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¿¿CuCuááles son las consecuencias les son las consecuencias 
del reconocimiento del pdel reconocimiento del pééptido ptido 
antigantigééniconico--MHC por la cMHC por la céélulaT? lulaT? 





In the case of 
chronic Idiopathic 
Thrombocytopenic 
Purpura in the 
active phase 

In the case of 
chronic ITP in 
remission phase 





Nature Reviews Immunology 2, 446-453 (June 2002)

Hipersensibilidad Hipersensibilidad 



Nature Reviews Drug Discovery 2, 727-735 (September 2003)

La PRESENTACILa PRESENTACIÓÓN ANTIGN ANTIGÉÉNICA es el PUENTE NICA es el PUENTE 
entre la INMUNIDAD INNATA Y LAS REPUESTAS entre la INMUNIDAD INNATA Y LAS REPUESTAS 

ANTANTÍÍGENO ESPECGENO ESPECÍÍFICASFICAS……....





SINAPSIS INMUNOLSINAPSIS INMUNOLÓÓGICAGICA



La interacciLa interaccióón entre la APC y cn entre la APC y céélula T naive lula T naive 
debe ser efectivadebe ser efectiva



Sinapsis Sinapsis 

La sinapsis (del La sinapsis (del gr.gr.

σύναψιςσύναψις, "enlace") es un , "enlace") es un 

proceso que consta de proceso que consta de 

descargas qudescargas quíímicomico--

elelééctricas. ctricas. Estas descargas se 

generan en la membrana celular 

de la neurona en un proceso de 

polarización-despolarización que 

libera unas sustancias químicas y 

un impulso eléctrico que estimula 

eléctricamente que van a la 

vesícula presináptica. Esta 

vesícula libera unas moléculas 

llamadas neurotransmisores que 

se acoplan en los receptores 

postsinápticos de la neurona 

destino. Este proceso se 

denomina Sinapsis.



SINAPSIS INMUNOLSINAPSIS INMUNOLÓÓGICAGICA



FASES DE LA INTERACCIFASES DE LA INTERACCIÓÓN N 
ENTRE LA APC Y EL LINFOCITO TENTRE LA APC Y EL LINFOCITO T









• 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 γ -chain (γc)-dependent 

cytokines. Candidates for signal 3 are shown. TNF, tumour-necrosis factor.



Central  supramolecular activation cluster Central  supramolecular activation cluster 

Peripheral  supramolecular activation cluster Peripheral  supramolecular activation cluster 



La sinapsis maduraLa sinapsis madura……

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



DOS TIPOS DE SINAPSIS INMUNOLDOS TIPOS DE SINAPSIS INMUNOLÓÓGICAGICA

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 central supramolecular activation cluster central supramolecular activation cluster 
(cSMAC) and peripheral SMAC 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.

central central 
supramolecularsupramolecular
activation cluster activation cluster 

peripheral peripheral 
supramolecularsupramolecular
activation cluster activation cluster 



Nature Reviews Immunology 7, 131-143 (February 2007)
Cambios morfolCambios morfolóógicos y gicos y 
citoesquelcitoesquelééticos de la cticos de la céélula Tlula T



La eficiente activaciLa eficiente activaci óón de la cn de la c éélula T requiere la lula T requiere la 
entrada de Caentrada de Ca 2+2+ a la mitocondria en la sinapsis a la mitocondria en la sinapsis 

inmunolinmunol óógicagica

Oakes S. A. PNAS 2007;104:15171-15172



Nature Reviews Immunology 9, 543-555 (August 2009)



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.

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 (LFA1). 
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. 



