O sistema imune nas mucosas
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Caracteristicas do sistema imune das mucosas

Regiao Desafios Estruturas
Células ou Moléculas

Trato *Tolerancia aos antigenos *Tonsilas e placas de Peyer.
gastrointestinal alimentares e a microbiota.  *Células epiteliais intestinais, células M,
*Responsiva a patégenos. células de Paneth.

*Enorme area de superficie.  *IgA e IgM secretada no lUmen para
neutralizacao de microorganismos.
*Tecido linfoide associado a mucosa (MALT -

GALT).
Sistema *Exposicdo a varios *Adenoides.
respiratorio patogenos e particulas *Células epiteliais ciliadas que produzem

provenientes das vias areas. muco e defensinas.
*Movimentacdao do muco para retirar
particulas e microorganismos para fora das
vias aéreas.
*Secrecao de IgA, IgM e IgG para
neutralizacdao de microorganismos.
*Tecido linfoide associado a mucosa (MALT -
BALT).

» Protecdo contra os diferentes tipos de desafios microbianos.
»Assegurar a harmonia com organismos comensais ndo patogénicos que
colonizam o lumen de érgaos mucosos.



MALT  Mucosa-associated lymphoid tissue

GALT  Gut-associated lymphoid tissue
PPs and ILFs constitute the major part of GALT (ILFs and appendix)
NALT  Nose- or nasopharynx-associated lymphoid tissue (\Waldeyer’s
pharyngeal ring, adenoids (nasopharyngeal tonsil) and palatine tonsils.
SALT/ Salivary gland- or duct-associated lymphoid tissue
DALT Identified in non-human primates but not humans
CALT  Conjunctiva-associated lymphoid tissue
LDALT Lacrimal drainage-associated lymphoid tissue
TALT  Eustachian tube-associated lymphoid tissue
LALT  Larynx-associated lymphoid tissue
BALT  Bronchus-associated lymphoid tissue
Not present in normal lungs of adult humans
MLN Mesenteric lymph node
CLN Cervical lymph node

Approved by the International Union of Immunological Societies—World Health
Organization Subcommittee on IgA nomenclature [9].

(Brandtzaeg and Pabst, 2004)
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Imunidade no sistema gastrointestinal
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» Células epiteliais sobre uma membrana basal que serve como uma barreira fisica
ao ambiente externo denominado lamina prépria.



Imunidade no sistema gastrointestinal

@ Vilosidades J Bactérias comensais
q < Linfécitos \%\ 4@ Ldmen
\V intraepiteliais Célula M intestinal
o Muco
Célula epitelial
/ @ intestinal Z / Célula caliciforme Y
5 @ ’ab > F‘g\C
Célula \ o / "Jl:
\>/ dendritica C)
e -l
de Peyer =
Linfatico : L _IgA
Drenagem\\ \\ aferente

linfatica v / ﬁ%\

2R Foliculo
[ Lamina
) ] Macrof v prépria
Ce!ula“ Q Célula B \/ acrofago Plasmacito
dendritic Células
Peptidios de Paneth Célula T
antimicrobianos Mastdcito
Mesentério

» Células dendriticas: captura de antigenos do limen ou na lamina propria.

» Linfonodo Mesentérico: local no qual ocorre a apresentacdo de antigenos pelas
células dendriticas aos linfécitos virgens.
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Gut-associated lymphoid tissue (GALT)

Compartimentos
Small intestine Villus =
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Na mucosa intestinal, 70% das células imunes estdo ativadas (ao contrario dos 20%
no baco e linfonodos periféricos) e sao produzidos mediadores inflamatodrios (IL-1,
IL-18, IFN-y, IL-17) e anti-inflamatdrios mantendo a homeostase da mucosa.



Linfécitos intra-epiteliais (IEL)
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- Cytokines produced: IL-2, IL-17, Nature Reviews

IFN-y, IL-4, TGF-B1, TGF-33
- Activating and inhibitory NK receptors
- They all express CD103 (a.Ef37) that binds E-cadherin
- CCR9 helps the homing to mucosa
- Some express CD8a.o. — a repressor of T cell signaling
- They can have either protective or cytotoxic roles in the epithelium



Adaptive Immunity

Helper T cell subsets

Innate Immunity

Innate lymphocyte subsets
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FAGURE 1 Parallels batween innate lymphocyte populations and CD4+
helper T cell subsets. Multiple populations of CD4™ helper T cells exist and
these are characterized by the production of signatura cytokinas by aach

subseat. As the different populations of innata lymphocytas have emergad, it
has bacome increasingly clear that these subsats preduce an array of
cytokings that parallel those of the helperT call subsats.

