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O que o Sistema Imune reconhece?

=>» Microrganismos

=>»Parasitas

=> Fungos

=>» Estruturas préprias alteradas

=> Estruturas constitutivas

= Substancias de animais, plantas e insetos
= Componentes de alimentos

(' suppression )

Exa Rl

Immuniu . Tolerance




Infectious agent(s)

Schistosoma spp. Aspergillus spp.
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SISTEMA IMUNOLOGICO

"RESPOSTA IMUNE INATA (INESPECIFICA) A
Barreiras piologicas
Inflarnagio - mecanismo indutor

\\:L\USéf 1ICia de MEeMONIa tow work propse “memirio dos mosroiges -splsendicn) -

RESPOSTA IMUNE ADAPTATIVA (ESPECIFICA)

Inflamagao - mecanismo efetor
Geracao de memoria




Elementos da resposta imune inata

BARREIRAS CONSTITUTIVAS

Protecao Fisica ou Bioquimica

Respiratory tract

1.
2.
3.
<.

Mucus

Ciliated epithelium
Antibody
Phagocytosis

Digestive tract

. Stomach acidity

. Normal flora

. Intestine-Alkaline pH
. Mechanical flushing

Enzymes
¢g. Lysozyme

. Bacrerioccins [colon}

Eves
1. Washing by tears
2. Lysozyme

Skin

1. Anawomic barrier;
sweat, sebum

2. Antimicrobial
secretions; lactic
acid, free fatly acids

3. Low pH (GS)

4. Commensal microbes

Genitourinary tract
1. Washing by urine
2. Acidity of urine
3. Lysozyme

4, Vaginal lactic acid



O Sistema Complemento € um dos primeiros elementos da resposta
imune inata, que interage com os patéogenos que passam as barreiras
constitutivas. Sua ativacao gera fragmentos importantes para
mecanismos de defesa (mecanismos efetores)

CLASSICAL PATHWAY

Antigen: antibody complex

Lectin binding to pathogen
surfaces -

Pathogen surfaces
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Outros Fatores Soluveis da Imunidade Inata que
interagem com os patogenos

Digere peptidoglicanas e

Lisosima e , .-
facilita lise osmoética

Opsonizacao e Ativacao

Proteina ligante de manose do Complemento

(PRRs)
Liga-se a carboidratos e
Proteina C reativa lipideos de bactérias,
opsonizando-as
Liga-se ao LPS e depois
ao CD14 das células:
fagocitos e ativacao

Proteina ligante do LPS
(LBP)




Células do sistema imune residentes nos parénquimas sao as
primeiras a interagirem com os patdgenos. Os macrofagos sao as
principais e estao em diferentes tecidos onde recebem nomes

Sistema

diversos

Reticuloendotelial ou
Mononuclear
Fagocitario:
principais
componentes

Mondcito no

Profa. Dra. Rita Mousinho Ribeiro

Microglia no cérebro
Macrofagos de serosas do
coracao (pericardio), pulmoes
(pleura) e intestino
(periténio)

Macrofagos dos
alvéolos pulmonares

Macrofagos de
Kupfer no figado

Macréfagos dos seios
esplénicos

Macréfagos da medula
ossea

Macréfagos dos linfonodos

Células de Langerhans
da pele



Células do sistema imune residentes nos
parénquimas sao as primeiras a interagirem com os
patogenos. Os macrofagos sao as principais

Microghial cells (CNS)
@ O Kupfler cells (iver)
Differentiation Alveolar
Blood

“+Tinos de macrofagos

Alveolares Bone

macrophages (lung)
Osteoclasts (bone)

Tissue .
marrow |==» =P Activated
stemcell| monocyte] " {macrophage N macrophage

Residentes " - “so /! .
Osteoclastos . L
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Os Patdgenos ou substancias estranhas que ultrapassam as
barreiras constitutivas sao reconhecidos por células residentes
via interagcao PAMPS/VAMPs e PRRs.

Também podem ativar o sistema do complemento.

