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Knowledge about the function of different T cell populations
during infection provides the basis for rational vaccine design
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Stromal Cell

Common Lymphoid Precursor (CLP)

%’3'4 Notch 1-4
(T "
oo )i Rol de Notch en la
“eleccion” del linaje T
i

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

Lehar and Bevan, Immunity, 17:689, 2002




Ontogenia del Linfocito T

o Adquisicion del receptor antigénico GEPERTORlD

o Adquisicion de moléculas de superficie CD : - Marcadores de LINAJE
- Marcadores de DIFERENCIACION
- Marcadores de FUNCION

o Seleccion POSITIVA de células que sean capaces de reconocer

MHC propio GESTRICCIOD
S Seleccion NEGATIVA de células autorreactivas

AUTOTOLERANCIAD

< Diferenciacion de los timocitos a distintos tipos celulares

Linfocitos NKT

Linfocitos TYo

Linfocitos T CD4+ ( Th1/Th2/Th3/Th17/Th9/Th22)
Linfocitos T CD8+ (LTc)




LA GENERACION DEL REPERTORIO DE TCR INVOLUCRA
MECANISMOS AL AZAR....
LA ESPECIFICIDAD DEL TCR EN EL REPERTORIO INMADURO
ES TAMBIEN AL AZAR E INCLUYE CELULAS CON
RECEPTORES QUE SON:

RECONOCIMIENTO
DE ANTIGENOS
EXTRANOS

RECONOCIMIENTO
DE ANTIGENOS
PROPIOS

1. DANINOS 2. INUTILES 3. UTILES
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Milojevic et al. Pediatric Rheumatology 2008 6:20
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Hydrodynamic Focusing
Cells pass through in 'single file'

N

Fluorescence emitted from

/ stained colls detected

. Forward and side scattered
light from all cells detected
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El conocimiento de las moléculas
de superficie permite la
identificacion de los distintos tipos
celulares.....

CITOMETRIA DE FLUJO

(a) Cell Tagging

Helper T-Gell Marker




Metodos

» Seleccion de las diferentes poblaciones de linfocitos T.
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PARAMETROS MEDIBLES POR CF

Parametros
nucleares

Pared celular

Moléculas de
superficie

Porémetros de
superficie

Pioteinas secietfados

extracelulares

Figura 2. Parametros medi-
bles per citometria de flujo




Thymocyte development
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Deletion of T cells with

high avidity for self MHC

(which otherwise could
cause autoimmunity)

W0 i By
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Developing T cells T cells that can T cells that can

{each with different TCR) interact with MHC interact with MHC

with only low avidity

Peripheral lymphoid system
Maturation

Binding of pathogenic peptides to MHC @H"d seeding

leads to high-avidity interactions with -f————— ’(} ¥ B S

the TCR and results in T-cell activation () W
i -

The repertoire of T cells is shaped by both positive and negative selection
Expert Reviews in Molecular Madicine © 1999 Cambridge University Press




Todas las células autorreactivas o imitiles son
- removidas.....Sin embargo las MHC-restrictas son
retenidas....

Random TcR
repertoire
ensures diversity

Harmful Useless Useful

Seleccion  pop necLicencia SELECCION
NEGATIVA POSITIVA
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El desarrollo de los linfocitos T comienza en la
médula 6sea y pero los eventos mas importantes

ocurren en el timo
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EL TIMO SE REQUIERE PARA LA
MADURACION DE CELULAS T

Athymic mice (nude) and humans (DiGeorge syndrome)

are immunodeficient due to a lack of T cells

- I

Neonatal thymectomy No mature T cells
In adult

_’

Thymus intact Mature T cells
In adult
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Roles DE LA MEDULA OSEA Y EL TIMO

EN LA MADURACION DE CELULAS T

Defective lymphocyte

production
Normal thymus e
scid/scid

No mature T cells
In adults

Thymus defect
Normal bone
marrow ‘&. '

nu/nu

No mature T cells
In adults




LA MEDULA OSEA PROPORCIONA CELULAS T...
MADURAN EN EL TIMO.....

T
- (@

J Bone marrow transplant

Thymus graft

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

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




_LAS CELULAS T MADURAN

Adult Neonate
l T cells not yet left thymus

ZAL..ZAL..

