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reances liges

= Burnett y Fenner

v Discriminacién entre lo propio y
lo extrano

= Polly Matzinger

v' Senales de peligro

/A\cul 8f vames
cliscerimimnariiiil

Hum Immunol. 1997 Feb;52(2):75-81, Science. 2002 Apr 12;296(5566):301-5.
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Worldwide deaths annually from mucosal infections

Acute respiratory infections (4 miflion)

Diarmeal diseases (2.2 miflion)

HIVJAIDS (2 million)

Tuberculosis (1.5 million)

Maasles {400,000)

Whooping cough (284,000)

Hepatitis B (103,000*)

Roundworm and hookworm (6,000)

0 1 million

2 milion 3 milon 4 million
Il L 1

—

E

Mouth

=  Funciones en la inmunomodulacion
v Prevenir el desarrollo de respuesta inflamatoria frente a los antigenos

inocuos

Intestines

[

\

N

Vagina

» 4 .
i

" Alrways

Skin

v Responsable de mediar la relacién simbiética entre los microorganismos

comensales y el hospedador

/7
0.0

/7
0.0

v" Promover la tolerancia, es su OBJETIVO PRINCIPAL

Superficie de 400m? (intestino humano)
Expuesto constantemente a millones de antigenos: dieta, alimentos y flora
bacteriana (10" microorganismos residentes, 15000 especies diferentes)

Nat Rev Microbiol. 2016 Jan;14(1):20-32, Science 330, 1768 (2010)
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microbiota but responsive
to rare pathogens
Enormous surface area

propria follicles

TABLE 14-1 Features of Regional Immunity

Region Special Challenges Special Anatomic Structures Specialized Cells or Molecules: Functions

Gastrointestinal Tolerance of food antigens Tonsils Intestinal epithelial cells: mucus secretion
tract Tolerance of commensal Peyer’s patches, lamina, M cells: luminal antigen sampling

Paneth cells: defensin production

Secretory lgA, lgM: neutralization of microbes in the lumen

Dendritic cell subsets: luminal antigen sampling; lamina propria
antigen sampling; T cell tolerance induction; effector T cell
activation; induction of B cell IgA class switching; imprinting
gut-homing phenotypes of B and T cells

Respiratory system

Exposure to mix of airbarne
pathogens and innocuous
microbes and particles

Tonsils
Adenoids

Ciliated respiratory epithelial cells: mucus and defensin
production and movement of mucus with trapped microbes
and particles out of airways

Secretory lgA, IgM, lgG: neutralization of microbes outside
epithelial barrier

Cutaneous immune
system

Large surface area

Keratinizing stratified squa-
mous epithelial barrier

Keratinocytes: keratin production, cytokine and defensin
secretion

Langerhans cells; epidermal antigen sampling

Dendritic cell subsets: dermal antigen sampling; T cell
tolerance induction; effector T cell activation; imprinting
skin-homing phenotype of T cells




Distinctive features of the mucosal immune system

Anatomical features

-»

Intimate interactions between mucosal epithelia and lymphoid tissues

Discrete compartments of diffuse lymphoid tissue and more organized
structures such as Peyer's patches, isolated lymphoid follicles, and tonsils

Specialized antigen-uptake mechanisms, e.g. M cells in
Peyer's patches, adenoids, and tonsils

Effector mechanisms

=»

Activated/memory T cells predominate even in the absence of infection

Multiple activated ‘natural’ effector/requlatory T cells present

Secretory IgA antibodies

Presence of distinctive microbiota

Immunoregulatory |
environment

Active downregulation of immune responses (e.0. 1o food and other
innacuous antigens) predominates

Inhibitory macrophages and tolerance-inducing dendritic cells




MATERNAL MICROCHIMER ST FETAL MICROGCHIMERISIV
{ Mother'scelk take rootin child) (Fetalcelk take rootin mother)

- Salivary glands

Q,] . o

-
Food or environmental J
antigen

Lyrph node

Maternal Milk:
Antigen
Free
Complexed to IgA
Complexed to 1gG
Tolerogenic immune mediators
TGF-B, IL10, Vit A, ... 4
Microbiota modulating factors !
Prebiotics (oligosaccharides, glycoproteins) &
Antimicrobial (lysosyme, lactoferrine, IgA, )‘

Gut growth factors (EGF, TGF-f. ...) 4

Bhod — "

