Reconhecimento Inato e Resposta de
célulasTe B

Danilo Chaves da Silva Ramos de Souza
(danilo_chaves@usp.br)

Prof. Magnus Ake Gidlund
Programa de Pos-Graduacdo em Imunologia
Instituto de Ciéncias Biomédicas da Universidade de Sdo Paulo



Reconhecimento e citocinas da
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(PAMPs e DAMPs)
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Receptores de reconhecimento de padroes (PRR)
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Toll-like receptors (TLRs)
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Expression of inflammatory genes: Expression of type |

-Cytokines (TNF, IL-1, IL-6) (interferon (IFN o/B) genes
-Chemokines (CCL2, CXCLS8, others)

-Endothelial adhesion molecules *

(E-selectin)

-Costimulatory molecules :Secretion of type | IFNs:

~ (CD80, CD86)
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|’-Acute lnﬂammatlon] Antiviral state

-Stimulation of
adaptive immunity



Citocinas pro-inflamatoérias da imunidade inata

Local
inflammation

Endothelial cells
IL-1,
TNF, TNF chemokines
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Acute-phase
proteins

Bone marrow

Leukocyte production

Acoes locais
- Alteracoes na microvasculatura
- Afivacdo de leucocitos

Acoes sistémicas
- Inducdo de febre (diminuicdo
do crescimento de
Microorganismaos)
- Producdo de proteinas de fase
aguda
- Estimulo da hematopoiese



Resposta de células T e B




RevisQo:
TCR e BCR
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Escolha dos

segmentos V, D e J:

RAG recombinase

RevisQo:

' Germline DNA '

Recombinacdo V(D)J
Vv D J
segments segments segments
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' Combinatorial '
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diversity: Use 5
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Cadeia beta do
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BCR:V,DeJ
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nucleotides in
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RevisQo:
Desenvolvimento de células T (visdo geral)

Monopo-
Estéglo de Célula- Pro-T Pré-T DUP|0' sitivo CélulaT
maturacao tronco positivo (célula T madura
imatura)
Proliferacao — i
Expressao de RAG === | =
Expressao de TdT I
DNA nao Gene de cadeia
DNA, RNA ComEinado B recombinado Genes de cadeias 3 e « recombinados [V(D)J-C];
de TCR (linhagem germinativa) IVERECH: MANAde cadelts o
mRNA de cadeia
Expressao Pré-receptor T
do TCR Nenhuma Nenhuma (cadeia B/pré-Ta) TCR affp de membrana
Marcadores  SK° o G CD4+*CD8* | CD4*CD8" ou CD4"CD8*
de superficie CD25- CD25+ CD25+ TCR/CD3lo TCR/CD3Mi
N Timo [ Periferia ]]
anatémico
i Selecao Ativacao
Requs ta Nenhuma Nenhuma Nenhuma positiva (proliferacao
e antlgenoL e negativa e diferenciacao)

Localizacao
Medula Ossea
Timo

Periferia

Resposta ao
antigeno

Funcado
TCR
CD4/CD8
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RevisQo:
Desenvolvimento de celulas T (visao geral)

Estagio de Célula- . Prée-B

maturagao Honco Pro-B Pré-B grande pequend B imatura B madura
Proliferagao V—r—| (| Localizagao
Expressdo de RAG [ ] =] Medula Osseda
Expressao de TdT e | Splicing Periferia
. Gene de cadeia alternativo
RNA. DNA DNA de Recombmacéo H recombinado RNA de do RNA VDJ-C
== linhagem  Dy-Jy Vi-DJ, (VDJ), Sy para formar Res POSfCI ao
elg germinativa mRNA de u recombinagao H mRNA de a nil'g eno
Lo IgM de CueCs
= brana
Expressao  nonhyma | Nenhuma | Receptor pré-B e IgM e IgD de
u (L + xou -
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+ 2
Marcadores ., gg‘:& 3220": 3220": IgM* IgMhi BCR (IgM e IgD)
de superficie cnio CD43 CD43 CD43 IgD*
anatémico Mo ot
SRy Ativagao

Resposta ao negativa ;
antigeno Nenhuma Nenhuma Nenhuma (delecio), (proliferacao e

edicao do receptor  diferenciacao)
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Ativacao de células T (visdo geral)

Reconhecimento Ativacao
do antigeno  do linfcito
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Ativacao de células T (visdo geral)

O '®) Trm: remain in tissue of
Pathogen : :
\ Clonal expansion/proliferation primary reaction.
/ of activated CD8+ T cell
; Tem cells: Circulate through
immature D Memory T cell secondary lymphoid tissue.
Pool generation

