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No processo de Diferenciacio Linfocitos B expressam BCR
e Linfocitos T TCR
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Grupos de Receptores que Reconhecem Antigenos

pa——

BCR Imunoglobulina (Ig) de Membrana do Linfocitos B (IgM e IgD de membrana)

Interagem diretamente com prots, lipideos e polissac. soluveis, ou na mb cel

~—

—

TCR Proteina de membrana de 2 tipos : a8 ou yo
— Reconhece peptideos apresentados por molecs do MHC das APCs
“reconhece no contexto do MHC”

~——




Estrutura esquematica do BCR e do TCR
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No timo, os linfécitos T passam a expressar o TCR.
Ha 2 tipos de TCRs (af ou yd)
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Maturacao e Selecao de Linfs Tap (CD4+, CD8+) e Tyd no Timo
(do cortex para a medula)
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Reconhecimento de Ags por Linfocitos T e B

Antigen recognition Effector functions
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A CELULA DENDRITICA E CENTRAL PARA A APRESENTACAO DE AGS
E ATIVACAO DE CELS T
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Fases da ativacao de linfocitos T DC4+ e T CD8+
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Activation of
. = macrophages,
gg‘\{f B cells, other
T cell Effector cells
o il CD4*
=i T cell
“IL 2R
2g- “\Cytokines
(e.g., IL-2) Memory
Foel
| ce
IL-2R
gg'gf l_(ilflingt; %f
T cell infecte
> =P |"target cells";
Cytokines Effector macrophage
(e.g., IL-2) CD8+Tcell | activation

Lymphoid organs

(CTL)

Memory
CD8*
T cell

Peripheral tissues

© Elsevier. Abbas et al: Cellular and Molecular Inmunology 6e - www.studentconsult.com




Ativacao de linfécitos T virgens e efetores precisa que os peptideos
sejam apresentados por células apresentadoras de Ags (APCs)

Lymph node Site of infection
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cell lymphocyte

B7
CD28

Effector
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Activation of
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development of effector cells microbe
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O TCR reconhece os peptideos no contexto
de moléculas do MHC

T cell contact
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peptide
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MHC=Major Histocompatibility Complex
CHP= Complexo Principal de Histocompatibilidade




Complexo MHC Descrito Através de Estudos sobre a
Rejeicao de Enxertos
Posteriormente: O MHC controla a Resposta Imune
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Ha Duas Familias de Moléculas do MHC:

MHC de Classe | (Apresentam peptideos para linfs T CD8+)
Peptide’

@ G\ﬂ |
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MHC de Classe |
Estrutura Esquematica e por Cristalografia de Raio X

Class | MHC

Peptide-binding i _
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MHC de Classe Il
Estrutura Esquematica e por Cristalografia de Raio X

Class Il MHC
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Mapa Genético do Complexo MHC Humano (Sistema HLA)
e do Camundongo (Sistema H2)
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Caracteristicas das Moléculas e Genes do MHC

1- Co-dominantes (hibrido expressa os dois genes)

2- Polimérficos (muitos genes diferentes na populagéo)*

3-Expressao diferenciada
CIl-ll: Cels Dendriticas, Cels B, Macrofagos
Cl-I: Todas as células nucleadas
4- A fenda do MHC é promiscua: liga varios pepetideos semelhantes
5- Apresentam peptideos proprios e estranhos

6- Em DCs ativadas a taxa de desligamento do peptideo € baixa

7- Em DCs ativadas o numero de molecs do MHC ¢ alta

* HLA-A, -B e -C, cada um dos quais com 649, 1029 e 350 alelos




Aumento da Expressao de Moléculas do MHC Classe Il
por IFN-y Produzido por Célula NK ou Cel T CD4+
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As Células Apresentadoras de Antigenos (APCs) sao
Necessarias para a Ativacao de Linfocitos T

Antigen recognition \ IT cell response\

CD4+

Antigen
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Células Dendriticas: As APCs Profissionais

B- Microscopia
de Varredura

A- Em cultivo:
microscopia optica

C- Esquema DCs da Pele:
Células de Langerhans

E- Esquema DCs de LN:

Dendritic cell (Langerhans cell) Dendritic cell
in epidermis: phenotypically immature Follicle  in lymph node:
\ phenotypically mature

