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Topicos da aula

» Componentes do sistema imune de mucosa:
barreira fisica e barreira ativa

> Respostas candnicas: Tolerancia Oral, Imunidade a

vacinas, Th17/22, IgA, Linfécitos Inatos

> Particularidades de tecidos de barreira

» Interacdo com microbiota e dieta



Como esta organizado o sistema
imunologico pelo corpo ?
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Figure 13.2: The distribution of Lymphoid tissues in the body



Porque estudar o Sistema Imune de
mucosa?

Numeros de Linfécitos em Diferentes Tecidos

Baco 70 x 10° /
Linfonodos 190 x 10°
Medula 6ssea 50 x 10°

Sangue 10 x 10°

Pele 20 x 10°
Intestinos 50 x 10° /
Figado 10 x 10°
Pulmdes 30 x 10°




Porque estudar o Sistema Imune de
mucosa/barreira?
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Porque estudar o Sistema Imune de
mucosa/barreira?
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‘Meta’organismo humano
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- Absorcao de Nutrientes

- Sintese de Vitaminas

- Metabolismo de bile e
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- Comportamento e
Cognicao

- Sistema Imunolégico

doi: 10.1126/science.1195568



‘Meta’organismo humano
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Complexidade da microbiota aumentou a
medida em que o sistema imune evoluiu

———

Innate Immunity Innate and Adaptive Immunity
T cells and B cells

TLRs
Immune Memory

Anti-microbial peptides

Phagocytic cells

~1000 OTUs

Modified from Kostic, Howitt and Garrett Genes Dev. 2012 and McFall-Ngai Nature 2007



DAPI/Pan-Ker/eubacterial probe
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BALT: Bronchial-associated lymphoid tissue

Blood
vessel

FIGURE 2 Structure of BALT. Although the structure of BALT varies
widely, it is often observed along the major airways in the lung and typi-
cally fills the perivascular space surrounding small pulmonary arteries. B
cell follicles (blue) are observed underneath the bronchial epithelium, but
also away from the epithelium as well. T cell areas (red) surround the B
cell follicles and may fill in the space between follicles in larger areas of
BALT. HEVs (gray) are observed surrounding the B cell follicles in the T
cell zone. (See color plate section.)



NALT:-Nasal-associated lymphoid tissue

FIGURE 1 Cross-section of murine NALT. NALT is seen in
cross-section as a single B cell follicle, but consists of a series of B Nasal passage
cell follicles that run lengthwise along the nasal passages. The B
cell follicle (blue) is situated underneath a dome epithelium (green)
that is underlined with a thin layer of DCs (yellow) that are poised
to receive antigens transported across the epithelium. The T cell area
(red) surrounds the B cell follicle and may also be between B cell o, Epithelial
follicles. HEVs (gray) are found in the T cell zone and at the border ) e Epithelial ¢
of the T and B cell areas. (See color plate section.) d dome

Nasal passage

Roof of mouth
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Topicos da aula

» Conceitos e Componentes: barreira fisica



Epitélio: diferentes células com funcoes especializadas

———
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Intestinal crypts Tuft cells



Epitélio: enterdcitos e pneumaocitos
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v Induzido classicamente por: IL-13

v’ outras citocinas podem interferir na sua
composicdo (glicosilacdo e tispos de mucinas)
IL-1, IL-4, IL-6, IL-9, IL-13, TNF, e IFN tipo

|, elastase e proteinas microbianas
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Nucleus




Peptideos antimicrobianos

Enterococc
b
Liga _ REG3y OOO
peptldeogllcaw
Intestinal
epithelial cell

PMNs

Nature Reviews | Immunology



Muco

Muc2 IgA DNA

v' Além de peptideos anti-microbioanos, a
IlgA secretada para o lumen do intestino

fica localizada na cama de muco.




Epitelio: Células M (Microfenestradas)

M cell
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v Placas de Peyer: S30 aglomerados
de linfdcitos que se organizam em
foliculos de linfocitos B e zonas de
linfécitos T ao longo do intestino
delgado: Local importante para

producao de anticorpos (IgA)
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Epitelio: células de Paneth
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base das criptas, especializadas na producao de peptideos

animicrobioanos (defensinas, catalecidinas, ...)
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Topicos da aula

» Componentes: barreira ativa



Componentes
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Cell 157, March 27, 2014
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Sistema Fagocitico Mononuclear

Encontrou
alguma
coisa?

facebook.com/soublomais facebook .com/pedromics



Sistema Fagocitico Mononuclear
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Sistema Fagocitico Mononuclear
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Subtipos de Células Dendriticas
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Funcao das células do sistema
mononuclear fagocitico da mucosa

* Reparo tecidual
* Vigilancia do tecido de barreira

* Ativagdo de linfécitos especializados com
capacidade de migracdo para a mucosa

* Ontogenia: saco vitelinico, precursores de
medula éssea, mondcitos



Topicos da aula

> Respostas candnicas: Tolerancia Oral, Imunidade a

vacinas, Th17/22, IgA, Linfécitos Inatos



Dinamica da resposta imune intestinal
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Dinamica da resposta imune intestinal
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Dinamica da resposta imune intestinal
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Dinamica da resposta imune intestinal
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O que define qual padrao de resposta sera induzido__?

