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Como esta organizado o sistema
imunologico pelo corpo ?
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Porque estudar o Sistema Imune de
mucosa?
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Porque estudar o Sistema Imune de
mucosa?
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Porque estudar o Sistema Imune de
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Porque estudar o Sistema Imune de
mucosa?

Numeros de Linfécitos em Diferentes Tecidos

Bago 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°
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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.)



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
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
follicles. HEVs (gray) are found in the T cell zone and at the border
of the T and B cell areas. (See color plate section.)
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Epitélio: Muco

v' Induzido por: IL-1, IL-4, IL-6,
IL-9, IL-13, TNF, e IFN tipo I,

L]

elastase e proteinas

microbianas

Al

¥ v Glicosilacao




Células Globulares / Caliciformes

———

Mucin

Golgi
apparatus

Nucleus

Mucous cell




Muco

Muc2 IgA DNA




Epitelio: Células M (Microfenestradas)

M cell

(GP2)




Bactéria \(5 :

!

Célula
dendritica



Epitelio: celulas de Paneth

Paneth cell
(Lysozyme)

Microbiota
2.
QS .
Crypt ’ ‘ Maintenance of
enterocytes sterile crypt space

and barrier
protection

Stlem cells

Paneth cells

- Antimicrobial peptides: defensins,
catalecidins, C-type lectin

© Rab2a () Nod2 © LRRK2 A Lysozyme o°° Pro-cryptidins and Reg3y



Epitélio: células de

Enteroendocrine Tuft Paneth Goblet Enterocyte

Prox1 | Bmi1 | /'\ %

M Y Transit
e Amplifying
e ::---_’
Lgr5*
ISC
Cell press

Single cell transcriptomics

Tuft

S

Tuft cell

Enteroendocrine
cell (Delk1)
T
Ngn3 Pou2f3
Tuft cell
hyperplasia

Tuft cell
.. Stem cell
%<0 .
IL-25 (O )(e)
O jL13

ILC2

Tuft Cell-ILC2

_feed—forward
loop

Trends in Parasitology



Componentes | ,
1S
T
[ " e ) bV i e |V ,'n W
> lO LCDlC)l ~ JESE Y Jlololo J[Ol
SIgA
. v Vs
Barreira Fisica =L \@
- Epitélio/ Juncdes celulares e y
M XML 10 W @@ Mucosal
— uco, o | © (g \ e @ firewall
- Peptideos antimicrobianos R\»\;d, : e A4 /‘
) e r oy esidaen i ’
— "EpItE|IO Ciliado macrophages %222322233," ,' ,"' 1. IL-10
— *pH IL-10, TGF-p ,* ,* _ ‘s TGF-p
@ ,’1 /,’ //
CD11b°DC | A"
Barreira ativa S A
7 7. . . ,"1' ’I
— Células dendriticas especializada$ ‘.‘\,-_\ff,’/ - /
— Ceélulas T efetoras especializadas 0\ — ,"
(Th17 e Treg) 2 @ Commensal- ," PLl:c%lgf\A
— |gA i specific '
— Células Inatas (macréfagos e e -
ILCs) .
- Microbiota T o C
Thymus Peripheral lymphoid
organs
Cell 157, March 27, 2014




————

Sistema Fagocitico Mononuclear

Encontrou
alguma
coisa?

facebook.com/soublomais facebook .com/pedromics



Sistema Fagocitico Mononuclear
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Fagocitos mononuclerares no pulmao

Mediastinal Lymph node



Subtipos de Ceélulas Dendriticas
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Funcao das células do sistema
mononuclear fagocitico da mucosa

* Reparo tecidual
* Vigilancia do tecido de barreira

* Ativacdo de linfécitos especializados com
capacidade de migracdo para a mucosa
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Ativacao de linfocitos especializados
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Tolerancia Oral
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Tolerancia Oral
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Doenca celiaca, alergia alimentar intolerancia a lactose

W—“ —_

|

A doenga celiaca demonstra uma predisposigao genética extremamente forte,
e mais de 95% dos pacientes expressam o alelo do MHC de classe Il HLA-DQ2, e



Doenca celiaca, alergia alimentar intolerancia a lactose
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Ativagao de linfocitos especializados

Microbiota / alimentos ~ Patogenos / vacinas orais

> g
'S
3

Tht
° Th2
IL-17 ISJI\

Th17

Outros sitios de mucosa



Vacinas Orais/nasais

CRAL [FPOLIG
VAIGEIINE




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
antigens

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)

Calmette and Guérin (1906-1923)°

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

Vaillant (1922)3, 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 Osborne (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 (191 1), and Calmette (1923).

bSee Table 3.



