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Zika Virus — 1947 Floresta de Zika

Relatorio do Ministério da Saude 09 Jan 2016

“hd 3.530 casos suspeitos de microcefalia relacionada ao virus
Zika no pais. Os casos sdo computados desde o inicio das
investigacoes (em 22 de outubro de 2015) ate 9 de janeiro deste
ano e ocorreram em 724 municipios de 21 unidades da
federacdo. Também estdo em investigacdo 46 obitos de bebés
com microcefalia possivelmente relacionados ao virus Zika,
todos na regidao nordeste”
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Imunodeficiéncias — Infec¢oes de
Repeticao

Colite Pneumonia Toxoplamose
Ocular

Staphilococcus Infec¢bes Multiplas



Autoimunidade

Multiple Sclerosis - Demyelination

Progressive deformity due to AS
over a period of 36 years

LUPUS

Uveite Psoriase

Doenca de Graves



Montando o Sistema Imune
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Elie Metchnikoff: Pai da Imunidade Natural
Nobel: 1908
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Fagocitos de larvas de estrelas-do-mar.

Metchnikoff and the origins of immunology: from metaphor to theory.



http://books.google.com.br/books?id=nfhpJ2Ri6KsC&printsec=frontcover&dq=metchnikoff&hl=pt-BR&ei=1YBqToPGBNCatweWytzRBQ&sa=X&oi=book_result&ct=result&resnum=2&ved=0CC8Q6AEwAQ

Imunidade Inata

 1a linha de defesa contra infeccoes

Existe antes da infeccao:

Age de pronto

Eliminar patégenos instantaneamente;
Nao possuem memdria imunolégica;

+ Reconhecem Padréoes Moleculeres Associados a Patogenos (PAMPs)
* Padrées Moleculeres Associados ao Perigo (DAMPs)

Mecanismos efetores:

Fagocitos: neutréfilos e macréfagos

Células NK

Citocinas

Sistema Complemento - Via alternatival/lectinas

Imprescindivel para a Ativa¢cao da Imunidade Adaptativa




Célula natural killer

/
\ ) _/) i,
A \ — [ =
}_»__\ hgf'\_/ (/ \/\
Tipo . :
celular Neutroéfilo Macréfago Células dendriticas
Funcao Fagocitose Fagocitose Apresentacao de antigeno
Espécies reativas Mediadores Sinais co-estimuladores
de oxigénio inflamatorios Espécies reativas
e nitrogénio Apresentacao de antigenos de oxigénio
Peptideos Espécies reativas de oxigénio Interferon

antimicrobianos e nitrogénio
Citocinas

Proteinas do complemento

Citocinas

Lise da célula infectada
por virus

Interferon

Ativacao de macréfagos




Neutrofilos

Grande quantidade no sangue / primeiras células

no infiltrado

Receptores para IgG (CD16b) / Complemento
(C5R)

Vida média curta (+ 6h)

Capacidade fagocitica e microbicida:

-

. Granulos primarios: lisozima, hidrolases laticas,
proteases, mieloperoxidase
(HOCI) e proteinas catidnicas
2. Granulos secundarios: lisozima, lactoferrina
(quelante de Fe**), colagenase,

cininogenase e ativador do plasminogénio
3. Metabolitos toxicos do oxigénio e nitrogénio
* Nao possuem superoxido desmutase: acumulo de
(o Py

* Deficiéncia: infeccoes bacterianas




Ceélulas Dendriticas

e Importante para a IMUNIDADE ADAPTATIVA
* Progenitor linféide, CD8* e produtoras de IL-12

* Progenitor mieldide, CD14* e nao-produtoras de
IL-12

Ralph Steinman

e Plasmocitoides Resposta viral (TLR-9 e IFN-a) e

escape de tumores Nobel 2011

e Células de Langerhans (epitélios de revestimento)

- Mieldide

* Presentes em varios tecidos

e Células Apresentadoras de Antigeno (APC)

Toll-like receptors



Macrofagos

e Sangue: Monocitos

Receptores para IgG /| Complemento e
PAMPs (Toll-like receptors) / NLRs

Kupfer, microglia, osteoclastos,

macrofagos alveolares...

Capacidade fagocitica e microbicida (=

Neutrofilos)

e Essenciais para reparacao tecidual

e Células Apresentadoras de Antigeno
(APC) : -

* Importantes para geracao/modulacao e, AR E e oo bucoararon-conac

da IMUNIDADE ADAPTATIVA




Qual a funcao principal dessas células ?

Eliminar Reparo
0 Tecidual
Patogeno ? Depuragdo

Debris ?










Montando o Sistema Imune




Receptores para Reconhecimento de Padroes

e TLRs 1-13 em humanos

* Padrdes Endogenos ( Matrix extracelular, cristais urato, cristais colesterol)
e Padrdes Exdgenos ( Bactérias Gram + ou -, retrovirus, fungos,...)

