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Linfocitos T CD4 sao os regentes da “orquestra” chamada Sistema Imune

Linfocito T CD4
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An activated macropl hage phagocytosing bacteria upon contact
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Imunodeficiéncias — Infeccoes de Repeticao
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Autoimunidade

Progressive deformity due to AS Multiple Sclerosis - Demyelination

over a period of 36 years
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Spondilite Anquilosante Esclerose Multipla

nerve fibre nerve fibre

Uveite Psoriase

Doenca de Graves



MILLIONS

{/

PRESENT

HUMAN

CHICKEN

3111434

SNAKE

—_—

[ SNVISIHAWY

FROG

o
:

e dsadiindons'd o R ad AN A

P

~ i :; .:'
-oi<r,-c\:‘\.

Q
)
C
Q
O
Q
oc
O
)
C
Q
>
LL]

ito é um

Oci

JHD IALLININEY

SNNONID]

Linf

A




Natureza dos Antigenos

Piasmrmas

MTOMmDCaro

TLRD CpG DNA

TLR structure




Linfocitos T também podem ser classificados

quanto a seu TCR (a3 e y0)

Imunologia Celular e Molecular
ISBN: 9788535222449
Elsevier Editora
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Loci do TCR

Imunologia Celular e Molecular
ISBN: 9788535222449
Elsevier Editora

Locus da cadeia B do TCR humano (620 kb; cromossomo 7)
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Precursores linféides migram para o
timo para sofrer maturacao
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Tais Estagios Possuem Checkpoints que Garantem
A Geracao de Células Produtivas e nao Deletérias
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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 CD8
CD4nee CD8Pos
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Medula Periferia




A CD4+ CD4+CD8* = CD4+ CD4+CD8*

(single positive) (double positive) (single positive) (double positive)
~80% n N ' 4 )

~3% %

CD4°CD®8" CD8+ CD4"CD8"

(double negative)\ (single positive) (double negative) (single positive)
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Limiar de Selecdo
Regido pela Forga de Interagdo Entre os Linfdcitos e
Antigenos Proprios

Selecao Positiva

Morte
Negligéncia

TAXA DE SOBREVIVENCIA

AFINIDADE DO TCR



Precursores linfoides, agora chamados timdcitos, migram da CORTEX PARA
MEDULA e nao expressam CD4 nem CD8
CD4nee CD8Pos
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Estagios da Maturacao de Linfocitos T

Stage of

maturation  otem cell

Proliferation
RAG expression

TdT expression

Unrecombined
(germline)
DNA

TCR DNA,
RNA

TCR

’ None
expression

c-Kit*
CcD44+
CD25"

Surface
markers

—3

Pro-T

Unrecombined
(germline)

DNA

None

C-Kit*

CD44+*
CD25*

Double
positive

Recombined
p chain gene
[V(DWJ-C];

B chain mRNA

Pre-T receptor
(B chain/pre-T «)

Membrane
aff TCR

c-kit *
CD44-
CD25+

CD4+CD8*
TCR/CD3%

Recombined P,
o chain genes
(V(D)J-CJ; B and [V(D)J-C}; Band [V(D)J-C]; B and
« chain mRNA

Recombined 3.

Single
positive
(immature
T ceall)

Naive
mature T cell

Recombined [3.
g changenes o chamgenes

achainmBNA «chain mBNA
Membrane
o) TCR

CD4+*CD8" or
CD4°CD8*
TCR/CD3M

Membrane

all TCR

CD4+CDB" or
CD4-CD8&*
TCR/CD3M
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‘Bone marrow ' Thymus
fetal liver Cortex Medulla

Periphery

Death by neglect cDs*
(no or low affinity)

>

Positive AR0). &
selection A CD8+* cytotoxic
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/ Negative ’
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CD8 — MHC |

Linfocito T CDS8

T Citotoxico



CD4 — MHCII

Linfocito T CD4
T Helper



Especificidade da Célula T

II

Peptideo X

\ |

MHC TCR



Especificidade da Célula T

II

Peptideo Y

\ |

MHC TCR




E se esse peptideo for
proprio ?
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Tolerancia Central

 Reconhecimento das
porcoes polimorficas do MHC + Ag

* Restringe a resposta linfocitaria aos MHCs do
proprio individuo

* Impede que linfocitos auto-reativos
* alcancem a periferia.