Viruses Parasites Fungi Bacteria
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Células Dendriticas Linfocitos
Intraepiteliais

Mastécitos Macrofagos




PAMP’s Recognition
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As células do sistema imune reconhecem moléculas do
patégeno (PAMPs) via diferentes receptores presentes na sua
superficie (PRRs)

PAMPs
Pathogen-Associated Molecular Pattern

(Moléculas Padroes Associados aos Patégenos)

PAMPs
(patdégenos)

fﬁ

PRRs
Receptores das Células do
Sistema Imune

Pattern Recognition Receptors
Receptores para Reconhecimento das Moléculas Padrdes
(dos Patégenos)



Na resposta imune inata, 0s patogenos, peconhas, venenos e
produtos de células séo reconhecidos por Células Residentes e
Inflamatdrias que se tornam ativadas

Viruses Parasites Fungi Bacteria

# v

PAMPs %_3/ (%) :E:F DAMPs )

[ Microorganisms ] Heparan Sulfate

PrRe &
e TLRs

Signalosome Pathway Inflammasome Pathway
NF-xB Cap:ssz1 &5

l NALP18.3
Host-derived a 0o © o - >

mediators

Hyaluronic acid

Fibrinogen
Biglycan
Surfactant A
HMGB-1
RLHs

NOD-LRRs

Inflammation

Source: Cnt Care Med © 2009 Lippincott Williams & Wilkins



Varios receptores podem estar envolvidos no reconhecimento de um mesmo
microrganismos, e a maioria leva a ativagao celular

TLRs possuem dominios intracitoplasmaticos que recrutam
Moléculas adaptadoras como MyD88, TRIF, TIRAP e TRAM que
fazem sinalizagéo intracelular e induzem expresséo génica

PAMPs ao se ligarem aos PPRs: induzem as
células a produzirem

mediadores da Inflamacgéo, citocinas,
quimiocinas, mediadores lipidicos que
ativam a resposta imune
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Os PAMPs/VAMPS dos patogenos/venenos, apés ligagéo aos PRRs das
DC/Mos estimulam a fagocitose do patégeno, a producéo de mediadores e 0
aumento da expresséo de Moléculas do MHC e as co-estimulatérias

Pathogen or pathogenic Carbohydrate structure on
component (‘)— pathogen or self protein
{2\

b Y L%We/ |

T Co-stimulatory and
adhesion molecules

Internalization and
antigen presentation

T Cytokine production

Nature Reviews | Immunology



Fagocitose

Dynamic membrane
interactions at the
cell surface assess

physical identity

Receptor
interactions at the
cell surface assess
chemical identity

Signalling is facilitated
by membrane receptor

recruitment to the ! Signalling affects
forming phgo | /X phagosome handling

Initial signalllng i
fromthecell |-
surface !

Signalling is
regulated by
phagosome
maturation

MHC

jand viceversa) class Il
Antigen
Signalling is facilitated by gresentanen
target degradation and the Peptide
emergence of new ligands

Recruitment
and activation
of other cells

Nature Reviews | Immunology



PAMPs ativam células que aumentam a atividade
“killing” e a secregédo de mediadores

Microbe %
Chemokines Lipid
N-formylmethiony! OGRS U
peptides \ C/ CD14—
& -
Seven o-helical I:g:g:‘:r
— transmembrane Mannose
Recognition receptors | receptor
of microbes, ‘
mediators
w *.J 7 I""‘f
v | | Z/ \‘
Cellular Increased integrin Production of cytokines; Phagocytosis
avidity; cytoskeletal reactive oxygen of microbe into
response changes intermediates (ROIs) | _ phagosome
T"v/ *'\'v"” t"-."?
Functional Migration Killing of Killing of
outcomes into tissues microbes microbes

© Elsevier 2005. Abbas & Lichtman: Cellular and Molecular Immunology 5e www.studentconsult.com



Macrofago possui varios mecanismos para matar
os patogenos

Class of mechanism Specific products

Acidification pH=~3.5-4.0, bacteriostatic or bactericidal

Toxic oxygen-derived Superoxide O,”, hydrogen peroxide H,0,, singlet oxygen '0,’
products hydroxyl radical ‘OH, hypohalite OCI-

Toxic nitrogen oxides Nitric oxide NO

Antimicrobial peptides Defensins and cationic proteins

Lysozyme—dissolves cell walls of some Gram-positive bacteria.

