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Funcao do Sistema Imune:
Distincao do Proprio e Nao-Proprio




Tolerancia Imunoldgica:

“Falta de resposta a um antigeno que deveria ser
induzida por ter havido exposicao anterior”




Desenvolvimento de células T no timo
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Tolerancia Imunolégica

1- Central

— Selecao Positiva e Negativa
(Delecao clonal)

— Geracao de células T reguladorasr

(Treg)

2- Periférica
— Auséncia de sinais
coestimuladores (Anergia)
— Apoptose (Fas/Fasl)
— Supressao celular (Treg)
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Selecao Positiva e Selecao Negativa

Thymic CD4+CD8* Mature
epithelial cell thymocyte CD4+CD8"
' thymocyte
= Rescue from
Positive programmed
selection cell death;

conversion to
single positive

Low-affinity/avidity recognition
of peptide-MHC complex on
thymic epithelial cell
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complexes on thymic antigen-presenting
cell (some antigens induced by AIRE
in thymic medullary epithelial cells)
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Geracao de Células T reguladoras (Treg)

Thymus Periphery

Negative
selection:
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Desenvolvimento Timico de Células T

Reguladoras
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Antigenos proprios periféricos apresentados no

timo
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Regulador de Autoimunidade: AIRE
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William R. Heath & Hamish S. Scott. Nature 420, 468-469, 2002



Tolerancia Periférica

Dendritic CD28
. ., cell
Normal T cell Effector and
response memory T cells

Functional
unresponsiveness
Block in
activation

Apoptosis
(activation-induced
cell death)

Abbas et al: Cellular and Molecular Inmunology, 7e.
Copyright © 2012, 2007, 2005, 2003, 2000, 1997, 1994, 1991 by Saunders, an imprint of Elsevier Inc.



Anergia

Chamada do antigeno

Ativagao Anergia




Mecanismo de Anergia de Células T

Antigen recognition T cell response
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Abbas et al: Cellular and Molecular Immunology, 7e.
Copyright © 2012, 2007, 2005, 2003, 2000, 1997, 1994, 1991 by Saunders, an imprint of Elsevier Inc.



Anergia por Moléculas Inibidoras : CTLA-4
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Mecanismo de Acao de CTLA-4
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Abbas et al: Cellular and Molecular Inmunology, 7e.
Copyright © 2012, 2007, 2005, 2003, 2000, 1997, 1994, 1991 by Saunders, an imprint of Elsevier Inc.



Anergia por Moléculas Inibidoras: PD1

PD-L1/
PD-L2

T- or B-cell
receptor

Immunoreceptor
tyrosine-based
inhibitory motif
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signalling kinases
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Nature Reviews | Immunology

Arlene H. Sharpe & Gordon J. Freeman Nature Reviews Immunology 2, 116-126, 2002



Tolerancia Periférica: Apoptose

Antigen recognition T cell response
Activation- ﬁ
induced 3
cell c:edatht:h
role of dea ¥ :
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Expression of
Fas and FasL
Apoptotlc APC Naive
cell death: TCes ,
pro-apoptotic =
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© Elsevier 2005. Abbas & Lichtman: Cellular and Molecular Immunology 5e www.studentconsult.com



Vias de Apoptose

‘Mitochondrial (intrinsic) pathwa; ‘Death receptor (extrinsic) pathwa;'
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Abbas et al: Cellular and Molecular Inmunology, 7e.
Copyright © 2012, 2007, 2005, 2003, 2000, 1997, 1994, 1991 by Saunders, an imprint of Elsevier Inc.



Tolerancia Periférica: Supressao

Thymus Lymph node
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Abbas et al: Cellular and Molecular Inmunology, 7e.
Copyright © 2012, 2007, 2005, 2003, 2000, 1997, 1994, 1991 by Saunders, an imprint of Elsevier Inc.



Fendtipo de TREGs

CcD25

GITR CTLA-4

CcD103 Galectin-1

4-1BB

Neuropilin-1
OX-40

TRENDS in Immunology



Papel de IL-2 em Tregs
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Mecanismos de Supressao de Treg
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Tecidos Imunoprivilegiados

Caracteristicas dos sitios Sitios imunologicamente privilegiados

imunoprivilegiados:

1-Comunicacao entreosieo Cérebro
corpo é atipica: o liquido

extracelular nao passa para os Olhos
linfaticos;

2-Predominio de citocinas Testiculos

reguladoras como TGF-b

3-Expressao de FasL no tecido, Utero (feto)

induzindo apoptose em

linfocitos Bolsa jugal do hamster




Oftalmia Simpatica

O trauma a um dos olhos
resulta na liberagao de
antigenos proteicos
intraoculares sequestrados

