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Adaptive immunity
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Reptilia

Osteichthyes
(bony fish)

Protochordates
(Sea squirt)

Echinodermata
(sea urchin)

Deuterostomes

Porifera
(sponges)
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Amphibia

Chondrichthyes
(sharks, rays)

Aves

—

Agnatha _
(jawless fish)

Coelomates
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Variable lymphocyte receptors (lg type)

Antibody, T cells

Thymus, spleen

Complement {CCP, ACP, LCP,C3, MAC)
Lectins and other PRRs

Antimicrobial peptides

No antibody or T cells

MHC? Thymus? Spleen?

Variable lymphocyte receptors (LRR type)
Complement (ACP, LCP.C3)

B Lectins and other PRRs
Antimicrobial peptides
Arthropoda
(insects)
Annelida Mollusca
(earthworm)
No antibody or T cells
No variable lymphocyte receptors?
MHC?
Lectins and other PRRs
Antimicroblal peptides
Protostomes Complement in some (all?)
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PRRs

Tolerant | Dysregulated

immune response mmune response

Deteccion de microorganismos y primera linea de defensa
frente a la infeccion e invasion

Regulacion de la inflamacion

Mantenimiento de la homeostasis inmunologica

Activacion e instruccion de la respuesta inmunitaria adaptativa
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TABLE 4-1 Specificity of Innate and Adaptive Immunity

Innate Immunity Adaptive Immunity
Specificity For structures shared by classes of microbes (pathogen- For structural detail of microbial molecules {antigens); may

associated molecular patterns] recognize nonmicrobial antigens

; Different

Different microbes

microbes

Identical /{ T

iheididr o Distinct :

P antibod
molecules

Receptors Encoded in germline; limited diversity (pattern recognition Encoded by genes produced by somatic recombination of

receptors) gene segments; greater diversity

Mannose Scavenger

Toll-like

rec ept or receptor receptor receptor
Distribution of Nonclonal: identical receptors on all cells of the same lineage | Clonal: clones of lymphocytes with distinct specificities
receptors express different receptors
Discrimination of self § Yes; healthy host cells are not racognized or they may Yes; based on elimination or inactivation of self-reactive
and non-self express molecules that prevent innate immune reactions lymphocytes; may be imperfect (giving rise to

autoimmunity)




Barreras
Capas del epitelio
Defensinas, linfocitos intraepiteliales
Células efectoras circulantes
Neutréfilos

Macrofagos

Células NK
Protel'nas efectoras circulantes

Complemento

Lectina de unidn a manosa
(colectinas)

Proteina C reactiva (pentraxina)

Factores de coagulacion
Citocinas

TNF, IL-1, quimiocinas

IFN-ay B

IFN- vy

IL-12, 'L-18, IL-23
IL-15

IL-10, TGF-B

Prevenir la entrada de microorganismos

Muerte de microorganismos

Fagocitosis temprana, muerte de microorganismos

Fagocitosis, muerte de microorganismos, activacion de respuesta
inflamatoria

Muerte de células infectadas, activacion de macréfagos

Muerte de microorganismos, opsonizacion, activacién de leucocitos

Opsonizacidén, activacidén del complemento

Opsonizacién, activacién del complemento

Compartalizacion de tejidos infectados

Inflamacion

Resistencia a infecciones virales
Activacidon de macroéfagos

Produccién de IFN-y por NKy células T
Proliferacion de células NK

Control de la inflamacion
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Principales mecanismos de
respuestas del sistema innato
contra los patogenos:
Inflamacion
Defensa antiviral

Abbas: Cellular and molecular immunology. 2012.
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Acute-phase Neutrophil Protein and TNF-a stimulates
proteins mobilization energy migration to lymph
(C-reactive temperature mobilization nodes and
protein, to allow maturation
mannose- increased
binding lectin) body temperature
o = < = < = < = < =
N A4 R4 R
Activation of A Decreased viral and bacterial replication Initiation of
complement Phagocytosis Increased antigen processing adaptive immune
Opsonization Increased specific immune response response

Blood vessel lumen

Roitt 2011. Abbas: Cellular and molecular immunology. 2012,



Inmunldad Innzata: Fagocitosis

Principalmente por PMN vy

monocitos/macrofagos
Migracion y llegada al sitio de la injuria
Comienzan a ingerir detritus celulares,
bacterias y particulas extranas