Enzymes Acid hydrolases—further digest bacteria

Competitors Lactoferrin (binds Fe) and vitamin B,,-binding protein

Figure 2-9 Immunobiology, 7ed. (© Garland Science 2008)



Macrofago liberam diferentes citocinas

Cytokines secreted by macrophages and dendritic cells
Cytokine | Main producer| Acts upon Effect
L1 Macrophages Lymphocytes ||| Enhances responses
Raratincocytes Liver Induces acute-phase protein secretion
- Macrophages Lymphocytes ||| Enhances responses
Dendritic cells Liver Induces acute-phase protein secretion
CXCL8 Macropl:nages Phagocytes Chemoattractant for neutrophils
(IL-8) Dendritic cells
Macrophages . Diverts immune response to T,1,
L Dendritic cells Naive T cells pro-inflammatory, cytokine secretion
Induces changes in vascular
INE Macrophages ||| Vascular endothelium (expression of
= Dendritic cells||| endothelium ||| cell-adhesion molecules (E- and
P-selectin), changes in cell-cell
junctions with increased fluid
loss, local blood clotting)

Figure 2-21 Immunobiology, 7ed. (© Garland Science 2008)




Monocitos e macrofagos liberam diferentes

guimiocinas
Class | Chemokine | Produced by [Receptors ol Major effects
attracted
Monocytes Mobilizes,
CXCL8 Macrophages | cyepq | Neutrophils activates and
Fibroblasts : degranulates
(IL-8) 4 CXCR2 Naive T cells ;
Keratinocytes neutrophils
Endothelial cells Angiogenesis
CXCL7 Neutroohils Activates neutrophils
(PBP, B-TG Platelets CXCR2 P Clot resorption
NAP-2) Angiogenesis
CXCL1 (GROa) | Monocytes Neutrophils Activates neutrophils
CXC CXCL2 (GROB) | Fibroblasts CXCR2 Naive T cells Fibroplasia
CXCL3 (GROvy) | Endothelium Fibroblasts Angiogenesis
Keratinocytes
CXCL10 Monocytes Resting T cells | Immunostimulant
(IP-10) T cells CXCR3 NK cells Antiangiogenic
Fibroblasts Monocytes Promotes Ty1 immunity
Endothelium
CXCL12 Naive T cells B-cell development
(SDF-1) Stromal cells CXCR4 Progenitor Lymphocyte homing
(CD34%) B cells | Competes with HIV-1
CXCL13 (BLC) Stromal cells CXCR5 B cells Lymphocyte homing

Figure 2-46 part 1 of 2 Immunobiology, 7ed. (© Garland Science 2008)




Macrofagos tambem sintetizam mediadores
lipidicos como PGE, e LTB,

Nature Reviews | Immunology



Producao de reativos de oxigénio e de nitrogénio sao
importantes para matar microrganismos

a REACTIVE OXYGEN INTERMEDIATES
Cytosol Phagocytic process
Membrane
NADPH\ w

waops «— e bl i
—

o\

HOCI
chloramines

Flavo-
cytochrome
b558

Granule

Protective mechanism in macrophage

20," + 2H' superoxide dismutase 0, + H,0,
2H,0, catalase 2H,0 + 0,




Producao de reativos de oxigénio e de nitrogénio sao
importantes para matar microrganismos

NO
nNOS/NOS1
NADPH% ><> NADP

The NADPH oxidase enzyme is
composed of a number
of different subunits

endocytic vacuole

p47phox O

gp22phox gp91phox

— 8 —
..