Rankin et al (2013) Frontiers in Immunology, 4(22): 1




Rotas de captacao de antigeno pelo epitélio intestinal
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Consequéncias imunoldgias do
contato com antigenos pela via oral

* Producao de IgA secretoria

* Tolerancia oral



Imunidade humoral no trato gastrintestinal

» A producdao dominante de IgA por plasmacitos intestinais é atribuida a troca de
classe para o isotipo IgA em células B no GALT e nos linfonodos mesentéricos.
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»Mudanca de classe
para IgA dependente de
células T.

»TGF-B é a principal
citocina requerida e é
produzida por células
epiteliais intestinais e
por células dendriticas.
» Anticorpos IgA de alta
afinidade (maturacao
de afinidade).



Concentracao de IgA
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Integracdao da imunidade materna e do
lactente

Mother Child
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Fiz. 1. Integrafion of mmeosal immmmty betwesn mother and the newbom, with empha=sis on mugration of primed B (and probably T) cells from Pever's
patch w1a lymph and peripherzl blood to the lactating mammary gland. Such distnbution (amows) bevond the gut of precuwsers for Igf plasma cells
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FIGURE 1 Transmission of immunity from mother to young. Modified
with permission from Butler (1971).
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Fatores anti-microbianos e hormonios no leite

TABLE I Representative Antimicrobial Factors in Hilman
Milk Whose Production Is Delayed in the Recipient Infant

Agent Approximate time of maturation
Secretory IgA 4-12 months
Full antibody repertoire 24 months
Lysozyme 1-2 years
Lactoferrin ?

TABLE I Functions of Representative Antimicrobial
Agents in Human Milk

Agent Primary function Synergy
Proteins :
Lactoferrin (LF) Fe** chelation ‘ SlgA
Lysozyme (LZ) Peptidoglycan degradation SIgA
Fibronectin Opsonin 7
Secretory IgA (SIgA)  Antigen binding LF-LZ
C3 Fragments are opsonins SIgA-LZ
Mucins Antirotavirus, receptor analogs ?
Oligosaccharides Receptor analogs ?
Lipids Disruption of enveloped viruses ?

TABLE I Hormones in Milk

Hormone

Reference

Nonpeptides
Thyroid

Adrenal cortex
Sex steroids

Peptides

Hypothalamohypophyseal hormones
Gonadotropin releasing hormone (GnRH)
Growth hormone releasing factor (GRF)
Growth hormone (GH)

Prolactin

Thyrotropin releasing hormone (TRH)
Thyroid stimulating hormone (TSH)
Thyroparathyroid group
Calcitonin-gene-related peptide
Parathyroid hormone-like protein
Gastrointestinal regulatory-peptides
Gastrin

Gastric inhibitory peptide (GIP)
Gastrin releasing peptide (GRP)
Neurotensin

Peptide histidine methionine (PHM)
Peptide YY PYY

Substance P

Somatostatin

Vasoactive intestinal peptide (VIP)
Growth factors

Epidermal growth factor (EGF)
Transforming growth factor «, (TGF-w)
Transforming growth factor B (TGF-B)
Insulin-like growth factor-I (IGF-I)

Insulin-like growth factor-1I (IGF-II)
Nerve growth factor (NGF)

Other growth factors

Bohles er al., 1993
Moller et al., 1983
Pearlman, 1983
Kulski et al., 1977
Severi et al., 1970
Sas et al., 1969

Amarant et al., 1982

Werner ez al., 1988

Kulski and Hartmann,
1983

Gala et al., 1980

Amarant et al., 1982

Tenore er al., 1981

Ducroc er al., 1995
Budayr ef al., 1989

Berseth ef al., 1990
Berseth ef al., 1990
Berseth et al., 1990
Berseth er al., 1990
Berseth et al., 1990
Berseth er al., 1990
Ducroc et al., 1995
Werner ef al., 1988
Berseth et al., 1990

Moran et al., 1983

Okada er al., 1991

Zwiebel er al., 1986

Nagashima et al.,
1990

Breier er al., 1993

Wright and Gaull,
1983

Read et al., 1985




Aleitamento
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Colostro (3 dias)
atua no aumento da
proliferacao das
células epiteliais do
intestino.

