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E em Sistemas Bioldgicos como o Sistema Imune ?

O Sistema Imune E de Defesa, Por Qué ?
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Progressive deformity due to AS
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Imunodeficiéncias — Infeccoes de Repeticao

Colite Pneumonia

Staphilococcus Infeccdes Multiplas



/ Mas sera que o sistema imune esta \
tempo todo combatendo algo ?

Se nao esta, entao o que ele esta
fazendo nesse interim?

\Entﬁo, mesmo assim ele é de defesa?




Auto-imunidades e Alergias

Progressive deformity due to AS
over a period of 36 years

Lite H. Swinson DR, Cruickshank B. Am J Med. lmm;
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Mas o sistema imune também se relaciona com outras funcoes que
nao combater patogenos




Drenagem Antigénica
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Fagocitos

Células que internalizam particulas

Experimento do espinho na estrela-do-mar
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O sistema imune se Divide em Imunidade Inata e Adaptativa

* Imunidade Inata Pattern Recognition Receptors

* Sente a presenca de
determinadas moléculas
gue obedecem padrodes;

Toll-like recptors ( 1-12 em camundongos) — NF-xB
NOD - IRFs
Inflamasoma —IL-1 / IL-18

Lipideos, proteinas,
carbohidratos

endogenas ou exdégenas




Ligantes de Toll-like Receptors LRR — Repeticoes Ricas
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Toll Protein — Muito antigo filogeneticamente

(1985):0rientacao dorso-ventral do embrido de Drosofilas.

St. Johnston, D AND Nusslein-Volhard.1988. The origin of pattern and polarity in the Drosophila embrio. Cell 68, 201-219.



(1996): Resposta a Aspergillus fumigatus.
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Lemaitre, B.et all. The dorsoventral regulatory gene cassette spatzle/Toll/cactus controls the potent antifungal response in
Drosophila adults. Cell 86,973-983 (1996).



Genes Alvo do NF-KB
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Medzhitov R, Janeway C Jr. Innate Immunity.
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Inflamasoma

Complexo protéico
Composto de muitas
Proteinas
Ativam
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Pattern Recognition Receptors
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Outros Receptores

* Lectinas;
* Scavengers;
* Receptores Fc;

* NOD (nucleotide-binding
oligomerization domain);

* Receptores de
complemento.




Células do Sistema Imune Inato

IMUNIDADE INATA Neutrophil

Primeiras células infiltrantes,
Grande capacidade fagocitica e microbicida:
Mecanismos efetores ROS RNS (SOD, NADPH Oxidase, iNOS,

Mieloperoxidase)

Importante contra helmintos

Respostas alérgicas (tecidos conectivos das mucosas)
(Asma)
Receptores para IgGl(anafilatica) e IgE (CD23)

Gréanulos: Proteina catidnica eosinofilica, peroxidase,

hidrolases, lisofosfolipase Eosinéfilos

Basophil

Presenca de granulos béasicos no citoplasma
Envolvido na protecdo de mucosas

Secretam histamina que aumenta a permeabilidade vascular

Raramente encontrados no sangue (0,5%-1%)

Basofilos



Células do Sistema Imune Inato

Mastocitos Mast cell

* Presente em mucosas

* Receptores de alta afinidade para IgE (CD23)

* Envolvidos em processos alérgicos

« Secretam histamina que aumenta a permeabilidade vascular

 Produzem IL-4 (citocina)



Células do Sistema Imune Inato

Receptores para lgG / Complemento (CD11b+)
Receptores tipo TLR (PAMPS)

Capacidade fagocitica e microbicida (= Neutrofilos)
Importantes Células Apresentadoras de Antigeno (APC)
LINK com a IMUNIDADE ADAPTATIVA

Importante para a IMUNIDADE ADAPTATIVA

Progenitor linfoide, CD8* e produtoras de IL-12

Progenitor mieldide, CD14* e ndo-produtoras de IL-12
Células de Langerhans (epitélios de revestimento) — Mieldide
Presentes em vérios tecidos

Capacidade fagocitica

MAIS IMPORTANTES APCS

Macrophage

Dendritic Cell

Células Dendriticas




Células do Sistema Imune Inato

Destruicdo de células infectadas com virus ou células
tumorais Natural killer (NK) cell | ‘
Citotoxicidade mediada por anticorpos (ADCC) via CD16 i '
(FcyRIll) ‘

