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¢Cuales son las consecuencias
del reconocimiento del péptido
antigénico-MHC por la célulaT?
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Three consequences of T cells recognising antigenic peptides presented by
major histocompatibility complex (MHC) molecules on antigen-presenting cells
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In the case of
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Thrombocytopenic
Purpura in the
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Model of cell-mediated cytotoxicity in chronic idiopathic
thrombocytopenic purpura (ITP)
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La PRESENTACION ANTIGENICA es el PUENTE
entre la INMUNIDAD INNATA Y LAS REPUESTAS
ANTIGENO ESPECIFICAS.....
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The heat shock protein QFQE delivers antigenic pe?tides and maturation signals
to antigen-presenting cells, and induces release of cytokines
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SINAPSIS INMUNOLOGICA



La interaccion entre la APC y célula T naive
debe ser efectiva

Proliferation Cdll-cycle arrest
Differentiation
Effector functign
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Vesicula sinaptica
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La sinapsis (del gr.
ocuvayg, "enlace") es un
proceso que consta de
descargas quimico-

eléctricas. Estas descargas se
generan en la membrana celular
de la neurona en un proceso de
polarizacién-despolarizacion que
libera unas sustancias quimicas y
un impulso eléctrico que estimula
eléctricamente que van a |la
vesicula presinaptica. Esta
vesicula libera unas moléculas
llamadas neurotransmisores que
se acoplan en los receptores
postsinapticos de la neurona
destino.  Este  proceso  se
denomina Sinapsis.




SINAPSIS INMUNOLOGICA




FASES DE LA INTERACCION
ENTRE LA APC Y EL LINFOCITO T
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Naive T cell needs two signals
for activation
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Figure 8-19 Immunobiclogy, 7ed. (@ Garland Science 2008)
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A naive T cell is activated after ligation of its T-cell receptor (TCR) (signal 1) and engagement of the co-
stimulatory molecules CD28 and CD40 ligand (CD40L) (signal 2) during antigen presentation by a dendritic
cell (DC). This is sufficient to induce several rounds of T-cell proliferation; however, this interaction is not
sufficient for an effective T-cell-dependent immune response. Signal 3 is a crucial checkpoint for
substantial clonal expansion of antigen-specific T cells and development into effector cells. In tissue
culture, engagement of the interleukin-2 receptor (IL-2R) is the main mechanism of passing the signal 3
checkpoint. However, there are several sources of signal 3 in vivo. It is probable that redundancy in the
molecules that provide signal 3 is not limited to other common cytokine-receptor y -chain (yc)-dependent
cytokines. Candidates for signal 3 are shown. TNF, tumour-necrosis factor.




Signal 2 leads to formation of immunological synapsis

T cell

d Time after pooling T cells and APCs

5 min 15 min 30 min

LCK p—M
TCR
CD2
Differential cD4 Iéiﬁ ]1
interference CcDs i
contrast cD28
PKC-8
b Time after addition of peptide-MHC blocking antibody B i

-30s Sﬂs 90 s 1af}s 210s 270s
1|:l ym - Q i
Differential B 1
interference ﬂ '
contrast “

— . . . . . -

Nature Reviews | Immunology




La sinapsis madura...

Harture Reviews | immunalogy

Nature Reviews Immunology 3, 973-983 (December 2003)




DOS TIPOS DE SINAPSIS INMUNOLOGICA
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Two types of molecular arrangement at the immunological synapse are shown. a | A monocentric
immunological synapse (also known as a stable immunological synapse) has a stably adhesive

junction with a fully segregated
(cSMAC) and peripheral SMAC (pSMAC), which leads to T-cell priming, T-cell receptor
(TCR) downregulation and sustained signalling. b | A secretory immunological synapse has a fully

segregated junction that includes a secretory domain for exocytosis of cytokines and/or perforin
and granzymes.
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La eficiente activaci on de la c élula T requiere la
entrada de Ca 4* a la mitocondria en la sinapsis
Inmunol ogica
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[:D Approach target cell or APC @ Initial contact

Direction of
cell migration
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a | To increase the
duration of intercellular
contacts, activating

receptors such as the T
cell receptor (TCR), B cell
receptor (BCR) or natural
killer (NK) cell receptors
can activate integrin
adhesiveness by inside-
out signalling. Chemokine
receptor ligation can
similarly activate integrins
such as lymphocyte
function-associated

antigen 1 (LFAL).
Activating receptors can
also directly adjust cell
polarity to face the target
cell or antigen-presenting
cell (APC). In addition,
activating receptor
signals can trigger the
activation of cytoskeletal
processes that recruit
more receptors to the
immunological synapse,
thereby establishing a
positive feedback
amplification loop.
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b Mechanisms to decrease contact duration
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b | Activating receptors can be
desensitized, for example, by
internalization and
degradation, which decreases
the duration of intercellular
contacts. In addition, integrins
can be deactivated through
processes that are not well
defined (see main text for
more detail). Cell polarity can
change to favour migration
away from the target cell or
APC; such a change in
polarity is perhaps facilitated
by the recognition of another
cell or adherent substrate.
Finally, inhibitory receptors
can function to reduce contact
duration. The mechanism for
this is not well defined but
could involve maintaining or
triggering a migratory effector
cell configuration.
Quantitatively, the extent to
which each of these different

mechanisms affect contact
duration  will vary  with
circumstance. ICAM1,
intercellular adhesion

molecule 1; MTOC, microtuble
organizing centre.
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Formacion de la sinapsis entre Tc y célula blanco
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Nature Reviews Immunology 3, 973-983 (December 2003)