Tem: Circulate through Non-
lymphoid tissues

Targetcel  Tarpet cefl destroyed

. - ‘
naive CD8+ T cell being @ "
activated by mature DC @ i i ‘

Effector CD8+ T cells immune response
and subsequent retraction and death
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Ativagdo de células T (interacdo APC:T)

Co-estimulo: sobrevivéncia, proliferacdo

N
Inativagdo (anergia) ou eliminagao da célulaT
Reducéo da sinalizagdo do TCR por meio da
indugdo de GRAIL e da ativagao de Cbl
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Ativacao de células T (interacdo APC:T)

'Antigen recognition' T cell response'

A’ Unactivated APC
(costimulator-deficient)

CD28

No response
or tolerance

APC activated by microbes,
innate immune responses:
increased expression

of costimulators Effector

T cell survival,
proliferation and
differentiation
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Ativacao de células T (interacdo APC:T)

Sem ativagcao de T

APC imatura

e _— (Baixa expressdo de moléculas
nger si naiv: . ;s o,

i ot co-estimulatorias)
Immature APC prl

Sinal de “perigo”
- PAMPs e DAMPs
T cell - Citocinas pro-inflamatoérias

Mature APC

l Activated T cells

APC madura
(Alta expressdo de moléeculas
co-estimulatorias)

Ativacdode T
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Proliferacdo de células T
(expansdo clonal)

Células T CD8" especificas para um
antigeno microbiano

- Antes da expansdo: 1 em 10° ou 10°
- Depois da expansdo: 1 em 3

IL-2
- Fator de crescimento para células T
- Acdo autdcrina ou pardcrina

IL-2 Effector
Dendritic N, T cells

Activated
T cell

Y

o
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|

Number of microbe-specific T cells

_ expansion

" Clonal

" Contraction

'Memory

(homeostatis)

Infection

:
7 14
Days after start of infection

|
200
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Terceiro sinal
Subtipo

Citocinas

Funcao efetora

Funcao efetora de células T CD4*

IL-12

CélulasTy1

Bactéria
Macrofago  intracelular

Morte das bactérias
intracelulares

(Celulas T, 1)

" Activation of ' ' Responses of
macrophages activated macrophages
Enhanced killing
CD40 of phagocytosed
Macrophage with bacteria

ingested bacteria

T cell (Th1 cell) nflammatory | | of molecules required

CD4+ effector Secretion of Increased expression
i
cytokines for T cell activation
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Terceiro sinal

Subtipo

Citocinas

Funcao efetora

Funcao efetora de células T CD4*

IL-4

CélulasT,2

IL-4, IL-5,
IL-13

plasmatica

(Celulas T 2)

Naive CD4+
/) T cell

Helmint;‘%
Proliferation and

or protein S s
antigens "
differentiation Macrophage

Tth cell T
IL-4, | ot —IL-13

IL-13

Th2 cell

A
l Eosinophil . 3
IgG4 (human), ! Ay
< IL-4, -

A IgG1 (mouse)
4 )}( IL-13
IgE Antibody Alternative
production macrophage

activation
(tissue repair)

R, 3 *~» Helminth
Mast cell Intestinal mucus Eosinophil
degranulation secretion and activation
peristalsis
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Terceiro sinal

Subtipo

Citocinas

Funcao efetora

Funcao efetora de células T CD4*
(Celulas T,17)

IL-6/IL-1/IL-23

Células T,17

IL-17

Fibroblastos,
células epiteliais
Quimiocinas

Neutrofilos

'Chemokines, TNF,'
IL-1, IL-6, CSFs

Bacteria,

Naive CD4+
T cell

Proliferation and
differentiation

{
%)/Tm 7 cells

IL-17 IL-22
Leukocytes Tissue
andissue cells cells

Antimicrobial
peptides

4

Increased
Inflammation, barrier
neutrophil response function
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Funcao efetora de células T CD8*

A 'Killing celular mediado por perforina/granzima'

T — ev
Célula-alvo ‘Endéssomo .
48 e [Apoptose da]
° & 2 célula-alvo
%g o

Ao

| g Perforina induz a captacao
de granzimas no
endossomo da célula-alvo
e liberacao no citosol,
ativando caspases

Perforina.
Granzimas E\qé

CTL libera o conteudo
dos granulosna
_sinapse imunoldgica

B killing celular mediado por Fas/FasL
FasL

as

F
j A -

, 1 Apoptose da
FasL no CTL interage célula-alvo
com Fas na célula-alvo 21




Resposta de células B (visdo geral)

Antigen ' ' B cell proliferation
recognition and differentiation
IgM
‘Helper T cells, Eﬁsma Antibody
_ other stimuli secretion

Antigen (Prollferatlon)

