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Notch (1,2,3) juega un rol importante al comprometer al CLP con el 
linaje T, pues interfiere con el Factor de transcripción E2A, importante 
en el compromiso hacia el linaje de células B

Rol de Rol de NotchNotch en la en la 
““eleccieleccióónn”” del linaje Tdel linaje T

Lehar and Bevan, Immunity, 17:689, 2002



Ontogenia del Linfocito TOntogenia del Linfocito T

Adquisición del receptor antigénico

Selección POSITIVA de células que sean capaces de reconocer

MHC propio

Adquisición de moléculas de superficie CD : - Marcadores de LINAJE
- Marcadores de DIFERENCIACIÓN
- Marcadores de FUNCIÓN
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AUTOTOLERANCIAAUTOTOLERANCIAAUTOTOLERANCIAAUTOTOLERANCIAAUTOTOLERANCIAAUTOTOLERANCIAAUTOTOLERANCIAAUTOTOLERANCIA
Selección NEGATIVA de células autorreactivas

Diferenciación de los timocitos a distintos tipos celulares
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Linfocitos NKTLinfocitos NKTLinfocitos NKTLinfocitos NKTLinfocitos NKTLinfocitos NKTLinfocitos NKTLinfocitos NKT
Linfocitos TLinfocitos TLinfocitos TLinfocitos TLinfocitos TLinfocitos TLinfocitos TLinfocitos Tγδγδγδγδγδγδγδγδ
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Linfocitos T CD8+ (LTc )Linfocitos T CD8+ (LTc )Linfocitos T CD8+ (LTc )Linfocitos T CD8+ (LTc )Linfocitos T CD8+ (LTc )Linfocitos T CD8+ (LTc )Linfocitos T CD8+ (LTc )Linfocitos T CD8+ (LTc )



TTTT
TTTT

TTTT
TTTT TTTT

TTTTTTTT
TTTT

TTTT
TTTT

TTTT

TTTT

TTTT
TTTT

TTTT

TTTT TTTT

TTTT

TTTT
TTTTTTTT

TTTT

TTTT
TTTT

TTTT

LA LA LA LA LA LA LA LA GENERACIGENERACIGENERACIGENERACIGENERACIGENERACIGENERACIGENERACIÓÓÓÓÓÓÓÓN DEL REPERTORIO N DEL REPERTORIO N DEL REPERTORIO N DEL REPERTORIO N DEL REPERTORIO N DEL REPERTORIO N DEL REPERTORIO N DEL REPERTORIO DE TCR INVOLUCRA DE TCR INVOLUCRA DE TCR INVOLUCRA DE TCR INVOLUCRA DE TCR INVOLUCRA DE TCR INVOLUCRA DE TCR INVOLUCRA DE TCR INVOLUCRA 
MECANISMOS AL AZAR....MECANISMOS AL AZAR....MECANISMOS AL AZAR....MECANISMOS AL AZAR....MECANISMOS AL AZAR....MECANISMOS AL AZAR....MECANISMOS AL AZAR....MECANISMOS AL AZAR....

LA ESPECIFICIDAD DEL TCR EN EL REPERTORIO INMADURO LA ESPECIFICIDAD DEL TCR EN EL REPERTORIO INMADURO LA ESPECIFICIDAD DEL TCR EN EL REPERTORIO INMADURO LA ESPECIFICIDAD DEL TCR EN EL REPERTORIO INMADURO LA ESPECIFICIDAD DEL TCR EN EL REPERTORIO INMADURO LA ESPECIFICIDAD DEL TCR EN EL REPERTORIO INMADURO LA ESPECIFICIDAD DEL TCR EN EL REPERTORIO INMADURO LA ESPECIFICIDAD DEL TCR EN EL REPERTORIO INMADURO 
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3. ÚTILES
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Milojevic et al. Pediatric Rheumatology 2008 6:20 
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removidas.....Sin embargo las MHCremovidas.....Sin embargo las MHCremovidas.....Sin embargo las MHCremovidas.....Sin embargo las MHCremovidas.....Sin embargo las MHCremovidas.....Sin embargo las MHCremovidas.....Sin embargo las MHCremovidas.....Sin embargo las MHC--------restrictas son restrictas son restrictas son restrictas son restrictas son restrictas son restrictas son restrictas son 
retenidas....retenidas....retenidas....retenidas....retenidas....retenidas....retenidas....retenidas....

TiMoTiMoTiMoTiMoYYYYTTTT YYYYTTTTYYYY YYYYYYYY YYYYTTTT TTTT

YYYY YYYYTTTT TTTT

YYYY YYYY YYYYTTTT TTTT TTTT YYYY YYYY

YYYYYYYYTTTT

YYYYTTTT TTTT TTTT

Random TcR
repertoire

ensures diversity

YYYYTTTT YYYYTTTTYYYYTTTT

MUERTEMUERTEMUERTEMUERTE
POR NEGLICENCIAPOR NEGLICENCIAPOR NEGLICENCIAPOR NEGLICENCIA





El desarrollo de los linfocitos T comienza en la El desarrollo de los linfocitos T comienza en la El desarrollo de los linfocitos T comienza en la El desarrollo de los linfocitos T comienza en la El desarrollo de los linfocitos T comienza en la El desarrollo de los linfocitos T comienza en la El desarrollo de los linfocitos T comienza en la El desarrollo de los linfocitos T comienza en la 
mmmmmmmméééééééédula dula dula dula dula dula dula dula óóóóóóóósea y pero los eventos msea y pero los eventos msea y pero los eventos msea y pero los eventos msea y pero los eventos msea y pero los eventos msea y pero los eventos msea y pero los eventos máááááááás importantes s importantes s importantes s importantes s importantes s importantes s importantes s importantes 

ocurren en el timoocurren en el timoocurren en el timoocurren en el timoocurren en el timoocurren en el timoocurren en el timoocurren en el timo