N-Acetylglucosamine
(GlcNAc)

* Inflamasoma

: N-Acetylmuramic
tha ¥ abe O-antigen i

— repeat 40 units acid (Mur2Ac)

* NOD1le?2
e - (B1-4)
Core polysaccharide .
] Site of b QN
cleavageby S

) IPAF ([ O€T Do ] Disaccharide lysozyme

O HN OHN diphosphate

Pentaglycine
cross-link

* NAIP M %g S s
* NALP 1,2, 3. \

sssssssssssssssss
DDDDD

Structure of Lipopolysaccharide



Toll Protein

(1985):0rientacdo dorso-ventral do embrido de Drosdfilas.

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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ATl s P TI0E CactusDF

Spastzk

f \_) Palls ? \1?

Dorsal/Cactus

Protsages/ /o

e pne NF-«B I-kB
Parp-SA/ .
X Ga'l?pl Tolpathway ~ (Drosomycin, et

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).
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Disdier
Bruce A. Beutler Jules A. Hoffmann Ralph M. Steinman

The Nobel Prize in Physiology or Medicine 2011 was divided, one half jointly to Bruce A.
Beutler and Jules A. Hoffmann “for their discoveries conceming the activation of innate

immunity” and the other half to Ralph M. Steinman “for his discovery of the dendritic cell and its
role in adaptive immunity”.

"for their discoveries concerning the activation of innate immunity"

Charles Janeway

Ruslan Medzhitov




Receptores Toll-like

: Mycoplasmal
_ _ Peptidoglycan, lipoprotein  Entercbacterial
Lipoprotein, zymosan, LAM (bacteria) LPS (bacteria) Flagellin
unconventional (bacteria, fungi) : 2 (bacteria)  profili
LPS (bacteria) TLR6 1l : (;;u?o;g;oa)
— 1 RO R AR Becais :

MDP

DAF

Nature Reviews | Microbiology



Sinalizacao e Ativacao do NF-kB ou IRFs

Microbial lipopolysaccharide

| :
— TLR4

jj——MD-2
Plasma membrane

| |
55

Cytoplasm

|—MyD88

Wl

‘ J» IRAK
IKK1 IKK2

- ) ]
MAP3K :
Degradation of IxB

Induction of inflammatory-
! .
‘/and immune-response genes

Copyright @ 2000 Massachusetts Medical Society

Medzhitov R, Janeway C Jr. Innate Immunity.
N Engl J Med 2000;343:338-44.

Genes pro-inflamatodrios

- Citocinas
Pro-IL-1, IL-6, IL-12, IL-15,
IL-23, TNF-a, etc...

- Quimicinas
CCL1, CCL2, CCL3, CXCL

- Ag Presentation
MHC I e ll, CD80, CD86

- Enzimas
COX, 5-LO, iNOS, NADPH

£s % The New England
e Journal of Medicine




Inflamasoma
Receptores NOD, NLRs, IPAF, AIM, NAIP...

NLR

G nBD_ LRR

Padrdes Endégenos L : Padrdes Exdgenos
Caspase-1 ASC
ATP Flagelina
Cristais de Colesterol 9 G‘ DNA Bacteriano
Ceramida RNA viral

Amiloide Beta

Hyaluronan ) % \\V/ ( Zymosan
Silica \ /4'\\ Hemozoina

Asbesto

Alum ﬂ) — _/--
&

/ \

IL-1B Pyroptosis
IL-18 Pyronecrosis



PAMPs

P2X7

Pannexin- |

Inflammasome

C
@

Ativacao dos Inflamasomas

Pro-caspase 1

Caspase 1 Ativa

Pro-IL-18

IL-1B



ARTICLE

doi:10.1038/naturel12479

Bacteria activate sensory neurons that
modulate pain and inflammation

Isaac M. Chiu', Balthasar A. Heesters>?, Nader Ghasemlou', Christian A. Von Hehn', Fan Zhao®, Johnathan Tran', Brian Wainger’,
Amanda Stromingerl, Sriya Muralidharan’, Alexander R. Horswill®, Juliane Bubeck Wardenburg(’, Sun Wook Hwangl" ,
Michael C. Carroll’ & Clifford J. Woolf’
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Sst, Gal e CGRP Suprimem a Resposta
Inflamatoria Local

Heat-killed
C S. aureus

%k

r
*
l—

Iﬁﬂﬂ

Llpotelch0|c acid

imﬂﬂ

TNF-a (Pg mI
(00
8

(\Q} Q o_)"o C,;b

Stimulated
macrophages

o

CGRP (pg ml)

1,500

1,000

Buffer

CGRP release

* %

O 0 ow
- o0 T v

* %%

o
@

S. aureus olHL

(ng mi™)

30% S. aureus sup.
50% S. aureus sup.

e Draining lymph nodes
P =0.0025

* %

600+

BN

)

=}
1

* %

Cell number (x10%
]
s

Capsaicin
%

S. aureus infected



Qual a funcao principal dessas células ?

Eliminar Reparo
0 Tecidual
Patogeno ? Depuragdo

Debris ?




Lepra

Entao é um Sistema

De

Defesa?




Gota Urica

Swollen and Masses of uric
inflamed joint acid (tophi)

...Coisas enddgenas

Também

Uric acid
crystals

Ativam

Essas vias

Nao é de Defesa.

