/B




Reconhecimento por celulas NK

Lise celula alvo

Secrecao
IFN-y, TNF

Rec )\f \
inibidores
. Rec

FcR ativadores

Receptores de celulas danificadas/infectadas
- Inibidores reconhecem ligandos nas celulas saudaveis

* Rec Inib para MHC-I
- Ativadores reconhecem ligandos nas celulas danificadas/infectadas

- FcyR ligam AC (ADCC)




Reconhecimento por celulas NK

a Healthy cells No lysis

MHC

class|

Stimulatory

CD16' Antibody

antiagens



Moleculas induzidas pelos NK R

citocinas

TNF

IFN-Y

Produtor

Monocytes,

macrophages,
dendritic cells, mast
cells, NK cells,

epithelial cells

NK cells,
T lymphocytes

Moleculas liticas

perforina

granzima

NK cells,
T CD8+ lymphocytes

NK cells,
T CD8+ lymphocytes

Alvo

Macrophages
Vascular endothelium

Liver
Hypothalamus

Tumors

Mga, NK cells,
B lymphocytes

Celulas danificadas,
Infectadas, tumorais

Celulas danificadas,
Infectadas, tumorais

Acao

Activates
Activates, increases vascular

permeability, fluid loss, local blood
clotting
Induces acute-phase response

Fever

Cytotaxic for many tumor cells

Activate Mg and increase killing activity

Increase NK activity, modulate AC

production by B lymphocytes

Pore formation in plasma membranes

Inducao de apoptose



Acao litica de perforina/granzimas

granulos : NK

citotoxicos ‘. ‘
PERFORINA VA Y
N
7\\
| \’) GRANZIMAS

s 0 granzima
o
0% F
\ Granzyme B exits
& 7 / . vesicle in perforin-
/ 3 Bld dependent process
/ , perforin pore / L
9 5 ’ : / Mitochondria
/ inactive globular /
form of perforin
s l Released

perforina

’ @ cytochrome ¢

Pro-caspase-3 |

— 7?@

Caspase-3

0)0,0.0.0,0.0° e
. : Apal-1
Nt (active) pat
............................ /N O
Apoptosis Active Procaspase-9
| membrane st ™ substrates apoptotic
effectors

l

Apoptosis



