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Innate immunity
(rapid response)

Adaptive immunity

. Nature Reviews Cancer 4, 11-22 (January 2004)
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autoimmune disease, cancer
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Proteina

Funcion en el sistema inmunolégico

Proteina C reactiva

Opsonina que actla sobre microbios

Amiloide sérico componente P

Opsonina

Amiloide A sérico

Reclutamiento de las células inmunitarias al sitio de inflamacién
Induccidon de enzimas que degradan la matriz extracelular

Factores del complemento

Opsonizacion, lisis y aglutinacion de las células diana. Quimiotaxis

Lectina de unidn a manosa

Via de la lectina en la activacion delcomplemento

Fibrinégeno, protrombina, factor
Vi,
Factor de von Willebrand

Factores de coagulacion, atrapamiento de microorganismos
invasores en codgulos sanguineos.
Algunos provocan guimiotaxis

Plasmindgeno

Degradacion de los codgulos sanguineos

Alfa-2-Macroglobulina

Inhibidor de la coagulacion por medio de la inhibicion de
la trombina.

Inhibidor de al fibrindlisis por medio de la inhibicion de
la plasmina

Ferritina

Fijadora de hierro, limita el acceso microbiano al hierro necesario
para su metabolismo

Hepcidina

Estimula la internalizacion de la ferroportina, previniendo la
liberacidn del hierro fijado por la ferritina dentro de
los enterocitosy macrdfagos

Ceruloplasmina

Oxida al hierro, facilitando su fijacion por la ferritina, inhibiendo
asi el acceso microbiano al hierro.

Haptoglobina

Fija a la hemoglobina, inhibiendo el acceso microbiano al hierro

Orosomucoide
(glicoproteina acida alfa-1, AGP)

Transportadora de esteroides

Alfa 1-antitripsina

Serpina, regula a la baja la inflamacion

Alfa 1-antiquimotripsina

-

Serpina, regula a la baja la inflamacion
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LECTIN PATHWAY

CLASSICAL PATHWAY

Sl complemente

Mannose-binding lectin (MBL) and ficolins
recognize and bind carr?aohydrates on pathogen
surface

C1q interacts with pathogen surface or with
antibodies bound to surface

C3 undergoes spontaneous hydrolysis to
C3(H,0) to initiate eventual deposition of
C3 convertase on microbial surfaces
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All pathways generate a C3 convertase, which
cleaves C3, leaving C3b bound to the microbial
surface and releasing C3a
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C3a and Cba recruit phagocytic cells to the site of
infection and promote inflammation

Phagocytes with receptors for C3b engulf and
destroy the pathogen

Completion of the complement cascade leads to
formation of a membrane-attack complex (MAC),
which disrupts cell membrane and causes cell lysis
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PAMP recognition
by lectins

C3 convertase hydrolyzes many C3 molecules, Some combine
with C3 convertase to form C35 convertase.

MBL
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Carbohydrates
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Cib2a C4b2a3b
C5 convertase

MASP cleaves C4 and C2. C4 is cleaved first and C4b binds to the
membrane close to C1. C4b binds C2 and exposes it to the action
of MASPs . MASPs cleaves C2, creating the C3 convertase, C4b2a.

The C3b component of C5 convertase binds C3, permitting

C3 convertase

D
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1Ak Receptors that bind complement components and their breakdown products
Alternative Cell surface binding or
Receptor name(s) Ligand expression Function
CR1 CD35 C3b, C4b, Erythrocytes, neutrophils, monocytes, Clearance of immune complexes,
Clq, macrophages, eosinophils, FDCs, enhancement of phagocytosis, regulation
iC3b B cells, and some T cells of C3 breakdown
CR2 chz1, C3d, C3dg B cells and FDCs Enhancement of B-cell activation, B-cell
Epstein-Barr (hurnan), C3d careceptor, and retention of C3d-tagged
virus receptor  (mouse) iC3b immune complexes
CR3 CD11b/CD18, iC3b and Monocytes, macrophages, neutrophils, Binding to adhesion molecules on
Mac-1 factor H MK cells, eosinophils, FDCs, T cells leukocytes, facilitates extravasation; iC3b
binding enhances opsonization of
immune complexes
CR4 CD11c/CD18 iC3b Monocytes, macrophages, neutrophils, iC3b-mediated phagocytosis
dendritic cells, NK cells, T cells
CRlg VSIG4 C3b, iC3b, Fixed-tissue macrophages iC3b-mediated phagocytosis and inhibition
and C3c of alternative pathway
ClgR, CD93 Clg, MBL Monocytes, neutrophils, endothelial Induces T-cell activation; enhances
cell, platelets, T cells phagocytaosis
SIGM-R1 Chzo9 Clq Marginal zone and lymph node Enhances opsonization of bacteria by MZ
macrophages macrophages
C3aR MNone C3a Mast cells, basophils, granulocytes Induces degranulation
C5aR D38 C5a Mast cells, basophils, granulocytes, Induces degranulation; chemoattraction;
monocytes, macrophages, platelets, acts with IL-15 and/or TMF-« to induce acute
endothelial cells, T cells phase response; induces respiratory burst
in neutrophils
C5L2 Mone C5a Mast cells, basophils, immature Uncertain, but most probably down-
dendritic cells regulates proinflammatory effects of Csa
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C1q binding to antigen:antibody C1 inhibitor (C1INH) dissociates C1r and The C5 convertases cleave CR1 and H displace C3b. CR1 and H act
complexes activates Cir and C1s C1s from the active C1 complex C5 to C5a and C5b as cofactors in the cleavage of C3b by |
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. Nature Reviews Rheumatology 6, 40-49 (January 2010)




_ JVeames e hueve

Innate immunity
(rapid response)