Estructura de un 
lóbulo del timo



EL TIMO SE REQUIERE PARA LAEL TIMO SE REQUIERE PARA LA
MADURACIMADURACIÓÓN DE CN DE CÉÉLULAS TLULAS T

Athymic mice (Athymic mice (Athymic mice (Athymic mice (Athymic mice (Athymic mice (Athymic mice (Athymic mice (nudenudenudenudenudenudenudenude) and humans (DiGeorge syndrome)) and humans (DiGeorge syndrome)) and humans (DiGeorge syndrome)) and humans (DiGeorge syndrome)) and humans (DiGeorge syndrome)) and humans (DiGeorge syndrome)) and humans (DiGeorge syndrome)) and humans (DiGeorge syndrome)
are immunodeficient due to a lack of T cellsare immunodeficient due to a lack of T cellsare immunodeficient due to a lack of T cellsare immunodeficient due to a lack of T cellsare immunodeficient due to a lack of T cellsare immunodeficient due to a lack of T cellsare immunodeficient due to a lack of T cellsare immunodeficient due to a lack of T cells

Neonatal thymectomy No mature T cells

In adult

Thymus intact Mature T cells

In adult



SSSSííííndrome de ndrome de ndrome de ndrome de 
DiGeorge,DiGeorge,DiGeorge,DiGeorge,
Carencia Carencia Carencia Carencia 
congcongcongcongéééénita de nita de nita de nita de 
timo timo timo timo 

22q11 deletion syndrome, congenital 

22q11 deletion syndrome, congenital 

thymic hypoplasia, or third and fourth 

thymic hypoplasia, or third and fourth 

pharyngeal pouch syndrome

pharyngeal pouch syndrome



Roles DE LA MRoles DE LA MRoles DE LA MRoles DE LA MRoles DE LA MRoles DE LA MRoles DE LA MRoles DE LA MÉÉÉÉÉÉÉÉDULA DULA DULA DULA DULA DULA DULA DULA ÓÓÓÓÓÓÓÓSEA Y EL TIMOSEA Y EL TIMOSEA Y EL TIMOSEA Y EL TIMOSEA Y EL TIMOSEA Y EL TIMOSEA Y EL TIMOSEA Y EL TIMO
EN LA MADURACIEN LA MADURACIEN LA MADURACIEN LA MADURACIEN LA MADURACIEN LA MADURACIEN LA MADURACIEN LA MADURACIÓÓÓÓÓÓÓÓN DE CN DE CN DE CN DE CN DE CN DE CN DE CN DE CÉÉÉÉÉÉÉÉLULAS TLULAS TLULAS TLULAS TLULAS TLULAS TLULAS TLULAS T

Defective lymphocyte

production

Normal thymus

scid/scid

Thymus defect
Normal bone

marrow

nu/nu

No mature T cells

In adults

No mature T cells

In adults

Marrow defect

Thymus defect



Thymus colonised by thymocytes from the 
thymus defective, i.e. orange, mouse

Thymus graft

Bone marrow transplant

Thymus colonised by thymocytes from thymus 
defective, i.e. orange, mouse

Marrow defect

Thymus defect

LA MLA MLA MLA MÉÉÉÉDULA DULA DULA DULA ÓÓÓÓSEA PROPORCIONA CSEA PROPORCIONA CSEA PROPORCIONA CSEA PROPORCIONA CÉÉÉÉLULAS T...LULAS T...LULAS T...LULAS T...
MADURANMADURANMADURANMADURANMADURANMADURANMADURANMADURAN EN EL TIMO.....EN EL TIMO.....EN EL TIMO.....EN EL TIMO.....



LAS CLAS CLAS CLAS CLAS CLAS CLAS CLAS CÉÉÉÉÉÉÉÉLULAS T MADURAN LULAS T MADURAN LULAS T MADURAN LULAS T MADURAN LULAS T MADURAN LULAS T MADURAN LULAS T MADURAN LULAS T MADURAN 
TEMPRANAMENTE EN LA VIDA....EN TEMPRANAMENTE EN LA VIDA....EN TEMPRANAMENTE EN LA VIDA....EN TEMPRANAMENTE EN LA VIDA....EN TEMPRANAMENTE EN LA VIDA....EN TEMPRANAMENTE EN LA VIDA....EN TEMPRANAMENTE EN LA VIDA....EN TEMPRANAMENTE EN LA VIDA....EN EL TIMOEL TIMOEL TIMOEL TIMOEL TIMOEL TIMOEL TIMOEL TIMO... ... ... ... ... ... ... ... 

Remove ThymusRemove Thymus

Mature T & B cellsMature T & B cells

AdultAdult NeonateNeonate

No T cellsNo T cells
Mature B cells presentMature B cells present

T cells not yet left thymusT cells not yet left thymus

��EL TIMO ES NECESARIO PARA EL TIMO ES NECESARIO PARA GENERAR CGENERAR CÉÉLULAS T MADURASLULAS T MADURAS
��ES NECESARIO PARA ES NECESARIO PARA GENERAR TOLERANCIA NEONATALGENERAR TOLERANCIA NEONATAL........



LAS CLAS CLAS CLAS CLAS CLAS CLAS CLAS CÉÉÉÉÉÉÉÉLULAS T MADURAN EN EL TIMO,LULAS T MADURAN EN EL TIMO,LULAS T MADURAN EN EL TIMO,LULAS T MADURAN EN EL TIMO,LULAS T MADURAN EN EL TIMO,LULAS T MADURAN EN EL TIMO,LULAS T MADURAN EN EL TIMO,LULAS T MADURAN EN EL TIMO,
PERO LA MAYORPERO LA MAYORPERO LA MAYORPERO LA MAYORPERO LA MAYORPERO LA MAYORPERO LA MAYORPERO LA MAYORÍÍÍÍÍÍÍÍA DE ELLAS MUERE ALLA DE ELLAS MUERE ALLA DE ELLAS MUERE ALLA DE ELLAS MUERE ALLA DE ELLAS MUERE ALLA DE ELLAS MUERE ALLA DE ELLAS MUERE ALLA DE ELLAS MUERE ALLÍÍÍÍÍÍÍÍ........................................

�98% de las células muere en el timo, sin inducir 
imflamación o cambios en el tamaño de la glándula....