Reconocimiento en parte por PRR o
receptores de patron de reconocimient

- <100 nm endocitosis, mediada por
clatrina

- >100 nm y multivalentes por fagocitos

- Una vez ingeridas forman los
fagosomas, los granulos citoplasmatic
comienzan a fusionarse generando
degranulacion y formacion de
fagolisosoma

Copyright © 2001 Dennis Kunkel Microscopy, Inc. / Dennis Kunkel



Microbes bind to
phagocyte receptors

Phagocyte
membrane zips up
around microbe

Microbe ingested
in phagosome

Activation of
phagocyte

Phagosome Lysosome
with ingested with |
microbe ~ €nzymes

Fusion of
phagosome
with lysosome

Killing of
microbes by
lysosomal
enzymes in
phagolysosomes

Killing of
phagocytosed
microbes by
ROS and NO
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~ Celulas Dendriticas (DC)

- Macroéfagos
+ Linfocitos B

Antigen Antigen
uptake presentation Response
Dendritic cell Costimulator

(e.g., B7) CD28

Macrophage

Effector

Naive T cell
activation:
clonal expansion
and differentiation
into effector T cells

Effector T cell
activation: activation
of macrophages
(cell-mediated
immunity)

Effector T cell
activation: B cell
activation and
antibody production

(humoral immunity)




Lanier L, Clinical Immunology, 95:1, 2000 . Vivier E, Nature Immunology, 2008

Origzn v funcionzs da las c2lulzs
[N

Representan entre 5-20% de los linfocitos
circulantes, 5% de los linfocitos esplenlcos
Expresion de CD56 y CD16, ausencia de CD3
Producen citokinas: IFN-y, TNF-a, Linfotoxina, IL-
3, GM-CSF, IL-5, IL-13, IL-10, IL-8, MIP-1a, MIP-
1b, entre otras.

Deficiencia de NK, infecciones virales severas

Resistencia contra L. monocitogenes, malaria, T.
gondii, Leishmania.



Activacion de N

‘A Inhibitory receptor

B Inhibitory receptor

© Multiple activating

engaged not engaged receptors engaged
by et | |y Ty
ctivating phosphates ctivating NI
signals  and inhibition signals A phosphates

receptor receptor :

Ligand Self class | . Virus inhibits

for NK cell § MHC - self class | MHC

receptor peptide ¥ expression
complex

autologous cell

J

NK cell
not activated;
no cell killing

Inhibitory

Virus-infected cell

(class | MHC negative)

'NK cell activated;
killing of
infected cell
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induced expression
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\

'NK cell activated;
killing of
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Table 1. Mammalian pattern-recognition receptors and their major ligands.

Family

Member (major ligand)

TLRs

C-type lectin receptors

Scavenger receptors

Complement receptorsl

IFN-inducible proteing
CARD helicases
NOD-like receptors

Complement

Pentraxins

Collectins

TLR1 (triacy! lipopeptides). TLR2 (LTA", zymosan, lipopeptides), TLR3 (dsRNA, polyl:C), TLR4 (LPS),
TLRS (Nagellin), TLR6 (diacyl lipopeptides), TLR7 (ssRNA, R848), TLRS (ssRNA, R848), TLRY (CpG-
DNA), TLR11 (profillin-like molecule)

Mannose receptor (ligands bearing mannose, fucose, or N-acetyl glucosamine), DC-SIGN (ICAM-2/3,
HIV gpl120, Mycobacterium tuberculosis ManLAM), Dectin-1 (zymosan, p-glucans from fungi)
Scavenger receptor A (modified LDL, apoptotic cells), CD36 (oxidized LDL, apoptotic cells), MARCO
(modified LDL)

Integrins [CR3 (iC3b, B-glucan, fibrinogen), CR4 (iC3b, B-glucan, fibrinogen)], gCIgR (Clq), C5aR
(C5a)

PKR (dsRNA), OASs (dsRNA)

RIG-I (uncapped 5'-triphosphate RNA), MDAS (polyl:C, dsRNA from EMCV)