Adaptive immunity

. Nature Reviews Cancer 4, 11-22 (January 2004)




[Caractenisticasydella innate

Microbe

Innate immunity' ' Adaptive immunity'
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| Hours // Days
0 6 12 1 4 7
Time after infection >
_ Innate immunity fectan Hecogr@‘mcpr;f%mnd, ~ Removal of
(immediate: 0-4 hours) broadly specific effectors infectious agent
Early induced Recruitment Recognition of PAMPS. Remaval of
innate response Infection of effector Activation of effector infectious agent
(early: 4-96 hours) cells cells and inflammation g
Adaptive immune Transport of Recognition Clonal expansion Removal of
response Infection antigen to by naive and differentiation infecti ot
(late: >96 hours) lymphoid organs BandT cells to effector cells clious age

2015 @abbas basic immunology
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TABLE1-2 Features of Innate and Adaptive Immunity
Innate Adaptive
Characteristics
Specificity For molecules shared For microbial and non-
by groups of related microbial antigens
microbes and mol-
ecules produced by
damaged host cells
Diversity Limited; germline Very large; receptors
encoded are produced by so-
matic recombination
of gene segments
Memory None Yes
Nonreactivity Yes Yes
to self
Components
Cellular and Skin, mucosal epithelia; ~ Lymphocytes in epithelia;
chemical antimicrobial mol- antibodies secreted at
barriers ecules epithelial surfaces
Blood proteins Complement, others Antibodies
Cells Phagocytes (macro- Lymphocytes
phages, neutrophils),
natural killer cells,
innate lymphoid cells

2015 @abbas basic immunology
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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-associated molecular patterns)

Different
microbes

Toll-like
receptor

For structural detail of microbial molecules
(antigens); may recognize nonmicrobial antigens

Different
microbes

Distinct/{

antibody
molecules

Receptors Encoded in germline; limited diversity (pattern recognition
receptors)

ooooooooo

Encoded by genes produced by somatic
recombination of gene segments; greater diversity

) N
n b i

: rofnyl Mannose Scavenger
Toll-ike' g\ peptide — ooonior  receptor
receptor v receptor
Distribution of Nonclonal: identical receptors on all cells of the same lineage Clonal: clones of lymphocytes with distinct specifici-
receptors ties express different receptors
Discrimination of Yes; healthy host cells are not recognized or they may express Yes; based on elimination or inactivation of self-
self and non-self molecules that prevent innate immune reactions reactive lymphocytes; may be imperfect (giving rise

to autoimmunity)

2015 @abbas basic immunology




| Coneacanes @ los acteores

http://www.daisychung.com/immunology-cartoon-project-




Bl [EcsincfilosMbasofilosay
MAstoCitos;




Enfel lars alergicers

Bacteria g A % % __ A
‘\ ¥ Allergens A\Y

Dendritic cell

IL-4
and IL-13

T2 cell

IL-3 IL-8 and  Histamine, chymase

and IL-5 TNF {and NT37?)
N
 Histamine, @ ﬂ/ , 3
LTC,, PGD, g
T cell ' = Eosinophil  Neutrophil Smooth Nerve cell
muscle
L ()
‘Bronchoconstriction | [Pain and
-and hyperperistalsis | |itch
]nﬂammatory
mediators
L I 1 J
| | I
Sensitization Early reaction (wheal and flare) Late phase/chronic reaction

Nature Reviews | Immunology Volume 7 | February 2007 | 93




Triggering agents and regulatory cytokines
Bacteria and

IL-5O 0|L~3. © GM-CSF SChe 2 )_Y IgE )‘Yugo ‘.. IL-4 jotherTLRligands
e < o ‘

Monocyte/ &
macrophage

Hlstamme IL-1, IL-6 and TNF

Mediators produced by cells

. Nature Reviews | Inmunology Volume 7 | February 2007 | 93
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Bacteria &

Epithelium [~

Histamine,
LTC, and
PGD,

TNF

] Neutrophil

Mast cell

Histamine, LTC,,
chymase, VLA4
and heparin IL-5
IL-9
IL-13

Eosinophil Bcell T, cell

Blood-vessel
endothelium

Fibroblast

Histamine, PGD,
and proteases

ﬂ Smooth muscle cells

Nerve cell

Nature Reviews | Immunology

Volume 7 | February 2007 | 93
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Mediators of Activation Effector Functions

_J
I

IgG-Antigen @ ‘ IL-3

) IL-6 Chemoattractants
(4 ..‘ IL-4

Antimicrobial
peptides

IgD-Antigen @ csa CD40 CD8O

Immunology and Cell Biology (2010) 88, 275-284
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Receptors: for lipid mediators Chemoattractant receptors
* Platelet-activating factor receptor = CCR1, CCR3, CCR4, CCRS,
* DP2 prostaglandin receptor (CRTH2) CCR6, CCR8, CCR9
* DP1 prostaglandin receptor * CXCR2, CXCR3,CXCR4
= EP4 prostaglandin receptor = FPR1
* EP2 prostaglandin receptor * C5aR, C3aR
* Leukotriene B4 receptor
Chemoattractant
Lipid body contents
Receptors for Yecentors g:g; or CD80 or * | eukotriene C4, leukotriene D4,
lipid mediators CcDs leukotriene E4
AN * Thromboxane B2
( W * Prostaglandin E1, prostaglandin E2
O\ * 15-hydroxyeicosatetraenoic acid
SIGLEC * Platelet-activating factor