F- Histologia: DCs de LN

D-Células de Langerhans: Regi&o Paracortical

Histologia da Pele
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Apresentacao de Ags no LN (via cutanea, gastro-intestinal e respiratoria)
e Baco (via venosa)

Skin Gastrointestinal Respiratory tract

Microbe Epitheli
# ﬁ/ icr e/pu elium

O > Dendritic cell-
associated ®

L
Free —3 ® {} antigen ®
antigen )
in tissue Antigen that
- \ \ enters blood
Lymphatlc stream
vessel
A Venule
Connective tissue
To lymph node To circulation
and spleen

Spleen

Blood-borne
Lymph node antigens are
captures antigen captured by antigen
from epithelium presenting cells
and connective tissue in the spleen
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Maturacao das DCs apo6s Captura de Antigenos

Antigen
capture by
dendritic
cells (DC)

Activation and
maturation of
dendritic cells

Migration
of DC

Antigen
presentation:
Mature
dendritic cell
presenting
antigen to
naive T cell
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Immature | Mature
dendritic | dendritic
cell cell
Principal function Antigen Antigen
capture presentation
to T cells
Expression of ++ =
Fc receptors,
mannose receptors
Expression of — orlow ++
molecules
involved in _
T cell activation:
B7, ICAM-1, IL-12
Class || MHC
molecules
Half-life ~10 hr >100 hr
Number of ~108 ~7 x 108

surface molecules
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Diferentes Tipos de APCs

Dendritic cell Macrophage B cell

) . Microbial
Virus antigens
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APCs Profissionais e Nao-Profissionais

Professional APCs

DCs and macrophages B cells
Key features Key features
* Phagocytic * Internalize antigens via
* Express receptors for apoptotic BCRs
cells, DAMPs and PAMPs * Constitutively express

* Localize to tissues

* Localize to T cell zone of lymph
nodes following activation (DCs)

* Constitutively express high levels
of MHC class Il molecules and
antigen processing machinery

* Express co-stimulatory molecules
following activation

MHC class Il molecules
and antigen processing
machinery

* Express co-stimulatory
molecules following
activation

I Atypical APCs J

¥ @ ®006e

Mast cells  Basophils Eosinophils ILC3s

Key features

* Inducible expression of MHC class Il molecules

* Antigen-presenting functions limited to
specific immune environments (especially
type 2 immune settings)

* Lack of compelling evidence that they can
activate naive CD4" T cells in an antigen-
specific manner

Nature Reviews | Immunology

ELSEVIER



Outras APCs Nao-Profissionais

Intestinal epithelial cell

Constitutive MHC class Il

expression

\

class Il

Endothelial cell

2 I 2 =

Inducible MHC class Il
expression

Lymph node
stromal cell

Inducible MHC class Il
expression

)

11(

Function of MHC class Il expression unclear
but may have a role in tolerance induction
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Processamento de Antigenos Exdégenos (MHC CI 1) para Linfs TCD4+
e Endégenos (MHC CI 1) para Linfs TCD8+

Antigen presentation to:
I
Class II- Class I-
restricted restricted
Antigen Antigen CD4+ helper | CD8* cytolytic
A uptake processing T cells T cells
Endocytosis of Processed
extracellular foreign Class IMHC  peptide bound to
protein antigen /i, class Il MHC Ao
) Yes No
+ [ =
Ovalbumin
Endogenous synthesis of Processed
foreign protein antigen peptide bound to
/A, class| MHC
Transfection Y No Yes
l:}> 5 %> :‘
Ovalbumin R QN
gene
Artificial introduction of foreign Processed
rotein antigen into cytoplasm peptide bound to
3 8 yiop class IMHC ,.
Osmotic shock & No Yes
Antigen uptake 4
and release into N
Ovalbumin cytoso| : ’ el
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Processamento e Apresentacao de Ags por MHC Classe Il
Antigeno Exdgeno - Ativacao de Cels T CD4+

™\ /'2'\
D Uptake of | Processing ®B' — @Association ®
extracellular | [of internalized S joss of processed Expression of
proteins into proteins in and transport peptides with peptide-MHC
vesicular endosomal/ of class Il MHC class Il MHC complexes on
compartments | | lysosomal - mo:jecules molecules cell surface
of APC vesicles giencgsomes in vesicles

Protein antigen
ad Lysosome

Endocytic
vesicle

e 7/ —*“--.\
Endosome Exocytic Al

vesicle | [ &
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Invariant Chain-Protege o MHC no RE e Golgi