*
NODI1 (iE-DAP), NOD2 (MDP), I4 NALPs [NALP1 (cell rupture), NALPIb (anthrax lethal toxin),
NALP3 (bacterial mRNA, R848, extracellular ATP, uric acid crystals)], IPAF (Salmonella flagellin),
NAIPS (Legionella flagellin)

(3 (carbohydrates and proteins on microbial surfaces), C1q (immune complexes, apoptotic cells)

SAP (LPS, Clq, apoptotic cells), CRP (PC, Clg, apoptotic cells), PTX3 (galactomannan, Clq, zymosan,
apoptotic cells)

MBL (LPS, LTA, HIV gp120)

.
* AIM2-like receptors:

Presencia de dominio pirinax dominio HIN de union al ADN bacteriano
Inflamosoma PRR citoplasma, D PRR membrana |

Myeong Sup Lee and Young-Joon Kim Mol Cells, 2007.Vol. 23, No. 1, pp. 1-10

|
L1 PRR'solubles
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Recepiores nara DANMIPS

» Cornponentes liberados en el dano celular:
» Acidos nucleicos, ECM, linidos oxidados, 4cido Urico,
silica, B amiloi .Ia colesterol

TLRs RLRs
MPs, DAV RNA, DNA { RNA D 4 DNA}
WY
TLRs 1, 2, 4-6, 10 l
Endosome ' ‘:3
E % 0 ] 6(
TLRs 3, 7-9 RIG-, MDAS olher sensors ;

Cytosol -

P Nucleus

Nature Reviews Rheumatology 2010, 6, 146-156
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=siruciura vy localizacion celular de TLRs y NOD

TLR1
or

TLR6 TLR2 TLR4  TLRS
h

LRR domain

Plasma membrane

domain

CARD NOD LRR domain

L H - NOD1
B N NOD2

CARD CARD NOD LRR domain

Warren Strober*, Peter J. Murrayf, Atsushi Kitani* and Tomohiro Watanabe, volumen 6, Enero 2006
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Nuclear membrane

MAPR kinases

Nature Reviews | Immunolog

Peptidoglycan

Endosome

TIR Death Adaptor
domain [[ldomain protein

(E-selectin)

Expression of inflammatory genes: Expression of type |
-Cytokines (TNF, IL-1, IL-6) interferon (IFN «/}) genes
-Chemokines (CCL2, CXCLS8, others)

-Endothelial adhesion molecules

.(((:;oosgo'?gg‘a%;y molecules | Secretion of type | IFNs |
' -Acute inflammation

-Stimulation of
adaptive immunity

| Antiviral state I




Liew F, et al Nature Review Immunol, 5: 2005

HSP60,
tibrinogeno

a gaa -
- ~ “i - -
—specificidad de los recepiores Toll

TLR Ligandos Microorganismos blanco

TLR1 Triacil-lipopéptidos Micobacterias

TLR2 Peptidoglucanos Bacterias grampositivas

Proteinas unidas a GPI Tripanosomas
Lipoproteinas Micobacterias
Zimosan Levaduras y otros hongos
TLR3 RNA bicatenario (dsRNA) Virus
TLR4 LPS Bacterias gramnegativas
Proteina F Virus sincicial respiratorio (RSV)
TLR5 Flagelina Bacterias
TLRO Diacil-lipopéptidos Micobacterias
Zimosan Levaduras v otros hongos

TLR7 RNA monocatenario (ssRNA) Virus

TLR8 RNA monocatenario (SSRNA) Virus

TLR9 Dinucleotidos desmetilados CpG ~ DNA bacteriano

Dinucleotidos
Infeccion por herpesvirus

TLR10,11% Desconocido

Algunos herpesvirus

Desconocido

Bacterias
uropatogenas®



Receptores citoplasmaticos:

7 L1p




Familia NLR ( NOD) que incluye al menos
23 miembros designados como NOD o
NALPS (NACHT, LRR y proteinas que
contienen dominios de pyrina)

Familia de receptores con dominio de
helicasa de ARN unidas a dos dominios de
reclutamiento de caspasas (CARDS):
RIG1 (gen inducible por acido retinoico) y
gen 5 asociado a melanoma de
diferenciacion (MDADS)