�Los MACRMACRÓÓFAGOS TFAGOS TÍÍMICOS MICOS fagocitas los timocitos apoptóticos....
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Etapas del desarrollo de timocitos en el TIMOEtapas del desarrollo de timocitos en el TIMO

Cortex
Immature

double

negative &

positive

thymocytes

Medulla
Mature

single

positive
thymocytes

DP

CD3+ pTα:β

DN

CD3+ pTα:β
CD25-, CD44-
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CD3+ TcRαβ+

DN

CD25+

CD44+

DN

CD25-

CD44+

DN

CD25+, CD44low

SP

CD3+ TcRαβ+
CD8+

CD3+ TcRαβ+
CD4+

SP



98%

El desarrollo de la cEl desarrollo de la cééllula T estllula T estáá marcado por el cambio marcado por el cambio 
de expreside expresióón de moln de molééculas de superficieculas de superficie

As T cells mature in the thymus they change their expression of TCR-

associated molecules and co-receptors.

These changes can be used as markers of their stage of maturation markers of their stage of maturation 
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Large
double
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TCRαβ +
CD4+
CD8+

Small
double
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γδTCR+
CD3+

CD4-, 8-

γδ

CD3+

TCRαβ +
CD4+

Single
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TCRαβ +
CD8+

Single
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La primer decisión que deben tomar los timocitos en 
desarrollo es entre su diferenciación hacia linfocitos T 

αβ ο γδ αβ ο γδ αβ ο γδ αβ ο γδ 

Notch

Notch

Notch

NotchEl rearreglo de los loci γ δ y β
comienza simultáneamente   

Timocitos CD4- CD8- TCR-

TCR αβ ο TCR γδ ?



En  el timo fetal humano, la 

expresión de los TCRTCRγδγδ
comienza alrededor de la comienza alrededor de la 
99ºº semana de gestacisemana de gestacióónn, 
seguido de la expresión de los 
TCRαββββ a las 10º semanas…….

•En el ratón, la expresión 
del TCRγδ asociado a CD3 
en la superficie celular, 
ocurre 3 o 4 días después 
de la llegada los 
precursores al timo, 
mientras que los TCRαββββ se 
expresan 2 o 3 días más 
tarde.   



Nature Immunology 8, 137 - 144 (2007) 











Rearreglo del TCRRearreglo del TCRRearreglo del TCRRearreglo del TCR

DNCD25+,
CD44low

V D J C

Germline configuration

V DJ C

D-J fusion

DN
CD25+

CD44+

DN
CD25-

CD44+

C region spliced to VDJ fusion and β-chain protein produced in cytoplasm
No TCR at cell surface

V DJ C

V-DJ fusion



DN CD3+ very low

pTα:β
CD25- CD44-

1. La célula prolifera rápidamente para permitir la expansión clonal. Las 

células hijas 

expresan la misma cadena β� .

2. El rearreglo satisfactorio de la cadena  β inhibe el rearreglo de la cadena β
del 2º cromosoma (exclusión alélica)….

RECEPTOR Pre TCR RECEPTOR Pre TCR RECEPTOR Pre TCR RECEPTOR Pre TCR RECEPTOR Pre TCR RECEPTOR Pre TCR RECEPTOR Pre TCR RECEPTOR Pre TCR 

TCR

β-chain

preTCR

α-chain
TCR

β-chain

preTCR

α-chain

CD8CD4

DP
CD3+ low

pTα:β
CD25- CD44-

CD4+ CD8+





Rearreglo del TCRRearreglo del TCRαααααααα

TCRα línea germinal

J CV

V-J rearreglado

TCR α 1° transcripto

Spliced TCR α mRNA

CD3+ TCRαβ+

DP

Las células T pueden ahora reconocer antígenos 

propios e interactuar con MHC class I y II a través 

de CD4 y CD8….

La La SELECCISELECCIÓÓNN puede comenzarpuede comenzar…………

Cuando la proliferación cesa, se inicia

el rearreglo de la cadena α…..
DP

CD3+ low

pTα:β
CD25- CD44-

CD4+ CD8+



•La exclusión alélica es escasa o nula en el locus de la 
cadena αααα: pueden producirse reordenamientos 
funcionales en ambos cromosomas…..

•El 30% de los LTm expresan dos TCR distintos, con la 
misma cadena ββββ pero con diferentes cadenas αααα, sin 
embargo uno de ellos carecería de función, ya que ssóólo lo 
se necesita un TCR para la seleccise necesita un TCR para la seleccióón positiva.n positiva.

Rearreglo del gen Rearreglo del gen αααααααα--TCRTCR
RECOMBINACIRECOMBINACIÓÓN SOMN SOMÁÁTICATICA





TIMO de 
ratón

5 x 107 por día 2 x 106 por día

¿¿CCóómo el TIMO elige aquellas mo el TIMO elige aquellas 
ccéélulas que son lulas que son úútiles????tiles????



Retención de timocitos que expresan TCRs que están 
RESTRICTOS en su reconocimiento por MHC 

propio...
....Selección de lo  ÚTIL....

SELECCIÓN POSITIVA

Selección NEGATIVA

Remoción de timocitos que expresan TCRs que reconocen 
antígenos propios presentados por MHC propio con alta 
afinidad o que no tienen afinidad por el MHC propio.

..... Selección de lo DADAÑÑIIÑÑO E INO E INÚÚTIL....TIL....

SELECCISELECCISELECCISELECCISELECCISELECCISELECCISELECCIÓÓÓÓÓÓÓÓN.....N.....N.....N.....N.....N.....N.....N.....
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double
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Medulla
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single

positive
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SelecciSelecciSelecciSelecciSelecciSelecciSelecciSeleccióóóóóóóónnnnnnnn positiva y negativa ocurren en distintospositiva y negativa ocurren en distintospositiva y negativa ocurren en distintospositiva y negativa ocurren en distintos
microambientes.....microambientes.....microambientes.....microambientes.....