* Localiza¢do do Antigeno
* Subtipo de Célula Dendritica
* Quantidade de Antigeno

* Presenca de PAMPs e DAMPs

* Tropismo para tecidos de mucosa



Tolerancia Oral

v’ Processo por meio do qual ocorre a inducdo de células T reguladoras
em resposta a administracao de antigenos pela via mucosa.

v Ocorre principalmente no intestino em resposta a antigenos

alimentares

v’ Pode ser utilizado para a dessensibilizacdo alérgica



Luminal bacteria
Bacterial products

l Anergy/deletlon

Oral tolerance




Tolerancia Oral na protecdo contra alergias
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Ativacgao de linfocitos especializados

Microbiota / alimentos Patdgenos / vacinas orais
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Vacinas Orais/nasais
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Table 1 Selected List of Bacterial and Food Antigens Used in Mucosal Immunization Studies in Humans and Animals

Antigen

Yersinia multocida (chicken cholera)

Vibrio cholerae

Mycobacterium tuberculosis

Yersinia pestis
Corynebacterium diphtheria
Shigella dysenteriae

Salmonella typhi
Streptococcus pneumoniae

Staphylococcus pyogenes

Abrin, ricin, robin

Cow's milk and whey

Cow’s milk, ox blood, egg white,

zein, oats

Dinitrochlorobenzene

Poison ivy

Horse serum and meat

Proteins from rice, corn, and oat flour

Results and Comments
Oral immunization; protection induced

Oral immunization, moderate protection

Serum antibodies induced by oral
immunization

Limited protection

Oral immunization preferable to systemic

Protection achieved by nasal
immunization

Protection achieved by oral immunization

Partial protection Oral immunization
results in systemic and mucosal protection

Prevention of anaphylaxis by feeding

Decrease in systemic reactivity after
prolonged but not short ingestion of these
anligens

Inhibition of systemic (skin) reactivity
after hapten feeding; inability to suppress
skin sensitivity by oral immunization in
previously sensitized animals”

Oral ingestion results in decreased skin
reactivity in a few studies; discouraged for
lack of efficacy

Sensitization for anaphylaxis

Precipitins in serum

Author
Pasteur (1880)
Klemperer (1892) and Metchnikoff (1903)2

Calmette and Guérin (1906-1923)°

Dserzgowdky (1910) and Enlows (1925)
Besredka (1919, 1927)

Vaillant (1922)2, Besredka (1919, 1927) and
Combiesco et al., (1923)

Bull and McKee, 1929

Ross (1930)

Combiesco and Calab (1924) and Ehrlich
(1891a, 1891b)

Besredka (1909)
Wells and Osbormne (1911)

Chase (1946)

Stevens (1945)

Rosenau and Anderson (1907)2

Magnus, 19067

3Data from Bull and McKee (1929), Chase (1946}, Gay (1924), Stevens (1945), Klingman (1958), Wells and Osborne (1911), and Calmette (1923),

bSee Table 3.



Circulacao de linfécitos especializados
entre as diferentes mucosas

v Imunizac3o por via oral ou nasal pode ser empregada para inducdo de
imunidade em outros tecidos de mucosa, como por explo no trato

urogenital.

f CCL28 concentration




Th17/22
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Producao de Ig
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Secrecao de IgA

‘Lamina propria' ‘Mucosal epithelial cell ~ Lumen
Poly-Ig receptor Secretory component
with bound IgA i
J chain " o
k2N
Secreted IgA
= » =3> CL L(b = Q
IgA-producing
plasma cell / Endocytosed
Dimeric IgA  complex of IgA Proteolytic
and poly-lg cleavagye
receptor

*Leite Materno

* Pele22?

* Grande parte da microbiota associada as
mucosas estd recoberta por IgA



Breast milk antibodies present

Breast milk antibodies absent
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IgG-mediated protection
against infections

IgA-mediated tolerizaton
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Innate Lymphoid Cells (ILCs)

Adaptive Immunity Innate Immunity
Helper T cell subsets Innate lymphocyte subsets
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ILCs — Funcao no intestino e pulmao

Defensins and Intestinal lumen
antibacterial
peptides
A
Helicobacter Citrobacter o) Microbiota o ILC1: imunidade contra
o 6"‘6 © e bactérias intracelulares

e © Intestinal

ILC2: inducdo da
producao de muco,
recrutamento de

N\ e\ eosinofilos

o1L-22 ILC3: Producéo de
olL-25 peptideos
antimicrobianos,
Reforco da barreira

o0

Homeostasis

Response to
bacterial infection

ILC3s

doi:10.1038/nri3349



ILCs — Funcao no intestino e pulmao

Aller gen Parasitic
Goblet cell Mucus layer
helmmth 4 Fibrosis
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ILC3 i £°1L-13 .
2 @ produgdo de muco,
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peptideos
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Funcao de linfocitos inatos e adaptativos e
associacao com doenca