Outros receptores (?):

CD2 / integrinas / receptor para MHC | (?): lise das células sem

ligantes
Granulos citoplasmaticos (perforina e granzima) Células NK
Modulam as IMUNIDADES INATA E ADAPTATIVA (IFN-y)

NKT Cell

Reconhecem a-Galactoseramida via CD1(a-d) glicolipideos
Receptor na membrana: TCR VB11Va24 (humanos)

TCR VB8Val4 (camundongos)
Podem produzir IL-4 ou IFN-y e IL-17

Células NKT



Link Entre a Imunidade Inata e a Adaptativa

PAMP ——j il Cytokines :
(interleukin-1, 6, 12) Quiescent T cell

Toll-like
receptor
Pathogen

Activation

B ,;r QQ Peptide

A PR ., T-cell receptor
Endocytic pattern- . 2 - &R ‘\'4 ‘
recognition receptor . B ¥ MHC class II
o molecule
8 Antigen-
‘presenting cell
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Copyright @ 2000 Massachusetts Medical Society

Medzhitov R, Janeway C Jr. Innate Immunity.
N Engl J Med 2000;343:338-44.
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Mas onde acontece a apresentacao de

1) Nos linfonodos e baco
2) No érgao alvo.
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Bone Marrow Aspiration and Biopsy

[NORMAL BONE MARROW]. A normal marrow is said to show trilineage hematopoiesié (TLH) meéning that Bone marrow

needle

elements of all three major cell lines are represented. These celi lines inciude myelomonocytic cells, erythroid \
cells, and megakaryocytic cells. However, other cells types are also present including lymphocytes, plasma
cells, connective tissue cells and stromal cells. Two histiocytes are present (arrowheads) engulfing cellular
debris. The nucleated erythroid precursors are also dispersed (two long arrows) throughout the marrow. Two
normal megakaryocytes are apparent in this field {two bhig arrows). A binucleated eosinophil is identified with an /
arrow with tail.
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[NORMAL BONE MRROW]. This slide shows various normal bone marrow cells. In myeloid series the cells
mature in the following order: Myeloblast == Promyelocyie == Myelocyte == Meiamyelocyte == Band neutrophil
==3egmented neutrophil (or eosinophil or basophil). In the erythroid series the cells mature in the following
order: Proerythroblast == Basophilic erythroblast == Polychromatic erythroblast == Orthochromatic erythroblast
== Reliculocyte == Mature red cell. The various cells are as follows: 1 = Myeloblast, 2 = Promyeloocyte, 3 =
Myelocyte, 4 = Metamyelocytes. 5 = Band neutrophil, 6 = Segmented neutrophil. 7 = Eosinophil, 8 = Monocyte.
9 =Proerythroblast, 10 = Basophilic erythroblasts, 11 = Polychromatic erythroblast, 12 = Orthochromatic
erythroblast, 13 = Lymphocyte.
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Precursores linfoides migram para o

timo para sofrer maturacao

" Timo

Basofilos

Neutrofilos

Baco
e
linfonodos



J\] Morphology of the Thymus
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Estrutura Timica
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Precursores linfoides, agora chamados timdcitos, migram da CORTEX PARA
MEDULA e nao expressam CD4 nem CDS8
CD4nes CD&Pos
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Lymph Node Morphology (1)
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HEVs in lymph node
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Migration of Naive T Lymphocytes HEV

'Lymph node

High
endothelial
venule >¢ Blood
Artery x \ vessel
: Iymphatlc
Naive
T cell L=selectin vessel A
L-selectin Linfocito
,‘Activated ligand
T cell

igh endothelial
ven ule in lymph node



CD62L — L- Selectina
Permite a passagem dos linfocitos NAIVE
Pelas HEVs.

POCKETS

Untreated

NO
POCKETS

p=0.007

Anti-CD62L
treated, 1h

(example 1)

Anti-CD62L
treated, 1h

(example 2)

Height HEV

Blockade of lymphocyte homing to LN induces the disappearance of HEV pockets. (A) Confocal images of LNs section from a RAG-2°/°ubiquitin—-GFP chimera (green) injected or not intravenously for 1 hour with 100
ug of anti-CD62L blocking Ab (MEL-14) and stained for CD3 (red) and sytox 63/nuclei (blue). Arrowheads point to HEV pockets. (B) Height (and standard error) in arbitrary units of LN HEV (see “Morphoretic analysis of
HEV”). Data are representative of 2 different experiments (2 mice per experiment, ~ 15 analyzed HEVs for each condition per experiment).