Adhesion receptors F‘;";‘P‘"-"
= LFA1(CD11a-CD18) * Feal
* CR3(CD11b-CD18) Fec receptors = FeyRIl
« CR4(CD11c¢-CD18) ' :l,/'— * FeeRII
* VLA4 (CD49d-CD29) ' * FeeRI
* CD44
= CD62L Specifi 1
pecific granule contents
* PSGL1 Adhesion « Cationic proteins: MBP, EPX,
*CD34 receptors ECP.EDN
* Cytokines: IL-2, IL-3, IL-4, IL-S,
IL-6, IL-10, IL-12, IL-13, IFNY,
GM-CSF, TGFa, TGFB, TNF
* Growth factors: NGF, PDGF,
Cytokine and growth SCF, VEGF, EGF, APRIL

* Chemokines: CCL3, CCLS,
CCL7,CCL8, CCL11,CCL13,
CXCL1, CXCL10, CXCL12

* Enzymes: acid phosphatase,
collagenase, arylsulphatase B,
histaminase, phospholipase D,
catalase, nonspecific esterases

IL-23R, IL-27R, IL-31R,
IL-33R, TSLPR, GM-CSFR,

KIT, IFNyR, TGFBR £ i Eosinophil

factor receptors & A
« |L-2R, IL-3R, IL-4R, IL-5R, {
IL-9R, IL-10R, IL-13R, IL-17R, .{

PRR=

*TLR1, TLR2, TLR3, TLR4, TLRS,
TLR6, TLR7, TLR9, TLR10

*NOD1,NOD2

* RIG-I

« RAGE

Nature Reviews | Immunology

Nature Reviews Immunology 13, 9-22 (January 2013), Nature Reviews Rheumatology 10, 474-483 (2014)
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Antigen-specific
interactions

T Proliferation and
cytokine production

Tcell

T Superoxide
Ty2 cell Co-stimulatory 1 IL-8
recruitment molecules 1 CR3

Maintains alternatively
activated macrophages
in adipose tissue

TIgM "
production [\

Histamine release
T Survival

T Survival .:

20

Mast cell

Bone marrow
plasmablast

T Maturation

- Nature Reviews Immunology 13, 9-22 (January 2013), Nature Reviews Rheumatology 10, 474-483 (2014)
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iHe cogido un virus! iToma estas citocinas! Bloquea

H AYUDAIl la transcripcion y que no se
te olvide producir INF.

iTodo saldra bien!

iHe cogido un virus!

iitAYUDA!!!
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Y

) Immune pressure
Activation P
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NKT.1°T cell Activation
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Dendritic cell Tumour cells

[

Anti-tumour Abs

Nature Reviews | Cancer Volume 2 | November 2002 | 853, Nature Inmunology Volume 9 Number5 May 2008
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a Granule exocytosis pathway

NK activating
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Caspase-dependent
& and -independent
-, death pathways
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Granule exocytosis
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b Death-receptor pathway
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Nature Reviews | Cancer Volume 2 | November 2002 | 853
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a Healthy cells No lysis b Missing self

( deficient
\  tumour cell
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Activating Stimulatory
receptor ligand

€ Induced self-ligands

“Stressed or ™
damaged cell

antigens

Nature Reviews | Cancer Volume 16 [ January 2016 | 9
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Transcription l DNA

pre-mRNA l pre-mRNA
/ processing

Constitutive and inducible
membrane receptors that
detect signals of tissue
injury and microbial
infection

Nucleotides
Bioactive amines
Bioactive ions

Adhesion molecules
PMPs and kinocidins
Mitogenic factors
Coagulation factors
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° o Proteases
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mRNA
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NATURE REVIEWS MICROBIOLOGY 12 2014 427 & Journal of Thrombosis and Haemostasis, 7: 241-246
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NETs

&

Fibrin clot

Gram-positive
bacteria

Pseudopodia
. (]

Gram- negak

bacteria

Erythrocyte -
TLRs Fibrin
Gpllb-lllu

Platelet

Vascular endothelial cell
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O

CD162,
integrins

B cell

NATURE REVIEWS | MICROBIOLOGY VOLUME 12 | JUNE 2014 | 427
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/ [Phagocytosns ]

Bacteria Tissue factor \ *‘
e - Cytokines 3
- Chemokines

Macrophages
Kupffer cells

Coagulation ]

ADP thrombin /

Antimicrobial activity:
entrapment, engulfment, killing
(for example, CXCL4, defensins)

Cytokines and growth factors (IL-1, TGF-p, PDGF),
Chemokines (CCLS5, CCL3, CXCL7, CXCL4,
CXCL1, CXCLS5, CCL7)

v

Leukocyte
recruitment and activation;
tissue repair

. Nature Immunology 14, 768-770 (2013)

Antigen
presentation
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F4/80 CD11b
CD11b ;D120 S
(integrin a,,) Bl } (integrin ay) g7 2y
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— (B7.1)

IL-4R/

IL-10R
Markers of

anti-inflammatory | ¢cp206 N4
M2 macrophages

DC-SIGN
(CD209)*
Functions

Tissue surveillance

Source of chemokines and cytokines  Markers of inflammatory Source of chemokines and cytokines
Phagocytosis of debris and pathogens M1 macrophages ©_©o Phagocytosis
Cytotoxicity ® O o Antigen presentation and T-cell stimulation
Fibrosis and remodelling of ECM IL-6, IL-10, IL-12,TNF, TGF- Induction of immune tolerance

Functions
Tissue surveillance

Nature Reviews Nephrology 10, 625-643 (2014)
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Macrophage populations Macrophage activation phenotypes
Less-flexible programming—determined during ontogeny Flexible programming—driven by microenvironmental signals
Specific transcription factors and epigenetic Cykotines, transcription factors and epigenetic changes
modifications direct lineage commitment modulate phenotypic and functional plasticity

