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Linfocito T CD4 Linfocito T CD8
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Ativacdo de Linfocitos T

(Consegqiiéncias)

» Estimulagdo do complexo TcR resulta na
ativacdo de uma cascata de eventos
bioquimicos que levam a proliferagdo e
diferenciacdo celular

+ Geragdo de células Efetoras e de Memoria

* Producdo de citocinas (CD4) e atividade
citotoxica (CD8)



Estrutura do TCR

(Conceitos Bdsicos)

TCR é formado por duas cadeias ligadas

hdo-covalentemente

Reconhecimento antigénico ocorre através
da interagdo com peptideo + MHC

Transdugdo do sinal é dado por moléculas
acessorias (CD3 e cadeias C)

CD3 e cadeias T contém ITAMSI



Estrutura do TCR

Disulfide bond -----

Ig domain : )

Carbohydrate @
group

Transmembrane
region
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Interagdo TCR-MHC+peptideo

MHC molecule



Receptor e Co-receptores

CD8 TCR CD4 TCR

MHC Class | MHC Class II



Apresentacdo MHC classe I

gg» Virus

Receptor

Phagocytosis

Cytoplasm

Exocytosis

HLA-peptide
complex

HLA class |
molecule

@Q— Peptide
Proteasome

Viral MRNA protem




Apresenta¢do MHC classe IT

Extracellular self or foreign protein

Cytoplasm | MHC class |

lysosome
Degradation
of protein

HLA class I
molecule

HLA-peptide
complex

Endoplasmic
reticulum

e
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Superantigenos

() Exogenous (b)  Endogenous
superantigen superantigen

Ty cell
TCR

TCR
Peptide for
Vi which TCR
Superantigen Superantigen is not
specific

Class II MHC

o _
Class II MHC



Componentes do complexo TCR/
CD3

TCR
| o B |
Extracellular
space
Plasma
membrane
Cytoplasm Immunoreceptor =
tyrosine-based
activation motif (ITAM)
Disulfide bond @~  -------
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ITAMs
(Immunoreceptor Tyrosine-Based Activation Motif)
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Sinalizacdo intracelular

Initiation of
TCR-mediated
signals

Biochemical
intermediates
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Distal signaling
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Diacylglycerol (DAG)
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Interacoes Celulares

ICAM-1 MHC B7-1/B7-2 |ICAM-1  MHC F T B7-1/B7-2
Class Il MHC —expressing APC IICIass I MHC—expressmg target cell




APCs, moléculas co-
estimuladoras e seus
ligantes

y 2

CD40

— —+
B7-1/2 (CD28

- . . .
Macréfago
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Linfécito B



PAMPs ativam APCs

PAMP —llijillili Cytokines _
(interleukin-1, 6, 12) Quiescent T cell

Toll-like

receptor —
Pathogen

Activation

Endocytic pattern-
recognition receptor
molecule

Antigen- %\
presenting cell “NgB.
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Atividade Co-estimuladora

Dendritic cell Macrophage B Lymphocyte
Resting Activated Resting Activated
T Class 1 Il Class 1
Q LPS Q B MHC .
INE-y &
B7
Pl Jdass 1
Class 1 Class II ¢ , y \
Class II MHC. muc  MHC | A7 Classl 711 &
: il MHC B7
MHC MHC |
Endocytosis . :
Antigen uptake| phagocytosis Phagocytosis | Phagocytosis Receptor-mediated Rcccptor-:!lcdmod
(by Langcrhans cells) endocytosis endocytosis
Class II MHC Constitutive Inducible Inducible Constitutive Constitutive
expression (+44) (=) (SE) (++) (+++)
Co-stimulatory | Constitutive B7 Inducible BT | Inducible BT Inducible B7 Inducible B7
activity (+++) (=) (++) =) (++)
el A eakic e el =) Effector T cells Effector T cells Dave T cetls
cell activation]  Effector T cells Memory T cells Memory T cells Effector T cells
Memory T cells Memory T cells




Major events in T cell activation
Event  Example

Cell-cell interaction T cell-APC
CTL-target cell

Receptor-ligand binding TCR-antigen/MHC
Transmembrane signal transduction Activation of Lck
Generation of second messengers 1,4,5-IP, and DG
Second-messenger effects Ca?* mobilization

Protein kinase C activation

Biochemical pathways Phosphatidylinositol pathway
Ras pathway

Cellular events MTOC reorganization
Secretion of cytolytic granules

Early gene activation c-Myc, c-Fos

Intermediate gene activation Lymphokines, lymphokine receptors, nutrient
receptors