Rac

NITRIC OXIDE
NO SYNTHASE 0,
;»-ONOO
0, NO-
L-ARGININE CITRULLINE  Fe/RSH
L-NMMA

p40phox
Peroxidase enzymes
Activated NADPH A second enzyme, and iron further
oxidase converts 0, superoxide dismutase, | | convert the hydrogen
molecules to the converts the superoxide peroxide to hypo-
superoxide ion 0," to hydrogen peroxide chlorite ions and
hydroxyl radicals
(05} 0, 00 @ ocr @ ‘OH
Dy
(e8]
‘ N % \' N %o peroxidase
Q\ & 1> 8 ' 1>
~ SOD

Figure 2-10 Immunobiology, 7ed. (© Garland Science 2008)



@RADICAL SUPEROXIDO: O @PERGXIDO DE HIDROGENIO: HO.

0.+&— 0" 200 +2H' 22y HO
ORADICAL WIDROXIL: OH  @RADICAL HIDROPEROXILA: HO'
(Reagdo de Fenton)
Fe"lCu'+ HO,— OH'+ OH'+Fe'/Cu” @OXIGENIO SINGLET: O,
(Raagdo da Haber-Weiss|
HO, + O == OH' + OH'+ 0 WWW NO'
(8 partr de pevoinirito)

0"+ NO =+ ONOO'—ONOO + H'=sOH'



Mecanismos microbicidas independentes de
oxigénio

Cathepsin G

Effector Molecule

Cationic proteins
(including cathepsin)
Lysozyme
Lactoferrin
Proteolytic and
hydrolytic enzymes

Function
Damage to microbial
membranes
Splits mucopeptide in
bacterial cell wall
Deprives proliferating
bacteria of iron
Digestion of killed
organisms

<Defensinas> familia de proteinas
cationicas, ricas em cisteinas (30-35
residuos) presentes nos fagocitos,
especialmente nos granulos azurofilos
de neutréfilos e que matam bacterias,

fungos e virus.

Low mol. wt defensins

i High mol. wt cationic proteins
Bactericidal permeability
increasing protein (BPI)

Damage fo
microbial membranes

Lysozyme

Splits mucopeptide in
bacterial cell wall

Lactoferrin

Complex with iron

Proteolytic enzymes
Variety of other
hydrolytic enzymes

Digestion of killed
organisms

— 11




Uma das principais consequéncias do reconhecimento dos
patogenos pelas células residentes nos parénquimas é a
inducao da inflamagao




Todos leucocitos podem ser recrutados no
processo inflamatério, mas geralmente os
neutrofilos sao os primeiros

Fig. 8 - Neutrophil Fig. 12 - Monocyte fig. 10 - Basophil Fig. 11 - Lymphocyte Fig. 9 - Eosinophil
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O processo inflamatorio

Defini¢ao: reacao dos tecidos vascularizados a agente agressor como
patogenos, toxinas, peconhas, venenos, traumas, UV, ate mesmo
material inerte, entre outros. ‘E um evento complexo que envolve a
microcirculacao e as moléculas de adesao presente em suas células,
mediadores inflamatorios, e os leucocitos.

Sao dois os eventos resultantes:

1. Edemae
2. Recrutamento celular

Inflamagao é um mecanismo de defesa (mecanismo efetor) da
resposta imune inata, mas ela tem que ser controlada para nao
causar danos



Sinais cardinais da Inflamacgao



Receptores de Neutrofilos

Neutrophil

Ly6G/Ly6C

Cathepsin G
Elastase
Proteinase 3
Azurocidin (CAP-37)
Bactericidal Permeability | |
Increasing Protein (BPI) | |
Defensins /
Myeloperoxidase f

(Gr-1)

AZUROPHILIC |
GRANULES |

Ve Chloramines

Lactoferrin ‘ &

Cathelicidin 12
Collagenase| spgciFic ! HOCI
Gelatinase | GRANULES | . @ k

\C+ MYELOPEROXIDASE. | <
; TERTIARY | | AN
Gelatinase GRANULES | . . 02'-—-D H202 —p H20 +
\ o) CATALASE 1202/ TLR2
secerony\ @ 0 D33 CXCR2
VESICLES @ ,
CR1 NADPH \