Mature T & B cells No T cells
Mature B cells present

;Pr\u [\w‘




LAS CELULAS T MADURAN EN EL TIMO,
PERO LA MAYORIA DE ELLAS MUERE ALLI.....

T cell selection

affinity too low: intermediate | affinity too high
E affinity

positively selected % positively & pegatively
i oselected @ selected

"death by neglect” =:"-;;.:'rm\'i\'e deleted

frequency of clones

nominal affinity of TCR for "self”

+98% de las células muere en el timo, sin inducir

imflamacion o cambios en el tamaio de la glandula....
*Los MACROFAGOS TIMICOS fagocitas los timocitos apoptoticos....




DISTRIBUCION
DE LOS
DISTINTOS
TIPOS
CELULARES EN
EL TIMO




ETAPAS EN EL DESARROLLO TEMPRANO DE CELULAS T
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Etapas del desarrollo de timocitos en el TIMO
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El desarrollo de la céllula T esta marcado por el cambio
= de expresion de moléculas 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
Large Small -
Double > dougle double Solgig[gilvee
negative positive positive P
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TCRap +
CD8+
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Timocitos CD4- CD8- TCR-

El rearreglo de los loci Y3y B

comienza simultaneamente
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Figure 7-22 Immunobioclogy, 7ed. (© Garland Science 2008)
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del TCRyd asociado a CD3
~en la superficie celular,
ocurre 3 o 4 dias despueés
de la llegada los
precursores al timo,
mientras que los TCRap se
expresan 2 o 3 dias mas

tarde.
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14 15 16 17 18 19 Birth ' Adult
Days of gestation

Desarrollo de los LTyd

En el timo fetal humano, la
expresion de los TCRYyo
comienza alrededor de la

9° semana de gestacion,
seguido de la expresion de los
TCRof a las 10° semanas.......




cion de las células

Small intestinal epithelium

Nature Immunology 8, 137 - 144 (2007)




Generacion del TCR:
RECOMBINACION SOMATICA

LV,1 LVen LVs1l LVgn Dﬁmﬁz 52 Cy  LVs5 J10,2 Jon C,

Germ-line a-chain DNA 5’-'-. H

LVl LVe2 LV ) Jon €,
Rearranged a-chain DNA

Protein product aff heterodimer

Rearranged B-chain DNA

L Vg
Germ-line B-chain DNA sl -
Figure 9-6

Kuby IMMUNOLOGY, Sixth Edition
© 2007 W.H. Freeman and Company
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Kuby IMMUNOLOGY, Sixth Edition
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TABLE 9-2 TCR multigene families in humans

NO. OF GENE SEGMENTS*

Chromosome
Gene location Vv D J C
o Chain 14 54 61 1
d Chaint 14 3 3 3 1
B Chain* 7 67 2 14 2
v Chain$ 7 14 5 2

*Not all gene segments listed here give rise to TCR products; pseudo-
genes are included in this list.

'The 3-chain gene segments are located between the V_and J segments.

*There are two repeats, each containing one DE‘f six or seven JB' and one

Cﬂ.

SThere are two repeats, each containing two or three : and One C,.

Table 9-2
Kuby IMMUNOLOGY, Sixth Edition
© 2007 W H.Freeman and Company




IR Bl  Sources of possible diversity in mouse immunoglobulin and TCR genes
IMMUNOGLOBULINS ap T-CELL RECEPTOR 8 T-CELL RECEPTOR

Mechanism of diversity H Chain k Chain o Chain p Chain + Chain & Chain
ESTIMATED NUMBER OF FUNCTIOMNAL GEME SEGMENTS*

Vv 101 85 79 21 7 6
D 13 0 0 2 0
J 4 4 38 mn 3 2

POSSIELE NUMBER OF COMBINATIONS!

Combinatorial V-J 101X 13X 4 85 x4 79 X 38 21X 2X 11 TX3 6X2X2
and V-D-J joining 5.3x10° 3.4 x10? 3.0x10° 4.6 X 102 21 24
Alternative joining - - - - - 4§

of D gene segments (some) (often)
Junctional flexibility + + + + + +
N-region nuclectide addition* + - + + + 4
P-region nucleotide addition + + + + + +
Somatic mutation + + - - - &
Combinatorial association of chains + + +

*Immunoglobulin data from Table 5-2; TCR data from Baum et al., 2004, Nucleic Acids Research 32:D51.

