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¢, Como se organiza la respuesta inmune?

1.
V.

VI.

¢, Respuesta Inmune/ Respuesta inflamatoria?.

¢, COmMo se organiza la respuesta inmune innata?

¢, COmo se organiza la respuesta inmune adaptativa?
¢, Como se activa la respuesta inmune?

¢, Papel de citoquinas?

Conclusiones.



l. ¢ Respuesta Inmune/ Respuesta
inflamatoria?



SISTEMA INMUNE

Obijetivo:
.. ® Mecanismos fisiologicos
gue defienden integridad del
organismo.

« ldentifica lo extrano para
destruirlo o eliminarlo.




SISTEMA INMUNE

adenoid
tonsil

« Sistema linfoide.
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N thyime * Respuesta inmune.
thoracic duct — Protectora: INMUNIDAD.
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Timo

Médula osea

Bazo

Ganglios
linfaticos

* Elimina células dafadas o envejecidas y controla el desarrollo
de tumores.



RESPUESTA
‘ INMUNE




Il. ¢.COmo se organiza la respuesta
iInmune innata?



Inmunidad innata ( natural)

* Estado de proteccion natural, innato o nativo, white cell (netrophil) hunting bacterium
frente a la infeccion.
« Depende de barreras fisicas, quimicas Yy
bioldgicas del cuerpo.

« Los mecanismos defensivos naturales actuan
con especificidad limitada, reconociendo
PAMP’s.

* Responden de la misma manera frente a ==
infecciones repetidas. bacterium




Reconocimiento de
microorganismos puede involucrar
mas de un receptor: LPS se une a
CD14y aTLR-4

RECEPLOLES EN
fagoecites: PRRS

(pattern recegnition
[ECEPLOIS)

LIPOPOLISACARIDO

» Receptores transmembrana

FLAGELINA ..
G heptahelicoidales

PEPTIDOGLICAN
. Receptores scavenger.
Ac.LIPOTEICOICO

MANOSA * Receptores tipo Toll (TLR)

PILINA "CD14

Ac.NUCLEICOS
MICROBIANOS

RNA DOBLE HEBRA
(VIRUS)

* Receptores para polisacaridos (CD36)
* Receptores para complemento (CR3)



RECEPTORES ENDOCITICOS

Pattern
Recognition

el Receptors
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RECEPTORES TLR
TRANSDUCTORES
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Mecanismos de la Respuesta Inmune Innata

1. Barreras epiteliales: Piel y Mucosas.
* Proteinas y péptidos antimicrobianos.

 Células defensivas intraepiteliales.

 Microbiota normal.

2. Células circulantes:
* Fagocitos (PMNN y Macréfagos) y Natural Killers (NKSs).

3. Moléculas circulantes:
 Proteinas de Fase aguda, Complemento, Citoquinas.



1. Barreras epiteliales: Piel y Mucosas.

Physical barrier '@- '@.
to infection m

Kill P—— Pepéide
I1iNg OT MICropes || antibiotics 2.
by locally produced | & =
antibiotics e éﬂ
(defensins,
cathelicidins) m

Intraepithelial
lymphocyte

Killing of microbes
and infected cells
by intraepithelial
lymphocytes
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2. PMNN y Macrofagos/ NK.

PMNN:

Reconocimiento de antigenos

bacterianos.

— Via directa: receptores PRRs

— Via indirecta: receptores para
opsoninas

Fagocitosis y digestion

intracelular

Eliminacion por exocitosis del

Receptor para
C3b
Microbe opsonized Mannose Receptores
with antibody receptor para colectinas
Mac-1 y PCR
' integrin
"ﬁ(’v Scavenger
Fe recetr v
receptor ks, =TT 1
w il £ s
- = |
; Vit o '.'m : <\ .\ Oo ‘
Phagosome
J

Killing of
microbes

|
|
|
|
/
/

contenido de los granulos Receptores de opsoninas:

receptor para C3b.

receptores para colectinas y PCR.
receptores para regiones Fc de anticuerpos.

receptores para proteinas
fibrindbgeno v fibronectina.

plasmaticas:




Monocitos - Macrofagos

« Fagocitos profesionales agranulares.
« Secrecion CQs.
« Estados mas tardios de la infeccion.