Selecdo Positiva

mmm> Sin3| de Vida




Negligéncia

‘ Nenhum Reconhecimento

Sinal de Morte
Morte por negligéncia

.




Selegdo Negativa

Afinidade da interacdo
MCH-Peptideo-TCR

Impede que clones auto-
reativos alcancem a periferia



Seleg¢do Negativa

A

I Sinal de Morte
. u ‘ Total

Complementaridade
Tregs




Selecao Positiva

=P Sinal de vida
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Selegdo Negativa

Apoptose



Antigenos nao relacionados ao timo como insulina, mielina e
antigenos oculares sao expressos por células endoteliais da medula
timica (mTEC) por causa do fator de transcricao
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Linfocitos T CD4 e
CD8 saem do timo
para popular os
orgaos linfoéides
secundarios
estao prontos para
montar uma
resposta imune



Mas Entao Qual o Problema ?




Anti-Insulina
Anti-Mielina
anti-Colageno
Anti Fator
Extrinseco

ESCAPE

He tinally did it!

T
Capsule-dense conn

Longitudinal view of the internal structure
of a lymph node and associated lymphatics



Impedir a Quebra da Tolerancia
Impedir 12. 29, E 39, Sinal

Citocinas

1) Abatacept, belatacept

CD28 ) B7.1/2)

MCH
TCR O

(,06,1

CD154> > CD40]

S 2
Alemtuzumab Anti-CD40 Ab.
(anti-CD52 Ab) anti-CD154 Ab

3) Alemtuzumab
\ (anti-CD52 Ab)

s

9

6
Rituximab

(anti-CD20 Ab)

@I Alloantigen
2 -

BAFF-R
TACI
BCMA

o2




O Papel do Adjuvante

Louis Pasteur :

1885 Vacina anti-rabica : paralisia
Extratos de cérebro e medula espinhal de coelhos
infectados

Thomas M. Rivers

1909 Esclerose Multipla
1933 Virologista Rockfeller University

Por qué paralisia?
Qual o agente?

Extratos de cérebro e medula espinhal de
coelhos normais e infectados

Macacos Rhesus desenvolviam paralisia
também com extratos provindos de animais
nao infectados.

EAE

Rivers, T.M., D.H. Sprunt, and G.P. Berry. 1933. J. Exp. Med. 58:39-56.

Adjuvante de Freund (1933)



Como Evitar a Acao dos 3 Sinais ?

Mecanismos Supressores da Tolerancia Periféria




rClassically activated 'Alternatively activated
macrophage (M1) macrophage (M2)

Microbial
_~TLR-ligands

Monocyte

IL-13,
~ IL-4 '
n, [

vV V
ROS, NO, IL-1, IL-12, IL-23, IL-10, Proline
lysosomal enzymes chemokines TGF-j polyamines,

! S

\4

Microbicidal Anti-inflammatory || Wound
actions: Inflammation effects repair,
phagocytosis and fibrosis

Killing of many
bacteria and fungi




Natureza dos Antigenos

Piasmrmas

MTOMmDCaro

TLRD CpG DNA

TLR structure




Central and Peripheral Self Tolerance

Central tolerance:
Generative lymphoid organs
(thymus, bone marrow)

{Change-lh receptors‘
(receptor editing;
B cells)

Apoptosis
' (deletion)

Development
of regulatory
T lymphocytes
(CD4+ T cells )

/:9

Mature
lymphocytes

Strong recognition
of self antigen

1] ,/

%

Iimmature
Lymphmd lymphocytes

precursor

Recog nitlon
of self antigen

Peripheral tolerance:
Peripheral
tissues

<uppressuon |

/

-——p

Anergy

Apoptosns
' (deletion)




Central T Cell Tolerance

Thymus Periphery

Negative '

selection: ey

deletion @;q @
Immature

-

T cells specific
for self antigen

'.-Eevelopm_e—n‘i 1(
of regulatory T ==;> )@
T cells '
Regulatory

T cell




Dendritic
ce,',' ! D28

Normal Tcell ~ JPRC Effector and
response 2'%/ & memory T cells

T cell
Functional I
,.) h g >q unresponsiveness

Auséncia de CO'EStimUIagao = Proteinas sem adjuvante

Nao induzem resposta efetora — memoria.