L. monocytogenes

Adhesion and invasion

“==% (InlA and NiB)

Nature Reviews | Immunology

Listeria monocytogenes expresses cell-
surface and secreted proteins that
enable attachment to host cells, escape
from the phagocytic vacuole and
locomotion in the cytosol of the invaded
cell. Internalin A (InlA) and InIB mediate
the attachment of L. monocytogenes to
the surface of host cells, and
listeriolysin O (LLO) lyses the
phagosomal membrane. The actin-
assembly-inducing protein (ActA) is
expressed in a polarized manner and
catalyses actin polymerization, which
propels bacteria through the cell and
into neighbouring cells. To escape the
secondary vacuole in the newly
invaded cell, L. monocytogenes
expresses the phosphatidylcholine-
specific ~ phospholipase PlcB, a
secreted zinc metalloproteinase (Mpl)
and LLO.




‘Sinapsis virolégica
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HIV ENV
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Nature Reviews Immunology 7, 310-317 (April 2007) Nature Reviews I immunnlog}*
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'Captura y distribucién del antigeno
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presenting cells
in the spleen
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Células presentadoras de
antigeno (APC)

Son capaces de presentar peptidos en el
contexto de MHC Il ...

Llevar la senal coestimuladora necesaria para
la activacion completa de las células T, lo que
conduce a la proliferacion y diferenciacion....



LIRS Bl Antigen-presenting cells

Professional antiger Nonprofessional antigen-

presenting cells presenting cells

Dendritic cells ibroblasts (skin) Thymic epithelial

(several types) cells

Macrophages lial cells (brain)  Thyroid epithelial
cells

B cells ancreatic beta Vascular endothelial

ells cells

Table 8-3
Kuby IMMUNOLOGY, Sieth Editlon
» 2007 WM, Freeman and Company



Propiedades de las APC

Dendritic cell Macrophage B Lymphocyte
Resting Activated Resting Activated
_Clasq] Class |
Cb. B MHC /‘\SQ MHC
Class| ¥ :
MHC lass|
Class |l
Class Il MHC Class |l MHC B7
MHC MHC
Endocytosis :
Antigen uptake| phagocytosis Phagocytosis | Phagocytosis Hecdzptor-rftedlated Hec;ptar—r:‘tediated
Class Il MHC Constitutive Inducible inducible Constitutive Constitutive
expression (+++) (—} (++) (++) {(+++)
Co-stimulatory | Constitutive B7 Inducible B7 Inducible B7 Inducible B7 Inducible B7
activity (+4+) =) (++) (=) (+4)
Naive T cells Naive T cells
T-cell activation| Effector T cells (=) ::f:“fr:i;ci:; E::f“fr;hr-‘r{:;!; Effector T cells
Memory T cells ! ' o fiLE Memory T cells
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Figure 5-12 The Immune System, 2/e {© Garland Science 2005)

Figure 6-1 The immune System, 2/e (£ Garland Science 2005)
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| El linfocito B como APC

MHC 11 + peptide

BCR ®
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VIAS DE PRESENTACION
ANTIGENICA
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‘ Propiedades y Funciones del MHC

Feature Significance
i Increases number of [ / 0
g)? drzr:;?oanr!t different MHC molecules | Tcells— | .
P : that can present peptides N
Both parental | to T cells MHC 2
alleles of each molecules
MHC gene are
expressed
Parental
chromosomes
Polymorphic Ensures that different
genes: individuals are able to

resent and respond
Many different Fo different micrggial
alleles are peptides
present in the
population

MHC-expressing
cell types:

Class Il CD4* helper
Dendritic cells, | T lymphocytes interact

with dendritic cells, é
réxacrlfphages, macrophages, 4
cells B lymphocytes Dendritic cell Macrophage B cell
Class I: All CD8* CTLs can kill any @ @‘ * W,
nucleated virus-infected cell
cells

LA _ad

v Mesenchymal
Leukocytes  Epithelial cells  cells

Cogyright © 2009 by Seunders, an Impnnt of Elsevier Inc.




“Carga” del MHC 1

Production
of proteins in
the cytosol

Proteolytic
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Cytosolic peptides — proteins from

cytoplasmic viruses and from

phagocytosed microbes that may break

thru the vesicle and escape to the

cytoplasm

o proteolysis — ubiquitin binds to
protein and leads to proteosomes
for digestion

o some cleaved peptides are small
enough to fit into MHC |

MHC | made in the ER while peptides
are in cytoplasm — requires special
transport proteins called TAP
(transporters associated with Ag
presentation) in the ER membrane

TAP pumps peptides into ER so can
get on MHC | — loose association
between TAP and MHC on inner
surface of ER

o right fit of peptide and MHC will

stabilize the complex and move it to
the cytoplasm

o no peptide leads to MHC degradation



“Carga” del MHC II

Uptake of
extracellular proteins
into vesicular
compartments of APC

Processing of
internalized proteins in
endosomal/lysosomal
vesicles
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vesicle [ /afSte
k\? <)

Endosome
\. ™ Lysosome

L@;Q )

Q(; ﬁ“ ﬁ A -
Biosynthesis rr f

and transport of
class || MHC
molecules
to endosomes

Association of
processed peptides
with class || MHC
molecules in vesicles

Expression of
peptide-MHC
complexes
on cell surface

7 “\ Exocytic

| vesrcle

=
i}

CD4
CD4+
helper T cell

Copyright @ 2004, 2001 Elsevier Inc. All rights resenced.