H |
t:‘n

Mucosal Immunology (2010) 3, 326-333

Best Pract Res Clin Obstet Gynaecol. 2015 Sep 10. pii: $1521-6934(15)00148-0

Curr Opin Pediatr. 2014 Jun; 26(3): 377-382.
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Mucosal tissues of the human body

B
B

lachrymal gland conjunctiva g
B { sinus
salivary gland oral cavity
rQSDIf{]IOFy .
trachea | - tracl =  Flora bacteriana
- comensal
gastrointestinal | esophagus —— . . q
mammery gland - g o ’ »  Actividad motriz en
la mucosa
Kidney Somach = Moco

=  Sustancias como
acido gastrico y
sales biliares

= Glucocalix

=  Enzimas
(lactoferrina,
lactoperoxidasa,
lisozimas)

| intestine -

urogenital ek
RS | bladder

tract ;
vagina

= BALT: asociado al tracto respiratorio
=  NALT: asociado al tracto nasofaringeo
=  GALT: asociado al tracto digestivo

v" Tiene vasos linféticos eferentes pero no aferentes, asi
- limita la entrada de antigenos sistémicos




Large
intestine

Yo Small
epithelium intestine

il |-\\..\\\

Trends Immunol. 2008 Nov;29(11):514-22.



Environmental
signals

(i);%\\

4 RALDH2

Intestinal
villous

(@) RA Treg

/‘* @ CCR9
: w47
RA+ Treg
TGFB &\\ iTreg
N\ @ ccng

a4B7
FoxP3
Naive CD4
(b)
PAMP? Effector T? other?
other? -~
o0
Naive CD4/8
(c)
Gut homing
& effector T
+ PAMP \ CCRO
other? | ) a4p7

A

CD103* DC CD103"DC

TRENDS in Immunology

Trends Immunol. 2008 Nov;29(11):514-22.




v {funcenal

Effector sites
)& }& Secretory IgA
B
LAAAAMAS L"J\frﬂ,u\,ﬂ'}dfi\flf
1 OJ © l © O ’
aa ;ﬁ’g\ﬁ
Polymeric
A >§.< Greceplor m - Sitjos inductores
e{%% Dimeric IgA
/ - v" Placas de peyer
. r v" Foliculos linfoides
(=N 7 aislados
|/ =\ | | ;l
' ,/" O s \“‘
reracl @ 0,08
© 000 ° = Sitios efectores
°°° Qs
/ °° °° v" Ldmina propia
.’6\‘; p—_— v Epitelio intestinal
\_\\ /,’ T”2 cell

=

Blood circulation

Nature Reviews | Immunology

Nature Reviews Immunology 4, 699-710 (September 2004)
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Organized lymphoid tissues

Intestinal lumen

epithelium lamina propria lymphocyte

w

® \{ & intraepithelial lymphocyte
N

g

villus

Peyer's patch subepithelial dome

isolated

crypt lymphoid follicle

lamina propria

follicle \

(B cells)
1o mesenteric lymph node

T-cell

lymphatic




A través de Células M
v" Pasan los antigenos intactos
a los macréfagos y DC
Trans-epitelial a través de las células
dendriticas
v"  Exponen dendritas a través
del epitelio hacia la luz
intestinal
Transferencia a través del epitelio
v" Pasan los antigenos intactos,
mecanismos mediado por
receptores
= Transferencia de productos
apoptoéticos

Pl
-
........

~en .
.

LPLorlEL patch

Nature Reviews Immunology 4, 290-300 (April 2004)




Small intestine

Nature Reviews | Immunology

- Nature Reviews Immunology 12, 592-605 (August 2012)
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Células epiteliales especializadas en la captura de Ag
Transportan el Ag sin procesarlo

Bolsillo: CD vy linfocitos

Superficie apical: clatrina, patrones de glicosilacién (sialyl Lewis A)
No expresan MHC clase |l




- Le cBlule M
B

Bacterial adherance/ TR || Entero- | Intestinal lumen
invasion | ligands ;toxins
J I
' \\\\ T cell i K -
LSS L y AR SR 7 N RS
{ ’( \ ‘ — N \
i N €& \ \ = - £
OO | S ¥ QN O ]
\ e \ N = |
\ PAS / \\\ Y, / = ) \ 7
[ o
Intestinal B cell o ° .
epithelium \_, Chemokines CCR6
4 suchas CCL9 \ Mgy’
o° ¥ e and CCL20 o 8 .
o Q
o9
Cytokines CCR1