°~
)
°~
)
°~J
°~J
°~J
°~J
°~

Placa de Ateroma Células Espumosas
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Caracteristicas

Das

Citocinas

(a)

PLEIOTROPY
o o S
Q
(o)
(=)

Activated Ty cells

> 11L-4

REDUNDANCY

O@Q

IL-2
9 >IL-4
\ @, IL-5 -

<
Activated Ty cells
SYNERGY

Activated Ty cells
ANTAGONISM

O@Q

\

——

N

N

i~
@ \_,_,/
)

IFN-y

Activated TH cells

2D

~ Target Cell

hymocyte

: .

Effect (b) CASCADE INDUCTION

o o) S
Activation O ®
Proliferation A @

Differentiation
Activated Ty cells
Proliferation S/
IFN-y
Proliferation
o
G g
()
Macrophage
Proliferation
IL-12

Induces class switch to IgE =
Q
@
o
Activated TH cells

Blocks class switch to IgE
induced by IL-4

IFN-y, TNF, IL-2, and
other cytokines
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SELECTED FUNCTIONS OF SOME CYTOKINES

Cytokine

Secreted by*

(IL-1a, IL-1B)

Interleukin 2
{IL-2)

Interleukin 3
{IL-3)

Interleukin 4
(IL-4)

Monocytes, macrophages,

B cells, dendritic cells,
endothelial cells, other
cell types

T 1cells

Ty cells, NK cells,
mast cells

T};2 cells, mast cells,
NK cells

Majer biological functions

Target cells/tissues

Activity

.l’" Ce"s
B cells

NK cells

Vascular endothelial
cells

Macrophages and
neutrophils

Hepatocytes

Hypothalamus

Antigen-primed
T,; and T, cells

Antigen-specific
T-cell clones

NK cells {some)
and T cells

Hematopoietic cells
Mast cells

Antigen-primed B cells
Activated B cells

Resting B cells
Thymocytes and T cells

Macrophages

Mast cells

Co-stimulates activation

Promotes maturation and clonal
expansion

Enhances activity

Increases expression of I[CAMs'

Chemotactically attracts
Induces synthesis of acute-

phase proteins
Induces fever

Induces proliferation _

Supports long-term growth

Enhances activity

Supports growth and differentiation
Stimulates growth and histamine
secretion

Co-stimulates activation
Stimulates proliferation and
differentiation; i
switch to IgG1 a
Up-regulates class
expression
Induces proliferation
Up-regulates class Il MHC
expression; increases
phagocytic activity
Stimulates growth




I TABLE 12-1 SELECTED FUNCTIONS OF SOME CYTOKINES

Cytokine

Secreted by*

Major biological functions

Target cells/tissues

Activity

Interleukin 5
{IL-5)

Interleukin 6
{1L-6)

Interleukin 7
{IL-7)

Interleukin 8
{IL-8)

Interleukin 9
(IL-9)

Interdeukin 10
{1L-10)

T;;2 cells, mast cells

Monocytes, macrophages,
T2 cells, bone-marrow
stromal cells

Bone-marrow, thymic
stromal cells

Macrophages,
endothelial cells

Ty cells

T2 cells

Activated B cells

Eosinophils

Proliferating B cells

Plasma cells

Mpyeloid stem cells

Hepatocytes

Lymphoid stem cells

Resting T cells

Neutrophils

Some Ty cells

Macrophages

Antigen-presenting

cells

Stimulates proliferation and
differentation; induces
class switch to IgA

Promotes growth and
differentiation

Promotes terminal differentiation
into plasma cells

Stimulates antibody secretion

Helps promote differentiation

Induces synthesis of acute-phase
proteins

Induces differentiation into
progenitor B and T cells

Increases expression of 1L-2 and
its receptor

Chemokine; chemotactically attracts;

induces adherence to vascular
endothelium and extravasation
into tissues

Acts as mitogen, supporting
proliferation in absence of
antigen

Suppresses cytokine production
and thus indirectly reduces
cytokine production by Ty;1 cells

Down-regulates class 11 MHC
expression

Th17
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SELECTED FUNCTIONS OF SOME CYTOKINES

Cytokine

Interleukin 11
(IL-11)

Interleukin 12
(IL-12)

Interleukin 13
(IL-13)

Interleukin 15
(IL-153)

Secreted by*

Bone-marrow stromal

cells

Macrophages, B cells

Ty cells

T cells

Target cells/tissues

Plasmacytomas
Progenitor B cells
Megakaryocytes
Hepatocytes

Activated T cells

NK and LAK cells and
activated Ty 1 cells

Macrophages

T cells, intestinal
epithelium

NK

Activated B cells

Major biological functions

Activity

Supports growth

Promotes differentiation

Promotes differentiation

Induces synthesis of acute-phase
proteins

Acts synergistically with IL-2 to
induce differentation into CT'Ls
Stimulates proliferation

Inhibits activation and release
of inflammatory cytokines;
important regulator of
inflammatory response