/"\\ //'\\\ IEN-y IL-4 Toll ligands
_>K ) ( — IL-13 Immune complexes
\_/ \. 4
CMP CFU-GM/ CFU-M
M1 M2

Tissue macrophage
pnhag IL-10*

/ ¢ \ Classically activated Alternatively activated Regulatory

Proinflammatory Regulate wound healing  Anti-inflammatory
Promote T_1-T 17 immunity Suppress T cell responses Secrete IL-10
20 Host defense Suppress host defense
Alveolar macrophage Osteoclast Histiocyte Antitumor immunity  Suppress antitumor immunity

A X

1 V:.:él - \ % : Q | |
Tumors / \inﬂammation

Populations expand
Kupffer cell Microglia Intestinal macrophage Ul MDSCs infection

during cancer

Nature Immunology 12, 1035-1044 (2011)
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IL-12" RNl  Iron uptake IL-12° YM1 Iron release
IL-10° ROI Metabolism IL-10"  FIzz1 Folate uptake
IL-23Ni IL-1RA™ Arginase Metabolism

MSF Polyamines

* Promotion of T,;1 response * Promotion of T,;2 response

« Efficient antigen presentation capacity » Encapsulation and clearance of parasites

« Killing of intracellular pathogens » Tumor promotion and tissue remodelling

* Tumor destruction and tissue damage * Immunoregulation

. Nature Immunology 11, 889-896 (2010)




CD11b* DC-SIGN*
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r 1
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r 1 i i f i
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b
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Nat RevImmunol. 2012 Jan 25;12(2):101-13




SKIN

Keralimi.vcyie Langerhans cell
== =
> = e, = <> >

= <> > = —-<<»
> <> g > 23
- > =) =) =2 )
> = <> -

<> O =) = >

i) =) <>
> =) =) = =

Slic B cMoE
Pattern-recognition receptors:
TLRs:

Extracellular TLRs: TLR1, TLR2, TLR4,
TLRS, TLR6, TLR10, TLR11

Intracellular TLRs: TLR3, TLR7, TLRS, TLR9
NLRs: NOD1, NOD2, NLRP1, NLRP3,
NLRC4, NAIPS

RLRs: RIG-I, MDAS, DHX58 (LGP2)

CLRs: CLEC18, CLEC4A (DCIR), CLEC4C
(BDCAZ), CLEC4E {mincle), CLEC4K
(langerin), CLEC5A, CLEC6A (dectin 2J,
CLEC7A (dectin 1), CLECOA (DNGR1),
CLEC10A (MGL1), CLEC12A (MICL),
CLEC128B, DC-SIGN (CD209), DEC205
(CD205), mannose receptors
DNA sensors: AIM2, DAL IFI16
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promote tolerance 1o autoreactive thymocytes and by
peripheral tissue antigens. promoting Ty, cell development.
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Environmental factors shape DC functions. For In draining lymphoid
example, metabolites of vitamin A and vitamin D tissues, DCs induce naive
condition DCs to promote CD4* and CD8* T cell T cells to differentiate
homing to the intestine or the skin, respectively. into FOXP3* T, cells.

http://www.nature.com/nri/posters/dendriticcells
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Lymph node Competition
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Box 1| Neutrophil-derived cytokines

I Microbial moieties | - CXC-chemokines
CXCL1, CXCL2, CXCL3, CXCL4, CXCLS, CXCL6,
CXCLS8, CXCL9, CXCL10, CXCL11

G-CSF and GM-CSF | —

L CC-chemokines
CCL2, CCL3, CCL4, CCL17,CCL18, CCL19,CCL20, CCL22
iiipe | ENE] — _ Pro-inflammatory cytokines
Neutrophil — | IL-1at, IL-1B, IL-6%, IL-7, IL-9%, IL-16¥, IL-17AF,
Type llIFN | — IL-17F%, IL-18, MIF
Neutrophils, either spontaneously or following |, | Anti-inflammatory cytokines

appropriate stimulation, have been shown to express IL-1RA, IL-4%, IL-10%, TGFp1, TGFB2
and/or produce numerous cytokines, chemokines and
angiogenic factors (see the figure). The expression |, | /mmunoregulatory cytokines
and/or production of these factors has been IFNa*, IFNy?, IL-12, IL-23
validated not only by gene expression techniques,
but also by immu:oh):sgtochem'i)stry enzyme-li:ked — s ony:atimulating factors

; G-CSF, M-CSF*, GM-CSF¥, IL-3%, SCF**
immunosorbent assay (ELISA) or biological assays
for specific cytokines, performed on human and/or
mouse cells. For a more exhaustive description of the
experimental conditions that result in the production

Angiogenic and fibrogenic factors
HB-EGF, HGF, FGF2, TGFa, VEGF, prokineticin 2

of individual cytokines by neutrophils, as well as the TNF superfamily members

molecular regulation and potential biological —> [ APRIL, BAFF, CD30L, CD95L, LIGHT*,
relevance of this process, the reader may refer to LT(*, RANKL, TNF, TRAIL

specific reviews**®,

*Refers to studies performed at the mRNA level only. Other cytokines

*Indicates that the data are controversial for human — | Amphiregulin, BDNF*, midkine, NGF*, NT4%,
neutrophils. oncostatin M, PBEF

NATURE REVIEWS | IMMUNOLOGY VOLUME 11 | AUGUST 2011 | 519




J = Phagocytes Pathogen-associated
@ % Q s 8 (neutrophils, molecular patterns
dendritic cells, (PAMPS)

macrophages) N

PAMPs recognized

by pattern recognition

receptors (PRRs) Antimicrobial

Pathogen Killed and g peptides

degraded in lysosomes Pathogen
Ehegcyte C-reactive R ,\'
activated to SP-A. SPD, protein (CRP) ./, /’4
e ru'du«i.q. bial Mannose- \ Complement vt
anti-microbia s

binding proteins

components, Phagocytosis lectin (MBL) ( Membrane
followed by ;
2 g damage kills
secretion of d S
inflammation- pathogen
promoting
cytokines and
chemokines