Bone marrow Blood Tissues
7
K\l u,!} Acti
ctivated
\_'/ N macrophages
Activation 7
Stem cell |==» | Monoblast | = | Monocyte |= | Macrophage

Microglia (CNS)

~ ™ Alveolar macrophages (lung

Osteoclasts (bone)
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Células NK

Son Linfocitos Granulares
Grandes.

Reconocen y destruyen células
Infectadas por lisis directa e
Indirecta: perforinas y granzima.

Secretan IFN- 1.

Su activacion es regulada por
receptores estimulatorios e
Inhibitorios (reconocen MHC).

A’ Inhibitory receptor engaged

Removal of
Activating || phosphates
signals and inhibition
B 1@

Activating
receptor

Ligand v
for NK cell \l

receplor

N Self class |
! MHC-self

g’ peptide complex

Normal L‘J
autologous cell

!.g
Inhibitory

> 18

i’

NK cell
not activated;
no cell killing

B’ Inhibitory receptor not engaged

8= *- Virus inhibits
\* i,(classIMHC
¥ expression

Virus- mlected
cell (class |
MHC negative)

2o,
t{.

Oﬁc

-{

NK cell
activated;
killing of
infected cell




Killing of
stressed cells

cell Killing of
infected cells

Magropnage i Killing of

agocyiose

¥ m%croyt:es phagocytosed
microbes
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Citotoxicidad dependiente de anticuerpos

Surface IgG Low-affinity

antigen

@ Oic—
Antibody- c =
coated cell Killing of

antibody-coated cell

NKCQK




3. Moléculas Circulantes

Proteinas de Fase Aguda

Bacterias—Macréfagos

|

IL6/IL1

mannan-
o) binding lectin
&> fibrinogen
REE ¥ C-reactive _ o
amyloid: protein - Protein U a bacterias y hongos (fosforilcolina/

fosfatidiletanolamina).
« Opsonisacion.
« Contribuyen a activacion del complemeto.



Complemento

Initiation of
complement
activation Early steps Late steps
N Microbe
ternative é :
C3bis Membrane
Pty % Y deposited attack complex
Antibody T~ o C3a ah microbe (MAC)
25 &
N7 \@° . i
lassical (:) @ _
athway @ |
Mannose
binding lectin
C3a: C3b: Cbha: Lysis of
Lectin Effector |l ,fiammation ||opsonization and ||inflammation microbe
pathway functions phagocytosis
C5b, C6,
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Opsonizatlon and phagocytosis

- -

¢ —9

Microbe
Binding of C3b (or C4b) Fecognition of bound C3b Phagocytosis

by phagocyte C3b receptor

to microbe (opsonization) of microbe

C3a
Binding of C3b to microbe, Recruitment and Destruction
release of C3a; proteolysis activation of of microbes
of C5, releasing C5a leukocytes by C5a, C3a || by leukocytes

Microbe

Formation of Osmotic
Binding of C3b to microbe, the membrane attack lvsis of
activation of late components complex (MAC) ysis O
of complement microbe




Ill. ¢, COmo se organiza la
respuesta inmune adaptativa?



/I\/Iicroorganismo

@, | Inmunidad innata Inmunidad adaptativa
| ' Linfocitos :
| Barreras 1 Anticuerpos
| epiteliales
\

; e
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| g 2= || —
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Horas 7/ Dias
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Innate Adaptive
Characteristics
Specificity For structures shared by For antigens of microbes and
groups of related microbes for nonmicrobial antigens
Diversity Limited; germline-encoded Very large; receptors are
produced by somatic
recombination of
gene segments
Memory None Yes
Nonreactlvuty to self | Yes Yes
Components
Cellular and Skin, mucosal epithelia; Lymphocytes in epithelia;

chemical barriers

antimicrobial chemicals

antibodies secreted at
epithelial surfaces

Complement, others

Antibodies

Phagocytes (macrophages,
neutrophils), natural killer cells

Lymphocytes




Células de la
respuesta inmune
adaptativa

|_Antigen recognition |

B
lymphocyte

Helper T
lymphocyte

Microbial antigen

presenting cell

|Cyto;$xic T
ymphocyte
(CTL)

