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Introduccion




Defensa contra las infecciones

e La funcidn fisiologica de la respuesta inmune es la
defensa contra agentes infecciosos.

e Cuando falla el sistema iInmune aumenta la
susceptibilidad a infecciones.

 Defectos en distintos componentes del sistema inmune
aumentan la predisposicion a infecciones especificas.



Generalidades

e El sistema inmunoldgico (SI) es el conjunto de
estructuras y células que protege al organismo.

 E| Sl se compone de:

— Inmunidad innata:
 Primera linea de defensa

— Inmunidad adaptativa:
* Respuesta mas tardia
» Respuesta especifica para cada agente y genera memoria
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Caracterfsticas Ll L i

Especificidad Para estructuras Para antigenos
compartidas por microbianos y no
grupos de microbios  microbianos
relacionados

Diversidad Limitada Muy amplia,
Receptores receptores producidos
codificados en el por recombinacion
ADN somatica de genes

Memoria No Si

No-autoreactividad Si Si
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Inmunidad frente a infecciones: Principios
generales

Mediada por reacciones tempranas de la inmunidad innata y
las respuestas mas tardias del sistema inmune adaptativo

La respuesta inmune innata controla la infeccion por tiempo
suficiente para que se monte la respuesta adaptativa

Muchos patogenos resisten o eluden a la inmunidad innata



Barreras (piel y mucosas)

Physical barrier
to infection
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Sensores celulares de patogenos

Surface TLRs
(TLR-2, 4, 5);
Bacterial lipids,
Flagellin, etc.

Plasma
membrane

[

Endosomal TLRs

Endosome Cytoplasm

CpG (TLR-7, 8, 9):
DNA Viral RNA,
CpG DNA
SSRNA
Viral RNA Bacterial
v peptoglycans
B iy
Q

CARD-family cytosolic

sensors (RIG-I, others):
Viral RNA NLR-family cytosolic
sensors (NODZ2, others):
Bacterial peptidoglycans
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efalizacion de los TLR

Bacterial Bacterial Gram negative Bacterial '+ Bacterial
triacylated peptidoglycan, bacterial LPS; flagellin ' diacylated
lipopeptides . lipoprotein, Fungal mannans; lipopeptides and
PAMPs lipotechoic acid, Parasitic phospholipids; lipotechoic acid
and porins; Viral envelope proteins;
Viral hemagglutinin ' Host heat shock proteins
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Inflammatory cytokines (TNF, IL-1, IL-12) Wiy L
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Endothelial adhesion molecules (E-selectin) Endosomal oopo0ttt”
Costimulatory molecules (CD80, CD86) membrane
Antiviral cytokines (IFNo/[3)
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Neutrofilos: primera linea de defensa
contra bacterias extracelulares

%o
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Neutrofilos

* Primera celula en llegar de forma masiva al sitio de
Infeccion.

e Patrullan los tejidos saliendo de las venulas post
capilares.

e Leucocitos mas abundantes en circulacion.

e Vida corta, mueren despues de ingerir bacterias.



Funciones de los Neutrofilos

e Liberacion de granulos

 Fagocitosis

e NETS
(neutrophil extracellular traps)



Macrofagos

* Migran desde la medula 6sea como monocitos.

e Completan su maduracion en los tejidos y se
transforman en macroéfagos.

* Vida larga.

e Pueden presentar antigeno a los linfocitos T.



Fagocitosis

Microbes bind to Phagocyte
phagocyte receptors membrane zips up
around microbe

Killing of
Microbe ingested phagocytosed
in phagosome microbes by
ROS and NO

Lysosome Activation of

Phagosome

ith phagocm Killi f
with mgastad hud Killing o
microbe  ENZYMes microbes by
Fusion of lysosomal
hagosome enzymes in Phagocyte 4
with lysosome phagolysosomes| oxidase I
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Células Natural Killer

’Aj Inhibitory receptor engaged

Removal of
Activating || phosphates
signals and inhibition

Activating Inhibitory
receptor receptor -
Ligand A Sseifclass | l$1
for NK cell § ] MHC-self I
[l\_ . peptide complex [L |
Mormal - )
autologous cell
NK cell

not activated;
no cell killing

(B) Inhibitory receptor not engaged

@ Ty Virus inhibits 2 %Q;
i* | class | MHC S &
| - expression < %‘m{":’
Virus-infected °
cell (class | NK cell
MHC negative) activated;
killing of
infected cell
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Funciones de las Natural Killers

20—
Stressed )

~ cell Killing of
stressed cells

cell Killing of
infected cells

Macrophage with | Killing of
hagocytosed
g mgicroybes phagocytosed
microbes
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Sistema del complemento

Initiation of
complement
activation

Microbe

Alternative
pathway -

Antibody
“F}{\..Jskﬂ
Classical ﬁ

pathway
Mannose

binding lectin

Lectin
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C3bis Membrane
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Inmunidad adaptativa

 Caracterizada por ser una respuesta
 Diversa
 Especifica
e Con memoria

o Las células centrales son los linfocitos Ty B.