Opsonins are recognized
by opsonin receptors, & Opsonized
cnhancing phagocytosis pathogen

CRP, MBL, complement
proteins activate
complement pathway

Innate initiation of
adaptive response
» Dendritic cell PRRs

s R
recognize PAMPs, 2" Complcment destroys
activating phagocytosis _-~ .7 ~membrane, stimulates
and signaling pathways. A inflammation, attracts

e -
ae neutrophils and other

® Dendritic cells migrate
to lymph nodes, carrying
intact or degraded
) pathogens.
¢ Antigen fragments bound
to cell surface MHC
proteins are recognized
by T cells.
® Activated T cells initiate
adaptive responsces,

cells

T cell
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Ley K, et al. Nat RevImmunol. 2007 Sep;7(9):678-89.




MNeutrophil

Receptor

Ligand(s)

Basophil

Function(s)

Eosinophil

CCR4

CCRS

CCRE
CCR7

CCR8

CCR9

CCR10

CXCR1
CXCR3

CXCR4

CXCRE

CXCR6&

CCL17, CCL22

CCL3, CCL4, CCL5, CCL8, CCL11,

CCL14, CCL16

CCL20
CCL19, CClL21

CCL1

CCL25

CCL27

CCL6, CCL8
CCL9-CCL11

CXCL12

CXCL13

CXCL16

Migration to normal and inflamed skin
Migration to asthmatic airways
Migration to sites of inflammation

Guided encounters with 'helped’ DCs in
lymph nodes

Migration to inflamed tissues
Migration to inflamed tissues

Migration to inflamed tissues

Migration to resting lymph nodes
Interstitial motility in lymph nodes
Migration to resting lymph nodes

Migration to normal skin

Migration to sites of allergic inflammation

Migration to lamina propria and GALT
Migration to normal and inflamed skin

Migration to inflamed tissues

Migration to inflamed tissues

Migration to inflamed lymph nodes and
tissue

Migration to inflamed tissues

Migration to inflamed tissues

Migration to resting lymph nodes

Migration to T cell-B cell border and GC in

lymph nodes

Migration to tissue

Monocyte

ccrl WU\ cxri
MNU ccrz UV cxXR2
MU ccrs VW cXR3
N\, ccra CXR4

-

Nature Immunology 9, 970 - 980 (2008)
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Antimicrobial mechanisms of phagocytes

Class of mechanism Macrophage products Neutrophil products

@

Bacterium becomes

attached to membrane

Acidification pH=~3.5-4.0, bacteriostatic or bactericidal

evaginations called

pseudopodia.

®

: .. Superoxide O,, hydrogen peraxide H,0,, singlet oxygen '0.",
Toxic oxygen-derived products || ol radical ‘OH, hypohalite OG-

Bacterium is ingested,

forming phagosome.

©

Toxic nitrogen oxides Nitric oxide NO

Phagosome fuses with

lysosome.

ce-Defensins (HNP1-4), p-defensin
Cathelicidin, macrophage || HBD4, cathelicidin, azurocidin,
elastase-derived peptide bacterial permeability inducing protein
{BPI), lactoferricin

®

Bacterium is killed and Antimicrobial peptides

then digested by
lysosomal enzymes.

@

Digestion products are Lysozyme: digests cell walls of some Gram-posilive bacteria

released from cell. Enzymes Acid hydrolases (e.g. elastase and other proteases):
break down ingested microbes

. Lactoferrin (sequesters Fe®), vitamin
Competiiors B,,-hinding protein
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Neutrophil ~ s
=S 0

Nucleus f

=5

Granules
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NET with trapped *
bacterial cells

= NET: Neutrophil extracellular traps

Front. Inmunol., 11 January 2013 | http://dx.doi.org/10.3389/fimmu.2012.00420
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channel Na*

. Front Biosci. 2003 Sep 1;8:s1266-79. Kidney Int Suppl. 2002 May;(80):109-14.
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Antimicrobial species generated from oxygen and nitrogen

Reactive oxygen species (ROS) NADPH OH™ Hydroxyl
_ haros : - *OH radicals
=0, (superoxide aniomn) Exif::;::mc f]u;;::nf:;f / Mvel d
OH- (hydroxyl radicaly 5 = L 5 M -
oy iacical) 0, ‘0, 5 Ha0, 5 HCIO
H0; (hydrogen peroxide) Oxygen Superoxide Hydrogen Hypochlorous
HCIO (hypochlorous acid) TR peroxide acid
Cl
Chloride
ion
Reactive nitrogen species (RNS) ONOO ™
- P Peroxynitrite
NO (nitric oxide) [ml_u—:::blc nitric * S-nitrosothiols
MO, (nitrogen dioxide) . oxide synthase 5 / Y ng
ONOO ™ (peroxynitrite) L-Arginine \ 2 NO > N0,
Nitric oxide Nitrogen dioxide
L-Citrulline




- EnfermedadiGranulomatosa
___|Gronica

Invest Clin 40(4): 277-300, 1999

El complejo NADPH-oxidasa en la
enfermedad granulomatosa cronica:
Descripcion preliminar de un foco
en Mérida-Venezuela.

fMLF
Siham Salmen’ , Lisbeth Berrueta’ , Paul Heywortk C5a 202'
Manuel Hernandez" y José Murioz'. T.':: 20
Nnstituto de Inmunologla Clinica, Universidad de DAG w
Venezuela y Departament of Molecular and Expuzmmbma 9p91 gpot
The Scripps Research Institute, La Jolla, Californ e
GTP-Rac