¥ Infected cell

Regulatory
T lymphocyte

Natural
killer
(NK) cell

resented
y antigen-

expressing
microbial antigen

| Effector functions |

D=

o

Infected cell

i

Neutralization
of microbe,
phagocytosis,
complement
activation

Activation of
macrophages

Inflammation

Activation

(proliferation and
differentiation)

of Tand B
lymphocytes

ol Killing of
7| infected cell

_ Suppression of
immune response

Killing of
7| infected cell
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Microbe

Responding
lymphocytes

Effector
mechanism

Transferred by

Humoral
immunity

® 5

E)_(tracellular
microbes

B lymphocyte

Secreted
antibody

Cell-mediated
immunity

Phagosed
microbes in
macrophage

Helper
T lymphocyte

Intracellular
microbes

(e.g., viruses)
replicating within
infected cell

Cytotoxic!

T lymphocyte

s

Functions

Serum Cells
(antibodies) (T lymphocytes) | (T lymphocytes)
Block Activate Kill infected
infections and macrophages cells and
eliminate to kill eliminate
extracellular phagocytosed reservoirs
microbes microbes of infection
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Table 1-3. Cardinal Features of Adaptive
Immune Responses

Feature Functional significance
Specificity Ensures that distinct antigens
elicit specific responses
Diversity Enables immune system to respond
to a large variety of antigens Caracter IIS ti cas
Memory Leads to enhanced responses to
repeated exposures to d € I a Res p uesta
the same antigens Inmune
Clonal Increases number of Ad aptat lva
expansion antigen-specific lymphocytes to

keep pace with microbes

Specialization | Generates responses that are
optimal for defense against different
types of microbes

Contraction and | Allows immune system to respond
homeostasis to newly encountered antigens

Nonreactivity Prevents injury to the host during
to self responses to foreign antigens

The features of adaptive immune responses are essen-
tial for the functions of the immune system.




Amount of antibody

Memoria

First
infection

o

IgG

Repeated
infection

Antibody-
secreting

Antibody-secreting ‘oM @
cells in peripheral
lymphoid tissues 8 *
Q‘ f * {
Activated <: Low-level * |
B cells Yy antibody |
production Long-lived < |
‘ _¢ plasma cells @ |
in bone marrow
@ Memory Memory
0*'«,"'@, Long-lived B cell B cell
v plasma cells
. Naive B cell in bone marrow | 5 1
0 7 >30 0 3 10

Days after antigen exposure

>3
Days after antigen exposure ;



A\

Mecanismos de la Respuesta Inmune
Adaptativa

Anticuerpos.

Antigenos.

Complejo mayor de Histocompatibilidad (MHC).
Receptores de Linfocitos: TCR y BCR.



1. Anticuerpos

 Proteinas circulantes que se
producen en vertebrados en
respuesta a una exposicion a
estructuras extrafas.

» Diversos y especificos.

« Mediadores 1° es respuesta
humoral.

« Unidos a membrana a superficie de LB:
receptores para antigenos.

» Secretados en la circulacion, tejidos vy
mucosas donde se U a antigenos,
neutralizan toxinas y previenen la entrada
y diseminacion de patdégenos.




Funciones de Anticuerpos

Funciones efectoras:
— Neutralizacion de microbios y productos toxicos.
— Activacion del complemento.
— Opsonizacion de patdogenos para potenciar la fagocitosis.
— Citotoxicidad mediada por células dependiente de Ac.
— HPS (activacion de mastocitos).

Lamina propria Mucosal epithelial cell Lumen

Poly-Ig receptor
with bound IgA

J chain
8

7

y
Secreted IgA

IgA-producing L
plasma cell / Endocytosed

Dimeric IgA complex of IgA and _
poly-Ig receptor Proteolytic

cleavage

Proteccion de las mucosas



s Binding of Fc receptor e
ngs:’n’;ézrgg‘;" opsonized microbes signals Phagocytosis ﬁlllg‘sgte(g
by iati to phagocyte activate of microbe rr%crobe
yig Fc receptors (FcyRl)| | phagocyte
G
%agntibody
T .