Late gene activation Genes involved in cell proliferation 4F2,

VLA-2



Ativacdo depende de dois sinais

Specific signal and co-stimulator

e S

MHC
class ||

antigen

T-cell
receplor CD4

1

T cell
g

R4
Activates T cell

Fig 8.10 © 2001 Garland Science

(1) Sinalizagdo do TcR/CD3
hecessita do reconhecimento
do MHC+peptideo e
colaboragdo de co-receptores

CD4 ou CD8

(2) Interagdo entre moléculas

co-estimuladoras (€D28/
CD80,CD86)



Ativagdo depende de dois sinais

Activated T cell kills
infected epithelial cells

AWARY W )[:‘“ RUNFENYIVE

Fig 8.13 © 2001 Garland Science

Sinaisle 2
precisam estar
presentes na
mesma célula

Na falta do
sinal 2, o
resultado é
ANERGIA



of CO28 delivers the costimulatory signal during activation
of naive T colls and induces the expression of CTLA4 (CD152)
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Fig 8.12 © 2001 Garland Science

Moléculas Co-estimuladoras

Sinal 2 - CD28 na
célula T virgem e
CD80 (B7.1) ou CD86
(B7.2) nas APCs

SINAL POSITIVO

CD154 (CTLA-4)
expresso has células
T ativadas também
inferage com CD80
ou CD86

SINAL NEGATIVO



Moléculas Co-estimuladoras

Antigen-presenting cell

.,

B7-1 (CD80)

B7-2 (CD86)

ICOSL

\ (KIAAOB53, B7h,
GL50, B7RP-1,
B7-H2, LICOS)

MHC

' PD-L1 (B7-H1)

PD-L2 (B7-DC)

o IgC domain O IgV domain Y Tyrosine | Motifs: MYPPPY and FDPPPF

Nature Reviews | Imnmunology



Co-estimulagdo promove a
polarizagdo dos "lipid rafts”

MHC+peptideo MHC+peptideo+B7




Nature Reviews | Immunology



Formagdo da Sinapse Imunoldgica
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Sinapse Imunoldgica

Quter ring (red)

Inner circle (green)

LFA-1:ICAM-1

TCR, CD4, CD28

Fig 8.30 © 2001 Garland Science

Interac¢do entre as
moléculas de adesdo
mantém as células T
e APCs fortemente
ligadas.

Agregagdo de TcRs e
moléculas co-
estimuladoras
amplificam o sinal de
ativacado.



Moléculas de Adesdo

CD2 LFA-1

T cell

ICAM-3

LFA-1
%

LF,N_ N >
I DC-SIGN
ICAM-1
antigen-presenting

cell

L 1 ) | 1 | ) |

Fig 8.8 © 2001 Garland Science

LFA - leucocyte
functional antigen

ICAM - intercellular
adhesion molecule

DC-SIGN - specific
intfercellular adhesion
molecule grabbing non-
integrin



Sinapse Imunoldgica

Nature Roviews | immunology



Sinapse Imunoldgica

a Time after pooling T cells and APCs

2 min 15 min 30 min 60 min

Active
----- Ativagllo precoce de

v Q

contrast b’ .' ‘Qh‘ -

b Time after addition of peptide-MHC blocking antibody
-30 s 30s 90s 1003 210s 270s

10 pm

Oifcentil ' b Q Sinal continuo do
interference ﬂ a C"-S"(Q ' TCR é necessério

contrast

para manter a
PI3K activity .
sinapse

Nature Reviews | Immunology



Polarizagdo dos granulos
cu’roplasma’rlcos ‘

R Y

© 1997 Current Biology Ltd!/ Garland Publishing, Inc.




Collision and nonspecific adhesion

Specific recogn\ltﬁ)n redistributes
cytoskeleton and cytoplasmic
components of T cell

Release of gra\r{ules at site of
cell contact

Fig 8.29 © 2001 Garland Science



Apoptose mediada por GrzB

SJames A. Sullivan www.cellsalive.com






Sinalizacdo intracelular

TCR complex and
coreceptors are clustered
within membrane
lipid rafts by
antigen recognition

}

Lck phosphorylates
tyrosines in ITAMs
of £ chain

ZAP-70 binds to
phosphotyrosines of
Qp chain and
phosphorylates adapter
proteins, including LAT

Assembly of
adapter protein
and enzyme scaffolds;
multiple signaling
pathways are activated

Ras, GTP/GDP
exchange factor{s)