» Genera diferentes mecanismos efectores para
diferentes tipos de microbios.



Rutas de entrada

Skin

Gastrointestinal

de antigeno

Respiratory tract

ﬁ/vu'llcrobe Epithelium
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N A associated @
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antigen / ) (
in tissue Antigen that
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Presentacion de antigeno

2
The phagocyte
dendritic cell presents the antigen
to a helpar T call

Antigen Presentation

aly 27
A phagocyte "eats" Parts of the bacteria
a bacteria, [antigen) goes to the
surface of the phagocyte
.-':,,":-

/ helper T cell

activated
helper T cell

i —
The helper T cell
iz activated.



Presentacion de antigeno

Antigen recognition T cell response

CD4+

T call Antigen
+ % | >
i ! No

W= D —S
Qs —> E%Eé" =>
) presenti-ng Peptide epitope of
cell (APC) antigen presented G
es

by APC
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Antigen Antigen
uptake presentation Response
iti Costimulator
Dendritic cell ©.0. B7) CD28

\J Naive
Dendritic cell T cell

L

Macrophage

&

Antibody

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)
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Responding

lymphocytes

Effector

mechanism

Transferred by

Functions

Humoral
immunity

*

Extracellular
microbes

B lymphocyte

Secreted
antibody

Ny &

Inmunidad humoral y celular

Cell-mediated
immunity

Phagocytosed
microbes in
macrophage

Helper
T lymphocyte

Intracellular
microbes

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

Cytotoxic
T lymphocyte

Serum Cells 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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Fases de la respuesta iInmune

Antigen Lymphocyte Antigen Contraction
recognition actﬁfation elimination| | (homeostasis)| | Memory
- Effector T
Antibody-
producirﬁg &Iymphocﬁe Elimination
cell == T of antigens
| Differentiation |
Humoral
immunity
Y . Surviving
Cell-mediated me"‘”‘”‘f
immunity g
ggﬁse"t'"g expansion
o L S Naive T
3 Y lymphocyte
Naive B
lymphocyte
= 7 14 21

Days after antigen exposure
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Expansion clonal de linfocitos

Lymphocyte
clones mature
in generative

lymphoid organs,
in the absence
of antigens

Clones of mature
lymphocytes
specific for diverse
antigens enter
lymphoid tissues

Antigen-specific
clones are
activated

("selected")
by antigens

Antigen-specific
immune
responses occur

M»

Lymphocyte
precursor Mature
Iymphocwe
Antlgen N {L
/... -

Anh X
antibody

antibody
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| Antigen recognition | | Effector functions |

Meutralization
M of microbe,
B +  — ® phagocytosis,

lymphocyte

complement
Microbe activation
Anllbody
Activation of
“':"“"as @ macrophages
=3 0%
n === ¥ [Inflammation
Helper T Mnmmal anugen
lymphocyte anh Activation
prasen ng cel (proliferation and
differentiation)
of Tand B
lymphocytes

| Killing of
*| infected cell

Cytotoxic T + _,;ma_ + -
lymphocyte
(CTL)

Infected cell

axprassing
microbial antigen

Regulatory Suppression of
T lymphocyte immune response
Natural o  Killing of
e =P s | infected cell
Infacted call -@-
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Linfocitos T

e Efectores de la inmunidad celular

e Se dividen en:
e CD4+ o “helper”
e CD8+ 0 “citotoxicos”

Helper T
lymphocyte

Cytotoxic T
lymphocyte
(CTL)

Cytokines
~.C~
b( @ ) b( 8=

Activation of
macrophages

[ Inflammation |

Microbial antigen
rasented
y antige
prssﬂnllng cell {proliferation and
B differentiation)
(O b of Tand B

Activation

lymphocytes

Bem PPy %[ Killing of
+ B e =P ¢ .4@1_-;8&3--“-,:- Li-{,;;* infected cell
o g — {j}. ;

Infacted cell
expressing
microbial antigen




Fases de la respuesta T

Antigen Lymphocyte Clonal . T Effector
recognition| | activation [ |expansion Bific=ntiation functions
Activation of
hages
'":‘7> = macrop ’
B cells, other
pd Effector cells
CD4+
= T cell
—IL-2R
70"~ Gytokines
(e.g., IL-2) Memory
CD4+
T cell
IL-2R
VAN Killing of
X infected
Cytokines Effector macrophage
(e.g., IL-2) CD8+Tcell | activation
(CTL)
Memory
CD8+
T cell
Lymphoid organs Peripheral tissues
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Helper T cell subsets