Células T efetoras retornam
através da corrente sanguinea
e encontram antigenos em
ambos os olhos

O antigeno intraocular
liberado é enviado aos
linfonodos e ativa células T




Quebra de Tolerancia:
Desenvolvimento de Autoimunidade

Nature Reviews Immunology | AOP, published online 12 October 2007; doi:10.1038/nri2202



Doencas Autoimunes

Organ-specific autoimmune diseases

Systemic autoimmune diseases

Type | diabetes mellitus

Rheumatoid arthritis

Goodpasture's syndrome

Scleroderma

Multiple sclerosis

Graves' disease
Hashimoto's thyroiditis
Autoimmune pernicious anemia
Autoimmune Addison's disease
Vitiligo

Systemic lupus erythematosus
Primary Sjogren's syndrome
Polymyositis

Myasthenia gravis

Figure 13-1 Immunobiology, 6/e. (© Garland Science 2005)




Fatores Desencadeantes da Autoimunidade

Autoimmune
disease

regulation

Bob Crimi



Mediada por Anticorpos

(Ajl Injury caused by antitissue antibody:

Neutrophils and
macrophages

Antibody Complement- and

deposition Fc receptor-
R mediated recruitment

and activation of

‘Mé ;& inflammatory cells/_:. J/

Antigenin'. | Enzymes,
extracellular matrix reactive oxygen

species - —
pedt |T|ssue |n|uryl

@ Immune complex-mediated tissue injury:

CELULAS OU TECIDOS

_ Circulating immune -
=._complexes

Complement- and
Fc receptor—
mediated recruitment
and activation of
inflammatory cells

IMUNOCOMPLEXOS

/Blood

Neutrophil granule
vessel oo hikey

enzymes, reactive

Site of deposition of oxygen species

immune complexes



Doenca de Graves

v'Antigeno alvo: receptor para
TSH

v' Mecanismo da doenca:
Anticorpos ligam-se ao R-TSH e
estimulam sinalizacao
intracelular

v'  Manifesta¢des clinicas:
Hipertireoidismo

o 5

Exophthalmos (bulging eyes)

\_{
thyrmd

thyroid
hormones

Figure 14-21 Immunobiology, 7ed. (© Garland Science 2008)



Miastenia Grave

v'Antigeno alvo: cadeia o do receptor da
nicotinico de acetilcolina que é expresso nas
células musculares em jungdes esqueléticas
neuromusculares

v Mecanismo da doenca:

Anticorpos blogueiam o receptor de
acetilcolina, impedindo a ligacao do
neurotransmissor e a transmissao
neuromuscular

Anticorpos direcionam a internalizacdo e
degradacao intracelualr dos receptores

v Manifestagdes clinicas: Fraqueza muscular
progressiva e paralisia. Pode levar a morte

Ptosis (drooping of the eyelid)

>

Normal events at the
neuromuscular junction

neuronal
impulse

AR

acetylcholine Na* influx
receptors muscle contraction

Muscle

Myasthenia gravis

neuronal
impulse

acetylcholine

receptors T
internalized and no Na™ influx
degraded no muscle contraction

Figure 14-22 Immunobiology, 7ed. (© Garland Science 2008



Mecanismos de Doencas mediadas por Células T

A :Cytokine-mediated inflammation:

Cytoklnes

( -.-:'p"/b —)Q \| Inflammatlonl |Tissue iniuryl

Normal tissue

B :T cell-mediated cytotoxicity:

Cell killing and
tissue injury

e

JO@OE

Abbas et al: Cellular and Molecular I}nmunology, 7e.
Copyright © 2012, 2007, 2005, 2003, 2000, 1997, 1994, 1991 by Saunders, an imprint of Elsevier Inc.



Base Geneéetica da Autoimunidade

1- Associagao de Alelos de HLA e Doecas Autoimunes

Table 14-3. Association of HLA Alleles with Autoimmune Disease

Disease
Rheumatoid arthritis (anti-CCP Ab posit'n/e}2

Type 1 diabetes

Multiple sclerosis
Systemic lupus erythematosus

Ankylosing spondylitis
Celiac disease

HLA Allele

DRB1, 1 SE allele®
DRB1, 2 SE alleles

DRB*0301-DQA1*0501-DQB1*0201 haplotype
DRB1*0401-DQA1*0301-DQB1*0302 haplotype
DRB1*0301/0401 heterozygotes