Stimulates growth of intestinal
epithelium, T-cell proliferation

Supports proliferation

Co-mitogen for proliferation and
differentiation

Interleukin 16 T cells (primarily CD4" T cells Chemotaxis; induces expression of
(IL-16) CD8") and class IT MHC; induces synthesis
eosinophils of cytokines; suppresses antigen-
induced proliferation
Monocytes Chemotaxis; induces class 1T MHC
Eosinophils Chemotaxis; induces cell adhesion
Interleukin 17 T cells Macrophages Initiates and maintains inflaimmation
(IL-17)
Interleukin 18 Activated macrophages T cells Induces IFN-v production
(IL-18) NK cells Enhances NK cell cyvtotoxicity

Interferon alpha
(IFN-ax)

Interferon beta
(IFN-B)

Leukocytes

Fibroblasts

Uninfected cells

Uninfected cells

Inhibits viral replication

Inhibits viral replication

Thl



I TABLE 12-71 SELECTED FUNCTIONS OF SOME CYTOKINES

Cytokine

Secreted by*

Major biological functions

Target cells/tissues

Activity

Interferon gamma
{IFN-vy)

Leukemia-
inhibitory factor
{LIF)

Oncostatin M
{OSM)

Transforming
growth factor B
(TGF-B)

Tumaor necrosis
factor «
{TNF-«)

Tumor necrosis
factor B
{TNF-8)

Ty 1, T, NK cells

Thymic epithelial
cells, bone-marrow
stromal cells

Macrophages, T cells

Platelets, macrophages,
lymphocytes, mast
cells

Macrophages, mast cells

T;;1 and T cells

Uninfected cells
Macrophages
Many cell types

Proliferating B cells

T2 cells
Inflammatory cells

Hepatocytes

Embryonic stem
(ES) cells

Tumor cells
Hepatocytes

Kaposi's sarcoma

Monocytes and
macrophages
Activated macrophages
Epithelial, endothelial,
lvmphoid, and
hematopoietic cells
Proliferating B cells

Tumor cells
Inflammatory cells

Tumor cells

Macrophages and
neutrophils

Inhibits viral replication

Enhances activity

Increases expression of class I and
class 11 MHC molecules

Induces class switch to IgG2a;
blocks IL-4—induced class
switch to IgE and IgGl

Inhibits proliferation

Mediates various effects important
in delayed-type hypersensitivity

Induces synthesis of acute-phase
proteins

Supports proliferation and
differentiation

Inhibits growth

Induces synthesis of acute-phase
proteins

Stimulates growth

Chemotactically attracts

Induces increased 1L-1 production

Inhibits proliferation, thus
limiting inflammatory response
and promoting wound healing

Induces class switch to IgA

Has cytotoxic effect

Induces cytokine secretion and is
respansible for extensive weight
loss {cachexia) associated with
chronic inflammation

Has cytotoxic and other effects
similar to TNF-«
Enhances phagocytic activity




(a) Immunoglobulin superfamily

receptors

IL-1
M-CSF
C-Kit

(d) TNF receptors

(b) Class I cytokine receptors

(hematopoietin)

>(30nserved

cysteines

WSXWS

IL-2 IL-13

IL-3 IL-15

L4 GM-CSF

IL-5 G-CSF

IL-6 OSM

IL-7 LIF

IL-9 CNTF

IL-11 Growth hormone

IL-12 Prolactin

TNF-o
TNE-
CD40
Nerve
FAS

(o) Class II cytokine receptors
(interferon)

DO 66

growth factor (NGF)

(e) Chemokine receptors

G-protein

IFN-0!
IFN-B
TFN-y
IL-10

IL-8
RANTES
MIP-1
PF4
MCAF
NAP-2



(2) GM-CSF receptor subfamily (common [ subunit) (b) IL-6 Receptor subfamily (common gp130 subunit)

GM-CSF IL-3 IL-5 CNTF  LIF/OSM
25 IL-6 11 ';]'
| (i
;'&’,-‘5; ! U
— J:
| '

=

GM-CSFRo. IL-3R IL-S5R )

B B B gpl.éo gpi 30 gpi 30 ap 1 30
(¢) IL-2 receptor subfamily (common ¥ subunit)

IL-2 IL-15 IL-7 1L-9 IL-4

IL-2Ro IL-15R0;

IL-2Rf3 IL-2Rp3 IL-7R IL-9R

IL-4R



Vias de
Sinalizacao

JAK - STAT

a F59| Y65 68 L75

F56| D64

N— KIR Classical SH2 domain SOCS box ©
. |
SH2 domain Elongin B € ¥ ¥ Elongin C
4 Cullin-5
RBX2' L
't2 ligase
b Cytokine IFNAR or gp130. G-CSFR, ! Hypothetical |

IL-12R, leptinR | model

Nature Reviews | Immunology

Inibida por SOCS

i

Nucleus
FAN

Transcription ﬂ

Nature Reviews | Immunology



Fatores de Crescimento

Apresentacao de Ag

Melécuals Costimuladoras

Moléculas microbicidas
Quimiatraentes

Febre

Estado anti-viral
Fibrose

Morte Celular

INFIAMMATORY RESPONSE

1 ' ® r
| | |

.@b ===
@ ®

Fibroblasts . . Endothelial cells

Antigen @
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Clomnal expansion
@ LAK cell
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Plasma ocll