Endosomal peptides — proteins enter
intracellular vesicles and may fuse with
lysosome, proteins broken down by
proteolytic enzymes to peptides

APC synthesize MHC Il in ER and
each MHC Il has a sequence called
class Il invariant chain peptide (CLIP)
attached to the invariant chain which
binds tightly to the cleft

MHC 1I/CLIP complex begins way to
cell surface in an exocytic vesicle
which fuses with endosomal vesicle
of peptides, also contains DM protein
that removes CLIP so peptide can
enter into cleft

o if no peptide picked up, MHC I is

degraded in endosome

MHC ll/peptide complex is now stable
and can move to the surface

Only the immunodominant epitopes of
Ag enter MHC Il — maybe 1-2
peptides



No hay carga cruzada de péptidos....

Aunque MHC | y MHC Il estan en ER, NO
HABRA CARGA CRUZADA DE
PEPTIDOS....

EL CLIP presente en la MHC Il la protege y
solo permite la “carga” cuando llega al

endosoma.....
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PROCESAMIENTO Y
PRESENTACION ANTIGENICA




La sinapsis inmunolégica permite la
activacion celular...




Bloqueo de la presentacion antigénica

Copyright © F006 Nature Publishing Grougp
HMature Reviews | Immunology

Nature Reviews Immunology 6, 358-370 (May 2006)



Antigenos end 6genos ... producidos en el

J

d

interior de las ¢ élulas del organismo

PROTEINAS VIRALES, producidas durante la
replicacion viral.

PROTEINAS producidas por BACTERIAS
INTRACELULARES, como ,
Rickettsias y Chlamydias durante su replicacion.
PROTEINAS QUE HAN ESCAPADO AL CITOSOL
provenientes del fagosoma de la APC.

ANTIGENOS TUMORALES, producidos por células
cancerosas.

PEPTIDOS PROPIOS provenientes de proteinas
celulares humanas.



‘ Sinte SiS de PrOteinaS The perils of protein biogenesis. All

proteins are made by the ribosome
using messenger RNA as a
template.

Nascent proteins are
frequently stabilized by heat-
shock  proteins  (HSPs),
which  probably facilitate
correct folding and prevent

correct proteins 299regation .

Despite this, a marked
fraction of translation

products IS defective,
resulting in incorrect
(mistranslated or
prematurely stopped),

misfolded or misassembled
proteins. These defective
ribosomal products (DRIiPS)

S = - (.: : are shunted to the
proteasome for degradation,
coupling protein production to MHC

class | recycie bin<b class | antigen presentation and

protein folding errors enable a rapid T-cell response to
new viral proteins.




Complexities of MHC class | antigen
presentation. Both defective ribosomal
products (DRiPs) and mature proteins
(retirees) are degraded by
proteasomes, usually after
polyubiquitylation. The proteasome
digests proteins into peptides of
various lengths. Many peptides are too
small for presentation by MHC class |
molecules and are recycled into amino
acids that can be wused for new
proteins. Another fraction is appropriate
or too long for MHC class | molecules.
These, too, are substrates for various
cytosolic peptidases that will degrade
most to amino acids. Only a few
(timmed) peptides diffuse into the
transporter for antigen processing
(TAP). TAP translocates peptides into
the lumen of the endoplasmic reticulum
(ER), where they can associate with
MHC class | molecules before or after
trimming by ER aminopeptidases
(ERAP). Peptides that fail to bind to
MHC class | molecules are removed by
the translocon SEC61 and enter the
cytoplasm, where they will again be
~ targets for the cytosolic peptidases.
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La ubicuitina (proviene del inglés ubiquitin que
es la contraccion de ubiquous protein) es la
molécula responsable de dar este «beso de la
muerte» a la proteina que se quiere degradar.
Recibe este nombre por su ubicua presencia
en casi todos los tipos de células . Ademas,
es una de las proteinas mas conservadas
durante la evolucién, con una secuencia de
aminodcidos casi idéntica desde los insectos al
hombre.

Ubiquitin is commonly found in a linkage
through an isopeptide bond to the e-
amino moiety of a lysine residue of the
target protein (shown) or to a lysine side
chain of another Ub  molecule.
Alternatively, ubiquitin can be directly
linked to the N terminus of a target
protein or to the N terminus of another
ubiquitin molecule.