= Agtomados y liberados directamente a foliculos adyacentes

= Transporte vesicular de Ag

=  Requiere de 10 a 15 minutos para transportar los antigenos

= Alicuotas pequenas de Ag dieta = tolerancia (favorecen T CD4 supresoras,
productoras de TGF-3, supresion de respuesta Th1 y cambio de isotipo a IgA)

= Interés para el desarrollo de vacunas

. Nature Reviews Immunology 6, 148-158 (February 2006)




sydendruitice

Gut lumen

cell

[ .
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R Ay | [RA %
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Peyer's ——
patch Mesenteric AR
"""""""""""" 24 apien lymph node i
IgA* CCRY" :
B -integrin’ o, B-integrin® 1
B cell T cell ; v v v v .
CCRY RA RA RA RA —T, 17 cells
o, ~integrin’ IL-5 TGFB T, lcells
induced FOXP3* IL-6
Ty cell
Lamina propria Q @ ( O\
] A ’ \. ',‘ )
\ IBACCRY  CCRY CCRY" CCRY* )
o B -integrin' o f.-integrin® o, Bintegrin' o, P rintegrin’
B cell T cell naturally occuring  induced FOXP3'

FOXP3' Ty, cell Ty cell

Nature Reviews Immunology 8, 435-446 (June 2008)



elulasfdendriticas
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RA
TSLP
TGF-B
Dietary

| VMetabolites

CX3CR1*

O FoxP3* Treg
Macrophage

CD103* DC ™ IEC

o

i S~
Senlzeroendocnne === Commensal bacteria

X o eyt

Stromal cell

Lumen

Epithelium

Lamina
propria

>

TRENDS in n immunology

Trends Immunol. 2011 Sep;32(9):412-9

Placas de Peyer
v' DC CD11b+/IDO+ (Indoleamina
2,3-dioxygenase ),
productoras de IL-10 (region
sub-epitelial), inductoras de
Treg
v DC CD8a+ (regién
interfolicular) y CD11b-/CD8a-,
productoras de IL-12,
inductoras de respuesta Thti
Lamina propia
v' DC CD103+, inductoras de
TREG, productoras de acido
retinoico
Noédulos linfaticos

Mesentéricos (NLM)
v DC CD103+ migran de la
lamina propia



Intestinal

Lamina
propria

epithelium Q@

Clostridium Species in
species the order
] Bacteroidales

Induces Blocks iNKT cell Induces
Th17 cells  proliferation Tregs

Acidos grasos de cadena corta (SCFAs): inhibe produccién de 11-12,
bloquea traslado de NFkb al ndcleo y reduce expresion de co-
estimulacién positiva



Pathogenic
bacteria

e

\' of undigestable foods, to

@i~ %

Nutritional Benefits
= Assist in the breakdown

5

{ produce usable nutrients

\

- Y g

4

R

Block effects of pathogenic bacteria
+ Reduce pathogen binding
« Decrease luminal pH
* Produce antibacterial bacteriocins

TR | -

LRI

J ‘
\l ,i
{ |
! |
{ § ~
! | L
{ [ Promote epithelial cell homeostasis
i ' { + Enhance barrier function
! i « Promote cytoprotective
g § J L responses, improve cell survival,
&% f and increase mucin production
Neuromodulatory effects W
+ Induce mu-opioid and cannabinoid Y Tight
receptors on epithelial cells AN junction P4
+ Reduce visceral hypersensitivity N P
and stress response \ 743")
\ 4
T | &
| e WUCINS g
Goblet . 7

2 ] " Y C;(;};,era'l‘h

{
0? }‘ }"
| A = )
— : )i 7 Denflritic /
| ,/T J-,w .,./ el
1 } | (\ /’ uwh
Modulate Intestinal Inmune Function f e /
* Reduce pro-inflammatory cytokines l- ¥
+ Promote tolerogenic cytokine profiles 51‘ _ .v,/ 10
and regulatory pathways ) / "I‘LG.:-'?%
- Increase secretory IgA \ |/ /\ L
r.>f
bl
e o
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Functional barrier

o
‘ Gut

homecostasis

- - — . -

Tolerant
immune response

Dysregulated
immune response

Epithelium T TGF-B, IL-33, TSLP, BAFF, APRIL Epithelium

CD103"DCs T TGF-B, retinoic acid DCs

Trog cells TIL-10, TGF-B T, 1 cells

RORyt* ILCs  TIL-22 T-bet” ILCs

Macrophages T IL-10 T, 17 cells

B cells T Commensal-specific IgA Macrophages
B cells

Nature Immunology 14, 660-667 (2013)