A Cleauinae Allae ab sl Calliidae and Malacodae Temmuonalanag £a 0 s cbudanbsnneolbe ramn

YL

£

AN
Receptor FceRI-a
Granule contents «= T Mast cell basophil
(immediate release)
:::?:lm \ l(ylokine production (over hours)
Proteases ncluding IL-4 and IL-13
Heparin
mbrane-derived lipid
N K " T t I I mediators (over minutes)
Ce a rg e Ce ostaglandins
eukotrienes

ADCC Reaccion de HPS



Estructura de los Ac

Gamma globulinas.
Inmunoglobulina.

Presentan la misma estructura
basica pero presentan variabilidad
en region que U Antigenos.

2 cadenas livianas y pesadas.

-~
/

antigen-binding sites ——._

tail FC

region



‘A) Secreted IgG

Heavy
ight ~chain Antigen-
t;wgau:w bind?ng site
 FERLY
.
./

Fc receptor/ region
complement
binding sites

L —FC

region

Al

Tail piece C C
Disulfide bond -----

Ig domain ; )

Crystal structure of secreted IgG

B) Membrane IgM

Antigen-
binding site

N
N

/>~

Plasma
membrane
of B cells

* Dominios IgG: residuos 110 aa

« Extremo N- terminal: regién variable (V) que
participa en reconocimiento de Ag.

* Extremo C- terminal: region constante (C)
gue media funcién efectora.
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Aspectos estructurales de la Region Cy su relacion
entre funciones efectoras.

gD (J) IgA (o)
IgM () IE ()

18G (7)

« Pueden ser divididos dentro de distintas clases y subclases basado en
las diferencias en la estructura de la cadenas pesadas de la region C.

e Clases de Ac: ISOTIPOS



Aspectos estructurales de la Region Cy su relacidn
entre funciones efectoras.

1gG

IgM

V4  Monomer | Opsonization,
complement
activation, antibody-

Vi dependent cell-

CL mediated cytotoxicity,
neonatal immunity,
feedback inhibition
of B cells

None u 1.5 5 IgM  Cut, ~ Pentamer | Naive B cell antigen
0 A\é‘ - | receptor, complement
TIPS 67 1 activation
S A D-cu2 GO
C.“3\% L o0nN
BRI
G0 ‘f\uf\t\f".z)f\j =
Y UUUZEA
S, I A (
TG\ B
& %
SO, \ €2
C | chain

Funciones efectoras son mediadas por la U de las regiones C de la
cadena pesada a receptores Fc de fagocitos, NK, mastocitos y proteinas

del plasma (Complemento).




IgA

IgD

IgE

(dimer)

>

Monomer, dimer,
trimer

~ g Cal
9 1

Mucosal immunity

Ce4d

VORI Caz
(\g\_/ﬂﬂf \ Ca3
! J chain
None o Trace 3 None Naive B cell
antigen receptor
None € 0.05 2 |1gE ,¥) ce1 (¥, Monomer | Immediate
! N P,  hypersensitivity
| AN A
‘ Ce2
Ce3




2. Antigenos

 Moléculas que generan una respuesta inmune cuando se
Introducen en el organismo.

« Cualquier sustancia que es capaz de U a un Ac o receptor
de LT.

* Proteinas.
 Carbohidratos.

« Lipidos.

« Acidos nucleicos.

INMUNOGENICIDAD

e =, vl
© KA BOOM ESTUDIO S.A” DEAe



Antigenos Proteicos

EPITOPOQO: Sitio de reconocimiento
especifico de los anticuerpos en el
antigeno, donde estos se unen

Multiples epitopos: multivalencia >
iInmunogenicidad y antigenicidad.

INMUNOGENOS (> 10 Kda):
moléculas que estimulan la
respuesta inmune.

Hapteno (< 5Kda) + Proteina
carrier: INMUNOGENO.

Proteina (antigeno)

Determinante |
antigénico

Determinante

Q =% () antigénico
AG, . ‘\,,r-a } Y~
i “Q q \ y
Determinante — w - %ﬁa

antigénico

A4 \ : I
C; Anticuerpos—— AC,



3. Complejo Mayor de Histocompatibilidad
(MHC).

Loci en que se encuentran genes que codifican proteinas
especializadas, encargadas del procesamiento y presentacion de Ag
para ser reconocido por los LT.

Funcion: presentacion de péptidos a LT.

— MHCI: LTCD8+.
— MHCII: LTCDA4+.