A plus sign (+) indicates mechanism makes a significant contribution to diversity but to an unknown extent.
A minus sign (—) indicates mechanism does not operate.

*See Figure 9-8d for theoretical number of combinations generated by N-region addition.

Table 9-3
Kuby IMMUNQLOGY, Sixth Edition
@ 2007 W.H. Freeman and Company
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CD25+,
CD44low
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Germline configuration
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V-DJ fusion

C region spliced to VDJ fusion and B-chain protein produced in cytoplasm




RECEPTOR Pre TCR

preTCR TCR CD4 CD8 preTCR TCR
a-chain B-chain a-chain B-chain

.

CD3+ low
CD3+ very low -
pTa:B _pTas
CD25- CD44- 025 CDas

1. La célula prolifera rapidamente para permitir la expansion clonal. Las
células hijas
expresan la misma cadena f3 .
2. El rearreglo satisfactorio de la cadena p inhibe el rearreglo de la cadena 3
del 2° cromosoma (exclusion alélica)....

\ —




Cell becomes
permissive for

S|gnals\ Stops additional
TCR B-chain locus

TCR o-chain locus arrangements
arrangement (allelic exclusion)
Stimulates Stimulates
expression proliferation
of CD4 and

CD8 coreceptors




Rearreglo del TCRQ

@ pTa:p Cuando la proliferacion cesa, se 1icia
CD25- CD44- el rearreglo de la cadena a.....

CD4+ CD8+

v

| C
TCRa linea germinal I I I I -
V-] rearreglado I I I I I -
TCR a 1° transcripto

Spliced TCR @ mRNA
Las celulas T pueden ahora reconocer antigenos
propios ¢ interactuar con MHC class I y II a traves
de CD4 y CDS....

La SELECCION puede comenzar......
CD3* TCRof"




Rearreglo del gen o~-TCR
RECOMBINACION SOMATICA

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

*El 30% de los LTm expresan dos TCR distintos, con la
misma cadena 3 pero con diferentes cadenas o, sin
embargo uno de ellos careceria de funcion, ya que solo
se necesita un TCR para la seleccion positiva.
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Figure 9-9a
Kuby IMMUNOLOGY, Sixth Edition
© 2007 W.H.Freeman and Company




®e

5 x 107 por dia 2 x 10% por dia

cComo el TIMO elige aquellas
células que son utiles????




————

~ SELECCION.....

SELECCION POSITIVA

Retencion de timocitos que expresan TCRs que estan
RESTRICTOS en su reconocimiento por MHC
propio...

....Seleccion de lo UTIL....




Proliferation
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Cortical
epithelial
cells

Positive selection
CD3+ TcRap+

Negative selection

CD3+ TcRap+

A\
Dendritic
cells medullary
Epithelial cells &

CD3+ TcRoap+
CD8+ or CD4+ Macrophages

Seleccion positiva y negativa ocurren en distintos
microambientes.....
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Seleccion positiva y negativa

El TCR
reconoce el

complejo MHC- |~

péptido
a través de
interacciones de
alta avidez

a
Peptide-MH
El TCR
reconoce el
complejo
MHC-péptido
a través de l
interacciones
de baja
avidez
Positive
ﬁﬁE lE‘ ct i D@f

Apoptotic
cell

- Senales de supervivencia
- Diferenciacion a timocito SP (solo
el 2-3% de los timocitos)

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

No signal
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central

a>

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




T-cell precursor

selecc i6n lRearran?:i}n;ent of TCR genes
positiva

/D3

A —T-cell receptor
Immature

thymocyte

Positive selection of
cells whose receptor
binds MHC molecules

Death by apoptosis
of cells that do not interact
with MHC molecules

Class | and/or class |
MHC molecules

Epithelial
cell

SELECCION POSITIVA: En
el estadio doble positivo,
la cadena a del TCR del

timocito experimenta
sucesivos rearreglos
hasta ser selecionada
positivamente para

reaccionar con el MHC-
péptido propio o morir




Seleccion
negativa

Class land/or class |l
MHC molecules

CD4+

<

TH cell  Tccell

Mature CD4+ or
CD&* T lymphocytes

Negative selection and death of
cells with high-affinity receptors

for self-MHC or self-MHC +

self-antigen

Dendritic cell

SELECCION
NEGATIVA: Los
timocitos que
reaccionan con
alta afinidad
con complejos
MHC-péptido
propios mueren
rapidamente