Receptores tipo NOD

PGN from Gram- PGN from Gram-
negative bacteria positive bacteria
PGN from Gram-
Plasma membrane | 1 negative bacteria
’ A 4
/ 000 iE-DAP © o o MDP
__CARD1Z NOD1 NOD2 ___CARD12
CHEHE OB S —EE—H
U
Activation of RICK E l
through CARD-CARD | DEE‘DBD
interaction ' 1 RICK
-
f - 7
RICK : K63-linked ubiquitylation
'
CARDG6 E}—3—|

-

&_@ Proteasomal
r degradation

AP1- bmdmg site

NF-kB-binding mot%

Inflammatory gene transcription o

(= i
el e Y e Y R o

Copyright © 2005 Nature Publishing Group
Nature Reviews | Immunology




Inflanmosoma
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Annu. Rev. Immunol. 2011. 29:707. Current Opinion in Immunology 2013, 25:1-3
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Sindromes

autoinflamatorios.

Enfermedades asociadas

Gene Etiologic Inflammasome Anakinra
Disease Clinical features mutated agent involvement response
Familial cold Fever, arthralgia, NALP3 overactive yes
autoinflaimmatory cold-induced urticaria
syndrome (FCAS}
Muckle-Wells syndrome Fever, arthralgia, urticaria, NALP3 overactive yes
(MWS) sensorneural deafness,
amyloidosis
Chranic infantile Fever, severe arthralgia, NALP3 overactive yes
neurological cutancous and urticaria, neurological
articular syndrome problems, severe
(CINCA, NOMID) amvloidosis
Familial Mediterranean Fever, peritenitis, pleurits, Pyrin overactive partial
fever (FMFE) amyloidosis
Pvogenic arthrivs, pvederma | Pyogenic sterile arthrius PSTPIPI overactive ves
gangrenosum, and acne
syndrome (PAPA)
Hyperimmunoglobulin D Arthralgia, abdominal pain, | Mevalonate to be demonstrated | yes
syndrome (HIDS) lymphadenopathy kinase
Tumor necrosis factor Fever, abdominal pain, skin TNF-RI1 to he demonstrated yes
receptor-l-associated lesions
syndrome (TRAPS)
Systemic juvenile idiopathic | Chronic joint inflammartion unknown to be demonstrated | yes
arthritis (SOJIA)
Adult-onset Snll's disease Arthralgia, fever unknown to be demonstrated | ves
(AOSD)
Behcet’s disease Arthralgia, uveitis, ulcers unknown to be demonstrated yes
Sehniwzler's syndrome Utrticaria, fever arthralgia unknown to he demonstrated ves
Gout Metbolic arthritis, pain uric acid activated yes
(MSU)
Pseudogout Arthrits CPPD actvated ves
Contact dermatitis Urticaria irritants activated unknown
Fever syndrome Fever NALP12 unknown unknown
Hydaudiform mole Hydaud mole NALP7? unknown unknown
Vitligo Skin depigmentation, NALPI unknown unknown

automimmumty

Annu Rev Immunol. 2009;27:229-65. Nat Med. 2015. 21(7):677-87. Trends Immunol. 2016. 37(2):84-101
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NLRP3:
Esclerosis multiple
Alsheimer
Enfermedad de Parkinson
Diabetes mellitus tipo 2
Ateroesclerosis
Obesidad

Annu Rev Immunol. 2009;27:229-65. Nat Med. 2015. 21(7):677-87. Trends Immunol. 2016. 37(2):84-101



Paniidos antlmicronianes: Las dafansinns
Son polipéptidos de menos de 100 aa con actividad
antimicrobiana a concentraciones fisiologicas. Dos
miembros principales: defensinas y catelicidinas (LL37)
o, B, 0 defensinas: Hoja plegada beta, estructura de
cisteinas con puentes disulfuro
Distribucion: mayor concentracion presente en granulos
de almacenamiento. Células de Paneth en el intestino
delgado. Leucocitos

Actividad contra bacterias, hongos y virus

Dimerization patterns in human beta-defensins

C

\ |
hBD1 l ‘ hBD2 hBD3 | =
\(x s R i &P
~<eld ! r { y y
@G 0N o7
;‘ Asp' _‘;’ -»\-; 2 \/ -~
N?\;» Asp! R h —_ Lys? ,Gm.’ | i
" > \ « ~l;' /\ ,—m ,
}\ ‘.-.. .y m Gl
( ¢ - M

i Ayg”