FormaciFormacióón de la sinapsis entre Th y LBn de la sinapsis entre Th y LB

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



FormaciFormacióón de la sinapsis entre Tc y cn de la sinapsis entre Tc y céélula blancolula blanco

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



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 InlB 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 virolSinapsis virolóógicagica



Nature Reviews Immunology 7, 310-317 (April 2007)





Captura y distribuciCaptura y distribucióón del antn del antíígenogeno

***



CCéélulas presentadoras de lulas presentadoras de 
antantíígeno (APC)geno (APC)

•Son capaces de presentar péptidos en el 
contexto de MHC II …
•Llevar la señal coestimuladora necesaria para 
la activación completa de las células T, lo que 
conduce a la proliferación y diferenciación….





Propiedades de las APCPropiedades de las APC

Naive T cells
Effector T cells
Memory T cells



CCéélulas lulas 
dendrdendrííticasticas





Macrófago 

Nature Reviews Immunology 9, 594-600 (August 2009)



El linfocito B como APCEl linfocito B como APC



VVÍÍAS DE PRESENTACIAS DE PRESENTACIÓÓN N 
ANTIGANTIGÉÉNICANICA



Nature Reviews Immunology 7, 543-555 (July 2007)



Propiedades y Funciones del MHC



““CargaCarga”” del MHC Idel MHC I � Cytosolic peptides – proteins from 
cytoplasmic viruses and from 
phagocytosed microbes that may break 
thru the vesicle and escape to the 
cytoplasm

� proteolysis – ubiquitin binds to 
protein and leads to proteosomes 
for digestion

� some cleaved peptides are small 
enough to fit into MHC I

� MHC I 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 I – loose association 
between TAP and MHC on inner 
surface of ER
� right fit of peptide and MHC will 

stabilize the complex and move it to 
the cytoplasm

� no peptide leads to MHC degradation



““CargaCarga”” del MHC IIdel MHC II � Endosomal peptides – proteins enter 
intracellular vesicles and may fuse with 
lysosome, proteins broken down by 
proteolytic enzymes to peptides

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

� MHC II/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
� if no peptide picked up, MHC II is 

degraded in endosome

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

� Only the immunodominant epitopes of 
Ag enter MHC II – maybe 1-2 
peptides



No hay carga cruzada de pNo hay carga cruzada de pééptidosptidos……..

�� Aunque MHC I y MHC II estAunque MHC I y MHC II estáán en ER, NO n en ER, NO 
HABRHABRÁÁ CARGA CRUZADA DE CARGA CRUZADA DE 
PPÉÉPTIDOSPTIDOS……..

�� EL CLIP presente en la MHC II la protege y EL CLIP presente en la MHC II la protege y 
solo permite la solo permite la ““cargacarga”” cuando llega al cuando llega al 
endosomaendosoma……....





PROCESAMIENTO Y PROCESAMIENTO Y 
PRESENTACIPRESENTACIÓÓN ANTIGN ANTIGÉÉNICANICA



La sinapsis inmunolLa sinapsis inmunolóógica permite la gica permite la 
activaciactivacióón celularn celular……



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

Bloqueo de la presentaciBloqueo de la presentacióón antign antigéénicanica



AntAnt íígenos endgenos end óógenosgenos …… producidos en el producidos en el 
interior de las cinterior de las c éélulas del organismolulas del organismo ……

� PROTEÍNAS VIRALES, producidas durante la 
replicación viral.

� PROTEÍNAS producidas por BACTERIAS 
INTRACELULARES, como ,
Rickettsias y Chlamydias durante su replicación.

� PROTEÍNAS QUE HAN ESCAPADO AL CITOSOL 
provenientes del fagosoma de la APC.

� ANTÍGENOS TUMORALES, producidos por células 
cancerosas.

� PÉPTIDOS PROPIOS provenientes de proteínas 
celulares humanas.



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 
aggregation . 

Despite this, a marked Despite this, a marked 
fraction of translation fraction of translation 
products is defective, products is defective, 
resulting in incorrect resulting in incorrect 
(mistranslated or (mistranslated or 
prematurely stopped), prematurely stopped), 
misfolded or misassembled misfolded or misassembled 
proteins. These defective proteins. These defective 
ribosomal products (DRiPs) ribosomal products (DRiPs) 
are shunted to the are shunted to the 
proteasome for degradation, proteasome for degradation, 
coupling protein production to MHC 
class I antigen presentation and 
enable a rapid T-cell response to 
new viral proteins.