C Stﬂt

— Intracellular pathogens

—p Helminth infections

v Stat6/Gata3

Naive CD4+ SOCS
IL-6,IL-21,IL-1, IL-23
» Sta Ryt

TGFB-1 (mouse)
— Immune suppression
Stal xp3

— Extracellular pathogens

?‘GP
ﬂ‘-.{ ’C‘-e
"Ry




Linfocitos B

'

bacteria

1,
The B cell finds an antigen
which matches its receptors.

Plasrma cells produce antibodies
that attach to the current type
of invader.

B cell —_—

helper T cell

2.
It waits until it is activated
by a helper T cell.

antibodies
AL < -, "‘I" _—
- -r,\.
plasma cell That one looks
bacteria delcious!
4. 7

“Eater cells,” prefer intruders
rmarked with antibodies, and
“eat” loads of them.

'_;ﬁ- \\ @.’ plasma cell
—
\‘ '@

memory cell

3.
Then the B cell divides
to produce plasma and
rmermary cells,

I remember this
one! Red alert!

rmemory cell

If the same intruder in-
vades again, memory cells
help the immune system
to activate much faster.




Antibody

Heavy chain

Light chain

Antigen-binding
region

Constant region —

Articrh By Jaanna Hally G004

Assembled antibody molecule
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Type Number of |Site of action Functions
ag binding
sites
1IgG 2 *Blood sIncrease
N *Tissue fluid macrophage activity
"-“’*> «CAN CROSS *Antitoxins
/ A PLACENTA «Agglutination
IgM Qi/ 10 -B.Iood | Agglutination
gy f Tissue fluid
A
IgA 20r4 «Secretions (saliva, «Stop bacteria
= tears, small intestine, adhering to host
- vaginal, prostate, cells
Li@_ 4%’)’) nasal, breast milk) Prevents bacteria
= forming colonies on
mucous membranes
2 Tissues *Activate mast cells

a HISTAMINE
*\Worm response




Respuesta Inmune humoral

I Antigen X +
Antigen X Antigen Y ;f:f
3@, Anti-X B cel P PN M Ve
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Respuesta a bacterias extracelulares

% [ Neutralization
/

Annbody /
P %

Helper T cells
(for protein

antigens)
Complement —
activation \
*i?ﬁ" 2
vl S
Various |, :
7 | cytokines :
CD4+
Bacteria helper
'ﬂ'ﬁ;b- s [ |FN-y |

Presentation of
protein antigens

N

Opsonization and
Fc receptor-
mediated
phagocytosis

Phagocytosis
of C3b-coated
bacteria

| Inflammation |

I Bacterial Iysisl

Antibody
response

Macrophage
activation =
phagocytosis and
bacterial killing

| Inflammation
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Inmunidad antiviral

Innate immunity Adaptive immunity
© Type |
Q o {N
B cell Antibody Protection
&P };(-ﬁ- against
*ﬁ- ) — a?g. infection
: Antiviral
Virus state Neutralization
S Eradication
e < M &> ||of established
Inf . i i
bel Iniected  \ilingof| CD8* Infected® Killing of || Mfection
infected CTL cell infected
cell cell
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Magnitude of response/infection

Inmunidad antiviral

Innate Adaptive
immunity immunity

NK

| Virus-specific
cells |

IFN-o + CTLs

IFN-B

Antibody

01234567 89101112
Days after viral infection ===




Fases de la respuesta iInmune

Antigen Lymphocyte Antigen Contraction
recognition actﬁfation elimination| | (homeostasis)| | Memory
- Effector T
Antibody-
producirﬁg &Iymphocﬁe Elimination
cell == T of antigens
| Differentiation |
Humoral
immunity
Y . Surviving
Cell-mediated me"‘”‘”‘f
immunity g
ggﬁse"t'"g expansion
o L S Naive T
3 Y lymphocyte
Naive B
lymphocyte
= 7 14 21

Days after antigen exposure
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Propiedades de las células de memoria

e Quedan en numeros mayores a celulas naive.
e Rapida respuesta ante re-exposicion al antigeno.

» Células T de memoria: migran a tejidos especialmente piel y
mucosas

o Celulas B de memoria: producen anticuerpos de alta
afinidad

* El objetivo de la vacunacion es inducir memoria efectiva.



iMUCHAS GRACIAS!
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