SP

CD3+ TcRαβ+
CD8+ or CD4+

Cortical

epithelial

cells

DNProliferation

CD3-

DP
Positive selection

CD3+ TcRαβ+

DP
Negative selection

CD3+ TcRαβ+

Dendritic

cells medullary 
Epithelial cells &

Macrophages



Nature Reviews Immunology 6, 127-135 (February 2006) 

a | Double-positive 

(DP) thymocytes that 

are generated in the 

thymic cortex are 
selected for their T-
cell receptor (TCR) 
recognition 
specificity by 
interacting with 
peptide–MHC 
complexes that are 
presented in the 
cortex by cortical 
thymic epithelial 
cells (cTECs) and 
dendritic cells

El TCR El TCR 
reconoce el reconoce el 
complejo complejo 
MHCMHC--ppééptidoptido
a trava travéés de s de 
interacciones interacciones 
de baja de baja 
avidezavidez

-- SeSeññales de supervivenciaales de supervivencia
-- DiferenciaciDiferenciacióón a timocito SP (n a timocito SP (solo solo 
el 2el 2--3% de los timocitos3% de los timocitos))

El TCR El TCR 
reconoce el reconoce el 
complejo MHCcomplejo MHC--
ppééptidoptido
a trava travéés de s de 
interacciones de interacciones de 
alta avidezalta avidez

DP DP 

Tolerancia Tolerancia 
centralcentral





SelecciSeleccióón n 
negativanegativa

SELECCISELECCISELECCISELECCISELECCISELECCISELECCISELECCIÓÓÓÓÓÓÓÓN N N N N N N N 
NEGATIVA: LosNEGATIVA: LosNEGATIVA: LosNEGATIVA: LosNEGATIVA: LosNEGATIVA: LosNEGATIVA: LosNEGATIVA: Los

timocitos que timocitos que timocitos que timocitos que timocitos que timocitos que timocitos que timocitos que 
reaccionan con reaccionan con reaccionan con reaccionan con reaccionan con reaccionan con reaccionan con reaccionan con 
alta afinidad alta afinidad alta afinidad alta afinidad alta afinidad alta afinidad alta afinidad alta afinidad 
con complejos con complejos con complejos con complejos con complejos con complejos con complejos con complejos 
MHCMHCMHCMHCMHCMHCMHCMHC--------ppppppppééééééééptido ptido ptido ptido ptido ptido ptido ptido 
propios mueren propios mueren propios mueren propios mueren propios mueren propios mueren propios mueren propios mueren 
rrrrrrrráááááááápidamente pidamente pidamente pidamente pidamente pidamente pidamente pidamente 



Nature Reviews Immunology 6, 127-135 (February 2006) 

b | Positively selected thymocytes are induced to 

express CC-chemokine receptor 7 (CCR7) as well 

as to undergo the programme of differentiation undergo the programme of differentiation 
into singleinto single--positive (SP) thymocytespositive (SP) thymocytes, and CCR7-
expressing thymocytes are attracted to the CCR7 

ligands, CC-chemokine ligand19 (CCL19) and 

CCL21, which are produced by medullary TECs 

(mTECs) and mainly localized in the medulla.



Si el TCR de un linfocito reconoce 

péptidos propios presentados por 

moléculas MHC I y al mismo tiempo  

la molécula CD8 interacciona con las 

moléculas MHC I, dicha célula recibe 

señales que evitan su muerte y 

favorecen que finalice su 

maduración…. Para continuar con el 

proceso madurativo, el linfocito debe 

seguir expresando su TCR y CD8 

aunque perderá la expresión de CD4. 

El resultado final es la formaciEl resultado final es la formacióón de n de 
un LTCD8un LTCD8++ restringido por MHC Irestringido por MHC I.
Del mismo modo se generan los 

LTCD4+ restringidos por MHC II

Programa de Programa de 
diferenciacidiferenciacióón a timocitos n a timocitos 

SPSP

MMÉÉDULDUL
AA

CORTEZCORTEZ
AA

Permanece Permanece 
hasta 12 dshasta 12 ds



c | In the medulla, newly generated SP thymocytes are further selected by the medullary stromal cells, 

including autoimmune regulator (AIRE)-expressing mTECs, so that the cells that 
are reactive to tissue-specific antigens can be deleted. The maturation of SP thymocytes in the medulla 

includes the production of regulatory T cells and the expression of sphingosine-1-phosphate receptor 1 

(S1P1).

S1P1-expressing mature T cells seem to be attracted to the circulation, where the concentration of S1P is 

high. FOXP3, forkhead box P3.

CD62LCD62Lhighhigh

Tolerancia Tolerancia 
centralcentral

mTEC mTEC 
expresan el expresan el 
regulador regulador 
autoinmune autoinmune 
(AIRE)(AIRE)

Autoinmunidad Autoinmunidad 
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EL TIMO acepta aquellas cEL TIMO acepta aquellas céélulas T que caen en una lulas T que caen en una 
estrecha ventana de afinidad por molestrecha ventana de afinidad por molééculas MHCculas MHC

Number

of cells

Affinity of TCR/MHC interaction

Low High

Useless

Neglect
Useful

Positively select
Harmful

Negatively select





¿¿CCóómo se establece la toleranciamo se establece la tolerancia
frente a antfrente a antíígenos que no se expresan en el genos que no se expresan en el 

timo?timo?

PERIFPERIFÉÉRICA O ANERGIARICA O ANERGIA……



Mecanismos de tolerancia perifMecanismos de tolerancia perifééricarica







CCéélulas  Th coestimulan clulas  Th coestimulan céélulas Blulas B
Modelos de activaciModelos de activacióónn

YYY
B

T cell antigen receptor

Co-receptor (CD4)

CD40 Ligand (CD154)

Th

Signal 2 - T cell help

CD40

MHC class II

and peptide

Signal 1 antigen & antigen
receptor

ACTIVATION





Figure 6-17 part 1 of 2

Eventos intracelulares durante la activaciEventos intracelulares durante la activacióón celularn celular





Las cLas céélulas T son lulas T son 
coestimuladas...coestimuladas...

APC Th

Signal 1 antigen & antigen

receptor

Signal 2

B7 family members (CD80 & CD86) CD28

ACTIVATION

Costimulatory molecules are expressed by most APC including dendritic cells, 

monocytes, macrophages, B cells etc., but not by cells that have no not by cells that have no 
immunoregulatory functions such as muscle, nerves, hepatocytes, immunoregulatory functions such as muscle, nerves, hepatocytes, 
epithelial cells epithelial cells ,etc.