Barrier defect

Microbial dysbiosis

TIL-6, IL-1

TIL-12, IL-23

TIFN-y

TIFN-y

TIL-17A

TTNF, IL-12

T Commensal-specific 1gG




a Commensal bacteria b AMPs Mucin
® e 00 0 © X)"%
®o © o000
(<] Qo o

(apical)

junction-—: :

Endosome

Heat-shock
proteins

P

Pro-caspase 1
=

Inflammasome

o
Mg o2 IL-1p

0 9 andIL-18

e — 'l, ,,,,,,,,,, EGFR
APRIL, BAFF, IL-ZS.]

retinoic acid, TGFf

and TSLP i L)

TLR2, TLR4,
TLRS or TLR9

© © & 6—EGFRligands

Nature Reviews | Immunology

Nature Reviews Immunology 14, 141-153 (2014)



Thymus MLNs or Peyer’s patches Intestine

N /7 Peptide-MHC N
(™ — Epithelial
£ | cell
/ N/
. 7 1 CD4* || 4.V  NaveCD4# | 2 =01
Conventional .
@—’ —< positive TCRaf
— selection .
i P k‘. % ealie
negative positive 3 o
thymocyte thymocyte @ ‘ (CD8aa*)
CD8af
TCRup" \ APC TCRafy" Teell |

-

pAfpnfand
lolo

Triple- ‘Alternative’ | Double-

ped : : TCRaf}* natural IEL
positive positive negative P
thymocyte | selection | TCRaf* (CO8aa*")

£
. ‘ O =
&

Double-

negative
TCRyS® )

Nature Reviews | Immunology
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Nature Reviews Immunology 11, 445-456 (July 2011)




a ‘Light side’

Intestinal
epithelial cell

Food
antigens

PRSI AS R ipria [ Vvt sy din 3 ¢ SRR I B i R R R A
2 e ™ 1€ ™ D P , P t.‘ q ! YN =" > =
€D K D L J » __.' | &2 \_4)41 €210 3} . Jv 1 3 & e y
. ¥_ —2 ,l & O oA/ It Thee) B Vo) Rncll S 8 2

Pathogenic b ‘Dark side’
bacteria &

Commensal <
= %89
Mucus ou

T
Natural IELs protect [ O l O Induced IELs protect Natural IELs promote [ O‘) 1& b‘o » |'/O"L [nducpd lEl sprommel
the epithelium in the epithelium in epithelial damage “-_\ V) 1\ | epithelial damage in '
fesponse to Nam(al |ndu(‘ed response o p‘?lhogen- : f" response o ' — [ INFI.AMMATIQN ] e response to
pathogm.-xmlur ed IEL IEL expressed antigens u_nﬂa!nmdx.ory signals inflammatory signals
stress antigens — and aberrantly and microbial and
- Both natural nnd induced induced stress | Both natural and dietary antigens
| |ELs protect the antigens | induced IELs promate ‘
epithelium against damage to the
inflammatory damage epithelium by recruiting
caused by infiltrating L and stimulating
| levkocytes ‘. inflammatory leukocytes ‘

Nature Reviews | Immunology

=  No se activan con facilidad

=  Pocos NK

= Defensa innata y vigilancia tumoral

» Especificidad limitada de TCR (tanto a3 como yd), oligoclonal
=  40% son TCR Yy, reconocen Ag sin procesamiento previo

» Criptas intestino delgado ontogenia de linfocitos Tyd

= Linfocitos T CD8aa

Nature Reviews Immunology 11, 445-456 (July 2011)
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Lymphotoxin and
TNF for development
of Peyer’s patch

i e

: :

E " &

:

E ale -6 glolﬁo&% ,
i -

: N

Defensins and

0022

Goblet cell :

)

Parasitic :
helminth X .

hyperplasia Response to

bacterial infection

Mucus

hypersecretion

Nature Reviews Immunology 13, 75-87 (February 2013)