Notch New New group Mediators Disease
G ATA3' nomenclature nomenclature produced Function association
RORa.
s > Q ILC2 Group 2 ILCs IL-5, IL-9, IL-13, * Immunity to helminths Allergy
IL-7, 1L-33, amphiregulin * Wound healing and asthma
IL-25, TSLP Nuocyte,
NHC, 1,2 cell

©

ID2*ILC
precursor

doi:10.1038/nri3349
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Distribuicao das comunidades microbianas ao
longo do intestino

Microbial
load per ml

Metabolites

Vitamin A and
AHR ligands

Lactobacilli

® Lactobacilli
* Streptococci

® Clostridia =

* Enterobacteria

® Enterococcus

e E. faecalis

® Bacteroides

» Bifidobacteria

* Fusobacteria

® | actobacilli

* Peptococci

* Peptostreptococci
* Prevotellaceae

e Roseburia

* Ruminococci

* Verrucomicrobia
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0
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Stomach 102to 103

Duodenum

<105

Jejunum

[leum

Colon with
caecum and
appendix

10% to 107

10° to 10*2

doi:10.1038/nri3738



Microbiota

Pathogen

\ Commensal

Mucus-binding Mucus

/ 7
membrane proteins Competem com patégenos

- [V Secreted v Metabolitos utilizaveis pelo
: - . mucinases .
e Xl hospedeiro

- el

v" Degradacao de produtos

Receptors for host
surface factors
" toxicos
v" Modulacao do sistema imune
v Sintese de vitaminas (B12, K)

Lamina propria Infection, , Colonization,

inflammation tolerance

doi:10.1038/nrmicro3552



Microbiota

Conventionally raised mice

'} Mucus thickness

‘Altered mucus properties
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Microbiota na saude

 Inducao de Treg
 Vacina oral

« Thi1y

Bacterial ATP and
O | bacteria-induced
SAA activate DCs

o B. fragilis capsular
polysacchande A

« Troca de isotipo

SFB induce
cell IL-12-producing ) | g A
méguctlon » DCs by unknown
> | Inflammatory mechansims
FOXP3* Re
Tolerogenic DC T o olo 1L, 16 6] oIL ")

— o\9IL-23
Tge, cells maintain

eg
tolerance to food
and commensals
T.7 cell Tl cell

Tyl and TJ7 cells sustain intestinal barrier
by recruiting macrophages and neutrophils
and inducing antibacterial defensins

doi: 10.1038/nri2850



Microbiota na doenca

Trichomonas

Salmonella .

Commensals i \ °

/ W, Modulatuon? ) Bt . 0
S Protection

o.,
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(). ASC-nflammasome

000000000000000000'&80

Epithelium 4 Susceptibility
IL 1B IL 18  Hyperplasia &;)Iltls Cancer
* IL-17
IFNy IL22 TNFa
IRF8 DC IRF4 DC *
CCRY7

T 4 Monocytes
Macrophages

Intestino:

« Crohn’s Disease
e Colite Ulcerativa
« Cancer

Estomaqo

 Ulcera, cincer
colorretal

Trato Urogenital
« Cancer

Pulmao
e Fibrose cistica

Pele:
« Psoriase

Chudnovskiy et al., 2016,
Cell 167, 444-456



Inflammatory Bowel Disease (IBD)

Doencas inflamatorias
Intestinais

Cellular_innate immunity

NOD2 ggiﬁt%el.i,aj-_!
%TGGJG Thi7 HLA HNF4A
pjman® IL23R* DRB*103 CDH1
IL12B* LAMB1
Immune-mediated STAT3'J  Immune- GNAT2 lelatete)
PTPN22 AK2* mediated i
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IL2RA IL10* . -
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ERAP2 DENNDIB CREM* PRDM1* IL7A
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CPEB4 DAP '
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Disbiose x Doenca

I Autism
Antibiotics

.
------

a Inflammatory
bowel disease

Diabetes (T1D and T2D)

b Type 2 diabetes

VRE infection

Salmonella-
induced colitis
CDAD

Vulvovaginosis

¢ Necrotizing
enterocolitis

[ Firmicutes [] Bacteroidetes [ Fusobacteria
[ Actinobacteria [ Verrucomicrobia [] Proteobacteria

doi:10.1038 /nrmicro2540
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Microbiota

Competem com patdégenos
Metabdlitos utilizaveis pelo hospedeiro
Degradacao de produtos toxicos
Modulacido do sistema imune

Sintese de vitaminas (B12, K)
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Doenca inflamatoérias cronicas
Doencas cardiovasculares
Cancer

Obesidade

Doencas neurologicas



Resumindo...

Luminal bacteria Bacterial toxin Food Antigen
Bacterial produ‘c'ts z d N - Intestinal lumen
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