Nature Reviews Cancer 7, 613-620 (August 2007)

DUB, deubiquitylating enzyme.
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Se generan alrededor de 2 x 10 ©
péptidos sin embargo s 6lo son
presentados 150 p éptidos por

6 10€ ribcsomes are

synthesizing protans
at arale of 5 amino acids
per second per ribosoma

8 % 10° proteasomes are
degrading 2.2 subsirates
jper minute per proteasome
generaling 2 x 10F peplides
par second

Only 150 MHG class |
molecules per second
are oaded with peplides

The halt-iife of cytoplasmic |
peplices is -5 seconds. |

Solo 150 MHC | son
cargadas con p éptidos
por segundo

Nature Reviews | Immunology
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Variability Index

MHC Class | Variability

Alpha 1 Alpha 2

Alpha 3

1o

Amine Acd Residue

MHC I

al)
HH:'H’

Alloantigenic i
sites A |
@j IIH-EI:J' muH
et '

.-""-\.\.I

(p)

b o

- {E;. —Disulide bridgs
L ‘f!‘qﬂnduigu
ARARARRRR s | i
0] Plasma membrane
| W I

DH‘ p
. COOH

Cytoplasm




EMDOPLASMIC RETICULUM

nascent
heavy chain

calreticulin

€\

calnexin’ cposy  Ram

Within the ER, newly synthesized H chains (green) associate with a
membrane-bound molecular chaperone termed calnexin (orange) and
another protein ERp57 (purple). The calnexin-H chain complex then
binds to the beta2m subunit (green). At this point, calnexin may
remain or it may be replaced by its soluble homolog calreticulin. Yet
another protein, Bap31l (blue), binds at this stage. Subsequent
association with the TAP transporter (orange) occurs in an interaction
that is bridged by another protein termed tapasin (pink). This multi-
subunit complex consisting of calnexin (or calreticulin), H chain,
beta2m, tapasin, TAP, ERp57 and Bap31 is known as the "peptide-
loading complex" or PLC. Following peptide binding to class I, the
peptide loading complex dissociates and the fully assembled class |
molecule is exported to the cell surface. Once at the cell surface,
peptide-class | complexes are scrutinized by T cell receptors on
circulating cytotoxic T cells. If the T cell receptor binds with sufficiently
high affinity, the infected cell will be killed.

TAP/tapasin

calraticuling

Endoplasmic
Reticulum

Cytosol

Calraticulin

CELL
SURFACE

GOLGI

MHC Class |

Tapasin

TAP2



‘ Peptide Loading Complex (PLC)

ERpS7

~5 Thioredoxin domains

Calreticulin

MHC class |
heavy chain

TAP2

L ik il H JL ] I
Nucleatide- Paptide- Pore domain Pore domain  Peptide- Nuclectide-
binding  binding binding  binding
domain  domain domain  domain

Ackerman and Cresswell, Nat. Immunol., 2004



Funciones de los componentes de la via de
presentacion antigénica

A major focus of my laboratory is to understand how the intracellular complex of peptide and class | molecule is

assembled. We discovered a Novel molecular chaperone  known as calnexin that participates in
the folding and assembly of many nascent proteins including class I. We have shown that calnexin, as well as a

related protein termed calreticulin , function to prevent exit of incompletely assembled class |
molecules from the ER and also protect assembly intermediates from rapid
intracellular degradation. Furthermore, calnexin and calreticulin promote the assembly of class I-peptide
complexes by as much as 5-fold.

We have also shown that Nnewly synthesized class | molecules bind the TAP

transporter_ (via another protein termed tapasin ), an interaction that boosts the efficiency of

peptide capture by class I. The functions of tapasin remain enigmatic. Tapasin clearly is required to
increase the efficiency of peptide capture but it remains an open question as to whether this is due to its role in
bridging class | binding to TAP or to some other functions. Possibilities include maintaining class | in a peptide
receptive state or acting as a "peptide editor”, promoting the exchange of low affinity peptides for those that bind
more tightly.

ERp57 is known to catalyze disulfide bond formation and isomerization and in
fact we have recently shown that ERp57 enhances the rate of disulfide bond
formation in the class | H chain by 5- to 7-fold.

Bap31 enhances the rate of
class | export out of the ER and that Bap31 is requ ired for class | molecules to
cluster at ER "exit sites"




PRESENTACION DE
ANTIGENOS EXOGENOS




afi-peptide
Cell complexes Exogenous
surface . A antigens
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e
s
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; E—( ]ﬁ a HLA-DM ,t' [£
n
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7 o e

[ i B aff-CLIP

afi-li

The cell biology of antigen presentation by MHC Il. MHC Il a3 heterodimers are assembled in the
endoplasmic reticulum (ER) and form a peptide-binding groove that is occupied by li. li chaperones
MHC Il often directly (route 1; black solid arrows) and sometimes indirectly after internalization from
the cell surface (route 2; gray dashed arrows) into MIIC where li is degraded by a series of
endosomal proteases with the CLIP fragment remaining (orange). HLA-DM assists exchange of
CLIP for relevant exogenous antigenic fragments (red or yellow) in subdomains of MIIC (the internal
vesicles) prior to transport for stable integration in the plasma membrane (blue arrows in MIIC)
unless internalization is induced by processes like ubiquitination (Ub) of the MHC Il B-chain
cytoplasmic tail (route 3; pink dashed arrow).

The EMBO Journal (2008) 27, 1-5.



From Immunity: The Immune Response in Infectious and Inflammatory Disease
by DeFranco, Locksley and Robertson

MHC 11 + peptide

BCR ®

endocytosis

signaling

early
endosome

acidification " late
endosome
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HLA-DM CATALIZA EL
INTERCAMBIO DE CLIP POR
PEPTIDOS ANTIGENICOS
(EDICION DE PEPTIDO).