Intestinal lumen

antibacterial
peptides
Helicobacter Citrobacter ° Microbiota o
’ o o o
§ o o [oF d 4 . » Intestinal

o PG
%%QU 0. Qe © o Mucuslayer epithelial cell
o 5

Homeostasis




NK cell

o437
precursor

RORyt ||F—[Notch | %
. |Notch \
" independent? :
e v :
= ," T-bet?
IL-7

-
-
-
----
-------------------

Nature Reviews Immunology 13, 75-87 (February 2013)




Notch,
GATA3,
RORa

ID2* ILC

precursor

IL-7, IL-33,
IL-25, TSLP

—

New
nomenclature

uocyte,

HC, 1,2 cell

i cell

LTi cell

» :

) NCR* ILC3

=

NK22 cell, NCR22 cell.
NKR-LTi cell, 1LC22

©

NCR-ILC3
ILC17
NK cell
Thymic NK cell
NK cell
Conventional NK cell
® -

New group

nomenclature

Group 2 ILCs

Group 3 ILCs

Group 1 ILCs

Mediators
produced

IL-5, IL-9, 1L-13,
amphiregulin

Lymphotoxin,
IL-17,IL-22

IL-22

IL-17,
IFNY

IFNY (high levels)

IFNY (low levels),
perforin,
granzymes

IFNY

Function

* [mmunity to helminths
* Wound healing

¢ Lymphoid tissue development

* [ntestinal homeostasis
« Immunity to extracellular
bacteria

* Homeostasis of epithelia
* Immunity to extracellular
bacteria

* Immunity to extracellular
bacteria?

* Immunity to viruses and
intracellular pathogens
* Tumour surveillance

* [mmunity to viruses and
intracellular pathogens
¢ Tumour surveillance

* Inflammation?

Disease
association

Allergy
and asthma

IBD?

IBD

Inflammatory
conditions,

IBD

Inflammatory
conditions,
IBD

IBD?

Nature Reviews | Immunology

Nature Reviews Immunology 13, 75-87 (February 2013)
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" Mucosal tissues;

—~ ' cytokines,
@ o (e.g., TGF-B, APRIL,
switching

IgG subclasses
(lgG1, 1gG3)

(A) Bacteria and viruses (8) Helminth (c) Bacteria and fungi (D) Bacteria and parasites
o e.g., Candida aibicans e.g., Bordetella pertussis
V
- O f&k
<&
Thag - 'P
\ ,tf r:“
:-;i
Basoph:l l
° IFN-y
TLR CD11b/CD18
° °° CLR
o \
NK cell
e g0 *
IL-12p70 .
& L1 e guot ® 5T cells
e o o s Terp
iL-23 RA

Thi cell Th2 cell
°
IFN-y 0o Boal® IL-4 Oo ° ",o
INF-x © ©© o IL-5 o -
° -1z e o °
g % .

TRENDS in Immunology

Trends Immunol. 2013 Nov;34(11):521-30.
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Epithelial cell

A

=  |nmunoglobulina no
inflamatoria, une
débilmente el
complemento

=  Abunda en las
secreciones

= En la circulacion se

A @ encuentra en forma
cell ‘\ ‘ o )
\ 7 g monomérica, mientras
‘*\_\_?gyer’spatcvh_.-’ plasma

cell que en las secreciones
estd en forma dimérica

\ :’ | Q :
‘ > | (%) . = . n
Migrating DCs can 1 % A" I Recirculation of Componente secretor ld
induce Band T cell ' ) B cells through i
activation in the ' B cell ; lymph and blood | protege/ fje las enzimas
| mesenteric lymph nodes | Mesenteric lymph node : pI’OteOIItICGS

"DCs do not

recirculate through
lymph and blood

Nature Reviews Immunology 10, 159-169 (March 2010)
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component J chain

Pl & =F

Lumen Secretory IgA
=  Predominantemente en 0/ 2 o

forma dimerica, por la

unién a la cadena ) é
(forin O o L2
. o P junction
=  Permite su asociacion con el Apica
SR e bsorptive
receptor de # - \ ? Qplilthe‘éig
Recycling ce

inmunoglobulina
polimérica (plgR) ol

: ITENSPOHER ..., ==

=  Favorece transcitosis de IgA
hacia la luz a través de CE

=  Componente secretor
confiere propiedades , Lamina
mucofilicos o

Plasma —<_
cell

. Cerutti Nat Rev Immunol 2008, 8:421



— Mecsmismes

- Secreted IgA on the gut surface IgA is able to bind and mmmmm
can bind and neutralize ~ neutralize antigens pathogens from the lamina