Processamento e Apresentacao de Ags por MHC Classe Il
Enzimas proteoliticas digerem a Cadeia Invariante
e a molec. DM remove o clip para o acesso do peptideo

Synthesis of || Transport of Binding of . Transport of class Il||Expression
class Il MHC || class Il + i processed peptides peptide complex on cell
in ER to vesicle to class |l to cell surface surface
HLA-DM Peptide
HLA-DM- antigens
catalyzed
removal
ER T _ =
Proteolytic
d;egradation
of |
ﬁ'ﬁ%s I . Endosome
(MIIC/CIIV)
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Processamento e Apresentacao de Ags por MHC Classe |
Antigeno Endogeno - Ativacao de Cels T CD8+

of ingested microbe
transported to cytosol

\
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Os Virus Inibem a Expressao de MHC de CI-I
Apresentacao Cruzada de Ags por DCs apds Infecgao Viral (via Cl-I e CI-Il)

Infected dendritic cell Infected tissue cell Cross-presenting dendritic cell

Pathogen Processing in the

Viral antigen class Il pathway

Shuts dog gé

conventional
class | pathway

Cross-presentation

into the class | pathway

./ No direct presentation [,/ Cross-presentation
to CD8* T cells in the Lymph node to CD8* T cells in the

% draining lymph node @ draining lymph node




Apresentacao Cruzada de Ags por DCs para Cels T CD8+
(“Cross Presentation”)

PEl-coated PLGA (OVA) NPs

-
| . Phagocytosis

Endosome/ .mﬂ @
£ cand U B

e

‘ Endosomal
escape q Peptlde
4'040 L' / Proteasome
W
U Antigen

CD8* T cells

o

MHC class |

Dendritic cells




Vias Intracelulares para Apresentacdo Cruzada de Ags
por DCs para Cels T CD8+ (“Cross Presentation”)

Cytosolic pathway

ER loading

presentation

Cell-surface antigen

g " gen Phagosome
export to
Q cytosol O
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g degradation loading
Syntaxin 4
Transport into
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go——— SEC228B
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MHC &
class | /
loading ) Nucleus

(Syntaxin 4 Regula o trafico de proteinas (TAP e MHC CI-1) para a membrana do fagossoma)
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Phagosome
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Cell-surface
antigen
|presentation_

Phagosomal
degradation

_’OOOQO
|

MHC class |
loading

NATURE REVIEWS [IMMUNOLOGY

B VORI



O Processamento de Antigenos Gera Multiplos Peptideos

it Processing generates T cells
intemalization| | Antigen || multiple peptides, | |  respond to
into A%C processing || one of which can bind | [immunodominant
to class Il allele peptide epitope

Multiple peptide
epitopes A
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A Célula T Reconhece Antigenos Estranhos
(a maioria das cels T autorreativas foram deletadas no timo)

APC MHC T cells survey T cell
containing self molecules cell surface; response
and foreign display peptides || can recognize only to foreign
peptides on cell surface || foreign peptides peptides

Foreign

"\ Absence of
. :‘;) /T cells responsive
=A™ to self peptides
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Apresentacao de Antigenos para Diferentes Sub-populacoes

de Linfocitos Induz Atividades Efetoras Diversas

Antigen uptake Antigen
or synthesis presentation

@ Class Il MHC-associated presentation of
extracellular antigen to helper T cells

. O
s + =>> ¢
Extracellular 4%
antigen g
CD4+ helper
T lymphocyte Cytokines
a é

Extracellular
antigen

Class | MHC-associated presentation of
cystolic antigen to cytotoxic T lymphocytes

Cytosollc

antigen CD8* cytotoxic

T lymphocyte

T cell effector
functions

&2

Macrophage activation:
destruction of
phagocytosed antigen

N,
& ~E
B cell antibody

secretion: antibody
binding to antigen

Killing of
antigen-expressing
target cell
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A Ativacao de DCs e a Apresentacido de Ags Determina
a Diferenciacao de Sub-Grupos de Cels T CD4+

Antigen Presentation Activated CD4+
T helper subsets
/\/ @ IFN-y
* 4 TNF-«
a3 cytokine WAz
| " receptor :t gfa
| ne W IL-23, IL-1b, @GM-CSF
) IL-6, TGF-p IL-21

A ’ B IL-22
TGr, IL-23
antigen
~ 1 IL-10
TGF-p