Phosphorylation and
activation of PLC1

Activation of
Ras, MAPK pathways




Papel da fosfatase CD45

CD45
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Basally active Lck

CD45
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Y205~

Fully active Lck




Isoformas de CD45

Nave CO4Toon | | SPIcng ot CDIS g ransrpt i e
CD45
DNA
e F | High molecular
- - weight isoforms
MRNA, profein do not associate
with TcR.
< 5 < =
Memoﬁl/effector In memory/effector T &fls, splicing of the CD45
CD4 T cell transcript excludes the A, B, and C exons
 CD4SRO A Low MW. Forms
i : Bl | do associate and
T~ helps transduce
—— signals
mRNA, protein .
effectively

Fig 10.29 © 2001 Garland Science



Recrutamento de moléculas adaptadoras
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Via Ras-MAP quinase

Recruitment and activation
of adapter proteins

Ras GTP/GDP
exchange

e —— A

{Ras*GTP(Raf>---..

MAP kinase
cascade

N

—
C.ERK'1 s 2_>@>

«
%

|

Synthesis and activation
of transcription factors
(e.g., AP-1)




PLCy1 e fosfolipides de membrana

Increase in

cytosolic Ca2+|

Cellular
response

Recruitment and | |Hydrolysis| | Activation
activation of PLCy1 of PIP, of PKC
LAT PIP; DAG

Inactive

Y 4 Active
4 protem proteun
// '_j
O OC @
3 %
Op ™ Intracellular
Caions Q 7 Ca?+ stores
4 .
R-—) Cellular
response




Moléculas Co-estimuladoras

Expression APCs; APCs; APCs, B cells, APCs, B cells,
inducible inducible other tissues; other tissues;
inducible inducible
Name B7-1 B7-2 ICOS-L PD-L1 PD-L2 B7-H3
(CD80) (CD86)

C

Ligands on
APCs and
other cells

Receptors
on T cells

>
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Viiv]

N

l

N N

Viiv

Vo

\/ G

J -4 o
- ) | B
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f ITIM-like motif Y ‘ Y YO BY vl Iy Y
Y Tyrosine residue CC CC cC C
Name CcD28 CTLA-4 ICOS PD-1 ?
Expression T cells; T cells; T cells; T cells, B cells,
constitutive inducible inducible myeloid cells;
inducible
Major | Costimulation Negative Costimulation Negative
function | of naive T cells regulation of effector regulation
of immune T cells of T cells
responses, in peripheral
self-tolerance tissues




CD28 e a via do NFkB

Nature Reviews | Immunology
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NFAT lﬂ?AF’I 0 @

PI3K-PDK1-PKB pathway ~ “wud @? VAV-INK pathway

v

Nature Reviews | Immunology



Regulagdo negativa por CTLA-4

CTLA4

Protem X PP2A SHP2 | @/

Nature Reviews | Inmunology




Papel da interagdo ICOS/ICOS-L

ICOS
ICOS-L
Increased
IL-1 O.| IL-4
and |FN-y,
but not IL-2

‘_/3\

Nature Reviews | Immunology



Sinalizagdo negativa por PD-1

Immunoreceptor
tyrosine-based
inhibitory motif

Immunoreceptor
. tyrosine-based
A~ switch motif

T- or B-cell
receptor

Decreased signal,
dephosphorylation
of proximal
signalling kinases

\

Nature Reviews | Inmunology




Eventos intracelulares na
ativacdo dos linfocitos T CD4

One of the earliest detectable events after
binding to the TCR is the activation within seconds
of “tyrosine kinases”
- Enzymes which activate proteins by adding phosphate
groups to tyrosine residues
- ITAM (immunoreceptor tyrosine-based activation motif)
on CD3 and zeta chains
- Fyn and Lck (family of Src protein knisaes)
» Associate with CD3+zeta and with CD4 molecule
» CD45 activates Fyn and Lck

* Phosphorylated ITAMs then acts as a docking site for
ZAP-70 (tyrosine kinase of the Syk family)



Eventos intracelulares na
ativacdo dos linfocitos T CD4

Activation of ZAP-70 is critical for T cell
activation

ZAP-70 activated phospholipase C-gamma (PLC-g)
- PLC-g splits phosphatidylinositol biphosphate (PIP,) to
- Diacylglycerol (DAG)
» Inositol triphospahte (IP3)
- DAG - activates protein kinase C (PKC) - kinase cascade
- IP; - increases intracellular Ca++ - calcineurin
- Activation of transcription factors > NF-kB and NF-AT
- Transcription on cytokine and cytokine receptor genes
- mRNA - translated into protein
* Production of IL-2 and IL-2 receptors