T cell contact
residue of
peptide

T cell receptor

Polymorphic

residue

Peptide

of MHC

Anchor
residue
of peptide

"Pocket"
of MHC
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M "Class IlI"

Class Il MHC locus MHC locus Class | MHC locus —I
IDP DQ DR ( |’B C A

DM Proteasome  c,mplement  Cytokines:
%:B?sé proteins: C4, LTB,TNF-o, LT
’ Factor B, C2

Cromosoma 6

Mouse: H-2
H-2M
K -A I-E —— —4 D L
T Class Il : "Class III" | L Class | .
Class| MHC locus MHC locus MHC locus

MHC locus

© Elsevier. Abbas et al: Cellular and Molecular Immunology 6e - www.studentconsult.com



Estructura de moléculas MHC

Cadenas polipéptidicas o (44- 47kD) a (32- 34 kD)

B2— Microglobulina (12 | B (29-32 kD)

kD).
Localizacion de residuos Dominios al1— a2 Dominios al—fp1
polimorficos
Sitio de U para LT a3 se U con CDS8 B2 se U con CD4
Tamaro de sitio de la 8-11 residuos 10 a 30 residuos o0 >
hendidura de U del péptido
Nomenclatura HLA-A, HLA-B, HLA-C | HLA-DR, HLA-DQ,

HLA-DP




Estructura de moléculas MHC

Class | MHC

Peptide

NV
~.:’

Disulfide bond -----

Ig domain
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[Class Il MHC

Peptide-binding cleft
[ \ / Peptide
NS

B1

ol

Transmembrane
region

Disulfide bond -----

Ig domain

C C
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Expresion de moléculas MHC.

« MHCI se expresa en forma Peptide-bincng clet
constitutiva en todas las celulas f :
nucleadas. -

« MHCIlI se expresa en células
dendriticas, LB, macrofagos y otros
tipos celulares.

— MHCI presentan peptidos de
microbios intracelulares a LT-

(X.3

C D 8 + B,-microglobulin
— MHCIlI presentan péptidos de | e @
microbios extracelulares a LT- [Z0 @ |




Feature

Class Il MHC pathway

Class | MHC pathway

Composition of
stable peptide-MHC
complex

Polymorphic o and B chains,
peptide

Peptide '

W

Polymorphic o chain,
Bo-microglobulin, peptide

Peptide .

@iﬂ\n | |
U Bo-microglobulin

Types of APCs

Dendritic cells, mononuclear
phagocytes, B lymphocytes;
endothelial cells, thymic
epithelium

All nucleated cells

Responsive T cells

CD4+ T cells

CD8* T cells

Source of protein
antigens

Endosomal/lysosomal
proteins (mostly internalized

from extracellular environment)

Cytosolic proteins (mostly
synthesized in the cell; may
enter cytosol from phagosomes)

Enzymes responsible
for peptide generation

Endosomal and lysosomal
proteases (e.g., cathepsins)

Cytosolic proteasome



4. Receptores de Linfocitos: LB (BCR)
y LT (TCR).

B Cell Receptor (BCR):

LB Inmunocompetentes:
moléculas de IgM e IgD:
receptores de membrana
para Ag.

* BCR puede unir todo tipo de
antigenos: células,
macromoléculas, haptenos,
péptidos.

« Su union con antigenos es
fuerte, reversible, no
covalente.

Sitio de
combinacion con
el antigeno

IgM

Extracellular
space

membrane @ 8 & B L @B

Cytoplasm




4. Receptores de Linfocitos: LB (BCR)
y LT (TCR).

T Cell Receptor (TCR): e e

LT Inmunocompetentes:
TCR asociados a un co-
receptor: CD4+ o CD8+.

* TCR sélo reconoce
fragmentos de antigenos
proteicos: péptidos.

« Para ser reconocidos por
TCR los péptidos deben estar
asociados con moléculas
MHC- o MHC-Il en la
membrana de APC.