Organizagdo Anatomica dos Linfonodos

foliculo linfoide
secundario

paracortical {T}

Linfatico
Aferente

centro
germinativo

foliculo linfoide
primario {B)

cordoes
medulares (Mo
e plasmocitos)

zeio medular

centro germinativo

senescente

Caracteristicas
High Endothelial Venules

Entrada dos Linfocitos da
Circulacao

S1P - S1PR — mantém nos
linfonodos

Regides

Foliculo — Linfécitos B e
Células dendriticas
foliculares

Paracortical — Linfocitos T
70% T CD4
10% T CD8



Caracteristicas

High endotelial Venules s3o a porta de entrada dos linfécitos High Endothelial Venules

Naive nos linfonodos

Entrada dos Linfocitos da
Circulacao

HEVs i N il |SlfP - S(Z:PR — mantém nos
“aSamy =y infonodos

Regides

Foliculo — Linfécitos B e
Células dendriticas
foliculares

Paracortical — Linfocitos T
70% T CD4
10% T CD8



Quais fatores sao importantes na manuteng¢ao da estrutura dos linfonodos?

Afferent A Cortex:

lymphatic 2 ) )
vessels Lymphoid follicle

* Germinal center
» Subcapsular sinus

Efferent

lymphatic

vessels :
Follicles

Trabecula

Subcapsular
sinus

Capsule
Medulla:
* Medullary
cord
* Medullary
sinus

Medullary
cords

Medullary
Trabeculae sinuses

(b)

ht © 2006 Pearson Education c.. publishing as B

DCs — Carregando Ags

CCR7 - CCL19 e CCL21

TCD4eTCDS8

CCR7 - CCL19 e CCL21

Linfocitos B

CXCR5 - CXCL13
(DCs foliculares)

Isso garante que as APCs estejam em contato com os linfocitos apropriados.




Centros Germinativos — Apresentam 3 regioes distintas

Manto - Linfocitos B nao ativados
Zona Clara — Dendriticas foliculares
Zona escura — Linfdcitos B ativados e em proliferacao

CD23 low
Naive B Cells
MANTO

CD23 high
Dendriticas
Foliculares

Germina
center




Antigeno
radiomarcado
ligado a células
dendriticas
foliculares

Linfonodo

Centro germinativo

Complexos imunes
se ligam 2
superficie das
células dendriticas
foliculares.

Através de

Receptores de
Complemento —

CR2

Receptores FcyR




Estrutura dos Linfonodos

Afferent \ - Cortex:
h

lymphatic : ) )
vessels Lymphoid follicle

* Germinal center

» Subcapsular sinus

Efferent

lymphatic

vessels .
Follicles

Trabecula —8M ——————————_ £ "

Subcapsular
sinus

Capsule ——=
Medulla:
* Medullary
cord
* Medullary

sinus
' Medullary

cords

Medullary
Trabeculae sinuses

(b)

ht © 2006 Pearson Educatior c.. publishing as Banjamin Cumir




Centro germinativo corado para mostrar
células T, células dendriticas foliculares
e células B em proliferacao

Representacao esquematica de Micrografia dptica do centro germinativo
um centro germinativo (alta resolucgao)

Zona do
manto
Centrocitos

células
Dendriticas
» foliculares

“ L ZonadacBulaT.

y &

Centroblastos

0@ 3 e LI T Y e e MR
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auxiliares
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Zonas da
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g

Figura 9.10 Os centros germinativos sao formados quando as células B sao ativadas nos
foliculos linfoides.
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Mas professor, e no baco, éigual.....
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Baco - 150 gramas — Hipocondrio inferior esquerdo
Polpa Branca - Linfdcitos
Polpa Vermelha — Macréfagos esplénicos e Eritrdcitos