Es una molécula de HLA NO
CLASICO, NO POLIMORFICA,
QUE SE EXPRESA DENTRO DEL
COMPARTIMENTO
ENDOSOMICO, EN CELULAS
QUE EXPRESAN MOLECULAS
CLASE II.

Los genes DMa y DM[3 se localizan
cerca de los genes TAP y LMP en
el complejo MHC.

HLA-DO DISMINUYE LA
EFICACIA DE INTERCAMBIO DE
PEPTIDO.

Es una molécula de HLA NO
CLASICA, NO POLIMORFICA
QUE SOLO SE EXPRESA EN
CELULAS B Y EN TIMO, NO ES
INDUCIDA POR INF-y.

Los genes que codifican las

cadenas a y 3 no son adyacentes
en el MHC.

Leupeptin-insensitive cysteine
proteases or aspartic proteases
Leupeptin-sensitive

cysleine proteases

Antigen

S.S —_—

O Antigenic peptide epitope }01; \
790 CLIP
H-2M
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Rol de DM en la carga del péptido

Surface Surface
.
Low- ' High-
stability : stability
L peplides : paplidas
ELIP - I
| ngh

LS B ¢ Hv—< e

DR-CLIP DM Stabilized Low-stability
empty DR DR-peptide

§ L ,/

*Acts as a catalyst to enhance the release of CLIP

*Does not bind antigenic peptides so does not act as a peptide transfer molecule
*Most efficient at low pH

*Acts as a peptide editor, facilitating the exchange of low stability, high off rate
peptides for high stability peptides with a low off rate

Brocke et al., 2002



PRESENTACION DE PROTEINAS
ENDOGENAS EN MHC II




Proposed processing pathways for endogenous presentation of intracellular
antigens on MHC class II. Four different pathways have been postulated:

(1) Secreted/transmembrane proteins (e.g. influenza A hemagglutinin) can
associate with newly synthesized MHC class Il molecules after their
cotranslational synthesis into the ER via the Sec61 transporter. Complexes
of antigen with MHC class II-l ; then traffic to endosomal compartments,
where processing and peptide loading onto MHC class Il occurs.

(2) Similar to the classical MHC class I-processing pathway, cytosolic
peptides (e.g. a 12-mer HA peptide ) can be imported via TAP into the ER
and then associate with MHC class Il molecules. It is thought that peptides
either bind into the peptide-binding groove of MHC class Il molecules that
failed to associate with invariant chain (I ;) or they comigrate with MHC class
lI-1 , complexes and get loaded onto MHC class Il in the endosomal MIIC
with the help of HLA-DM.

(3) Other cytosolic proteins (e.g. GAD65) are degraded by the proteasome
and then follow a TAP-independent pathway onto MHC class II. It is thought
that peptides are directly imported into endosomal/lysosomal compartments
via a peptide transporter, possibly Lamp-2a.

(4) Cytosolic and nuclear proteins (e.g. the EBV nuclear antigen 1 (EBNA1)
can be processed by lysosomal proteases after direct import into
endosomal/lysosomal compartments



Endosome/
MIC

Peptide
transporter
Endosome/

Ribosome
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AUTOFAGIA Y PRESENTACION
ANTIGENICA EN MHC II




Endoplasmatic Reticulum

MHCclass I R




Autophagy as a novel pathway for endogenous MHC class Il presentation.
Classically, extracellular antigens were thought to be the sole source of peptides for
MHC class Il presentation. Extracellular antigens are taken up Vvia
endocytosis/phagocytosis into endosomal compartments and are degraded by
lysosomal proteases. Antigenic peptides generated in this process get loaded onto
MHC class |l molecules in late endosomal MHC class llI-loading compartments
(MIICs) with the help of the peptide-loading chaperone HLA-DM, and MHC class Il-
peptide complexes are presented on the cell surface for recognition by CD4* T cells.
MHC class Il molecules reach the endosomal pathway after their synthesis into the
ER and association with a glycoprotein called invariant chain (I ;) (shown in blue),
which contains a targeting signal for endosomes. Recent evidence, discussed in this
review, suggests that cytosolic and nuclear antigens can gain access to MHC class
ll-loading compartments via autophagy. Thus, autophagic degradation contributes to
MHC class Il presentation of intracellular antigens to CD4* T cells



Presentacion antigénica en MHC 11

APC

b Naive CD4+ T cell

MHC class Il
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Cuando la c élula T virgen reconoce el complejo p éptido -MHC
en una CPA o una c élula blanco apropiada, se ACTIVA y
precipita una reacci On primaria. Tras varios ciclos de
proliferaci 6n se genera una extensa clona de c élulas
progenitoras que se diferencia en CELULAS T DE MEMORIA Y
EFECTORAS.

LA ACTIVACI ON DE CELULAS T EFECTORAS Y DE MEMORIA
NO REQUIERE LA MOL ECULA B7

¢QUE OCURRE TRAS LA
PRESENTACION DEL ANTIGENO????