DRB1*1501

DRB1*0301
DRB1*1501

B*27 (mainly B*2705 and *2702)
DQA1*0501-DB1*0201 haplotype

Odds Ratio'

4
12

4
8

w
(4]

3
2
1.3
100-200

7



Base Geneéetica da Autoimunidade

2- Associacao Genéticas Nao-HLA Selecionadas e Doecas Autoimunes

Categorias de defeitos genéticos que levam as sindromes autoimunes
Gene Doenga em humanos Camundongo mutante ou nocaute Mecanismo de autoimunidade
APECED (4P5-)
N
FOXP3 IPEX Nocauzzczrfmy)utagéo Fungdo diminuida das células T reguladoras CD4 CD25
FAS ALPS Mutantes Ipr/lpr; gld/gld Falha na morte por apoptose de células B e T autorreativas
Clq LES Nocaute Remocgéo defeituosa de complexos imunes e células apoptéticas




Base Geneéetica da Autoimunidade

3- Mutacdes de Genes que causam Autoimunidade

Defeitos na producédo de citocinas ou sinalizagdo que podem levar a autoimunidade
Defeito Citocina ou sinal intracelular Resultado
Doenga intestinal autoimune,
TNF-or artrite, vasculite
IL-2, IL-7, IL-10, IL-2R, IL-10R Doenga intestinal autoimune
Superexpressao IL-3 Sindrome desmielinizante
i Superexpressao na pele
IFN-y que leva ao LES
STAT4 Doenca intestinal autoimune
TNF-a LES
Agonista do receptor IL-1 Artrite
Expressao
diminuida STAT3 Doenga intestinal autoimune
Expressao ubiqua diminuida que leva
TGF-B a doenca intestinal autoimune
Expressao diminuida especificamente
em células T que leva ao LES




Cronicidade
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Abbas et al: Cellular and Molecular Immunology, 7e.
Copyright © 2012, 2007, 2005, 2003, 2000, 1997, 1994, 1991 by Saunders, an imprint of Elsevier Inc.



Papel das Infeccoes no Desenvolvimento da
Autoimunidade

A *Resting”
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tissue DC
Self- ~
tolerance - ‘ Self

Self-tolerance
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& - Sefireactve Toal
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Molecular
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Abbas et al: Cellular and Molecular Inmunology, 7e.

Copyright © 2012, 2007, 2005, 2003, 2000, 1997, 1994, 1991 by Saunders, an imprint of Elsevier Inc.



Doenca Celiaca

 Doenca cronica da parte superior do intestino
delgado

e Causada pela ingestao de gluten (complexo proteico
presente no trigo, aveia e cevada)

* Fatores genéticos:

Alelo HLA-DQ2 do MHC de classe Il 2 95% do
pacientes

Adaptado de Sollid, 2002



isticas Clinicas da DC
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Fatores genéticos DC: HLA

Haplotype HLA-DQ

molecules
DQB1* DQA1* DRB1*
cis

DR3DQ2 — 02:01 03:01 - HLA-DQ2.5
. NI\

02:01 - 02
trans
ors0a7 - oxoi{osedus- 13- /'
onroaz {JERH vzeaH o7
HLA-DQS8
DR4DQ8 — osm 04 = | 03:02

HLA-DQ8.5(trans)

03:02
— = /
+ HLA-DQ2.5,
DR3DQ2 — 02:01 03:01- HLA-DQS and
other...

T b

Risk for
cb TiD
e
- -
+ 4+

Figure 1. Human Leukocyte Antigen Class Il
Associations with Celiac Disease and Type
1 Diabetes

The majority of CD patients express the HLA-
DQ2.5 heterodimer encoded by the HLA-DQA1*05
(z-chain) and HLA-DQB1°02 (B-chain) alleles.
These two alleles are carried either in cis on the
DR3-DQ2.5 haplotype or in trans in individuals
who are DR5DQ7 and DR7DQ2 heterozygous.
HLA-DQS8 that is encoded by the DR4DQ8 haplo-
type confers a lesser risk of CD. In individuals
who are DR3DQ2.5 and DR4DQ8 heterozygous,
transdimers DQ8.5 can form and confer high
susceptibility to TID.