O leite maduro

(57 dias) tem uma
acao menor.

Mucosal Immunology Handbook, 2014
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J, Mortalidade

Protecao contra diarréia Vantagens do Leite Materno
Protecao contra infecoes ol .
respiratorias SR
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. . ~ Previne alergias Hidrata
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Melhor nutricao

Melhor desenvolvimento
cavidade bucal
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Comparando leites de diferentes

especies

Qual a diferenca entre esses leites ?
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Lactose

vaca

cabra
Ana Paz, 2002



IMUNOPRIVILEGIO

* Imunoprivilégio € uma caracteristica de alguns
tecidos ou oOrgaos especializados do organismo.
Originalmente, esses sitios foram descritos como
sitios que sustentavam alotransplantes por um
tempo ou indefinidamente. Descrito primeiramente
nos olhos. Hoje em dia, considera-se um local
imunoprivilegiado todo aquele que é capaz de
suprimir  respostas imunes, mesmo  que
transientemente.



Tecidos e 6rgaos onde se observa
imunoprivilégio

* Olhos, Cérebro e medula espinhal, Utero gravidico,
placenta, Testiculo, Ovarios.

* Imunoprivilégio ocorre através de barreiras fisicas,
expressao de quimiocinas e citocinas (TGF-[),
células T regulatorias e em menor escala por
mecanismos de inducao de morte celular
(FAS/FASL).



Microbiota: we are not alone!




Microbiota do trato gastrointestinal humano

Lactobacilli ,” ’,f"\_\__//

* Lactobacilli
®» Streptococci || )

* Clostridia

» Enterobacteria
* Enterococcus

* E. faecalis

* Bacteroides

» Bifidobacteria

» Fusobacteria

* Lactobacilli

* Peptococci

* Peptostreptococci
* Prevotellaceae

» Roseburia

* Ruminococci

» \Verrucomicrobia

£
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\ h Microbial
A\
{ ‘ load per ml
\ ]
&C ’,‘ Stomach 107 to 103
Pl i /
i\ Duodenum
) -
- i) <10°

Jejunum

lleum 103 to 107

Colon with
caecum and
appendix

10%to 10"

Nature Reviews | Immunology

v/ Microbiota: 101 células
v/ Corpo humano: 1013 células
v Bactérias, fungos e virus
v Bactérias: proteobactérias e
bacteroidetes (gram -),
Firmicutes (gram +) sdao os
principais phyla
1200 espécies
40 géneros
v Atividade metabdlica: Figado
v Peso: 1,2 a1,5kg

Turnbaugh et al, 2007. The
human microbiome project,
Nature, 449: 804



Funcdes da Microbiota

Fatores que alteram a microbiota

Sugar (fructose) Altered Probiotic . A . . . ~
intake I pH | intake | v Resisténcia a colonizacdo

. Excessive proteinlg Dietary I por microorganismos
Saturated fatty ‘ consumption fibre intake TSCFA , )
turated fa | T s exdgenos; forma um
Ry ‘-._‘ : ',:‘ y / ecossistema.
: T ~
B . v Imunomodulacdo
antibiotice (IPA) production ] N
= Estimula a maturacao
UsCA Uindoxil sulphate do sistema imune
production g  (kidney toxin) . L. L.
v/ Contribuicdo nutricional
ITMAO T R Fornece nutrientes

metabolism

(acidos graxos volateis,
vitaminas) e regula a
fisiologia digestiva

(HEL )]
(estimulacao da

production
Reducednskof mUIt|p||Ca‘;5O e

TLPS
production
Incrcased
CVD risk
Gul Insulin
mflammauon resistance somemfectlons . . ~ ,
diferenciacao células,

ognitive ncreased risk
controle pH)
Valdes, 2018




Desenvolvimento da microbiota do trato digestivo humano

12

Log UFC/g de fezes
(@p]