Lymph node Site of infection

Activation of
effector T cells at
site of infection;
Activation of naive T cells in lymph node, eradication of
development of effector cells microbe

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




‘ Fases de la respuesta T

Antigen
recognition

Lymphocyte| | Clonal
activation | | expansion

Differentiation

g B2
"N =~Cytokines
(e.g., IL-2)

IL-2R

Cytokines
(e.g., IL-2)

IL2 - Factor autocrino de célulasT

Lymphoid organs

Effector
functions
Activation of
macrophages,
B cells, other
cells
Memory
CD4+
T cell
Killing of
infected
> "target cells";
Effector macrophage
CD8* T cell activation
(CTL)
Memory
cDg*
T cell
Peripheral tissues

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




Rol de la célula Th en la diferenciacion de células T CDS8

A

Costimulator

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

:::___\.

Differentiated CTLs

CD4+ helper T cells
produce cytokines
that stimulate
CTL differentiation

~3>

Differentiated CTLs

©

CD4+ helper T cells Costimulaax
enhance the ability | CD40L 32 ~

of APCs to stimulate | . PN
CTL differentiation

o *CDs*
-&rp Tecell Differentiated CTLs
Cytokines

© Elsevier. Abbas et al: Callular and Molecular Immunology Ge - www.studentconsult.com

CD4+ helper T cell




‘ Coestimulacion en la activacion de células T

[Antigen recognition T cell response

(costimulator-
deficient)
APC

- No response
: or anergy

Activation of APCs by microbes,
innate immune response

Activated

$ﬁec|:|tor
APCs: cells

Increased -

expression of T = A,

costimulators, | .= T

secretion of | [ -

cytokines , . '

Cytokines T cell survival,
] (e.g., IL-12) proliferation
and differentiation

@ Elsevier. Abbas et al: Callular and Molecular Immunology 62 - www.studentconsult.com




Senalizacion a
través del TCR

Initiation of
TCR-mediated
signals

Biochemical
intermediates

Distal signaling
enzymes

Transcription

factors

LAT

'%;

Adapter
proteins

PLCY1 GTP/GDP
activation exchang?q on Ras
and Rac
w‘/ A
¥ V
Increased cytosolic Ca2+| |Diacylglycerol (DAG) Ras*GTP, Rac*GTP
ﬂ ! |
Calcineurin PKC MAP kinases
] !
NFAT NF-xB AP-1

D) Elsevier. Abbas et al: Cellular and Molecular Immunology e - www.studentconsult.com




La sinapsis
inmunoldgica

La interface entre

Células T y APC

=> Prolonga
interaccion

=> Incrementa la
traduccion de seial

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

Talin




Expresion de IL-2 durante la sefializacion del TCR

Phosphorylation, release, Dephosphorylation MAP kinase, SAP
and degradation of IxB of cytoplasmlc NFAT kinase pathways

MNucleus

IL-2 gene

IL-2 mRNA

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




Sefial de atenuacion Activation I"Qéﬂé%?i%nﬁ&ﬁi
por el RECEPTOR

INHIBITORIO

(CTLA-9)

Inhibition by CTLA-4:
signaling block

£ Elsevier. Abbas et al: Cellular and Molecular Immunology Ge - www.studentconsult.com




La sefial a través del TCR termina al degradarse la proteina...

Recruitment of Cbl-b Monoubiquitination
to activated ZAP-70 of ZAP-70 and TCR
and CD3 chains complex by Cbl-b

1242

Degradation
of ubiquitinated |-
ZAP-70 and |°
TCR complex

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




PRESENTACION
ANTIGENICA EN MHC I

Peptides:
¥ aPy LLO91-99 =

pB0 449457
l Mpl 84-02
e 0
2% A
Endoplasmic
reticulum \ MHC Ei —— l:)
fhml Bsm
I 1
oV H2-M3-restricted
Cell surface presentation
Vacuole Release of N-formylated
'_; peptides
{ g 77N, Poptides:
| , ! 508 o MVIL Golgi
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Nature Reviews | Immunology Nature Reviews Immunology 4, 812-823 (October 2004)



Target cell

Peptide/MHC
class | complex

CD8-TCR complex

Diferentes formas
de citotoxicidad

Peptide/MHC

CD&-TCR class | complex
complex

Apoptosis

(% 8\

5 Granzyme B

Target cell

CTL Peptide/MHC

CD8-TCR class | complex
complex



‘ Actividad citotoxica




Fases de la respuesta de células B

Recognition ~_ Beell o
of antigen proliferation and differentiation
Igh
Pl g -
Do T oal ﬂﬁsma Antibody
Helper Tcalls,| g ioro] QD secretion
expansion =~
% e IgG expressing IgG
- > X | Isotype
@ switching
_ Antigen
Resting Activated
IgM*, 1gD* B cell g
mature B cell Affinity
maturation
High-affinity Ig- ngh—
expressing B cell affinity 1gG
Memory

B cell

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




Senalizacion a través del BCR

Cross-linking
of membrane
Ig by antigen

Tyrosine
phosphorylation
events

Biochemical
intermediates

Active
enzymes

\ Vs

wﬁmm:

Lo e YN

Activated Src
Family kinases
(e.g. Lyn, Fyn, BIK)