Citocinas na Imunidade Inata

TNF-a - Producao, Estrutura e Receptores

» Substancia no soro de animais com
LPS que causava necrose de tumores

« FAGOCITOS MONONUCLEARES,
Células T, NK e mastocitos

+ LPS em MACROFAGOS: forte estimulo

* IFN-y: adjuvante para estimulo com LPS

Proteina tipo Il
(membrana de fagdcitos mononucleares)
(amino-terminal externa)

Metaloproteinase
de membrana

Homotrimero soluvel

Cross-linking
of TNF-R
by TNF

"Death
domain”

Binding of
adapter protein
(TRADD)

(A) Gene expression

|
|
|
}
|
]
|

1
|
]
{
I

|| intermediates

Binding of
signaling SAP kinase

(TRAF, RIP)

kB kinase _
cascade

Apoptosis

[ | Binding of FADD and
| | activation of caspase-8

Active
caspase-8

precursor form

Active
AP-1




Quais sao e onde ficam os orgaos linfoides ?




Orgéos Linféides Primarios

Ossos Achatados

Hematopoiese

saco vitelino — figado — bago — medula éssea

Ossos achatados

Arcabouco reticular 6sseo

Células adiposas, fibroblastos e precursores celulares

Células precusoras: CD34* Sca-1*

Producao de Fatores Estimuladores de Colénias (CSF)

CFS: células do estroma e macrofagos

Plasmaocitos



Org3os Linféides Primarios

Timo

+ Bilobado

+ Ectoderme (arcos branquiais)

* NUDE: sem pelos e timo

(homem: Sindrome de DiGeorge)

+ Maturagao de Linfécitos T CD4* ou CD8*

cortex

medula -

capsula

trabécula

epitélio

sub-capsular

jungio

- cortico-
medular

corpusculo
de Haszall

célula
cortical epitelial

timacito

célula medular
epitelial

célula
dendritica

macrofago




Tolerancia Central

Linfocitos T Reconhecem
Peptideos + MHC

Precisam aprender
Quais sao as nossas
Proteinas

AIRE

A

N
~ Cartex

Thymus gland

s

T

W i

51\ 8% i
- WY
o o

AR

epithelial
cell

CD8énd CD4

A 4
. ‘o v
— - .t 4 Y
L 1
3
\ 2 N

Cortex

Positive

™ selection

selection

L) Apoptosis

Dendritic cell
or
macrophage

Surviving
cells |leave the
thymus




Periferia

Medula




Maturacao

Migragdo Intra-Timica







CD4+ CD4+CD8* B CD4+ CD4+CDs*

(single posltl\!e) (double positive) (single positive) (double positive)
~12% . ~80%

g2 ==

7

CD4+
CD8lo

~5% j

~3%

CD4-CD8" | CD8*  CDA4-CDS§" CD8*
(double negativei (single positive) (double negative) (single positive)

CD8




Rearranjo V(D)J do TCR — Enzimas RAG

LL V1 L V L V D1 D2 D3 Dn Jgb J J J J
2 |—.. n —....—4J—......
P P P E
Rearranjo DJ
L V. L V2 L Vn pPJy
AT e o
P P P E
Rearranjo VDJ

DNA

Transcriciao

— RNA Primario

Especificidade da Celula T



Limiar de Selecdo
Regido pela Forga de Interagdo Entre os Linfdcitos e Antigenos Préprios

Selecao Positiva

Morte
Negligéncia
G | Selecao
O _ Negativa
C 5 Tregs
(Q
Z .

Taxa de
Sobrev

Afinidade do TCR



Projection of an Immunological
Self Shadow Within the Thymus
by the Aire Protein

Mark S. Anderson,’ Emily S. Venanzi,' Ludger Klein,?
Zhibin Chen," Stuart P. Berzins,” Shannon ). Turley,’
Harald von Boehmer,? Roderick Bronson,®> Andrée Dierich,*
Christophe Benoist,'* Diane Mathis'*

Humans expressing a defective form of the transcription factor AIRE (autoim-
mune regulator) develop multiorgan autoimmune disease. We used aire-
deficient mice to test the hypothesis that this transcription factor regulates

autoimmunity by promoting the ectopic expression of peripheral tissue— Sex Age Salivary Reproduc. Thyroid Retina Liver Stomach
restricted antigens in medullary epithelial cells of the thymus. This hypothesis F 3 - - + ND - -
proved correct. The mutant animals exhibited a defined profile of autoimmune M 4 . . . ND E e
X s M 4 - - - ND 3 5
diseases that depended on the absence of aire in stromal cells of the thymus. F 9 % . ’ ND " )
Aire-deficient thymic medullary epithelial cells showed a specific reduction in F 9 + ) ND ND ND ND
ectopic transcription of genes encoding peripheral antigens. These findings M 9 . = ND = ND ND
highlight the importance of thymically imposed “central” tolerance in con- m :g t: S ND N+D ND ND
trolling autoimmunity. F 15 % 3 i £ ir X
F 15 + - - - tr -
F 22 . - NA . tr -
M 30 + + NA - + +
F 31 . tr - +* ‘. +
M 35 + + NA + + ”