X Bifidobacteria
@ Escherichia coli
W Enterococci
Lactobacilli

4 5 6 7 8
Tempo (dias)

Effect of
maternal
exposures
Environment
* Antisepsis
* Antibiotics
* Diet
Other hosts
Epigenetics

* Initial exposure occurs during passage through birth canal

» During first year of life, heavily influenced by mother and environment

Dental

amalgam Bottle feeding
T
Mammary. through breastfeeding S

(selection)

Vaginal
k(pmago through birth canal) 3
Early-life
Early/ antibiotics

extensive
bathing Caesarean section

Microbiota se estabiliza aos 2 anos de idade e permanece estavel ao longo da vida.

.}
o -

??vanability

ko

fdivers:ty

" P— A diversidade da microbiota se
B Firmicutes altera ao longo da vida.
Acinobacteria - Behas — variabilidade maior ()

D Proteobacteria

B variable/other Adultos — diversidade maior (J3)



Microbiota no cao

GENETICA DO HOSPEDEIRO

ANTIBIOTICOS
INFECCOES
INFLAMACAO
ESTRESSE

DISBIOSE
Infecgbes
Alergias
Inflamacéo
Obesidade
Perda da regulag@o imune

DIETA
Ingestao de fibras
Ingestdo de gorduras

SIMBIOSE

Nutrientes essenciais
Metabolismo do triptofano
Acidos graxos de cadeia curta
DESENVOLVIMENTO DO SISTEMA IMUNE
Desenvolvimento da medula 6ssea
Desenvolvimento das células dendriticas
REGULACAO DO SISTEMA IMUNE
Indugéo de toleréncia
REGULACAO DO PESO
DESENVOLVIMENTO POS-NATAL



Diferente composicao de acordo com o
local

Concavidade

Perianal dorsal Lombar dorsal do pavilhdo auricular Conjuntiva Plano nasal dorsal
- Proteobacteria

! ® Enterobacteriaceae

. u Moroxellaceae

B Neisseriaceae

® Oxalobacteraceae

W Posteurellaceae
Pseudomonodaceae
Qutras Protecbacteria
Actinobacteria

B Corynebacteriaceae

W Nocordioidaceae
Propionibacterniaceae
Qutras Actinobacteria
Firmicutes

® Bacillaceae

W Clostridioceae

W Staphylococcaceae

W Streptococcaceae
Qutras Firmicutes

Bacteroidetes

B Bacteroidacece

® Paraprevotellaceae

Virilha 4° e 5% interdigi Comi labial Periocular Narina

® Qutras Bacteroidetes
¥ Fusobacteria
¥ Outros filos




Firmicutes

Proteobactéria

Bacteroidetes

Colon de cdo normal Actinobactéria

Spirochaetes

Fusobactéria

Sem classificagéo

Célon de cao com doenca
intestinal inflamatoéria



Gut microbiota x diseases

Metabolic Cardiovascular diseases
syndrome

Rheumatoid

arthritis NAFLD/ NASH/ HS

Endotoxemia/
septicemia Hypertension

Endocrinal imbalance

Systemic

inflammation
Colorectal cancers

Diabetes/

3 i Diarrhea/ constipation/
Insulin resistance

Celiac disease/
Gastroenteritis

Obesity/ Adiposity IBD/ IBS/ UC/
Crohn’s disease
Infections
Microbiota
Host

Immune system

Gut Microbiota




Malnutrition associated with Global health burden of disability-
adjusted life Years (DALYs)

Autoimmune disorders incidence

Number of DALYs at the global level attributable to diet

Q Diet low in whole grains

l Diet high in sodium

. mmm)  Diet low in fruits

l Diet low in nuts and seeds
l ) Diet low in vegetables

Diet low in seafood omega-3 fatty acids

mmmm) Dietlowin fibre

Diet low in polyunsaturated fatty acids

. =) Diet low in legumes
' Lancet, 2019

Diet high in trans fats
Diet high in sugar-sweetened beverages
Diet low in calcium