Transcription
factors

PLCy GTP/GDP exchange
activation on Ras, Rac
&
|
Y \ !
increased . _ RassGTP,
cytosolic Ca2+ Diacylglycerol (DAG) | =3 RaceGTP
@ ~£L i
Ca?+-dependent enzymes PKC ERK, JNK
} !
NFAT NF-xB AP-1

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




CD21/CR2 receptor complemento como
correceptores de células B

Complement .@,M'Cmbe
activation

%— Bound
% C3d

Recognition
by B cells

-y
- -y

Src family
kinases

Signals from ,(:‘i,ﬁaﬁﬂ? 7

Ilg and CR2

complex L .
\ j PI-3 kinase

B cell activation

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




Las células B responden por entrecruzamiento de BCR

Antigen binding to Activation of Changes in
and cross-linking B cells phenotype,
of membrane Ig B limphacyisa fuﬁction HP

¢ I[ncreased survival
¢ Proliferation

Naive B
lymphocyte

Increased expression
of B7-1/B7-2

Increased expression
of cytokine receptors
(e.g., IL-2, IL-4
receptors, BAFF-R)

Increased expression
of CCR7 and
migration from
follicle to T cell areas

i@ Elsevier. Abbas et al: Cellular and Molecular Immunology e - www.studentconsult.com




Eventos de la interaccion T-B

Activation and B cell Germinal center reaction:
migration of ~TBcell differentiation: affinity maturation, long-
and B interaction Ig secretion, lived plasma cells, isotype
lymphocytes isotype switching switching, memory B cells
; Lymph Germinal
;“Eﬁew node center

Early events

Late events p

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




Activacion de célula B inducida por Th

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 CD40 ligation differentiation |

T cell

1--5'?

Cytokines Cytokines

© Elsevier. Abbas et al: Cellular and Molecular Immunclogy &2 - www.studentconsult.com




Reacciones en
centro germinal,
respuesta T-
dependiente

Germinal centers (2nd

follicle)

1. T-dep B cell activation

2. Somatic
hypermutation

3. Isotype switching

4. Memory B cells

Selection

Somatic mutation

Exit of high-affinity
antibody- secreting
and memory B cells

4
Death of B cells that
do not bind antigen

# Il'u
B cell recognition of
antigen on follicular
dendritic cells;

selection of
high-affinity B cells

Hypermutation
of Ig V genes

| B cell proliferation |

Activation of B cells
and migration into
germinal center

Memoary Plasma
B cell cell
@}. f< Folicie cymoh
Gemunal \

H""""-:-..,_

il

dendntic cell
with bound
antigen e

f&@: 4@2

Helper

Follicle

Germminal
cenler
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Cambio de isotipo

IgM+
B cell

ket Activated
L B cell

|
‘g Various cytokines,

(e.g. APRIL, BAFF,

IFN-y|| IL-4 GF- others
Isotype L B,
switching
o> =@ ®
IgG subclasses
IgM (IgG1, IgG3) IgE
Principal | Complement Fc receptor- Immunity Mucosal
effector activation dﬁpendent ﬁglainsth i[mrnunity ,
; phagocyte elminths transport o
functions responses; IgA through
complement Mast cell epithelia)
activation; degranulation
neonatal immunity | (immediate
(placental transfer) | hypersensitivity)

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




PRESENTACION CRUZADA




Presentacion cruzada del antigeno a células T

DC has an unique feature:

— Allow protein traffic from endosomal vesicles to the
cytosol

— Ag-MHC-TI presentation

— Ingest virus-infected or tumor cells => CD8 T cells

Antigen Cross- T cell
capture presentation response

Dendritic cell Phagocytosed

infected cell b

specific
CD8* T cell

Infected cells
and viral
antigens picked
up by host APCs S

-

infected cell

Viral antigen Costimulator
© Elsevier. Abbas et al: Cellular and Molecular Immunology 6e - wwwi.studentconsult.com




Modelos de Cross Presentation

peptide-MHC | Exu-genous armgan

&Nﬁ-iirlv-4ith~+

sImmunology and Cell Biology, 2009 . ISSN: 0818-9641



Cross-Presentation

Se refiere a la presentacion de antigenos exdégenos en
el contexto de MHC clase I.

Esencial para activar células TCD8 naive.

Importante mecanismo de activacion de TCD8 en
vacunacion.

El mecanismo exacto se desconoce pero se proponen
diferentes modelos....

o Antigenos particulados
o Antigenos solubles
o Transferencia directa intercelular



MHC class |

In some situations

(vacuolar' pathway),

the internalized
antigen may also be
cleaved into peptides
by proteases in the
phagosome. Tapasin
may help load these
peptides onto class |
molecules, which are
then transported to the
cell surface.

Particulate

antigen

y i 3
-

Phagosom

UBCsa Sect1

4
MHC class IS0

Vacuolar pathway

Nature Immunology 4, 94

Tapasin F/ 3
TA /

EH

|

Phagosome
(+ER proteins)

Phagosome-to-cytosol pathway

1 - 943 (2003)

Particulate antigen IS
internalized into
phagosomes. Early in this
process, phagosomes fuse
with the endoplasmic
reticulum (ER) and thereby
acquire the endoplasmic
reticulum-resident antigen-
presentation machinery
(TAP, tapasin and MHC
class | molecules) as well as
the Sec61 translocon.