Immunoreceptor =3
tyrosine-based
activation motif (ITAM)

Disulfide bond S$---8S



Estructura del TCR

Umqn de B chain N N o chain
molécula
MHC S
VB Vo
S $§

Unidn de
péptido

Sitio de unién
con el
complejo

péptido/ MHC



Linfocito T CD4+ Linfocito T CD8+
A) (B)
CD4+ helper T lymphocyte |CD8+ CTL

TCR gy

| Class |
ICAM-1 MHC LFA3 g 4

Class Il MHC— | B2 Class | MHC— | B72

expressing APC expressing target cell
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Linfocito T

Linfocito B

T cell receptor (TCR)

Signal
transduction

Antibody (Immunoglobulin)

Membrane Ig

\ /;ntigen
e

Signal
transduction




Presentacion Antigénica

Antigen Antigen
uptake presentation fiesponse
Dendritic cell Costimulator ~pog

(e.g., B7)

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

Naive

Dendritic cell T cell

&

Macrophage

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

Effector T cell
activation: B cell
activation and
antibody production
(humoral immunity)

Antibody
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Presentacion Antigénica

Antigen uptake Antigen
or synthesis presentation

Class Il MHC-associated presentation of
extracellular antigen to helper T cells

®

a9 Macrophage
... B _ 7 0
3 AV (A ) ,‘I'
Extracellular 4%
antigen
CD4+ helper
T lymphocyte Cytokines
{ | ; @ c%:>
Antigen-
specific Extracellular

B cell antigen

Class | MHC-associated presentation of
cystolic antigen to cytotoxic T lymphocytes

Cytosolic

antigen CDB8+* cytotoxic

T lymphocyte

T cell effector
functions

Macrophage activation:
destruction of
phagocytosed antigen

\Q‘
)

@{ J
L (S
S &
B cell antibody
secretion: antibody

binding to antigen

————————————

Killing of
antigen-expressing
target cell
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IV. ¢, COmo se activa la respuesta
iInmune?



Etapas de la Inmunidad Adquirida

Antigen Lymphocyte Antigen Contraction
recoggition actR/ation elimingation (homeostasis) | | Memory
. Effector T
Antibody-
producir):g%:t('ymphocyte Elimination
cell @ of antigens
= \A
Differentiation
Humoral
Immunity
Y . Surviving
Cell-mediated Teracry

cells

immunity

Asillan Apoptosis

presenting

Clona.l
expansion

¢ lymphocyte

Naive B
lymphocyte

0] 7 14 21
Days after antigen exposure
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Activacion LT CD4+

Clonal
expansio

Cytokines
(e.g., IL-2)

12 sefial: Complejo MHC-II- Péptido + TCR
22 sefal: Moléculas coestimulatorias

« B7-1/B7-2 (APC) y CD-28 (LT).

« CD40 (APC) y CD40L (LT).



Activacion LT CD8+

&
. = 1
---""Cytokines

4t CD4* helper
L T cell |

12 sefal: Complejo MHC-I- Péptido + TCR
22 sefal: Moléculas coestimulatorias
« B7-1/B7-2 (APC) y CD-28 (LT).
« CD40 (APC) y CD40L (LT).
« Citoquinas LT CD4+



Antigen recognition T cell response

A

"ReSting“ @
(costimulator-
deficient)
APC
No response
i ' or anergy
Activation of APCs by microbes,
innate immune response
Activated Effector

T cells

*
5 =>

APCs:
increased
expression of

costimulators, | -2
secretion of P -
cytokines 4 e .
Cytokines T cell survival,
(e.g., IL-12) proliferation
and differentiation
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A

Costimulator

CD8+ T cells
recognize antigen +
costimulators on
professional APCs =
CTL differentiation
without helper T cells

CcD8+*

“-@p Tl

Cytokines

CD4+ helper T cells
produce cytokines
that stimulate
CTL differentiation

CD4+ helper T cells
enhance the ability

of APCs to stimulate
CTL differentiation

CD4+ helper T cell

>

\~~ s O, 6
Cytokines

T cell

q-->

Differentiated CTLs

Differentiated CTLs

Differentiated CTLs
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Activacion LB

El proceso de activacion de LB y generacion de Ac
consiste en fases secuenciales: Ag se U a Ig de

membrana IgM e IgD en LB naive y activan los LB.
— Dependiente de LT.

— Independiente de LT.