IL-2

IL-2Rαααα

Express IL-2 receptor-

β and γ chains but no 
α chain or IL-2

ExpresiExpresióón de la cadena n de la cadena αααααααα de ILde IL--2R2R en cen céélulas T lulas T 

Signal 1

NFAT binds to the promoter of of the

α chain gene of the IL-2 receptor

The The αααααααα chain converts the ILchain converts the IL--2R to a high 2R to a high 
affinity formaffinity form

IL-2

IL-2Rαααα

1

Antigen

Resting T cells

Low affinity IL-2 

receptor



IL-2

IL-2Rαααα

1

Antigen

2

Costimulation

Signal 2

Activates AP-1 and NFκ-B to increase IL-
2 gene transcription by 3 fold

Stabilises and increases the half-life of IL-

2 mRNA by 20-30 fold

IL-2 production increased by 100 fold 

overall

Mecanismo de coMecanismo de co--estimulaciestimulacióón en cn en céélulas T lulas T 

Immunosuppressive drugs illustrate the importance of IL-2 in immune responses

Cyclosporin & FK506 inhibit IL-2 by disrupting TCR signalling

Rapamycin inhibits IL-2R signalling



IL-2

IL-2Rαααα

1

Antigen

Epithelial

cell

Naïve
T cell

Signal 1

only

AnergiaAnergia

The T cell is unable to produce IL-2 and 
therefore is unable to proliferate or be 

clonally selected.

Unlike immunosupressive drugs that 
inhibit all specificities of T cell, signal 1 in 

the absence of signal 2 causes antigen 
specificT cell unresponsiveness.

Self peptide epitopes presented
by a non-classical APC e.g. an
epithelial cell







Naive T cells continually circulate through 

secondary lymphoid organs and the spleen in 

search of their cognate peptide–MHC complex on 

the surface of antigen-presenting cells. 

They enter lymph nodes across specialized high 

endothelial venules (HEVs) and return to the 

circulation through efferent lymphatics and the 

thoracic duct. 

Following activation in the lymph Following activation in the lymph 
node, T cells differentiate into node, T cells differentiate into 
effector T cells (such as T helper (Teffector T cells (such as T helper (THH) ) 
cells and cytotoxic T cells), some of cells and cytotoxic T cells), some of 
which migrate towards the Bwhich migrate towards the B--cell cell 
follicle to provide help to B cells follicle to provide help to B cells 
(follicular B helper T cells)(follicular B helper T cells). 
A subset of CD4+effector T cells together with 

CD8+ effector T cells leave the lymph node, return 

to the circulation through the lymph system, and 

might enter a wide range of extralymphoid tissues, 

where they help to coordinate immune responses in 

the periphery. DC, dendritic cell; TCR, T-cell 

receptor.

Nature Reviews Immunology 6, 682-692 (September 2006)





Following their activation in secondary 

lymphoid tissues, effector T cells gain the 
ability to enter a wide range of extralymphoid 
tissues. Certain lymphoid tissues (small-
intestinal, skin and cervical lymph nodes) 
seem to generate effector T-cell populations 

with enhanced tropism for the tissues that 
they drain. So, the small intestine and skin 
seem to selectively recruit intestinal- and 
skin-lymph-node-primed T cells, 
respectively, from the circulating effector T-
cell pool. For simplicity, the skin, small 
intestine and brain are depicted as collecting 
only those effector populations generated in 
the relevant draining lymph node. However, 
there is likely to be redundancy in the 
system so that effector T-cell populations 
generated in other lymph nodes can enter 
these sites, albeit to a lesser extent. It is 
currently unclear whether T cells primed in 
lymph nodes that drain extralymphoid 
tissues such as the colon, lungs, liver and 
kidney display enhanced tropism for the 
tissues that they drain; however, effector T-
cell populations generated in non-draining 
lymph nodes can readily enter the lungs and 
liver.







MolMolMolMolMolMolMolMolééééééééculas efectoras secretadas por culas efectoras secretadas por culas efectoras secretadas por culas efectoras secretadas por culas efectoras secretadas por culas efectoras secretadas por culas efectoras secretadas por culas efectoras secretadas por 
ccccccccéééééééélulas efectoras activadaslulas efectoras activadaslulas efectoras activadaslulas efectoras activadaslulas efectoras activadaslulas efectoras activadaslulas efectoras activadaslulas efectoras activadas……………………

Cytotoxicity Macrophage 
enhancement

Allergy Neutrophil 
recruitment

Epithelial cell 
activation

Down 
regulation of 

immune 
response



Citocinas secretadas por las distintas Citocinas secretadas por las distintas Citocinas secretadas por las distintas Citocinas secretadas por las distintas Citocinas secretadas por las distintas Citocinas secretadas por las distintas Citocinas secretadas por las distintas Citocinas secretadas por las distintas 
poblaciones de linfocitos efectorespoblaciones de linfocitos efectorespoblaciones de linfocitos efectorespoblaciones de linfocitos efectorespoblaciones de linfocitos efectorespoblaciones de linfocitos efectorespoblaciones de linfocitos efectorespoblaciones de linfocitos efectores









Figure 6-23
ExpresiExpresióón de moln de molééculas de culas de 

superficie por las csuperficie por las céélulas TCD4lulas TCD4++



Las citocinas derivadas de APC Las citocinas derivadas de APC 
influyen en la diferenciaciinfluyen en la diferenciacióón de cn de céélulas lulas 

ThTh



DiferenciaciDiferenciacióón de cn de céélulas Thlulas Th



Immunology and Cell Biology (2007) 
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Adapted from Iwakura & Ishigame, J Clin Invest 116:1218-1222 (2006)
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Adapted from Stockinger, Immunity, 26:278-279, 2007
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Nature Reviews Immunology 2, 933-944 (December 2002)







Nature Reviews Immunology 9, 125-135 (February 2009)