Albumin OXIDASE 02




Granulos no citoplasma dos neutrofilos

Plasma membrane

.. Bacterium

- Specific Granules ‘)
o

lactoferrin
hCAP18
lysozyme

Azurophil Granules

o - defensin
rsoryme Nucleus \ Phagolysosome
Neutrophil
Azurophil granules Specific granules Gelatinase granules  Secretory granules
o ° 0 @ Azurophilic granules
e.q.. CG, NE, defensins, MPO, BPI, lysozyme
( N\ (@
. Specific granules
Myelopefomdase Psctolerrin I e.%.: hCAP-18, lactoferrin, lysozyme
Neurophil elastase Cathelicidin
'(,Ialthgpsin (:;a Lysozyme Gelatinase 18) A Gelatinase granules
e Collagenase Leukolysin ¥ e.0.: lysozyme, acetyitransferase, gelatinase
Azuroqdm Tt Leukolysin Lysozyme
Bacterial permeability- Cytochrome b558 NRAMP1
increasing protein NGAL
Defensins
- A

Increasing tendency for exocytosis

Copyright © 2006 Nature Publishing Group
Nature Reviews | Inmunology



Citoesqueleto dos neutrofilos participa da migracaodos
neutrofilos e também é importante para fagocitose

(1) Microbe adheres to phagocyte

' LiQuioe
EXTRACELLULAIRE

(@) Phagocyte forms pseudopods that
eventually engulf the particle

{b) Pinocytose

§: 9 "
Récepteur

e L L J ® )
o -
IS e ® v Puits =
YW R tapissé  ygsicule
e p enrobée

(¢) Endocytose par récepteur interposé



Neutrophil

(‘FerRil) - -
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Capsule

LTA e , C3b

Staphylococcus aureus




Apos a fagocitose sao ativadas enzimas que geram
produtos toxicos para os microrganismos

H, O, +CI |
myeloperoxidase ) OClI' +H,0
OCL + HQO TO.’ +Cl + H30
20, + 2H’
ide di > H,0,+'0,
Superoxide dismutase ~ © ©  °
2H, O,
_— H,O+0O
catalase -




Neutréfilo fagocitando leveduras







Citocinas e produtos liberados pelos eosinofilos

Cytotoxic cationic proteins
EPO
ECP
EDN
MBP

Cytokines/chemokines
IL1, IL3, IL4, IL5, IL6, IL8, IL12,
IL18, IFNy, GM-CSF, TGFa/B, VEGF,
TNFq, eotaxin

IL-12 IFN-g

o R

=

Type 1 cytokines

Predominantly
cellmediated immunity

IL-4 IL-10
- —

IFN-g IL-12
—_—

Lipid mediators
LTC,
LTD,
LTE,

PAF

Neuromediators
Substance P
VIP

IL-5 IL-6

A\

IL-10

&

Type 2 cytokines

Predominantly
humoral immunity

Major Basic Protein (MBP)

Very alkaline protein which
makes half of all eosinophil

granule protein

High in asthmatics BAL

Cytokines, chemokines, and
growth factors

Lipid Mediators = PP-LT

prostaglandins, leukotrienes,
and thromboxane B2

P

IL-2-6, 8, 10, GM-CSF, TGF,
TNF

6 Eosinophil Mediators

Eosinophil-derived
Neurotoxin (EDN)

Cytototic to parasites, same
as MBP and ECP

CML EEE
‘\ |

Eosinophil Cationic Protein
(ECP)

Eosinophil Peroxidase (EPO)

Similar to neutrophil
myeloperoxidase (MPO)

Another basic protein
(similar to MBP)




Greek: "big eaters", makros = large, phagein = eat) are cells within the tissues that originate
from specific white blood cells called monocytes
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Dendritic cells in peripheral tissues