Recognition Activation phase: B cell
phase proliferation and differentiation

IgM
j.l. I Antibody
Rejpar bcals, . ; secretion
other stimuli Clonal A\ e
expansion

v

) “*”'{ -expressing IgG
) _ = Y B cell
~ 2 Isotype
)@*‘ % =X Q) => switching
] Antigen ‘
Resting Activated
IgM+, IgD* B cell
mature B cell

Affinity

maturation

High-affinity Ig-

expressing B cell afflmty IgG
Memory
B cell




Activacion de LB T-dependiente

Effector

Antigen

Resting
IgM+, IgD+
mature B cell

« AC que responden a Ag proteicos requieren que LT CDA4+
reconozcan el Ag y estos juegan un rol esencial en la activacion
de LB: T DEPENDIENTE.



Mecanismos que activan la mediacion de LB por

LT helper
Antigen Activation of T cell; Activation of B cell B cell
presentation by DC expression of CD40 by cytokines and proliferation and
to helper T cell ligand, cytokine secretion CDA40 ligation differentiation

Dendritic T cell
) CD40

<07
Cytokines Cytokines

A Clemuinaey Allhae ab sl Calliilae and Malacolae Tmmmuinalanag €A oo sbudanteancdd cnem




Activacion de LB T-independiente: lipidos y
carbohidratos

B cell-
receptor signaling

«Ac que responden a Ag multivalentes epitopos repetidos),
polisacaridos vy lipidos, no requieren que el Ag sea presentado por LT
CD4+: T INDEPENDIENTE.



Respuesta efectora inmune

LTCD4+TH1: reconocen Ag microbianos y activan
fagocitos que destruyen microbios ingeridos.

LTCD4+ TH2: median respuesta a helminto-parasitos:
IgE y activan eosindfilos y mastocitos.

LT CD8+: eliminan ceélulas infectadas, reservorios
Infectados (microbios intracelulares que se replican en el
citoplasma) y células tumorales.

NK: respuesta contra virus y microbios intracelulares en
12 etapas de la infeccion, y células tumorales.



Lenaritic cell

ACﬁV&!iOﬂ 3\ 7 Naive
of naive o CD4+
CDa+Teell | & T cel
Costimulator CD28
(e.q., B7)

Subset TH1/ TH2 en LT CD4+

Clonal

expansion and
differentiation

Cytokines produced
IFN-y bk -
IL-4, IL-5, IL-13 - ER S
IL-10 +/- ++
IL-3, GM-CSF ++ e
"Cylokine receptor
expression
IL-12R B chain ++ -
IL-18R ++ -
Chemokine receptor
expression
CCR4, CCRS8, +/- ++
CXCR4
CXCR3, CCR5 ++ +/-
Ligands for E- and
P-selectin L =
Antibody isotypes | 19G2a IgE, 1gG1
stimulated ype {mouse) (mouse)/IgG4
(humans)
Q";;'a"{-’“,o,?g" Classical | Alternative
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Funciones efectoras de TH1

Microbes

Macrophage
activation
(enhanced
microbial killing)

> fagocitosis

p
4

‘Q

N
o’

Complement-
=¢"| bindin
g and
A(W opsonizing
G antibodies

Fc receptor

Opsontion
and phagocytosis
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IL-2: factor de
crecimiento
autocrino

Nm
B

_ [ Neutrophil

activation

| | (enhanced

microbial
killing)




Funciones efectoras de TH2

IL-4: Factor :

T2 cells

CD40L b =X

|IL-10,|
[IL-4 |

CD40  J |
crecimiento IL-4
autocrino
VA
L XX
Production of ||Production
neutralizing of IgE
IgG antibodies

(human: 1gG4;
mouse: IgG1)

Mast cell

degranulation

Activated
macophage

Suppression of
macrophage
activation

Helminth

Eosinophil
activation
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Funciones efectoras de LT CD8+

-
~ -

Granu R
exocytosis = °
entry of Nel
granzymes = ..
activation of Granzymes/perforin
caspases = : » | complexes endocytosed by
apoptosis of Granzymes — /'-% target cell and granzymes
target cell Perforin — enter cytoplasm via perforin-
Serglycine~ . 1 dependent mechanisms
' = activation of
m apoptotic pathways
FasL Fas o
FaslL-Fas— :
mediated _
target cell 8 e
Gl Apoptosis
FasL on CTL interacts of target cell

with Fas on target cell
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Inmunidad Humoral ‘Q} Neutralization

_ of microbes
Funciones efectoras and toxins
de los anticuerpos

Opsonization and
phagocytosis
of microbes

Antibodies

i Ly on Antibody-
) / - s 35| dependent cellular
piy d , == . - CytOtOXiCity

Microbe

Lysis of microbes

Phagocytosis of
microbes opsonized
with complement
fragments (e.g., C3b)

Complement
activation

Inflammation
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V. ¢ Papel de las citoquinas?