CCR7 o |a
© o
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Eh taxis T ° e oy
d
1o CEL2T T

b | Positively selected thymocytes are induced to
express CC-chemokine receptor 7 (CCR7) as well
as to undergo the programme of differentiation
into single-positive (SP) thymocytes, and CCR7-
expressing thymocytes are attracted to the CCR7
ligands, CC-chemokine ligandl9 (CCL19) and
CCL21, which are produced by medullary TECs
(mTECs) and mainly localized in the medulla.

Nature Reviews Immunology 6, 127-135 (February 2006)
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Programa de
diferenciacion a timocitos

@ . -
GO Si el TCR de un linfocito reconoce
A l péptidos propios presentados por

moléculas MHC I y al mismo tiempo
s Peptide
MHC — %
class TEC

la molécula CD8 interacciona con las
moléculas MHC I, dicha célula recibe
seflales que evitan su muerte y

favorecen que finalice su

» maduracion.... Para continuar con el

WD U Permanece proceso madurativo, el linfocito debe
= ° hasta 12.ds seguir expresando su TCR y CDS
el Feel aunque perdera la expresion de CDA4.

_______ IJ[ El resultado final es la formacion de

\ un LTCDS8" restringido por MHC L
Del mismo modo se generan los

cp4' LTCDA4" restringidos por MHC 11

Periphery
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reunlador
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Regulatory T cell

CD621igh

¢ | 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
(SIP,).

S1P,-expressing mature T cells seem to be attracted to the circulation, where the concentration of SIP is
high. FOXP3, forkhead box P3.







EL TIMO acepta aquellas células T que caen en una
estrecha ventana de afinidad por moléculas MHC

Useless Useful Harmful
Neglect Positively select  Negatively select

Number
of cells

Low High
Affinity of TCR/MHC interaction




Comparison of af and y& T cells in

TABLE 9-1 peripheral blood

Feature af T cells vo T cells
Proportion of CD3™ 90-99% 1-10%
cells
TCRV gene germ- Large Small
line repertoire
CD4/CD8 phenotype
CD4* ~60% <1%
cDs* ~30% ~30%
CD4* cD8* <1% <1%
CD4a~ CD8™ <1% ~60%
MHC restriction CD4":MHC class I No MHC
restriction

CD8": MHC class |

Ligands MHC + peptide Phospholipid,
antigen intact protein

SOURCE: D. Kabelitz et al., 1999, Springer Seminars in
Immunopathology 21 (55): 36.

Table 9-1
Kuby IMMUNOLOGY, Sixth Edition
@ 2007 W, H.Freeman and Company
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es®2 o | \
en compagsla de otros/

. Como se establece la tolerancia
frente a antigenos que no se expresan en el
timo?

PERIFERICA O ANERGIA...




Haamatopoietic

@ precursor

Positive sakction of Magative selection of
anti-foreign repertoire sal-reactive T cells

A fraction of salf-reactive
1': T cells ascapes daletion :|r
and axits thymus

T-call-intrinsic mechanisms T-call-extrinzic mechanisms
of paripharal tolarance of paripheral tolerance

* |gnorancs #= Tolrogenic dandritic cells

* Arg #* Hequlatory T cals

= Phan iz skewing

* Ancptosis

Mecanismos de tolerancia periférica




a Ignorance b Anergy ¢ Phenotypic skewing d Apoptosis

Anergic T call Activated T call with Apcptotic T cell

non-pathoganic
cytokina/chemokine
recaptor profile [Tyl ThE)