AIRE KO Animals Have Serum Auto-antibodies

Stomach Retina

Transference of BM to WT or AIRE
KO

(v y)

Recipient
P WT [ JWT towT [IKO toWT

KO
] B | NwTtoko KO to KO
& Y LV
Pl B & 3 n\.
va AV,
‘ 0 L'vf{.' xl Y
‘ ‘ D D
WT (VAVERVELY
0 v
 aVAVLY,

‘ Salivary f‘ Pancreas ' Stomach

\ /
\/

o

CD44MNCD62L" (%)

|‘ I Liver A’ Retina




Tissue Specific Genes
Orchestrated by AIRE

Human
APECED

AIRE Mutation

7160 ¢ o lombnork chan | m--m--m
97180 f at |emb onic chain 0.0803] 0.279

101820_at _|neurotoxin homologue _[granulocytes monocytes | 29.50] 1] 0.034] 0.1105] <0.02| 0.014]

86153 at __|neutrophilic granule granulocytes | 28.46] 1.72] 0.080] 0.0246] 0.063| 0.014

monocytes, neutrophis ' 68.93 mm 0.279 m

19.37| 148] 0.076] 0.0121] 0279] . |

BN one specific tissue [ hematopoietic cells
0 several specific tissues 0 housekeeping

13.3%

“top 30"

58.3%

16.7%

random
set



Se o sistema imune é cunhado para
“ignorar” o proprio,

Isso nao torna mais facil reconhecer o nao
proprio ?

Defesa ?



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

Microscopic Anatomy of a Lymph Node
Afferent -

He finally did 1t!

e N
94
/ aaaaaaaaaa
Capsule-dense connective tissue

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



Org3os Linfoides Secundarios

Linfonodos

Germinal center

Follicular
dendritic cells

Mantle zone

Cordoes medulares

Linfatico eferente
Trabécula
Capsula Artéria

LV &
Y v

Positive selection

Proliferation of Generation of
B cells for binding to antigen  memory cells and
and somatic on follicular plasma-cell precursors
hypermutation dendritic cells and class switching

* Vénulas: Células Endoteliais “Altas” (HEV)

Veia , .
(entrada das células circulantes)

Foliculo Linféide (B) * Foliculos Primarios

Paracortex (T)

* Foliculos Secundarios (Centros germinativos)
Linfatico aferente



)

Estrutura do linfonodo

foliculo linfoide

foliculo linfoide primario (B)

secundario
cordoes
o medulares (Mo
linfatico e plasmocitos)
aferente

seio medular
artéria
veia

area —_ '
paracortical (T))

A\

linfatico
eferente

centro germinativo
senescente

centro
germinativo

seio marginal




Swollen

Linfonodo Aumentado




Linfonodos

Afferent
lymphatic
vessels

Cortex:

* Lymphoid follicle
* Germinal center

* Subcapsular sinus

Follicles

Trabecula

* Medullary
cord

* Medullary
sinus

(a) Capsule (b)
Copyright © 2006 Pearson Education, Inc., publishing as Benjamin Cummings.



Org3os Linféides Secundarios

Central artery Marginal zone

Baco

Regiao do hilo i
Veia Esplénica foliie (B

cell zone)

Periarteriolar
lymphoid
sheath (PALS;
T cell zone)

Red pul|
Trabecular et

vein

‘ Sinusoid

Spleen

Artéria Esplénica

» Sinusodides vasculares (Entrada do Antigeno)
* Nao possuem HEV

* “Filtro” sangiliineo para remogao de células danificadas antigenos circulantes



Org3os Linféides Secundarios

+ Primeira barreira aos antigenos externos Sistema Imune de

« Maior area exposta do organismo Mucosas
» Linfécitos Intraepiteliais: TCRaB CD8* (homem) / TCRyd (camundongo)
« Lamina prépria: CD4* ativados / Macréfagos / DCs / Eosindéfilos / Mastocitos
* Foliculos linféides de mucosa: Células B (R. Central) / Células T CD4*(R. interfolicular)
» Células M: transporte de antigenos
* Alta producao de IgA Intraepithelial :
* Imunizacao oral: Tolerancia - oS / T
o g | W , LU % P4 19 L ] epithellum
l * Lamina
: propria

Lymphatic

To mesenteric
lymph node

a4
To circulation




Linfonodas LN
Submentonanos

Linfonodos e vasos linfaticos do estomago, duodeno ¢ pancreas.
O estomago esta virado para ¢cima.(Segundo Jamieson ¢ Dobson.)

supra-esternal



Montando o Sistema Imune




Mas como essas células e
tecidos de integram ?




ol o a\V\OC | O
OAL® Odo > O =1 o
o\2¢7Volo] o OQOO o\2¢\ololo 740 [0
O3 OJolo] o)™ O SLo]ofo)o
@) OOOOOO < e QOOOOOQ
0 o &
0 0 O O 3] [®] @] Epidermis ® ® O o % ! O O
[+] » = ® o
\ R Dermis o © o o