• a | T
H
2 cell interaction with naive B cells leads to immunoglobulin class switch to IgE and expansion of 

allergen-specific memory B cells. b | IgE produced by plasma cells sensitizes mast cells and basophils 
by binding to surface Fc  RI. c | The crosslinking of basophil and mast-cell surface Fc  RI-bound IgE by 
B-cell epitopes of allergens leads to the release of vasoactive amines (such as histamine), lipid 
mediators (such as prostaglandin D 2 (PGD

2
), platelet-activating factor (PAF), leukotriene (LT) C4 

(LTC
4
), LTD

4
and LTE

4
, cytokines and chemokines, and to the immediate symptoms of allergic 

disease (type I hypersensitivity), including pruritis, wheal and flare, nasal conjunctival discharge, 
angioedema, systemic anaphylaxis and bronchoconstriction. T regulatory (T

Reg
) cells modulate type-1 

hypersensitivity reactions by: suppression of IgE and induction of blocking antibodies by interleukin 10 

(IL-10), suppression of mast-cell tissue infiltration by IL-10 and TGF β , and suppression of T
H
2 cells 

by IL-10 and TGFb. MHC, major histocompatibility complex; TCR, T-cell receptor.



ILIL--27 induces 27 induces 
proliferation of proliferation of 
naive T cells naive T cells 
and and is a strong is a strong 
inducer of inducer of 
IFNIFN--γγγγγγγγ
productionproduction, , 
particularly particularly in in 
synergy with synergy with 
ILIL--12 and IL12 and IL--
18. 18. 







Immunology and Cell Biology (2010) 88, 621–623



Immunology and Cell Biology (2010) 88, 502–504





Etapas en la generaciEtapas en la generacióón de cn de céélulas Th17 lulas Th17 

The activation of naive T cells in the presence of TGF-β and IL-6 initiates the Th17 

differentiation pathway. Th17 cells produce IL-21, which further amplifies Th17 generation 

in an autocrine manner. IL-21 also induces the IL-23R on differentiated Th17 cells to make 

them responsive to IL-23 signaling. IL-23 stabilizes the Th17 phenotype by secreting IL-

17A, IL-17F and IL-22 and helping Th17 cells to acquire effector functions. STAT-3 plays 

an important role in Th17 differentiation, amplification and stabilization as IL-6, IL-21 and 

IL-23 signals through STAT-3. 

(Awasthi and Kuchroo, International Immunology, 2009)

The activation of naive T cells in the presence of TGF-β and IL-6 initiates the Th17 

differentiation pathway. Th17 cells produce IL-21, which further amplifies Th17 generation 

in an autocrine manner. IL-21 also induces the IL-23R on differentiated Th17 cells to make 

them responsive to IL-23 signaling. IL-23 stabilizes the Th17 phenotype by secreting IL-

17A, IL-17F and IL-22 and helping Th17 cells to acquire effector functions. STAT-3 plays 

an important role in Th17 differentiation, amplification and stabilization as IL-6, IL-21 and 

IL-23 signals through STAT-3. 

(Awasthi and Kuchroo, International Immunology, 2009) 



Nature Reviews Immunology 10, 479-489 (July 2010)



Regenerating (REG) proteins

RAE1, retinoic acid early transcript 1

SCA1, stem cell antigen 1



Lundy et al. Arthritis Research & Therapy 2007



� Schematic diagram of the putative interactions of pathogenic Th17 cells in the synovial microenvironment. Induction of T-cell 

responses in rheumatoid arthritis (RA) is initiated by T-cell receptor (TCR) interaction with shared epitope major 

histocompatibility complex class II (MHCII-SE) and peptide on antigen-presenting cells (APCs) either systemically or in the 

synovium. Accessory molecules expressed by APCs, including ICAM-1 (intercellular adhesion molecule-1) (CD54), OX40L 

(CD252), inducible costimulator (ICOS) ligand (CD275), B7-1 (CD80), and B7-2 (CD86), participate in T-cell activation by 

binding lymphocyte function-associated antigen (LFA)-1 (CD11a/CD18), OX40 (CD134), ICOS (CD278), and CD28. 

Activated fibroblast-like synoviocytes (FLS) may also participate in antigen presentation and have additional accessory 

molecules such as LFA-3 (CD58) and ALCAM (activated leukocyte cell adhesion molecule) (CD166) which interact with T 

cell-expressed CD2 and CD6, respectively. Cytokines interleukin (IL)-6 and transforming growth factor-beta (TGF-β), most 

likely derived from activated APCs, signal the T cell to differentiate into IL-17-producing Th17 cells. IL-17 has independent 

and synergistic effects with other proinflammatory cytokines (tumor necrosis factor-alpha [TNF-α] and IL-1β) in the 

synovium to induce further cytokine release, matrix metalloproteinase production, RANK/RANK ligand (CD265/CD254) 

expression, and osteoclastogenesis. CD40L (CD154) interaction with CD40 also leads to activation of synovial 

monocytes/macrophages (Mo/Mac), FLS, and B cells. Although present in the synovia of most patients with RA, CD4+CD25hi 

regulatory T (Treg) cells are ineffective at controlling inflammation and may be deactivated by synovial TNF-α. IL-10 is 

abundant in synovial fluid but its effect on Th17 regulation has yet to be determined. Expression of accessory molecules on 

Th17 cells, as denoted in the figure, are speculative and are inferred from expressions found on non-subdivided T-cell 

populations in animal models. Further investigation is necessary to directly demonstrate expression of these structures on the 

Th17 cell subset in human RA synovium. DC, dendritic cell; RANK, receptor activator of nuclear factor-kappa B.