'ﬁﬁé ,S&“g/ mucus Iayer. - %

SAVAVAVANGRVAVAVAVAVRVAVAVARYAVAVAVAY I VAVAVAVRREAVAVAVAVAVAVAVAVARWAVAVAVAV By VAVAVAVAI

] epithelial cell 1 ! (@)’ 1 1

D || © | 4P | © || P

toxm
oD
Lamina propria %%:’

=  Exclusién antigénica, impide la entrada de antigenos

= Expulsa antigenos de la ldmina propia utilizando en transporte a través del receptor
de Ig polimérica

=  Neutraliza la replicacion de virus y Ag pro-inflamatorios por promover su exporte

* |ncapacidad para activar complemento

=  Favorece la formacién de “biofilm” que permite crecimiento de comensales y atenGa

. patdégenos




b High-dose tolerance

f Effector T cell J
Anergy: TCR

interaction Deletion:

in the absence | | through

of cognate CD95-CD95L-
co-stimulatory dependent
molecules L pathways

a Active immunity

TCR-MHC
interactions ‘

€ Low-dose tolerance

IL-10 or IL-10R or
TGF-B
CcD80/ » Cognate Suppression: through secreted
CcD86 co-stimulatory immunosuppressive cytokines
molecules £

Suppression: through
cognate inhibitory receptors

Suppression: through surface-bound
immunosuppressive cytokines

Regulatory T cell

Nature Reviews Immunology 4, 407-419 (June 2004)




mnomms. (|

. _— S . | T2 cells drive mast cell
T2 cells recruit and T,2 cells drive B cells to | | !L-5 produced by T2 cells | | recryitment via IL-3, IL-9,
aetlmollzmmpm 2 produce IgE recruits and activates Specific IgE arms mast

cell repair !M mucus via IL-4 and IL-13 cells against helminths
UHS Ttumover f Tts [Q
-4 -1 IL-4 IL-5
~ EXE . /
0
ALY L‘.:I
AT
qgoblet M2 macrophage
cell
= = = = = = < = - =
N/ N N7~
Increased cell turnover and Products of M2

movement helps shedding

of parasitized epithelial cells.

Mucus prevents adherence
and accelerates loss of
parasite

macrophages such as
arginase increase smooth
muscle contraction and
enhance tissue
remodeling and repair

IgE arms mast cells
and can mediate ADCC

Eosinophils produce MBR,
which kills parasites. They
can also mediate ADCC
using parasite-specific Ig

Mast cells produce
mediators such as histamine,
TNF-o, and MMCP. These
recruit inflammatory cells
and remodel the mucosa







Gut lumen

caspasel
activation

. ‘
IL-18
>
u:a CXCLB
(] |

neutrophil
Chemokines and cytokines produced by Dendritic celis loaded with bacterial antigens
macrophages recruit neutrophis out of biood acquired directly or from macrophages travel to the
vessels and activate them mesenteric lymph node via afferent lymphatics and

provoke an adaptive immune response

B
N

If defenses fail, salmonellae can enter the bloodstream and cause a systemic infection




C. rodentium
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Intestinal lumen
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Caspase 1
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Dendritic

TNF
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— Pviclae eelidenal

Una de las principales puertas de entrada de los agentes infecciosos son las
mucosas. Muchos virus y bacterias pueden penetrarlas y posteriormente
invadir otros tejidos, siempre y cuando logren vencer las barreras impuestas
por el sistema inmune

v"  Describa que elementos de la respuesta inmune estan presentes en el sistema
inmune de las mucosas

v"  Describa el mecanismo de procesamiento y presentacion antigénica llevados a
cabo en el tejido linfoide asociados a las mucosas y que elementos participan

v' {Cudl es el papel de la inmunoglobulina A secretora?
v' {Cédmo evidenciaria la presencia de IgA secretora en las mucosas?

v' {Cudl es el papel del sistema inmune asociado a las mucosas en la tolerancia
inmunolégica?

v {Qué utilidad clinica tiene ésta funcién?