Ganz Tomas. Nature Review in Immunology, 2003, septiembre: 3.
Mary E. Klotman and Theresa L. Chang, Junio 2006



Table 1| Distribution and source of defensins

Defensin Tissue distribution

HNP1, HNP2  Placenta, intestinalmucosaand cervical
and HNP3 mucus plug

HNP4 Not determined

HD5andHD6  Salivary glands, small bowel, inflamed large
bowel, stomach, eye, female genital tract
(HD5 only), breast milk and inflamed urethral

lumen

HBD1 Oral and nasal mucosa, lungs, plasma,
salivary glands, small and large bowel,
stomach, skin, eyes, mammary glands,
urogenital tract and kidneys

HBD? and Oral and nasal mucosa, lungs, plasma,

HBD3 salivary glands, small and large bowel,
stomach, skin, eyes, mammary glands,
urogenital tract and kidneys

HED4 (Gastric antrum and testes

Cell source

| Neutroghils*lmﬂnﬁcytes, macrophages,

naturalkiller cells, B cells and 10 T cells

| Neutrophils*}

| Intestinal paneth cells ':!and vaginal
epithelial cells (HD5 only)

Epithelial cells*, monocytes,
macrophages, monocyte-derived
dendritic cells and keratinocytes

Epithelial cells*, monocytes,
macrophages, monocyte-derived
dendritic cells and keratinocytes

Epithelial cells*

Synthesis and requlation

Constitutive

Constitutive

Constitutive or inducible, such as by
sexually transmitted infection

Constitutive or inducible in response
tointerferon-y, lipopolysaccharide and
peptidoglycan

Inducible in response toviruses,
bacteria, lipopolysaccharide,
peptidoglycan, lipoproteins, cytokines
(IL- 1, TNF) and growth factors

Constitutive or inducible in response to
PMA and bacteria

*Main cellular source. HBD, human B-defensin; HD, human ai-defensin; HNF, human neutrophil peptide; IL- 1B, interleukin-1B; PMA, phorbol 12-myristate

13-acetate; TNF tumour-necrosis factor.
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Tissue neutrophil
(phagocytcsis)

Bone-marrow promyelocyte

Nucleus [ER Golgi  Maturing

[ Preprodefensin [l Prodefensin [l Defensin Pathogen

: - , Nature Reviews | Immunology
HNP: defensina o, péptido de los neutréfilos humanos
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Papel de las defensmas en la infeccion contra eFFIIV
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RECCP U ORI GV ETIYCT T IMATT AU A
Trinzez)
» Pertenecen al grupo
PRR, expresados en
ceélulas mieloides y
células endoteliales
» Captura y eliminacion
de elementos propios
transformados (ej: cel
apoptoticas)
» Interacciones con

bacterias

> SR-AI y SR-AII: Expresados

en la mayoria de macrofagos
tisulares (no neutrofilos ni The class A macrophage scavenger receptor

monocitos).

SR-AI SR-AII SR-AIII
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Innate immunity is critical to
Pt adaptive immune response

=
\ \ ant'gen presenting cell (macrophage or dendritic cell)
cytokines
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Resting DC
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>
Naive T cell *FopiaaiMbe: Apoptotic T cell Anergic T cell

Mature DC

Naive T cell

+ Peptide/MHC
+ Costimulation

Undifferentiated T cells

Activated DC

il

Naive T cell * Peptide/MHC
» Costimulation
- Signal 3 (e.g. IL-12)

Effector T cells
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Panzl da las Quimiocinzs 2 2
conzudon: inmunidzl
Innzen /inmunidzd 2deguiridz

Eventos mediados por PRRs, reclutamiento de
células dendriticas inmaduras hacia los sitios de
entrada de los patdgenos, traslado de estos a los
nodulos linfaticos en donde activaran a células T
virgenes.

La activacion mediada por PRRs induce la
liberacion de quimiocinas a partir de los
macrofagos residentes y células dendriticas,
reclutando diferentes grupos de leucocitos
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