Chemokine

Dermal posteaplilary venule

Systemic circulation

Transmigration

' Difterentiation
Naive T cell Effector T cell

Antigenos
Sao
Drenados
Aos
Linfonodos
E
Apresentados

Aos linfocitos
TeB



Sistema Linfatico
Drenagem dos
Antigenos e Debris

Presentes nos
Tecidos




Recirculacao Leucocitaria

Superior
vena cava

Arterial blood
Lymph

&

(O Activated effector
or memory T cell

Efferent
lymphatic

Arteriole ' Veule

Lymph node
(antigen present)

Elimination
of antigen

Afferent
~ lymphatic

'Peripher'l tisu '




, Apresentagao de Antigenos via MHC Classe |
- HLA- A, B, C

I~ protein

L
-

roteasome

Klein J, Sato A. The HLA System. First of two parts.

The New England
N Engl J Med 2000;343:702-9.

Journal of Medicine

5




Apresentacao via MHC Classe |l
HLA-DP, DQ, DR

Extracellular self or foreign protein

D)
I '( Qg [ ~\ Degradation

“ / '\t;’l,/' of protem
Ve o b

‘/—\ J_ 4»\ P AT

\compartmem

| "HLA class
molecule HLA-DM-)

Endoplasmic
reticulum

Copyright @ 2000 Massachusetts Medical Society

Klein J, Sato A. The HLA System. First of two parts.
N Engl J Med 2000;343:702-9.

, The New England
Iourn al of Medicine




Apresentagdo de Ag

TCR

//

&

N

Citocinas
Thl - IFN-y
Th2 - 1L-4,5,13
Th3 - TGF-B
Th17 - IL-17, 22

h

CD8




Estrutura das Moléculas de MHC | e |l

Class | Class |l

Peptide-binding
groove

membrane i
Cytoplasmic Cytoplasmic
tail tail

Copyright @ 2000 Massachusetts Medical Society

Klein J, Sato A. The HLA System. First of
two parts. N Engl J Med 2000;343:702-9.

The New England
Journal of Medicine

P
VAT

Ly




Estrutura das Moléculas de MHC | e |l

MHC Classe I ™ MHC Classe IT




A ligagdo com o complexo MHC-peptideo promove
a formagdo de sinapses imunoldgicas

QQG S o o0
Olalale e[ o] 0

Stage 1- Junction formation Stage 2- MHC-peptide Stage 3- Stabllization
transport

. e
/ -“\ ,// \ / \ e
x-%/ﬁ ‘ﬁf\ " /Mm“ M%\\ /{/ﬁ B\ \5




Vias de Sinalizacao do TCR

APC CIda Class [T MIIC
BT
- — Pcpride ™~
I>as
CD28 ~_
|
T CELL 'q.
_.-’/ —“ -
Ix-13 \IAP \IAP l\

kinase Kinasc
/ cascade cascade

| o

== —_) e

-——) (— —_—— S

Transcriprion factors interact with the
regulatory sequences of many genes, =
increasing thowr exprossion

| | | | | Transcriptionally
actvated genes




Populagdes de Células T

Foxp3*CD4™ thymocyte

IL-27

i

. b o

Foxp: FOXp3-

TGF-B IL-10 Contact

Adaptive Natural

Effector T cells Regulatory T cells

Weaber CT, Harrington LE, Mangan PR, Gavrieli M, Murphy, KM. Immunity. 2006 Jun;24(6):677-88



(prem—

Exit of high-affinity B cell
antibody- secreting
memory and B cells

Germinal
center

Somatic mutation and
affinity maturation;
isotype switching

)

B cell proliferation
= .0 Dark
f Zone

Activation of B cells
and migration
into germinal center Beell Helper

L — T cell

ollicular
dendritic
cell

Mantle

Zzone

Follicle

£ ight ]
B zone

| - Dark

Zone

Germinal
center




Receptores de Células B

Pro-B cell Pre-B cell B cell Plasma cell

=

;—n Heavychain o Mature Antibody-—|
-

+ surrogate * B-cell receptor
=5 light chain - N

—EHED-NTT-—HEHEHE - Rearrangement of V
VDJ

Heavy-chain primary RNA transcript

v

——l - Heavy-chain messenger RNA
v:D.JC;

Copyright © 2000 Massachusetts Medical Society

Delves PJ, Roitt IM. The Immune System (Part1). R
N Engl J Med 2000;343:37-49. S




Anticorpos ou Imunoglobulinas

@) 1gG 4, R (b) Igh

. “Hinge
region

Disulfide

fill]}lf 4 ) bond \_
region - >




Comprovacao da Recombinagao Somatica

7 1975: DNA de fibroblastos nao rearranjado;
DNA de células B rearranjado

 DNA de Fibroblastos (digerido)
 DNA de Hybridomas de Células B (digerido)
» Sondas de DNA

)

Susumo Tonegawa



A ligagdo com o complexo MHC-peptideo promove
a formagdo de sinapses imunoldgicas