SSííntesis de protentesis de proteíínasnas



Complexities of MHC class I 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 I 
molecules and are recycled into amino 
acids that can be used for new 
proteins. Another fraction is appropriate 
or too long for MHC class I molecules. 
These, too, are substrates for various 
cytosolic peptidases that will degrade 
most to amino acids. Only a few 
(trimmed) 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 I molecules before or after 
trimming by ER aminopeptidases 
(ERAP). Peptides that fail to bind to 
MHC class I molecules are removed by 
the translocon SEC61 and enter the 
cytoplasm, where they will again be 
targets for the cytosolic peptidases.



PROTEASOMAPROTEASOMA







� La ubicuitina (proviene del inglés ubiquitin que 
es la contracción de ubiquous protein) es la 
molécula responsable de dar este «beso de la 
muerte» a la proteína que se quiere degradar. 
Recibe este nombre por su ubicua presencia 
en casi todos los tipos de células . Además, 
es una de las proteínas más conservadas 
durante la evolución, con una secuencia de 
aminoácidos casi idéntica desde los insectos al 
hombre.

DUB, deubiquitylating enzyme.
Nature Reviews Cancer 7, 613-620 (August 2007)

Ubiquitin is commonly found in a linkage 
through an isopeptide bond to the   ε-
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. 



Se generan alrededor de 2 x 10Se generan alrededor de 2 x 10 66

ppééptidos sin embargo sptidos sin embargo s óólo son lo son 
presentados 150 ppresentados 150 p ééptidos por ptidos por 

segundo!!!!!!!segundo!!!!!!!

Solo 150 MHC I son Solo 150 MHC I son 
cargadas con pcargadas con p ééptidos ptidos 

por segundopor segundo





MHC IMHC I



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, Bap31 (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 I 
molecule is exported to the cell surface. Once at the cell surface, 
peptide-class I 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.

"peptide-loading complex" 



Ackerman and Cresswell, Nat. Immunol., 2004

Peptide Loading Complex (PLC)



Funciones de los componentes de la vía de 
presentación antigénica

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

assembled. We discovered a novel molecular chaperone known as calnexincalnexin 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 calreticulincalreticulin , function to prevent exit of incompletely assembled class I 
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 newly synthesized class I molecules bind the TAP 
transporter (via another protein termed tapasintapasin ), an interaction that that boosts the efficiency of boosts the efficiency of 
peptide capturepeptide capture by class I. 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 I binding to TAP or to some other functions. Possibilities include maintaining class I 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 I H chain by 5- to 7-fold. 

� The Bap31 protein has been shown by others to promo te the transport of some 
proteins out of the ER to the Golgi complex. Using RNA interference to reduce 
Bap31 levels we were able to demonstrate that Bap31 enhances the rate of 
class I export out of the ER and that Bap31 is requ ired for class I molecules to 
cluster at ER "exit sites" . It is likely that Bap31 serves as a "cargo recept or" for 
class I molecules. 



PRESENTACIPRESENTACIÓÓN DE N DE 
ANTANTÍÍGENOS EXGENOS EXÓÓGENOSGENOS



The cell biology of antigen presentation by MHC II. MHC II αβ heterodimers are assembled in the 
endoplasmic reticulum (ER) and form a peptide-binding groove that is occupied by Ii. Ii chaperones 
MHC II often directly (route 1; black solid arrows) and sometimes indirectly after internalization from 
the cell surface (route 2; gray dashed arrows) into MIIC where Ii 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 II   β-chain 
cytoplasmic tail (route 3; pink dashed arrow). 

The EMBO Journal (2008) 27, 1–5.