Polipéptidos sintetizados en respuesta a
microorganismos y otros Ag que median y regulan las
reacciones inmunitarias e inflamatorias.



Funciones de las citoquinas en la defensa del huésped

Innate immunity

@ Natural

killer cell

Microbes

W\ |Macrophage
|\ activation

e TNF, IL-1,
\ chemokines

CD4+

T lymphocyte

f%

Adaptive immunity

__.._.....___..__..____..______..____._._____.._..@

Macrophage
activation

Antibody secretion;
isotype switching

CTL
differentiation
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Funciones de las citoguinas en la Inmunidad

nnata e Inflamacion.

 Infecciones por bacterias extracelulares extracelulares:
— Neutrofilos.
— Macrofagos: TNF, IL-1 y Quimioquinas.
 Infecciones por bacterias intracelulares:
— IL-12 (macrofagos)/ IFN-g (NK- LT)/ IL-18.
 Infecciones viricas:

— Macrofagos, celulas infectadas y macrofagos: IFN tipo |.
— |L-12: potenciacion activada citotoxica de NK.



e T N
o~ ~ N
/7 :/ £ "\‘ \\
o N N\

Low quantities Moderate High quantities
(plasma conc. <109 M) quantities (plasma conc. 210-7 M)
|7 \\ 4 <::\
v VvV —~—
Local inflammation Systemic effects Septic shock
Endothelial cell +1L1 Brain Pirégen Heart - contractibilidad

uscular.
DCK

IL-1, . Endobger
chemokineOs AW A« > Prostacicli
Adhesion )
molecule OQ ?Sff \

RS Fever
/ """"""" Liver

— > Proteina 4
,,,,,,,,,,,,,,,,,,,,,,,,,,,, Fibrindger
Leukocyte ", Acute phase

proteins

> Utilizacion
glucosa por

musculo

Hypoglyce I
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Integrin activation Stable Migration through

Rolling by chemokines adhesion endothelium

Integrin
(low-affinity state)

Leukocyte

Selectin ligand

Integrin (high-
affinity state)

Macrophage
with microbes

Fibrin and fibronectin
(extracellular matrix)
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CXCL-1/ CXCL-2/ CXCL-3: atraccion de neutrofilos hasta focos de inflamacion.



Microbes
’Q Antigen

Acﬁy %ent&nion

Dendritic
Macrophage cell
TLR \ % :
\ TLR / CD4o CD40L
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T cell g (IL-12) ‘:‘\\_\\\ T cell
— ——
& VR =
/ \ l \\
v =
NK
cell

cD8*
T cell

NK
cell
Tul
cell l

Stimulation of IFN-y secretion )@
V v

Increased cytotoxic

IFN-y IFN-y IFN-y activity
AN /
\ y
X F
Macrophage activation; Killing of
killing of phagocytosed microbes infected cell
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Citoguinas que median y regulan la
Inmunidad Adaptativa.

« Median la proliferacion y la diferenciacion de los linfocitos
después del reconocimiento del Ag en la fase de
activacion de las respuestas IA.

 Median la activacion de ceélulas efectoras especializadas
en la fase efectora de la IA.



T cell

/ (IL-2)

¥ g

T cell clonal
expansion,
differentiation
into effector and
memory cells

Interleukin-2

NK
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Regulatory T cell
development,
survival, ?function

NK cell
proliferation,
increased
cytotoxic activity
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Interleukin-4

Isotype switching to
IgE and IgG1 (mouse),
IgG4 (human)

Differentiation
and expansion
of T2 cells

Naive CD4+
T cell

Inhibition of
differentiation
of Tu1 cells
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Macrophage

Antigen-presenting

cell (APC)
@ Interferon-y 'Q@
/ (IFN-y) \\\

// \\
&// Naive CD4+ \’B
*3 B cel/ T cell l

Macrophage s l Increased MHC

activation, expression,
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microbicidal presentation

activity
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VI. Conclusiones