Central and Peripheral Self Tolerance (2)

Dendritic C028
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Mechanisms of T cell Anergy

Antigen T cell
recognition response

_—

DCpresenting Naive
sel antigen T cell

|
—~——

|
Recognition of 7
self antigen
without
costimulation

' Unresponsive
(anergic)
T cell

Engagement of

inhibitory receptors 4| [Signaling block

1 .
‘ y| Inhibitory
ILizand receptor




Mechanisms of Action of CTLA-4

11, B7 CTLA-4]
VSEA '

: S % <
Signaling ¥ A=
block , s \alhel

Dendritic T<ell |[ ~>B7 CD28 | \

cell q
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- B7on DGCs ‘ ~B7 / inactivation

Requlatory
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ABlocking and_




Regulatory T Cells

Thymus Lymph node

= m)

Recognition ' - Recognition
of self antigen Regulatory of self antigen
in thymus T celle in peripheral
) 0 Lissues
Inhibition of Inhibition of T cell
T cell activatlon effector functuons

@

. —xz» tffector
Naive

T cells

DC Teell




Pathways of Apoptosis (1)

Mitochondrial (intrinsic) pathway Death receptor (extrinsic) pathway

—— — — -

. receptor-ligand
Bci-2 family _Cytochrome ¢ . , nteractons
effectors . : D __o~" andother Fas == .
- Pro-apoptotic )
» proteins

It or

CAsSPases -
caspase 9 ) (eCeplos
> Initiator -
Executioner — T casnases:
c.v.pasm/ g caspase 8
End;nut'ioaso
@ astivition Breakdown of

- p/ cytoskeleton

Cell Injury

- Deficiency of growth factors
survival Sgnals
DNA damage, protein misfoldng




Formation of
apoptotic body

Phagocytosis of
apoprotic body




Central Tolerance in B cells

— —

High-avidity self Low-avidity self
antigen recognition antigen recognition

Self AN i
antigen antigen

Self-reactive
B el

4

Expression of o
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Receptor Dedetion
editing

Non-self reactive
_ B cell

Anergic
B cell

Peripheral tissues




Peripheral Tolerance in B cells

* High-avidity self Self antigen recognition
antigen recognition (low or high avidity)

: _
Self P D e

Self —“ F— %

antigen ‘y( antigen v(

Functional &
inactivation Inhibitory —
receptors 3
(e.g.CD22)

f

Apoptosis

‘Delétionl | Regulation by

inhibitory receptors




Postulated Mechanisms of Autoimmunity

Susceptibility Failure of
genes self-tolerance

Genetic
susceptibility ' Self-reactive
. . : e ymphocytes
..

Infection, \ ® 8 ! % Tissue Injury:

injury autoimmune
. disease

L e~

YH\U('

Infections, Ativation of nflux of r’.d.v.l'.u_m of
tissue injury tssue APCe self-reactive fereactive
lymphocytes I, mphocyte
iNO LISSUPS




Chronicity of Autoimmune Diseases

Self-reactive

T ,'_('H

Amplification
of response %
atams Activation
b‘o " of Ap'\\
Cytokines

(2.9, IFN-Y)

Self-reactive
T cell :
. > Increased
Epllop«.‘. number of
. aproadxm{ lissue ¥ Presentation self-reactive
of multiple : clones

antigens




Infections and Autoimmunity (1)

"Resting”

- tissue DC r coll >q
» -,-“{ A o e ﬂ
e e 1)

tolerance # .'
b N Self-tolerance]
antigen : _

J$Microbe DS expresses Sell:

_ costimulatory reactive
»+ Acuvation molecules I cell

Actwatlonvo.g °f CC ‘3‘-“‘-.: ——

: ofAPCs =

R Setf ey Self — &
antigen 87 C028 tissue

Presentation of - 1
antigenby DC | Autoimmunity I




Infections and Autoimmunity (2)

Self-reactive T cell
Microbial that recognizes
Microbe, peptide /mxcrobnal peptide

Molecular S 4

mimicry - _Self

. Peptide —_ /2 ¥ A\ ¥ peptide
"3 ‘ g ) ~Self
- tissue
Self

proven g PRoTn AutoimmunityJ

Mimetismo Molecular




1995 Renascimento das células T reguladoras




Tipos de Tregs

Adptativas
- Geradas Periferia

Naturais
Geradas Ti

CD4*CD25*

Foxp3
l Th3

v TGF-f3

A

\ 4

CD4*CD25- Trl
Foxp3 + IL-10




Tregs Naturals

» Foxp3

GITR Acao por contato;

‘ CD103 | L_2’
OX-40 Geradas no timo:

:: W DS GITR

2(0‘ — 4-1BB Foxp3

o CTLAA Granzima A
4 I ‘ Neurgpilina

CD4
adBle adf’ Granzima A



Mecanismos Regulatorios

Anergia clonal

Citocinas supressoras

Down-regulation de moléculas apresentadoras
Indoleamina, 2,3-dioxigenase

Citotoxicidade

Fosfatases, ubiquitina ligases, SOCS

MiRNA

Células T Reguladoras



Timectomia

BALB/c adulto

CD4*CD25*
ou
CD4*CD25

7 dias 3 meses

Timectomia dia 3

Asano, M.; Toda, M.; Sakaguchi, N. and Sakaguchi, S. Autoimmune disease as a consequence of developmental abnormality of a T cell
subpopulation. J Exp Med 184: 387, 1996.
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4 Weaks 6 Waalks B Wiesks

1)  Numero de células T CD4*CD25* no baco de camundongos BALB/c nos dias 1-60.
2)  Auto-anticorpos em camundongos que receberam células CD4*CD25* ou CD4*CD25~
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Conclusao

Aparentemente as células T reguladoras
CD4*CD25* sao geradas no timo a partir do
30. dia de vida.

Periferia



nature
immunology

Regulatory T cells prevent catastrophic autoimmunity
throughout the lifespan of mice

Jeong M Kim!, Jeffrey P Rasmussen! & Alexander Y Rudensky!-2

Mice lacking the transcription factor Foxp3 (Foxp3-) lack regulatory T (Teg) cells and develop fatal autoimmune
pathology. In Foxp3~ mice, many activated effector T cells express self-reactive T cell receptors that are expressed in
Treq cells in wild-type mice. Thus, in wild-type mice, most self-reactive thymocytes escaping negative selection are
diverted into the T, lineage, and whether T, cells are critical in self-tolerance in wild-type mice remains unknown.
Here, acute in vivo ablation of T, cells demonstrated a vital function for T, cells in neonatal and adult mice. We
suggest that self-reactive T cells are continuously suppressed by T, cells and that when suppression is relieved,
self-reactive T cells become activated and facilitate accelerated maturation of dendritic cells.




Deplecao de Tregs




Deplecao de Tregs leva a infiltrado inflamatério
expontaneo

Wild-type

DTR

scurfy




IDO Activity

CD11c+ CD8a

Trp depletion @
L_{ J T cell Proliferation
( l

(
Kynurenines @
L Apoptosis
/ Cell Cycle Arrest

GCN2K

CDA4+CD25- FOXP3- 'd%;
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CD4+CD25+FOXP3+

Trp Kynurenines




Impedir a Quebra da Tolerancia
Impedir 12. 29, E 39, Sinal

Citocinas

1) Abatacept, belatacept

CD28 ) B7.1/2)

MCH
TCR O

(,06,1

CD154> > CD40]

S 2
Alemtuzumab Anti-CD40 Ab.
(anti-CD52 Ab) anti-CD154 Ab

3) Alemtuzumab
\ (anti-CD52 Ab)

s

9

6
Rituximab

(anti-CD20 Ab)
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