IgM*, IgD+
B cell

| G ex ressm IgG /@1
Bgcell i 3 \,
)’ Isotype
switching
'F\
Actlvated

matur atlon

B cell & { Aﬁlnity R

-é\'——H.gh-

affinity 1gG

Memory
B cell

ngh-affmlty Ig-
expressing B ceII
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rT-independent'

Polysaccharide
antigen

A
—74

B-1 cells,

marginal
zone B cells

Other signals
(e.g. complement
protein)

Ativacao de células B
(T-independente)

Microbial s Microbial \K

antigen % antigen &
CR2 \ ; “ PAMP from
£ xmicrobe

CR BCR 0
signaling U signaling
A
Enhancement signaling

{Prollferation andJ of BCR [Prollferatlon and]

Mainly IgM, low-affinity
antibodies; short-lived
plasma cells

e X

CD81

—
==L
==Y
<=4
=
ggyiﬁ
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i

differentiation | Signaling differentiation
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A célula B liga-se ao virus
pela proteina do envelope viral

Ativacao de células B
(T-dependente)

il -

Epitopo

Célula B

dm“""’j“:“ g """“"":“""'_'T Inferacdo com celulas T CD4
’ mqu:m.m“ - previamente ativadas

-

A particula viral ¢ internalizada e degradada

CéluaT
auxiliar

'T-dependent '

Protein antigen

memory B cells,

Isotype-switched,
Citocinas

Helper
T cell high-affinity antibodies;

long-lived plasma cells

B

A célula B ativada produz anticorpo
contra as proteinas do envelope viral

B cells
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Ativacao de células B
(T-independente e T-dependente)

T-independente T-dependente
Inferagcao com T CD4 Ndo Sim
;. Vida curta (6rgdos = Vida longa (medulo
Plasmocitos PPy .. ,
infoides secundarios) osseq)
Troca de Isotipo NAo (sO IgM) Sim (IgG, IgA, IgE)
Afinidade Baixa Alta
Formacgao de NGO Sim

Memoria



Secrecao de anticorpos

IgM transmembrana

IgM secretada

DNA rearranjado

Transcrigao

Transcrito
primario de RNA

Diferentes formas
de processamento
do RNA

mRNA

Tradugao,
processamento
da proteina

Proteina

LV  C1 C2 C3 Cu SCpA, MC pA,

[

|
AAA
AAA

M}H Cabaser

o

/Z Carboxiterminal

transmembrana

LV C1 Cg2 C3 C.a4 SCpA, MC pA,

w

{HEl— - - - HH-

{HEl— I T —( H

AAA

] -

Carboxiterminal

| }= paaalgM
secretada

26



Mecanismos efetores dos anticorpos

Antibodies / Fcy receptor
B cell ) NKcell [y .

Y — WA

L
i@

é C3b
Microbe receptor 3
:)' e’ N

—

Virus
Toxinas

Nevutralizagao

Patdgenos

Opsonizacao —
P ¢ extracelulares

Células infectadas
POr Vvirus

ADCC (citotoxicidade
mediada por anticorpo)

Ativacao do sistema
complemento

Patdgenos
extracelulares

27



Mudancga de isotipo

YUYy

TABELA 16.1

Principais Classes de Imunoglobulinas nos Mamiferos Domeésticos

CLASSE DA IMUNOGLOBULINA

Propriedade igM IgG IgA IgE igD
Peso molecular 900.000 180.000 360.000 200.000 180.000
Subunidades 5 1 2 1 1

Cadeia pesada i Y o € )

Principalmente
sintetizada em:

Baco e linfonodos

Baco e linfonodos

Tratos respiratério e Tratos respiratério e Baco e linfonodos
intestinal intestinal
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Mudancga de isotipo

Cltocinas IgM lgG3 lgG1 1gG2b lgG2a IgE IgA

IL-4

IL-5

[FN-+

TGF-B

Neutralizagao

Opsonizagao

Sensibilizagao para
morte por células NK

Sensibilizagao s -
de mastocitos

Ativacdo do sistema _
do complemento
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en-specific B
or antibody

ol

Cinética da resposta de anticorpos

Primary : ' Secondary
antibody response antibody response
First Repeat
infection infection Plasma
cells
IgG '%.X"IQG
Y A [Feature IPrimary response ISecondary response j
‘ ! 4 [’Magnitude Smaller Larger

Short-lived plasma Antibody isotype Usually IgM > IgG Relative increase in I1gG,

cells in lymphond Memor often IgA, and sometimes IgE

OLgeng :z:'bl)e(;' S Long-lived B cell Antibody affinity Lower average affinity, Hifgfher average affinity

: y plasma cells more variable affinity maturation)
B cells Jnduced by All antigens Only protein antigens i
Naive
B cell Long-lived
plasma cells l Memory
: in bone man'ovll B cell
! /1
0 7 >30 0 3 10 >30

Days after

antigen exposure > >
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