Tldad membranal

Subunidad citosolica

Rac-GDP
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INFECCIONES Y CONDICIONES CRONICAS QUE SE PRESENTAN EN LA ENFERMEDAD GRANULOMATOSA CRONICA

INFECCIONES % DE MICROORGANISMOS % DE CONDICIONES % DE
EPISODIOS INVOLUCRADOS AISLADOS CRONICAS ASQCIADAS CASOS
Meumonia TF0O-80 Staphvilococcus aureus 30-50 Linfadenopatia O8
Linfadenitis 60-B0  Aspergillus sp 10-20 Hipergammaglobulinemia 60-90
Infecciones cutdneas/impétipa  G0-70  Escherichia colf 5-10 Hepatomegalia 50-90
Hepatitis /absceso perihepatico 30-40  Klebsiella sp 5-10 Esplenomegalia G0-80
Osteomielitis 20-30 Salmonella sp 5-10 Anemia cronica Comun
Abscesos perirectal/fistulas 15-30  Pseudomona cepacia v 5-10 Bajo peso TO
aeruginoesa
Septicemia 10-200  Serratia marcescens 5-10 Diarrea cronica 20-60
Otitis media 20 Staphylococcus epidermidis 5 Eaja estatura 50
Conjuntivitis 15 Sireplococcus sp 4 Gingivitis a0
Infecciones entéricas 10 Enterobacter sp 3 Dermatitis 35
Infeccidn del tracto urinario/ 5-15 Prateus sp 3 Hidronefrosis 10-25
pielonefritis
Sinusitis =10 Candida albicans 3 Estomatitis ulcerativa 5-15
Renal/abscesos perifrénico <10 Nocardia sp 2 Fibrosis pulmonar <10}
Absceso cerebral <5 Haemophilus influenzae Esofagitls <10
Pericarditis <5 Preumaocystis carinii <1 Estrechez pastrica antral =10
Meningitis <5 Myrcobacierium fortuitum <1 Neocolitis pranulomatosa <10
Chromebacterium violacewm <1 Corioretinitis =10
Francisella phifomiragia =1 Cistitis granulomatosa =10
Torulopsis glabrata =1 Glomerulonefritis =10
Lupus eritematoso discoide <]1()
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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-associated molecular patterns)

Different
microbes

Toll-like
receptor

For structural detail of microbial molecules
(antigens); may recognize nonmicrobial antigens

Different @
microbes—~ <A

Distinct/{ :

antibody
molecules

Receptors

Encoded in germline; limited diversity (pattern recognition
receptors)

ooooooooo

Formyl
peptide
receptor

Mannose Scavenger

receptor receptor receptor

Encoded by genes produced by somatic
recombination of gene segments; greater diversity

) N
n b i

Distribution of
receptors

Nonclonal: identical receptors on all cells of the same lineage

Clonal: clones of lymphocytes with distinct specifici-
ties express different receptors

Discrimination of
self and non-self

Yes; healthy host cells are not recognized or they may express
molecules that prevent innate immune reactions

Yes; based on elimination or inactivation of self-
reactive lymphocytes; may be imperfect (giving rise
to autoimmunity)

2015 @abbas basic immunology
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TABLE 4-3 Pattern Recognition Molecules of the Innate Inmune System

Pattern Recognition Receptors

Location

Specific Examples

PAMP/DAMP Ligands

Cell-Associated

Toll-like receptors (TLRs) Plasma membrane and endosomal  TLRs 1-9 Various microbial molecules including
membranes of dendritic cells, bacterial LPS and peptidoglycans,
phagocytes, B cells, endothelial viral nucleic acids
cells, and many other cell types

NOD-like receptors (NLRs) Cytosol of phagocytes, epithelial NOD1/2 Bacterial cell wall peptidoglycans

cells, and other cells

NLRP family {inflammasomes)

Intracellular crystals (urate, silical;
changes in cytosolic ATP and ion
concentrations; lysosomal damage

RIG-like receptors (RLRs)

Cytosol of phagocytes and other

RIG-1, MDA-5

Viral RNA

oD cells
Cytosolic DNA sensors Cytosol of many cell types AIM2; STING-associated Bacterial and viral DNA
(CDSs) CDSs

U

C-type lectin-like receptors (CLRs)

—<

Plasma membranes of phagocytes

Mannose receptor

Dectin

Microbial surface carbohydrates with
terminal mannose and fructose

Glucans present in fungal cell walls

Scavenger receptors

Plasma membranes of phagocytes

CD36

Microbial diacylglycerides

+H
R ]
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TABLE 4-3 Pattern Recognition Molecules of the Innate Inmune System

Pattern Recognition Receptors

Location

Specific Examples

PAMP/DAMP Ligands

Cell-Associated

N-Formyl met-leu-phe receptors

Plasma membranes of phagocytes

FPR and FPRL1

Peptides containing N-formylmethionyl
residues

Soluble

Pentraxins Plasma C-reactive protein Microbial phosphorylcholine and phos-
phatidylethanolamine

Collectins Plasma Mannose-binding lectin Carbohydrates with terminal mannose
and fructose

Alveoli Surfactant proteins SP-A and Various microbial structures
SP-D

Ficolins Plasma Ficolin N-Acetylglucosamine and lipoteichoic
acid components of the cell walls of
gram-positive bacteria

Complement Plasma Various complement proteins Microbial surfaces

|3
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Genetic associations of TLR and NLR to inflammatory disorders.