In the 'IL-23/Th17 axis' model for psoriasis, Th17 
lymphocytes (Th17) interact with skin-resident cells, 
contributing to the psoriatic phenotype. In the dermis, 

IL-23, secreted by dermal dendritic cells (DDC), is able 
to induce Th17 lymphocyte activation with the 
consequent release of proinflammatory cytokines, such 
as IL-17A, IL-17F, IL-22, and IL-26. IL-17A, IL-17F, and 
IL-22 act on keratinocytes (KC) leading to epidermal 
hyperplasia, acanthosis, and hyperparakeratosis. 
Dermal CCR5+CXCR3+CXCR6+ Th1 and epidermal 
VLA-1+ Tc1 lymphocytes are activated by DDCs and 

produce TNF-α and IFN-γ , contributing to the 
pathogenesis of the disease. KC hyperproliferation 
might also be influenced by fibroblasts, which can 
release keratinocyte growth factor (KGF) through TNF-
α stimulation. In the context of this proinflammatory 
milieu, activated KCs might produce IL-23, which could 
mediate a cross-talk with Th17 lymphocytes in synergy 
with IL-23 coming from DDC. Th17 cells induce KC to 
produce IL-8 and antimicrobial peptides (for example, 

S100A8, S100A9, and defensin β 1/2) for recruitment of 
neutrophils, cathelicidin for activation of plasmacytoid 
dendritic cells (PDC), and vascular endothelial growth 
factor (VEGF) with resulting angiogenesis. 

•Journal of Investigative Dermatology  ISSN: 0022-202X  © 2009 Society for Investigative 
Dermatology



Interleukin-22-producing T cells: a specialized 
population involved in skin inflammation?



Immunology and Cell Biology (2009) 87, 574–576

Differentiation of IL-22-producing T cells ('Th22') is induced 
or enhanced by aryl hydrocarbon receptor (AHR) ligands, 
such as β-naphthoflavone (β-NF), 8-tetrachlorodibenzo-p-

dioxin (TCDD) or 6-formylindolo[3,2-b]carbazole (FICZ), 

which promote IL-22 production while inhibiting the 

production of IL-17. 

retinoid-related orphan receptor (RORC)



In humans, TCDD can produce the skin condition 

known as chloracne; chloracne; the possibility that it also 

produces cancer, endocrine alterations, immunological 
changes, and/or birth defects (as it does in animals) is 
the subject of debate. Many individuals have been 
exposed to TCDD, primarily from dietary sources, 
although occupational and accidental exposures have 
also occurred.

88--tetrachlorodibenzotetrachlorodibenzo--pp--
dioxin dioxin 





Follicular  helper T (Tfh) cells can be considered a separable T 

helper cell subset specialized to regulate the evolution of 
effector and memory B cell responses (Fazilleau et al.,2007b; King et al., 2008;Vinuesa et al., 

2005b).







¿¿CCÓÓMO SE ACTIVA LA MO SE ACTIVA LA 
CCÉÉLULA TCD8LULA TCD8++??



Nature Immunology  2, 669 - 670 (2001)

Re arreglos del Re arreglos del 
TCR y TCR y 
correceptor al correceptor al 
pasar de una pasar de una 
ccéélula T nalula T naïïve a ve a 
ccéélula T lula T 
activadaactivada…………





ActivaciActivacióón DIRECTA del precursor de cn DIRECTA del precursor de céélulas lulas 
CTL CD8CTL CD8++ por una DC infectada por viruspor una DC infectada por virus

•• Signal 1 from TCRSignal 1 from TCR--MHC /viral MHC /viral 
peptide)peptide)

•• Signal 2 from CD28Signal 2 from CD28--CD80/86 on DCCD80/86 on DC

•• CTL then produces both ILCTL then produces both IL--2 and IL2 and IL--
2R2R

•• Autocrine stimulated CTL activationAutocrine stimulated CTL activation





Nature Reviews Immunology 4, 900-911 (November 2004)

T-bet expression is induced by signalling 

through the T-cell receptor (TCR) and the 

interferon-γ (IFN- γ ) receptor (IFN- γ R). T-

bet then induces the expression of the 

effector molecules IFN-γ , perforin and 

granzyme B. Eomesodermin (EOMES) also 

induces the expression of IFN-γ and 

perforin. There is a CD28-dependent 

pathway that activates the expression of FAS 

ligand (FASL) either directly or through the 

transcription factors NFAT (nuclear factor of 

activated T cells), EGR2 (early growth 

response 2) and EGR3. At present, the 

signals that induce expression of EOMES 

and the possible interactions between T-bet 

and EOMES are unclear. APC, antigen-

presenting cell.



ACTIVACIÓN 
PARACRINA

ACTIVACIÓN DE DC  
POR ThLa interacción CD40- CD40L
induce la expresión de B7 en la 

CPA, capacitándola así para 

coestimular a la células TCD8 

naïve

ActivaciActivacióón INDIRECTA del precursor de n INDIRECTA del precursor de 
ccéélulas CTL CD8lulas CTL CD8++ por una TCD4por una TCD4++





CD8+ Näive

Primary effectorsPrimary effectors

Cytolytic (+)

Cytokine (-)

Cytolytic (+)

Cytokine (+)

Cytolytic (-)

Cytokine (+)

Perforin+

Granzyme B+

INF-γγγγ

TNF-αααα

Perforin+

Granzyme B+

INF-γγγγ;TNF-αααα

IL-10;IL-4;IL-5

Perforin-

Granzyme B-

INF-γγγγ +

TNF-αααα +

Tc1

Tc2

GeneraciGeneracióón de cn de céélulas CD8lulas CD8++ efectorasefectoras



Mecanismos lMecanismos lííticosticos
• Exocitosis de gránulos - vía predominante 

(FAST KILLING)
– granzimas y perforinas

• Expresión en la superficie celular de 
moléculas efectoras de la familia TNF 
(SLOW KILLING)
– TNF de Membrana, linfotoxina, Fas-L, Trail

• Secreción de citocinas tóxicas solubles 
(SLOW KILLING)
– TNF e IFN-γ





Nature 407, 789-795(12 October 2000)

CD95 signalling pathway 

(including DISC formation) 

used in type I and type II 

cells (see text). TPA, 12-O-

tetradecanoylphorbol-13-

acetate; PKC, protein kinase 

C; MAPK, mitogen-activated 

protein kinase; CASP, 

caspase; AIF, apoptosis-

initiating factor; CAP3, 

cytotoxicity-dependent Apo-

1-associated protein 3).