Células Dendriticas sao as principais células

apresentadoras de antigenos ou APC e
expressam moléculas de MHC I e 11

Plasmacytoid dendritic cell

VA

Figure 8-9 Immunobiology, 7ed. (© Garland Science 2008)

MHC
class Il

Figure 8-11 Immunobiology, 7ed. (© Garland Science 2008)




Inflamacao é parte da resposta imune inata

/—Slte of injury

Mast cell

(1) Damaged cells and mast cells (@ Complement proteins from plasma (3) Attracted by histamine and
in the area release histamine diffuse out of leaky capillaries. other chemicals, phagocyles
and other substances. They mark the bacteria for squeeze through the leaky
Histamine dilates blood vessels destruction and sometimes kill them. capillary walls and begin attacking

and makes them leaky. and engulfing bacteria and debris.



Interagao entre PAMPs e PRRs contribui para
ativa¢ao da resposta imune adaptativa ou especifica

DC-SIGN FcR

TLR
Dectin-2 yr / CR

Dectin-1 y / £ p
P . ~,(

Innate Immunity Adaptive Immunity

N sacsiiiiiiine .5 T g
2 : s -:..'__ . Antigen presentation
o ., Cytokine release
k. :

] Cell-mediated
> immunity

i Humoral
4 > immunity

R . )
kB P )
K ~ éwg > hses 3

: : W Degradation - %

Sepsis

l l Sinal de Perigo

IL-17A, IL-17F IL-4, IL-5 TGFB, IL-10
IL-21, IL-22 IL-10, IL-13

INFy
IL-2

Poly Maingasr (1987) -
Darigar Signal rlyooinasis PRR

Resposta Imune



Outra funcao fundamental dos Macréfagos e outras
APCs, é apresentar os antigenos aos linfécitos

Dendritic cells

Macrophages

B cells

+++ Macropinocytosis

Antigen-specific

Antigen and phagocytosis Phagocytosis
uptake by tissue dendritic cells +++ rece+p:::(lg)
Viral infection
MHC Low on tissue dendritic cells Inducible by Constitutive
sand (A High on dendritic cells in bacteria and cytokines ||| Increases on activation
P lymphoid tissues - to +++ +++ to ++++
Constitutive by mature,
Co-stimulator nonphagocytic lymphoid Inducible Inducible
delivery dendritic cells - to +++ - to +++
++++
Anti Peptides Particulate antigens Soluble antigens
gen . : .
Fecented Viral antigens Intracellular and Toxins
P Allergens extracellular pathogens Viruses
Ubiquitous Lymphoid tissue o
Location throughout Connective tissue #‘e,:?pl:‘ :::l ﬂfzgﬁ
the body Body cavities P

Figure 8-16 Immunobiology, 7ed. (© Garland Science 2008)




Os PAMPs, apés ligacdo dos PRRs, estimulam células Dendriticas/
Macréfagos para processar o patégeno e mostrar via MHC, induz
expresséo de moléculas co-estimuladoras de linfécitos, citocinas e as
fazem migrar para os Orgéos Linfoides Secundérios, onde vao induzir
a resposta imune adaptativa

Recognition of non-sealf (PAMP)

Elicitation of effector response

Nature Reviews | Immunology



Resposta Imune Thl, Th2, Thl7 e Treg

PAMP

Naive CD4* T cell

Dendritic
cells

Nalve CD4+

Th1

IFNy IL4 ILA7
TNFa IL-5 IL-17F






















Interacéo entre PAMPs e PRRSs pode ter como
consequéncia, eventos sistémicos

* Microbial pathogens *

+

Pathogen associated molecular patterns

@ Endothelium Bone Marrow
Tissues ! w
- /

Phagocytes oooooo.o' R
. Central Ncrvous
$ 3 & i
INCREASED ‘ ACUTE
MICROBICIDAL CELLULAR BOOST OF PHASE

ACTIVITY RECRUITMENT  HEMATOPOIESIS FEVER PROTEINS