Diet high in processed meat
Cause

B Cardiovascular diseases
[ Type 2 diabetes

[ Neoplasms

[ Other causes

Diet low in milk

Diet high in red meat

T T T T T
0 20000 40000 60000 80000



DISBIOSE

Host genetics Lifestyle Early colonization Medical practices
Mutations in Diet Birth in hospitals Vaccination use
NOD?2, IL23R, Stress Altered exposure Antibiotic
ATGIéL and IGRM to microbes Hygiene

Dysbiosis
Disease Health
T T L T,2and T, 17 cells it TR,Eg cells

- Increased incidence of immune-mediated disorders in developed countries
could be due to alterations in the microbiota
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Immune response Development of |

to influenza virus

encephalomyelitis

Metabolic syndrome
Insulin resistance

autoimmune disease

Debbie Maizels

Alteracdes na microbiota
estdao associadas a varias
doencas inflamatorias

- Transplantes fecais
utilizados

para varias doencas
inflamatodrias (Borody et al,
2015)

- Probidticos, prebidticos,
simbioticos



Low fiber diet-induced dysbiosis

Phyl Famil
_Phylum amily

< >
Actinobacteria ~ mmm Coriobacteriaceae
— Emm Bacteroidaceae

Bacteroidales;Other E Normal diet

Porphyromonadaceae . . . .
Prevotellaceae - ngh fiber diet Pectin
Rikenellaceae .

L~ Other Soluble fiber
Deferribacteres Deferribacteriaceae

Lactobacillaceae 2000+
Streptococcaceae
Incertae Sedis Xl
Lachnospiraceae
Clostridiales;Other
Ruminococcaceae
Clostridia;Other
Erysipelotrichaceae
— == Other

Other Other

— Alcaligenaceae
B Desulfovibrionaceae; o
BN Deltaproteobacteria;Other

W89 Helicobacteraceae

L === Other 7 days 14 dayS

— TM7 = Other
High Fiber  Low Fiber Tenerieue | Weoplasmaceac

BN \ollicutes;Other
L W' &

Vieira et al, Journal Leukocyte Biology 2016

Bacteroidete

_ 1500+
Firmicute _

1000+

500

Serum acetate(uM)

Proteobacteri

Macia et al Nature Communications, 2015



Doencas inflamatodrias intestinais

> Tratado com
anti-inflamatorios.

»Embora a causa seja desconhecida, alguns fatores podem estar
relacionados:

"Resposta anormal da imunidade inata a microbiota intestinal.

*Treg disfuncional.

mResposta TH1 e TH17 exacerbada.
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Doencas celiaca

Apoptosis, loss of

‘ —— Gluten brush border

Gliadin ———e |

l

B 3 . A

TTG—e

Anti-tTG, anti-endomysial

(EMA), and anti-deamidated ——=e

gliadin IgA antibodies

Antigen- &— Plasma
b = presenting cell cell
» - Cytokines
Deamidated
T |

gliadin e
4 b \
@ — ) — (\) — — 9

Intraepithelial
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gliadina - transglutaminase tecidual (tTG) = gliadina desaminada

APCs apresentam gliadina desaminada (hapldtipos de risco) = ativacao de LT e LB.
plasmadcito = anticorpos anti-tTG, antiendomisio e antigliadina desamidada.

células T auxiliares = citocinas = linfocitose intraepitelial e ativacao de fibroblastos
— proteases da matriz - destrui¢ao intestinal, atrofia das vilosidades—> ma absorc¢ao

de nutrientes.



Vacinas mucosas aprovadas

Tabkde 2
Mucosal vaccines approved for human use

¢ Cral live atienuated (Sabin) polio vaccine

@ Cral killed whole-cell/B-subunit ¢hol era vaccine

# Ciral live atienuated cholera vaccine

¢ CUral live attenuated typhoid vaccine

e Cral live attenuated adenovirus vaccine (restricted to military personell)

@ Cral live attenuated rotavirus vaccine (RotaShield); withdrawn 1999
hecause of reported intussusception in 13 out of S00,000 vaccinated
American children

¢ Mew oral live attenuated rotavirus vaccines: Rotarix and BotaTeq

¢ Mazal enterotoxin-adjuvanted inactivated influenza vaccine (MNasalfluj;
withdrawn in 2001 because of reported facial paresis

¢ Masal live attenuated influenza vaccine (Flubdist)