Zona marginal — entre branca e vermelha.
Linfdcitos B e Macréfagos

PALs- Bainha Periateriolar
Linfocitos T

Splenic artery

¢

Image magnification 2x
-Top rightinset 20x
-Bottom right inset 10x

Legend:
C-Capsule
W-White Pulp
R-Red Pulp
BV-Blood Vessel
T-Trabeculae




BACO — Filtro do Sangue
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Esplenomegalia — Hiperproliferacao de
ulas Esplénicas
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Periarteriolar  Germinal center T cell zone B cell zone
lymphoid of lymphoid (periarteriolar (lymphoid follicle)
sheath(PALS) follicle lymphoid sheath)



Red pulp macrophages A
(green) “"' P2 Marginal zone

Section of a mouse
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Esfingosina -1- fosfato

Maior concentracao na linfa e no sangue

Egress of Lymphocytes from Lymph Node Menor nos tecidos, pois

Estes possuem S1P Liase

Ativacao do S1PR induz migracao dos
linfocitos em dire¢dao ao gradiente, ou
seja, para fora dos linfonodos.

Tcellzone Medullary sinus, " Teell eqress
of lymph node efferentlymph  from lymph node

CDGQ\% /¢ Linfécitos expressam menos S1PR na

Recently arrived naive T cell . ~ :
circulagao, devido ao turnover do

or recently activated T cell: |
low S1PR1 O receptor

Nos linfonodos porém, essa expressao
retorna em algumas horas, permitindo a
interacao deste com as APCs

Unactivated naive T cell
hours after arrival or effector
T cell days after activation:
high S1PR1

|Fingolimod Fingolimod

Action of fingolimod: 00 oAS Liga no S1PR e induz sua internalizagdo
downregulation of S1PR1 I~ By /e Isso impede sua saida dos linfonodos
' |

Esclerose "Muiltipla




&) | Maturation of Macrophages and DCs

‘Bone marrow ‘Blood Lymphoid tissue, peripheral tissue

Activated

Monoblast Monocyte Macrophage macrophage
M\

dMo(;\oCYte/" ° z ‘ Activation
endritic ce | . o
precursor " N\ Differentiation
“Microglia (CNS)
=> -Kupffer cells (liver)
-Alveolar macrophages (lung)
Pre-conventional DC -Osteoclasts (bone)
Hematopoietic '
stem cell

monventional DC

Common' *lasmacytoid DC

dendritic cell
precursor



"gj ‘ Maturation of Lymphocytes
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lymphoid organs lymph Iymphond organs
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Anatomy of Lymphocyte Activation (1)
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~

S

Entry of infectious

Mucosa/  29ents and/or
skin * environmental antigens

Secondary (peripheral)
lymphoid organs

‘Collection
of antigens Antigen
<= from tissues \ prﬁsenting
Naive . V8 WTeh : ce '
B cells
Lymph
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. \ y ®  Antigens/
Migration of Spleen microbes
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via blood
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Anatomy of Lymphocyte Activation (2)

Secondary (peripheral) Mucosa/.
lymphoid organs skin *

—— a“! 210/0/0/0/0/0
1 )
&

Antigens/
microbes

0.*.
¥*.

Activation of naive
lymphocytes and
initiation of adaptive
immune responses

~ Activation of
effctor T cells in
infected tissues

Effector
T lymphocytes g lood
and antibodies 2: ',i:f:?g:rhc:u:“

and antibodies
_to site of infection ‘




T lymphocyte Recirculation

High endothelial venule
BloBlood vessel

Lymph nod?-
without antigen

Peripheral tissue
site of infection/
inflammation

Fig 3-4



Fisiologia da Resposta Imune
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Drenagem do Liquido Intersticial
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Recirculacao Linfocitaria

Superior

vena cava

| Venous blood ) Naive T cell
Arterial blood () Activated effector
E‘_‘I Lymph or memory T cell

Efferent
lymphatic

Acﬁvaﬁoh

Arteriole

Lymph node

(antigen present) e

% /N

4
Afferent
lymphatic

| of antigen |

Elimination |

Peripheral tissue

Duto Tordacico
Desemboca da Veia

Cava Superior

Fechando o Circuito



Filariasis
(Wuchereria bancrofti)
o Mosquito takes
Mosquito Stages a biood meal Human Stages

(L3 larvae enter sion)

s ;
0 Migrate to head and

mosquito’s proboscis -

Filariose ci,, a
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