- Stop expressing homing factor CD62L

* Induce expression of CD49d and CD44 > trafficking to
tissues



Sinalizagado pela IL-2

B
— |L-2 receptor
L
s

activated T cell

Fig 8.19 © 2001 Garland Science

IL-2 drives the proliferation
and differentiation of T cells

Produced by the activated T
cell

Resting T cells express IL-2R
b and g chains and respond only
to very high concs. of IL-2

Association of the a chain
leads to increased affinity and
response to low concs. of IL-2

Drives T cells into cell cycle



Diferenciacdo final é dirigida por fatores
soliveis produzidos por APCs

Innate immunity Adaptive immunity

Macrophage

Type 1 PAMPs and TFs
IFN-y
== |FN-«

_& IL-18
CCRSL

Mature DC

CD8o/CD86

Regulatory type PAMPs andLng
(/A =< TGF-p

it Immature or T »
Immature Mature DC o
DC
Type 2 PAMPs and TFs \
- histamine \ “ 7, * =
(T PGE 5 s -
Fibroblast C(E%EL

Mast cell
Mature DC

Kapsenberg, Nat Rev Immunol, 2003



Na presenga de IL-12, os linfocitos T se
diferenciam para o perfil Thi

IL-12




Na auséncia de IL-12 e presenga de
IL-4, os linfocitos T se diferenciam
para o perfil Th2




Diferenciacdo de células T auxiliares
em linhagens TH1 e THZ2

IL-12, IFNy, TNFa, LTa

APC IFNy/IL-12+
IL-4 - TH1
THO THZ2
IL-4 +
IFNy/IL-12 -

IL-4, IL-5, IL-10



Balanco Th1/Th2 e o desenvolvimento
de doencas infecciosas.




Diferenciacdo de linfocitos TH17

IL-6




Diferenciagdo de Treg




Diferenciagdo de céluals Trl

IL-10



Os linfocitos T diferenciados expressam
fatores de transcrigdo particulares

LA A &

Thi Th2 Thl7 Treg



Linfocitos Tvd

Precursor Yﬁ TCR (lB TCR

O CD4+
T

Q@ O-O-O-O-O-@ =
NK DN DN2 DN3 DNé oo  cou
CD25- CD25+ CD25+ CD25- CD8lo CO8+

CDa4+ CDa4+ CD44- CD44. TcRpneglo TeRpint D8+
T TCRphi

positive
selection

Os linfécitos Tyd rearranjam seus TCRs no timo ou
fora dele. Estas células também utilizam apenas algumas
regioes V definidas (repertdrio restrito) e ndo passam pela
selegdo positiva e negativa. Elas sdo encontradas
preferencialmente na pele e mucosas do trato gastro-
intestinal, respiratorio e drgdos sexuais.




Linfocitos NKT

PC

T Cell-mediated immunity IL 12, \ — '
(TH]-type responses) |L- ]8 h CD]d CD40L ‘L Cell-mediated lmmunlty
12 1L-18 IL- | (T,,2-type responses)
= o Glycohpld BT L4, 1110, 13,121, TGFB
IFNy, TNF \ CD86 ant'gj——/ ALY, \ )

T Microbial immunity  Autoimmunity

T Tumour rejection E‘g}f_e“ 1 Allograft rejection

T Atherosclerosis NKLF”

T Autoimmunity T Allrgy

Os linfécitos NK Taf rearranjam seus TCRs no timo, mas
utilizam apenas algumas regioes V definidas (repertério
restrito) e passam apenas pela seleg¢do positiva. Esses
linfdcitos localizam-se principalmente no tecido hepatico,
sangue e bago.



Class I1 MHC
+ antigen

Geracao
de CTL

Class I MHC
+ antigen
CD8

Co-stimulatory signal
Target cell CTL-P

IL-2R expression - +

* +

IL-2 expression - +
Proliferation 3 £

+ +

Effector cytotoxic - 2
function




APC stimulates effector CD4 T cell,
which in turn activates the APC

MHC Il MHC |
antigen-presenting cell

S

Activated APC expr;és CD40 and 4-IBBL,
which co-stimulates naive CD8 T cell

Fig 8.26 © 2001 Garland Science

LTCD8 podem ser ativados
diretamente por APCs
ativadas que expressem o
complexo MHC class I/
peptideo

LTCD8 também podem ser
ativados pelos LTCD4 que
foram ativados por uma
mesma APC