HLAHLA-- DM Y HLADM Y HLA--DODO



HLAHLA--DMDM CATALIZA EL 
INTERCAMBIO DE CLIP POR 
PÉPTIDOS ANTIGÉNICOS 
(EDICIÓN DE PÉPTIDO).
Es una molécula de HLA NO 
CLÁSICO, NO POLIMÓRFICA, 
QUE SE EXPRESA DENTRO DEL 
COMPARTIMENTO 
ENDOSÓMICO, EN CÉLULAS 
QUE EXPRESAN MOLÉCULAS 
CLASE II.
Los genes DMα y DMβ se localizan 
cerca de los genes TAP y LMP en 
el complejo MHC.

HLAHLA--DODO DISMINUYE LA 
EFICACIA DE INTERCAMBIO DE 
PÉPTIDO.
Es una molécula de HLA NO 
CLÁSICA, NO POLIMÓRFICA 
QUE SOLO SE EXPRESA EN 
CÉLULAS B Y EN TIMO, NO ES 
INDUCIDA POR INF-γ.
Los genes que codifican las 
cadenas α y β no son adyacentes 
en el MHC.



Rol de DM en la carga del pRol de DM en la carga del pééptidoptido

Brocke et al., 2002

•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



PRESENTACIPRESENTACIÓÓN DE PROTEN DE PROTEÍÍNAS NAS 
ENDENDÓÓGENAS EN MHC IIGENAS 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 II molecules after their 
cotranslational synthesis into the ER via the Sec61 transporter. Complexes 
of antigen with MHC class II–I i then traffic to endosomal compartments, 
where processing and peptide loading onto MHC class II 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 II molecules. It is thought that peptides 
either bind into the peptide-binding groove of MHC class II molecules that 
failed to associate with invariant chain (I i) or they comigrate with MHC class 
II–I i complexes and get loaded onto MHC class II 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





AUTOFAGIA Y PRESENTACIAUTOFAGIA Y PRESENTACIÓÓN N 
ANTIGANTIGÉÉNICA EN MHC IINICA EN MHC II





� Autophagy as a novel pathway for endogenous MHC class II presentation. 
Classically, extracellular antigens were thought to be the sole source of peptides for 
MHC class II presentation. Extracellular antigens are taken up via 
endocytosis/phagocytosis into endosomal compartments and are degraded by 
lysosomal proteases. Antigenic peptides generated in this process get loaded onto 
MHC class II molecules in late endosomal MHC class II-loading compartments 
(MIICs) with the help of the peptide-loading chaperone HLA-DM, and MHC class II–
peptide complexes are presented on the cell surface for recognition by CD4+ T cells. 
MHC class II molecules reach the endosomal pathway after their synthesis into the 
ER and association with a glycoprotein called invariant chain (I 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 
II-loading compartments via autophagy. Thus, autophagic degradation contributes to 
MHC class II presentation of intracellular antigens to CD4+ T cells



PresentaciPresentacióón antign antigéénica en MHC IInica en MHC II

PresentaciPresentaci óón de antn de ant íígenos por genos por 
MICOBACTERIASMICOBACTERIAS



¿¿QUQUÉÉ OCURRE TRAS LA OCURRE TRAS LA 
PRESENTACIPRESENTACIÓÓN DEL ANTN DEL ANTÍÍGENO????GENO????

Cuando la cCuando la c éélula T virgen reconoce el complejo plula T virgen reconoce el complejo p ééptidoptido --MHC MHC 
en una CPA o una cen una CPA o una c éélula blanco apropiada, se ACTIVA y lula blanco apropiada, se ACTIVA y 
precipita una reacciprecipita una reacci óón primaria. Tras varios ciclos de n primaria. Tras varios ciclos de 
proliferaciproliferaci óón  se genera una extensa clona de cn  se genera una extensa clona de c éélulas lulas 
progenitoras que se diferencia en progenitoras que se diferencia en CCÉÉLULAS T DE MEMORIA Y LULAS T DE MEMORIA Y 
EFECTORAS.EFECTORAS.
LA ACTIVACILA ACTIVACI ÓÓN DE CN DE CÉÉLULAS T EFECTORAS Y DE MEMORIA LULAS T EFECTORAS Y DE MEMORIA 
NO REQUIERE LA MOLNO REQUIERE LA MOL ÉÉCULA B7CULA B7