Some of the internalized
antigen is transferred from
the phagosome to the
cytosol, possibly by retro-
translocation through Sec61
and ubigitination by ubiquitin
(Ub)-conjugating  enzymes
(UBCs). This antigen is then
cleaved by proteasomes that
associate with the
phagosome membrane, and
some of the resulting
peptides are transferred
back into the phagosome by
TAP.




Tumor cell DC

ﬂr 5 B
. : Microbial products
virus-infected cell Pepide- g b i
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Dead cell-derived protein antigens can be efficiently ingested and processed for MHC class |
peptide presentation by either of two pathways. Soluble proteinaceous material can be
targeted by attached chaperonins (gp96, Hsp90, Hsp70 and calreticulin) to scavenger
receptors (such as LOX-1 and CD91), or it can directly bind to other receptors such as C-type
lectins, Fc receptors (FcRs) or Toll-like receptors (TLRs). Alternatively, phagocytosis of
particulate matter (from, for example, apoptotic cells) followed by phagosome fusion with
endoplasmic reticulum membrane components can facilitate cytosolic access.

Nature Immunology 6, 543 - 544 (2005)
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Nature Reviews Immunology 7, 929-941 (December 2007)



o i Plasma
i I membrane

I =
v & SCavenger neceptor
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Clathrine
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43
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Self liped
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Mature Reviews | Immunology

a | Self lipids (shown in orange) from the endoplasmic reticulum (ER) are loaded onto CD1 molecules. In the case of
CD1d, this process is facilitated by a poorly characterized mechanism that involves microsomal triglyceride transfer
protein (MTP). b | Four possible mechanisms for the uptake of foreign lipid antigens are shown: clathrin-dependent
internalization of apolipoprotein E (apoE)-lipid complexes bound to the low-density lipoprotein receptor (LDLR);
phagocytosis of particulate material or whole pathogens; C-type lectins, which can bind mannose residues on
glycolipids; and internalization through scavenger receptors, which can bind modified forms of LDL and apoptotic cells.
c | The exchange of endogenous lipids, loaded in the ER or the secretory pathway, by foreign lipids or different
endogenous lipid antigens (in blue), takes place in endocytic compartments, such as lysosomes. Several accessory
molecules, such as saposins and CDle, have been implicated in the loading of lipids in these compartments. In the
case of saposin B, the protein probably binds lipids, extracts them from membranes and transfers them onto CD1d
molecules.
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¢ Cytokine-driven self-antigen
activation of COVd-restricted
IMET cells

Mature Reviews | Immunology

Cytokine-driven self-antigen
activation of INKT cells. Even In

the absence of a cognate
microbial lipid antigen for the
INKT-cell TCR, most
microorganisms can  activate

INKT cells by stimulating antigen-
presenting cells to produce
interleukin-12 (IL-12), which in
combination with the self-lipid
antigens presented by CD1d can
stimulate potent INKT-cell
responses. This allows rapid
activation of a large pool of INKT
cells without direct microbial lipid
antigen recognition by the TCR.
Download file




ESTIMULACION DE CELULAS NKT: SECRECION DE IFNy
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‘ Antigenos lipidicos presentados por CD1

Source

Mycobacterium
tuberculosis and other
mycobacteria

Sphingomonas spp.
Borrelia burgdorferi
Leishmania donovani

Mammalian (self)

Synthetic or marine
sponge

Antigen
Mycolic acids
Glucose monomycolate

Sulpholipid (diacylated
sulphoglycolipid)

Phosphatidylinositol mannosides

Mannosylated lipoarabinomannan

Mannosyl-}1-phosphomycoketides

Didehydroxymycobactin
a-Glucuronosylceramide
o-Galactosyldiacylglycerol
Lipophosphoglycan
Phosphatidylinositol
Phosphatidylglycerol
Fhosphatidylethanolamine
GM1

GD3

Sulphatide

Isoglobotrihexosylceramide

a-Galactosylceramide

CD1 isoform
CD1b
CD1b
CD1b

CD1b, CD1d
CD1b
CDl1c
CMa
CD1d
CD1d
CD1d
CDid
CD1d
CD1d
CD1b
CD1d

CD1a, CD1b,
CD1c

CD1d
CD1d

Refs
3
132
8

5133

6,134
124
9,10
11
12

18

18

18
20,21
22

19

10,23
125




‘ Caracteristicas de las células T restringidas por CD1

Group-1-CD1-restricted CD1d-restricted iNKT cells

T cells

Antigens Microbial and self lipids Microbial and self lipids

T-cell population  Clonally diverse Canonical TCRix but polyclonal

TCR TCRoe: diverse; TCRP: diverse. TCRoe invariant Viold or VioZ4 and Jocl 8;
TCRB: limited V] repertoire with diverse
CDR3

Precursor One per thousands, unique =1% of T cells in humans: 2-50% of T cells

frequency specificity for single antigen  inmice: pool of cells that responds
en masse to a single antigen

Memmory es No

Immunity Adaptive, slow Innate-like, rapid (hours to few days)

CORA, complementarity-determining region 3; INKT cell, invariant natural killer Teell: TCR, T-cell receptor

CD1d-restricted
diverse NKT cells

Linkrown

Clonally diverse

TCRot: diverse;
TCRB:diverse

Unknown

Unknown

Unknown
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