\A"AWARSW VT WESAAW WE WSaAl) - - /s:/l

Intranasal immunization is particularly beneficial in
eliciting immunity in the female genital tract (Czerkinsky
and Holmgren, 2012; Mestecky and Fultz, 1999). For
example, intranasal immunization against a variety of
sexually transmitted diseases, including human immuno-
deficiency virus-1 (HIV-1) (Peacock et al., 2004), herpes
simplex virus-2 (HSV-2) (Milligan et al., 2004), human
papillomavirus (HPV) (Dupuy et al., 1999; Kawana et al.,
2001), and Chlamydia pneumoniae (Manam et al., 2013),
elicits both B and T cell responses that protect the vagi-
nal tract. Interestingly, although both nasal and vaginal
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Acido retinoico na imunidade da mucosa
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Inducao da producao de IgA por células dendriticas

Commensals Infection

Secretory IgA . e
Vlrus

L

Pathogenlc

U L Type 1 IFN

~ TINF-a \
~ #iINOS 'li
. et BAFF
DCs j.s,v S ‘ — ' / ! o

\ / Naive B Plasma Dimeric IgA

Il
RALDH R?cl::lo.c ce cell . -
NRALDH BAFF: B-cell activating factor
APRIL: a proliferation-inducing ligand
N TLRS* Acido retinoico:

CDlO3’C011b* ' DCs PROMOVEM TROCA DE ISOTIPO POR
A LINFOCITOS B INDEPENDENTE DE T

doi:10.1o38/emm 2014.16



Secrecao de IgA

‘Lamina propria' "Mucosal epithelial cell Lumen
Poly-Ig receptor Secretory component
with bound IgA s
J chain %
Secreted IgA
» » = - = Q
IgA-producing
plasma cell Endocytosed
Dimeric IgA complex of IgA Proteolytic
and poly-ig cleavage
receptor

*Leite Materno
* Pele?22?



Células produtoras de IgM

8 SlgA SIgM SIgA*SIgM
ke
s 4, A
9 o ot :
8 —o e ‘. an y
o .o A }r?m et
g i ?", e e “-HV:'M“
§ e .0 . 0"‘,- - W ~3‘ )-ib’*
a’_*)‘(_‘)!r:;: - DD 1D)D)
, 0<%
g PC-A
i ME-M
Oi'—> o<— 0=
GC ME-M
CCR9
PP/ILF Circulation
Lamina
Propria

DIVERSITY
SIgA*SIgM*
ik
o L
2
% A
: ,-w I
N /7 ¢ \\\ *“}HF:-#
ot — ® 2 g 2
28 7 g e g Tt
@ 2, 1( - ™0 ‘T‘~ 0
O« & P
\ _—Y pcM
-{ .é'-( 'S'
GC PC-A
PP/ILF
g
l/®"
04 ‘. PCM
Y 7T
ILF pg’_A*’




Linfocitos intraepiteliais
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Innate Lymphoid Cells (ILCs)
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ILCs — Funcao no intestino e pulmao
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ILCs — Funcao no intestino e pulmao
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Diferentes subtipos de ILC colonizam
diferentes tecidos de barreira:
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SISTEMA IMUNE DO TRATO
GENITO-URINARIO



Type | mucosa

Transformation

Type |l mucosa
(ectocervix, vagina)

>

(endocervix)

L

zone

|

-4

Protective

Innate response =—————- Priming = immunity

(effector/memon
O Blood vessel .
O :
O pDC NK .
O @ - @ Migrant DC :
@) @ * Efferent / &1
()| DesieN: 4 lymph /3
_6" Co14 Neutrophil Monocyte

_Q_
# &

B&ﬁﬁ};a
‘Sss

CD1a*
Langerin®
(human)
CD205*
Langerin*
(mouse)

Mucus

i

0

YeuE
0

LC
OlOOLE
Y
LC &)
A\ O[O
OI0IO0|O

wnnenepe Type | IFN J Afferent

ki .
chemokines YN

antigen

0 Soia N CD141*DC (human)

CD1¢* CD11c* CD8a* DC (mouse)
(human) (mouse)

Submucosal DC

Epithelia

gubmuco:a liac/inguinal LN



SISTEMA IMUNE CUTANEO
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‘Meta’organismo humano
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' Hospedeiro /

Microbiota Microbiota

Gordon, Knight, Relman, Wang



‘Meta’organismo humano

Fisiologia

- Absorcao de Nutrientes

- Sintese de Vitaminas

- Metabolismo de bile e
hormonios

- Fermentacao de
caboidratos

- Comportamento e
Cognicao

- Sistema Imunoldgico

doi: 10.1126/science.1195568



Complexidade da microbiota aumentou a
medida em que o sistema imune evoluiu

———

Innate and Adaptive Immunity

Innate Immunity
T cells and B cells

TLRs
Immune Memory

Anti-microbial peptides

Phagocytic cells i
Putcomoralaisee
Aeromonadaceat

Pz
S

~1000 OTUs

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




DAPI/Pan-Ker/eubacterial probe



Mapa 3D da Microbiota Intestinal

I

. aerofaciens

, autofluorescence
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Welch et al, PNAS 2017.
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Distribuicao das comunidades microbianas ao
longo do intestino
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Inflammatory Bowel Disease (IBD)
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