Stage 1- Junctionformation Stage 2- MHC-peptide Stage 3- Stabllization
transport

Y o
.~ TCR

//’\ LFA-
7)) cD4
~

ICAM-1

MMC-peptice
ferce




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

NK cell destroying embryo |

Linfocito T CD8

|
Y

y = !,"_'-‘i
- ;/”" Y

)
A

(courtesy of Dr. M. Rohde, GBF) '/
bacteria upon contact

Macroéfagos Células Dendriticas



imento das Células T

Compromet




Proliferation and

differentiation

LT, TNF jmsp

//’ 43\\\’
| ,'

NG

cos*
B cell TH‘ Cells T cell
Macrophage activation | / \
(enhanced microbial 4 .
IFN-y

Neutrophil activation
(enhanced microbial
killing)

IL-2,

killing) l
f5 IFN-y

Complement-binding
and opsonizing antibodies
Fc receptor ! é

| Opsonization and CTL
L phagocytosis

Células Thl sao
geradas na
presenca de

IL-12 e auséncia de
IL-4
e orquestram a
resposta imune a
patogenos
intracelulares

Virus e bactérias

Secretam
Interferon -y



] . 1 1 {‘
B cell Proliferation and
differentiation

Neutralizing
IgG antibodies
(human: 1gG4;
mouse: IgG1)

Suppression of
macrophage
activation

Mast cell Eosinophil
degranulation activation

Células Th2 sao
geradas na
presenca de |L-4 e
ausénciadellL-12 e
orquestram a
resposta imune a
patogenos
extracelulare

Vermes
E bactérias

Secretam
IL-4, IL-5 e IL-13



Imunologia Celular e Molecular
ISBN: 9788535222449
Elsevier Editora

»/ |Reconhecimento

do antigeno
e formacao
de conjugado

Ativacao
do CTL

Exocitose
de granulos

Separacao
do CTL

Destruicao
da célula-alvo

Linfocitos T
CD8
eliminam
células
infectadas
por virus ou
células
Tumorais.

Secretam
IFN-y



Linfocitos T yo

W7 (ctra-thymic)

e Intestinos
\_“/

Utero Pulmi3o i«

Lingua

Células T yd
r
)< )
)
J

Desenvolvimento de

20 Brth
Dias pds-concepg¢ao

eLinfdcitos Intra-epiteliais
eaf3 / y6 - 50:1 Linfonodos
eaff /v6 - 5:1 Ldmina propria
eCD8aa ou DN
eDistribuicao tecidual especifica

eHomeostase local e
protecao local



Células NKT sao Células T que
apresentam o TCR com

baixa variabilidade ou invariavel

Reconhecem antigeno apresentados
por moléculas de CD1

TCR Amplamente encontradas no Figado

Podem secretar IL-4 e IFN-y




A IL-2
-— c-Fos CD69 fecep(or a ce"
2.\ ~CD40  division

v —A
o
o
1

z- / ”l%/\ [
{é 754 1/ \ ) Cinética
& L) Y\
€ ‘ Ativacao da
-l resposta imune
"o < Obedece uma
2 3 4 5 6 12 1 2 3 ) 4 ‘. 5
Hours Days 4 certa Ordem
B ' = = i | Cronolégica
L Amplification
E?rt\?)?\"r? 3(;2 Proliferation of effgctor (r:e%rgg?"scg
A - luncions . Fatores Precoces
IL-2R
(CD25) CD40L CTLA-4

Yool i[; E i’; I: ig :: ig : i!;: Fatores Tardios

Time after activation



Number of microbe-specific T cells

R

Clonal
_ expansion

Infection

=Contraction=
.(Ingmeostasjif,_)

|
7

|
14

Days after infection

Memory






Tipos de Tregs

Naturais
Geradas Ti

Adptativas
Geradas Periferia

CD4+CD25*
Foxp3

Th3
TGF-B

v

CD4+CD25- Trl
Foxp3 + IL-10




Tregs Naturais

Foxp3
GITR Ac¢ao por contato;
IL-2;
OX-40 Geradas no timo:;
D25 GITR
4-1BB Foxps
CTLA4 Granzima A

Neuropilina
CD4

0dfl e 04p7 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

b 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.




Resultados

15 - 1 T 2

3 o
. i ~ 2560 ™
2 g f | A) 3 meses
E 3 ' § 1“: ° (o)
3 | . ‘e~ o o o
Q 10 r g - * ogo :3 o
"E-) - ! . = o)l R | _oon | AR SR
(=) ! o 4 . Day 0 Day 3 Day 7 Day 14
g . . . Day of Thymectomy
s | ' ' o B) d3Tx
S 5[ A B .
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o [ 3w ° °
o | . . . L N ' 2 ’1’1 -l i 10: o (Xon') (XOD g
012345 71 9 14 60 R R T P i
3 Weeks 4 Weeks 6 Weeks 8 Weeks
Days after Birth Age of Day 3-Tx Mice

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~



Gastrite Auto-imune

10,240 |
N
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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 (T,eg) 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 Ty, lineage, and whether T4 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 T4 cells in neonatal and adult mice. We

suggest that self-reactive T cells are continuously suppressed by T4 cells and that when suppression is relieved,

self-reactive T cells become activated and facilitate accelerated maturation of dendritic cells.
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