TLR/NLR Inflammatory disorder

TLR2 Asthma, acute rheumatic fever, Lepromatous leprosy

TLR4 Asthma, Crohn'’s disease, ulcerative colitis

TLR10 Asthma, atopic eczema, increased serum IgE

NOD1 Asthma, atopic eczema, increased serum IgE, IBD (Crohn's disease
and Ulcerative colitis)

NOD2 Atopic dermatitis, Blau syndrome, Crohn’s disease, early-onset
sarcoidosis, graft-versus-host disease (GVHD)

NALP1 Vitiligo, autoimmune thyroid disease, Addison'’s disease, RA,

psoriasis, SLE

Hereditary periodic fever syndromes [familial Mediterranean
fever (FMF), chronic neurogenic cutaneous and articular
syndrome (CINCA), Muckle-Wells syndrome (MWS), familial cold

autoinflammatory syndrome (FCAS), and pyogenic sterile arthritis
with pyoderma gangrenosum and acne (PAPA)]

Crohn's disease of the ileum
showing typical cobblestoning
and ulcerations of the mucosa.

Ulcerative colitis of the
transverse colon with
granularity and friability of
the mucosa. Note there are
not deep ulcerations.

-

Seminars in Imnmunology 21 (2009) 242-253
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TLRs RLRs NLRs
changes in ionic
redox mi
TLRs 1, 2, 4-6, 10 / I
Endosome / (3
% CHH ) (5( ‘;Q F
DAI,
J TLRs 3,7-9 RIGI,MDAS  other sensors NOD1, NOD2 N

TABLE4-2 Examples of PAMPs and DAMPs
Pathogen-Associated Molecular Patterns Microbe Type
Nucleic acids ssRNA Virus

dsRNA Virus

-—

CpG Virus, bacteria ’
Proteins Pilin Bacteria

Flagellin Bacteria M
Cell wall lipids LPS Gram-negative ’

bacteria
Lipoteichoic acid Gram-positive | =
bacteria

Carbohydrates Mannan Fungi, bacteria

Glucans Fungi
Damage-Associated Molecular Patterns
Stress-induced HSPs

proteins - TLRS, RLRS & N LRS Vs pAMpS, DAMPS

Crystals Monosodium urate
Nuclear proteins HMGB1
CpG, cytosine-guanine—rich oligonucleotide dsANA, double-stranded RNA;
HMGB1, high-mobility group box 1; HSP heat shock protein; LPS, lipopolysaccha-
ride; ssANA, single-stranded RNA.

T

Nature Reviews Rheumatology 6, 146-156 (March 2010)
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PAMP’s Recognition
'N-linked - mannan
a-glucan '
Chitin

Mannose
receptor

Front. Inmunol., 10 September 2012
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Fungal polysaccharide
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wall lipid ' \\‘_:\Ql},_"ill . .
Lectin

\(
Plasma
membrane
Microbial
DNA,RNA
%
RLR peptidoglycan
cx:>§Vlr~€t| RNA Endosomal
CDS . membrane
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Toll-like receptor

Ligand

Cellular distribution

TLR-1:.TLR-2 heterodimer

TLR-2:TLR-6 heterodimer

Lipomannans (mycobacteria)

Lipoproteins (diacyl lipopeptides; triacyl lipopeptides)
Lipoteichoic acids (Gram-positive bacteria)

Cell-wall B-glucans (bacteria and fungi)

Zymosan (fungi)

Monocytes, dendritic cells, mast cells, eosinophils,
basophils

TLR-3

Double-stranded RNA (viruses)

NK cells

TLR-4 (plus MD-2 and CD14)

LPS (Gram-negative bacteria)
Lipoteichoic acids (Gram-positive bacteria)

Macrophages, dendritic cells, mast cells, eosinophils

TLR-5 Flagellin (bacteria) Intestinal epithelium

TLR-7 Single-stranded RNA (viruses) Plasmacytoid dendritic cells, NK cells, eosinophils, B cells
TLR-8 Single-stranded RNA (viruses) NK cells

TLR-9 DNA with unmethylated CpG (bacteria and herpesviruses) Plasmacytoid dendritic cells, eosinophils, B cells, basophils
TLR-10 Unknown Plasmacytoid dendritic cells, eosinophils, B cells, basophils

TLR-11 (mouse only)

Profilin and profilin-like proteins (Toxoplasma gondii,
uropathogenic bacteria)

Macrophages, dendritic cells, liver, kidney, and bladder
epithelial cells
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PIeptidoegcan

TIR Death Adaptor
LPS domain | |domain LI protein

....................

Plasma
membrane

Endosome

NF-kB

IRFs
K
V| v
" Expression of inflammatory genes: " Expression of type 1 1

-Cytokines (TNF, IL-1, IL-6) _interferon (IFN o/f) genes

-Chemokines (CCL2, CXCLS8, others)

-Endothelial adhesion molecules ‘

(E-se_lectln)

'&°§;";“g'g;%‘;y molscules "Secretion of type 1 IFNs

v | ¥ | \
-Acute inflammation Antiviral state
IFN-B gene IFN-o and IFN-B genes -Stimulation of

adaptive immunity
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TLR2 Polymorphisms
and susceptibility to diseases

SNP Diseases

Arg753GIn Gram-positive
septic shock

Arg753GIn Lyme disease
J A«o753GIn S. aureus
KB | 5753GIn Febrile infections
5753GIn Tuberculosis