Nature Reviews Immunology 6, 940-952 (December 2006)



Nature Immunology 10, 683 - 685 (2009)

Naive CD8Naive CD8++ cytotoxic T cells differentiate into functionally competent CTLcytotoxic T cells differentiate into functionally competent CTLs when they receive the s when they receive the 
appropriate cytokine stimulation, such as ILappropriate cytokine stimulation, such as IL--12, IL12, IL--18 or IL18 or IL--21 from antigen21 from antigen--presenting cells (APC) or presenting cells (APC) or 
ILIL--2 from helper T cells, and TCR stimulation2 from helper T cells, and TCR stimulation. After recognition of the target cell (such as a tumor cell, virus-

infected cell or macrophage carrying intracellular bacteria) and the formation of an immunological synapse (IS), the 
microtubule-organizing center (MTOC), Golgi apparatus and secretory granules containing perforin and serine proteases 
(granzymes) are polarized toward the immunological synapse and target cell. The contraction of the granules and therefore 
the extrusion of their content into the synaptic cleft (SC) are facilitated by ASMase. Consequently, wild-type CTLs have much 
stronger cytotoxic activity against target cells ('vanishing' gray) than do ASMase-deficient CTLs (ASMase-KO). After contact 

with the target cell, differentiated CTLs also release certain cytokines (such as IFN- γ ) and chemokines (such as CCL5 
(RANTES)). There is evidence of new synthesis of IFN-γ protein by CTLs after TCR stimulation. The secretion (presumably in 
a synaptic direction) of IFN-γ is largely dependent on ASMase, but IFN-γ protein expression is not. In contrast, CCL5, which 
is reported to be preformed and stored in differentiated CTLs, is secreted in a multidirectional and ASMase-independent way. 

microtubule-organizing center : MTOC
acidic sphingomyelinase: ASMase 





Nature Immunology 8, 1285 - 1287 (2007)

Competition (via consumption) 

by Treg cells for resources for 

growth and/or survival factors 

such as IL-2. 

Cell contact–mediated action of 

membrane-bound suppressive or 

cytotoxic molecules. 

Secretion by Treg cells of diffusible molecules, such as transforming growth 

factor- β(TGF-β) or IL-10, that exert inhibitory actions on effector T cells or 

antigen-presenting cells (APC). 

The consequences of 
cytokine deprivation of 
effector T cells caused by 
Treg cells include 
induction of apoptosis 
(top), interference with T 
cell activation (such as 
through the interruption 
of autocrine cytokine 
loops, as with IL-2; 
middle) or enhancement 
of Treg cell suppressive 
activity (bottom). 
Combining these three 
effects provides a model 
for the known diversity of 
the suppressive activity 
of Treg cells in various 
immunological settings.



Regulatory T cells (Tregs) 

induce activation of 
indolamine 2,3-dioxygenase 

(IDO) in dendritic cells (DCs). 

This is partially mediated via 
the interaction of cytotoxic T 

lymphocyte-associated 

antigen 4 (CTLA-4) expressed 

on Tregs and CD80/86 
expressed on DCs. IDO 

catalyzes the initial and rate-

limiting step of tryptophan 

degradation, resulting in 
tryptophan deficiency. 

Because tryptophan is an 
essential proliferative 
stimulus for effector T 
cells (Teff), these cells 
undergo apoptosis in a 
tryptophan-deprived 

TCD4TCD4+ + 

CD25CD25++



Regulatory T (TReg) cells use several mechanisms to suppress 
the activation and proliferation of conventional T cells. TReg cells 

modulate the functions of antigen-presenting cells (APCs) by 
inhibiting their maturation and blocking the cell surface 

expression of MHC molecules and co-stimulatory molecules 
(CD80 and CD86), thereby attenuating interactions between 

APCs and T cells. TReg cells might have cytolytic effects on 
target T cells, as well as on APCs, through the secretion of 
granzymes and perforin. TReg cells suppress the activation and 

proliferation of T cells through the secretion of inhibitory 

cytokines, such as transforming growth factor-β (TGF β ), 
interleukin-10 (IL-10) and IL-35 and by the consumption of 

cytokines of the common cytokine receptor γ chain (γc) family. 

Deprivation of γγγγc family cytokines 
induces the expression of pro-apoptotic 
proteins by conventional T cells and 
increases their apoptotic rate. CTLA4, 

cytotoxic T lymphocyte antigen 4; LAG3, lymphocyte activation 

gene 3; TSLP, thymic stromal lymphopoietin. 

Nature Reviews Immunology 9, 480-490 (July 2009)



Tregs that are activated by DCs in an antigen-

specific fashion release IL-10. Once released, 

IL-10 inhibits immune reactions not only 

against the initial antigen (  ) but also 

against other antigens (  ,   ) in a 

nonspecific fashion. 
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B-lymphocyte-induced maturation protein 1 (BLIMP1)

Naive T cells express neither B-lymphocyte-induced maturation protein 1 (BLIMP1) nor interleukin-2 (IL-2). Following 
encounter with antigen, activated T cells secrete high quantities of IL-2 and upregulate the IL-2 receptor (IL-2R). Engagement 
of IL-2R by IL-2 results in BLIMP1 transcription in early effector cells. BLIMP1 expression increases in late effector cells and 

represses Il2 expression through an unknown mechanism. By contrast, most effector cytokines such as interferon-γ or 
tumour-necrosis factor appear to be unaffected by BLIMP1 expression. 



Memory precursor effector cells (MPECs)

Eomesodermin (Eomes) 

CD62 ligand (CD62L): L-selectin 
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Cytokines can affect T-cell proliferation and survival at many stages of the immune response. During initiation of the 
T-cell response, interleukin-15 (IL-15) might be involved in dendritic-cell (DC) activation. After T-cell receptor (TCR) 
ligation of peptide–MHC, substantial T-cell clonal expansion occurs and might be driven, in part, by IL-2. IL-15 might 
also enhance the proliferation of antigen-specific T cells. IL-2 can also control the late clonal-expansion phase by 
inducing T-cell death. The massive cell death that occurs during the contraction phase results in the loss of most 
antigen-specific T cells. Both IL-15 and IL-7 might rescue T cells from cell death at this stage, thereby allowing 
memory T-cell generation. Memory T cells are maintained long term by undergoing a low level of proliferation, which 
depends on IL-15. IL-7 seems to be more important for promoting the survival, rather than the growth, of memory T 

cells.
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