IL2 – Factor autócrino de célulasT

Fases de la respuesta TFases de la respuesta T



Rol de la cRol de la céélula Th en la diferenciacilula Th en la diferenciacióón de cn de céélulas T CD8lulas T CD8



CoestimulaciCoestimulacióón en la activacin en la activacióón de cn de céélulas Tlulas T



SeSeññalizacializacióón a n a 
travtravéés del TCRs del TCR



La sinapsis La sinapsis 
inmunolinmunolóógicagica

La interface entre
CCéélulas T lulas T y y APC APC 
=> Prolonga 

interacción
=> Incrementa la 

traducción de señal



Expresión de IL-2 durante la señalización del TCR

Cyclosporin A



SeSeññal de atenuacial de atenuacióón n 
por el RECEPTOR por el RECEPTOR 
INHIBITORIO INHIBITORIO 
(CTLA(CTLA--4)4)



La seLa seññal a traval a travéés del TCR termina al degradarse la protes del TCR termina al degradarse la proteíínana……



InfecciInfeccióón por Listeria n por Listeria 
monocytogenesmonocytogenes……..
PRESENTACIPRESENTACIÓÓN N 
ANTIGANTIGÉÉNICA EN MHC INICA EN MHC I

Nature Reviews Immunology 4, 812-823 (October 2004)



Diferentes formas Diferentes formas 
de citotoxicidadde citotoxicidad



Actividad citotActividad citotóóxica xica 



Fases de la respuesta de cFases de la respuesta de céélulas Blulas B



SeSeññalizacializacióón a travn a travéés del BCRs del BCR



CD21/CR2 receptor complemento como CD21/CR2 receptor complemento como 
correceptores de ccorreceptores de céélulas Blulas B



Las cLas céélulas B responden por entrecruzamiento de BCRlulas B responden por entrecruzamiento de BCR



Eventos de la interacciEventos de la interaccióón Tn T--BB



Activación de célula B inducida por Th



Reacciones en Reacciones en 
centro germinal, centro germinal, 
respuesta Trespuesta T--
dependientedependiente

Germinal centers (2nd 
follicle)
1. T-dep B cell activation
2. Somatic 

hypermutation 
3. Isotype switching
4. Memory B cells



Cambio de isotipoCambio de isotipo



PRESENTACIPRESENTACIÓÓN CRUZADAN CRUZADA



DC has an unique feature:
⇒ Allow protein traffic from endosomal vesicles to the 
cytosol
⇒ Ag-MHC-I presentation
⇒ Ingest virus-infected or tumor cells => CD8 T cells

PresentaciPresentacióón cruzada del antn cruzada del antíígeno a cgeno a céélulas Tlulas T



Modelos de Cross PresentationModelos de Cross Presentation

•Immunology  and Cell Biology, 2009 . ISSN: 0818-9641 



CrossCross--PresentationPresentation

� Se refiere a la presentación de antígenos exógenos en 
el contexto de MHC clase I.

� Esencial para activar células TCD8 naïve.
� Importante mecanismo de activación de TCD8 en 

vacunación.
� El mecanismo exacto se desconoce pero se proponen 

diferentes modelos….
� Antígenos particulados
� Antigenos  solubles
� Transferencia directa intercelular



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 I 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 ubiqitination 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. 

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 I 
molecules, which are 
then transported to the 
cell surface. Nature Immunology 4, 941 - 943 (2003) 



Dead cell−derived protein antigens can be efficiently ingested and processed for MHC class I 
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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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 CD1e, 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.



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
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