:% y753GlIn Cytomegalovirus
g:[? disease
i ‘ IxB 2753GIn Viral infection

P vl 4 753Gl F 1
y n unga
N = £—=> i

=

g::g J‘> ~y ) N colonization
Mal K CXK)% k 065 k 2753GIn Fungal infection
MyD88 SOI‘IKB —— oL
@ TAB1/2 p ol 07C TB Meningitis
s ‘ ron 2 Tuberculosis
IRAK1 IRAK4 %Mqumn m R ocatellite
TRAF-6 E3 i IKKex -
Liad %?Eg I:g:::; IKKy (NEMO) b IKKB o cytokine genes gzzg:n Ezeumdtfc :z:ver
y n eumatic heart
— . disease
Arg753GIn Chronic
periodontitis
Arg753GIn Generalized
aggressive
periodontitis
Arg753GIn Chronic
periodontitis
Arg753GIn Atopic dermatitis
Arg753GIn Crohn's disease

Immunol Res. 2015 Jun;62(2):234-52.
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Family

Protein Polymorphism

MNLRC NOD2 Mutations in the LRR
eg. 1007fs, R702W,
G908R

Mutations in the NOD
e.g. L469F, R334Q,
R334W

NLRC4

Associated diseases

Crohn's disease

Blau syndrome

Asthma

Atopic eczema, atopic dermatitis
Arthritis

Sarcoidosis

Prostate and endometrial cancer
Gastric lymphoma

Leprosy

Susceptibility to bacterial infections

Front Immunol. 2013 Oct 16;4:333.

NOD1/2

e

B &
Blndlngofbactedau?am:onoopmwns
induces recruitment of RIPK2, which activates
TAK1, leading to NFxB activation

intraceliular bacteria,
muramyl dipeplide
or iE-DAP

IKK
TAK1

>, o

RIPK2
L g
: "‘

NFxB IkB
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MAVS

C

triphosphate
RNA

WY NN

RIG- CEDEEID

helicase
domain

CARD

Host or viral Host or viral ds and ssDNA
dsRNA, ssRNA Endogenous retroelements

RLR ¢ N TR T\
- TLR3,7,9 cGAS |IFI16  Cytoplasmic
RIG-| MDA5 LGPz v DNA sensor
J’ l cGAMP /
4

IPS-1(MAVS) MyD88, TRIF  STING

TBK1 IKKe  IKKo/Bly

IRF-3 IRF-7 NF-xB

IFN-o. IFN-B IFN-A
IFN signature

i Autoimmune diseases (AGS, SMS and SLE) |
Current Opinion in Immunology

Current Opinion in Inmunology 2015, 37:40-45
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"Pathogenic bacteria |
_Extracellular ATP | Plasma

membrane

Caspase-1
(inactive) 20
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(senson) gactfr:al products
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Adaptor QO Reactive oxygen species
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“Nucleus
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transcription /,/
’

NLRP3
inflammasome
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Discasc Clinical features mutated
Familial cold Fever, arthralgia, NALP3
autoinflammatory cold-induced urticaria
syndrome (FCAS)
Muckle-Wells syndrome Fever, arthralgia, urticaria, NALP3
(MWS) sensorincural deafness,
amyloidosis
Chronic infantile Fever, severe arthralgia, NALP3
ncurelogical cutancous and urticaria, neurological
articular syndrome problems, severe
(CINCA, NOMID) amyloidosis
Familial Mediterrancan Fever, peritonitis, pleuritis, Pyrin
fever (FME) amyloidosis
Pyogenic arthrits, pyederma | Pyogenic sterile arthrits PSTPIPI
gangrenosum, and acne
syndrome (PAPA)

Hyperimmunoglobulin D Arthralgia, abdominal pain, | Mevalonate
syndrome (HIDS) lymphadenopathy kinase
Tumor necrosis factor Fever, abdominal pain, skin TNF-RI

receptor-l-associated lesions
syndrome (I'RAPS)
Systemic juvenile idiopathic | Chronic joint inflammation
arthritis (SOJIA)
Adult-onset Sull's disease Arthralgia, fever
(AOSD)
Behcet's disease Arthralgia, uveids, ulcers
Schnitzler’s syndrome Utrticaria, fever arthralgia
Gout Metabolic arthritis, pain
Pseudogout Arthritis
Contact dermatitis Urticaria
Fever ssndrome Fever NALPI2
Hydaudiform mole Hydatid mole NALP7?
“iligo Skin depigmentation, NALPIL

automimmunity
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- Los mecanismos de inmunidad innata representan la primera linea de defensa contra los

~ agentes infecciosos. La ausencia de algin elemento de este sistema e inclusive la mutacién
i, "‘d o ausencia de una proteina que afecte la funcién de un grupo especifico de células puede

el

. ocasionar enfermedades severas con una susceptibilidad aumentada para gérmenes
comunes

Preguntas:

a) (Qué elementoo elementos de la respuesta inmune innata pudieran estar alterados o deficientes
en un paciente quien padece de infecciones severas recurrentes por Staphylococcus aureus?

b) ¢Cudl es la funcidn de los mecanismos de inmunidad innata en el control de este tipo de
infecciones?

¢) El examen microscépico de polimorfonucleares reclutados en este paciente mostrd presencia de
bacterias en el interior de las células con incapacidad para ser degradadas. Discuta y explique el
dario celular presente y las consecuencias que de este se derivan.
{Qué elementos de la respuesta inmune especifica son los primeros en aparecery en qué orden
durante el curso de esta infecciéon?
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$eccion O1s $eccion 02
1) Faro José 1) Maria Vita
2) Gonzalez Valeria 2) Meza Manuel
3) Grisolia Emill 3) Molina Carolina
4) Guerrero Benito 4) Moreno Erick
5) Guerrero Luis David 5) Ramirez Ariana
6) Heredia Dierdre 6) Sudrez Nelson
7) Leal Edixon 7) Vazques Ana
8) Medina Gabriel 8) Zambrano Dayana

Entrega 07 dias
Martes 24:00 h
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Guillermo Teran-Angel
guillermondi@gmail.com
http://gui//ermo. vu.si