Meresse et al., Immunity 36, June 29, 2012



Células TCD4 especificas para Gluten

Activation of gluten-specific CD4 T cells

Native gluten peptide
Neutral charge
P~ @00
O ®~ P
P |-LA- Q2.5 Figure 2. Activation of Gluten-Specific
Deamidation CD4" T Cell Responses by HLA-DQ2.5
by TG2 Molecule
P4 |P6 P7 Transglutaminase 2 (TG2) binds to and deami-
=+ + High avidity dates glutamine residues in Q-X-P sequences of
P - O- OO0 5 interaction gluten peptides into glutamic acid, introducing
Oe-®~P > 0.0.06.0. a negative charge that can interact with a
Deamidated gluten peptide positively charged lysine residue in position 6
(negatively charged) X of the peptide pocket of HLA-DQ2.5, resulting

in enhanced peptide avidity for HLA-DQ2.5.
HLA-DQ2.5-gluten peptide complexes expressed
on antigen-presenting cells (APCs) can prime
gluten-specific CD4 T cells. As for other dietary
antigens, priming may occur in Peyer's patches
or in mesenteric lymph nodes after migration
of CD103* dendritic cells loaded with gluten
peptides in lamina propria (Worbs et al., 2006).
Unusual priming outside the gut has however
been reported in HLA-DQ2 mice (Du Pre et al.,
2011). Priming is followed by selection and clonal
expansion of T cells diplaying high-avidity TCR
(Qiao et al., 2011).

low avidity

High avidity

Gluten-specific
CDA T cells

Meresse et al., Immunity 36, June 29, 2012

Clonal expansion




Resposta Imune na Doenca Celiaca

B cell response T cell response
son ¢
Gluten o7 )._s_( = P Epithelial damage Lymphomagenesis
| or!'e | |
Epithelium v ’ e NKGZD.Cytotoxicity : .‘( o.‘ RCDII
@ qf r \5""”";’0. n‘:. =% —> and EATL
| =
TGZ“ l | o T 3 ,
: a ® HLA-E “NKG2C IL-15
Gluten O A Tgluten or TG2 IgA \ hibi
deamidation o —_ )‘ !n ibits
by TG2 « IFNY ™ 21 immune
Retrotransport il \ regulation
of intact
gluten peptides &
@
Gluten-specific CD4 T cells Gluten-specific
Lamina propria CD4 T help CDAT cells
T T Self-reactive
Tranglutaminase antibodies T cells T-cell mediated
i Y & autoimmunity
—_— RCD I?
Anﬁbo«{y—med{ated _____ S s Thyroiditis
autoimmunity QB =g Type 1 diabetes
Dermatitis herpetiformis "
Neurological disorders ?
Infertility ?
GALT (MLN or PP)
Meresse et al., Immunity 36, June 29, 2012




Artrite Reumatoide

Comparision of normal and rheumatoid joints

Normal joint \ Rheumatoid joint

Synovial . | \ '\ Infiltration of numerous
membrane _/ o/

Immune
complex

/" Inflamed synovial
/ membrane

Rheumatoid hands: deformities and their structural basis

Nature Reviews | Immunolog



atores artritogénicos

Periodontitis

Smoking

Prearthritis phase

post-transcriptional
regulation

Autoantibodies [' I
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Neuroimmune factors
Biomechanics
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Infectious triggers
Microvasculature

Vascular disease

Adaptive immunity
Innate immunity
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Imunopatogenia da AR

Adaptive response E
Plasmacytoid DC Regulatory T cell E
IL-10, i
TGFB E
)

TLR IFNo, IFN, IL-17, RANKL,

Co-stimulatory IL-15, IL-18 cell coqtact
receptor |
i
. IL-15, TNF, IL-6,
IL-23, IL-6

TGFB, IL-12,
IL-15, IL-18

Myeloid DC

Innate response

Osteoblast (2 //
‘d ¥

| Cartilage matrix damage |

| Synovial hyperplasia |

~

IL-1, TNF,
RANKL,
M-CSF, IL-17

IL-18, cell contact

APRIL,
BAFF

Germinal-centre
formation
(LT, CXCL13, CCL2))

_._.

B cell Plasma cell

Autoantibody
synthesis

PAR2

4—-—/\/EGF, bFGF

Chondrocyte
Synovial fibroblast
IL-1, TNF, IL6
TGFB, IL-17,
IL-32 Endothelial QF
cell o| |0
(=] o
o O (9 (=)

IL-1, IL-18
TNF, M-CSF,

<\

C el eI o] o)

T Macrophage

Adiponectin,
TNF, IL-6, IL-15,
IL-1, resistin

Neutrophil

Inflammation

2

Adipocyte

Atherogenesis and
metabolic syndrome

Nature Review Immunology, Vol7, 2007, 429-442



Resposta Imune

http://www.rumosustentavel.com.br/metafora-do-iceberg-e-o-desenvolvimento-sustentavel/
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Estudar

* Janeway 72 ed: Cap 13 pags 576-578 (doenca
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