Figure 2 | T-eell-intrinsic mechanisms of peripheral tolerance. a | Sdf-mactiva T calls might newer ancountsr the self-protein they
recogrize and thanzfone existin & state of ignoranca. b | Encounter with salf-protain might induce Tcall anandy, passibly imoking
interaction of the Tcell mokoules CTLA-4 or PC-1 with their ligands [COS0EE, PDL1/2). ¢| T calls interactng with self-protein might
undargo full activation, but might develcp a non-pathogenic phenotyea interms of which cytokines and chemckine receptors they
axpress, In this scanario, saff-reactiva T oalls become activatad vet fal to nduce autcimmune tssus damage. d | Saf-meactiva T calls
mighit be daleted folloeing contact with salf-protein by activation-inducad call death irvclving upregulation of T-cal Fas ligand and
subzequent signaling throughn the daath receptor Fas, APC, antigen{orasanting cal; STLA-D, cyvtotoxdc T-hmiphocyta-associated
antigen 4; FasL, Fas ligand; MHC, mgcr histoccompatibility complex; PO ; programmead cell daath 1; FOL, PCA ligand; TCR, T-cal
receptor; T, cal, T helper call,




Activacionde lacélula T




Células Th coestimulan células B
Modelos de activacion

Signal 1 antigen & an:i?_

receptor

o

WI 2 - T cell help
9 v
CD40 = T cell antigen receptor

MHC class || BN Co-receptor (CD4)
class .
® and peptide h CDA40 Ligand (CD154)




When the co-receptor

Lck é

i

ZAP-70

L
%H

Fyn

T cell

Binding of MHC ligand to g : .
In the resting T cell the the T-cell receptor leads b'z“:;_t;ot:;:::f, qu::_d .
phosphorylated ITAMs by receptor- pand‘;s phosphorylated
associated kinases and activated by Lck
Antigen-presenting cell
CcD4 MHC ~ =1 ™ ]
classll

e JILIPE |

—)

Figure 8.14 The Immune System, 3ed. (© Garland Science 2009)



Eventos intracelulares durante la activacion celul:
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Naive T-cell recognition of specific antigen presented by a dendritic cell initiates
pathways of signal transduction that lead to clonal expansion and differentiation

Naive T cell interacts with dendritic cell
presenting its specific antigen

L
\/

Activation of the kinase ZAP-70 initiates a series
of reactions that leads to the activation of

phospholipase-y (PLC-y)

L 4
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(PIP,) to diacylglycerol and inositol trisphosphate
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inositol trisphosphate (IP;)

I

2 b

1L

N
DAG activates protein DAG activates RasGRP, which IP; increases intracellular
kinase C-8 in turn activates a MAP Ca?* concentration, activating
kinase cascade a phosphatase, calcineurin
2 L =
N oAt hVd
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Figure 8.16 The Immune System, 3ed. (© Garland Science 2009)




Las células T son

coestimuladas... Signal 1 antigen & antigen
receptor

Signaly

B7 family members (CD80 & CD86) CD28

Costimulatory molecules are expressed by most APC including dendritic cells,
monocytes, macrophages, B cells etc., but not by cells that have no
immunoregulatory functions such as muscle, nerves, hepatocytes,




Expresion de la cadena o de IL-2R en células

Low affinity IL-2

receptor —\

Resting T cells

Express IL-2 receptor-
B and y chains but no
o chain or IL-2

Antigen

&

IL-2
I
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Signal 1

NFAT binds to the promoter of of the

o chain gene of the IL-2 receptor

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




Mecanismo de co-estimulacion en células T

Costimulation

Antigen

Signal 2

Activates AP-1 and NFx-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

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

I
ﬁL-ZRoc

The T cell is unable to produce IL-2 and
Epithelial therefore is unable to proliferate or be
cell clonally selected.

Unlike immunosupressive drugs that
_ : inhibit all specificities of T cell, signal 1 in
Self peptide epitopes presented the absence of signal 2 causes antigen

by a non-classical APC e.g. an specificT cell unresponsiveness.
epithelial cell




Células T efectoras
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ontinuall eirculate 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
node, T cells differentiate into
effector T cells (such as T helper (T})
cells and cytotoxic T cells), some of
which migrate towards the B-cell
follicle to provide help to B 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)
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La célula T efectora
llega a distintos
sitios...... EXPRESION
DE MOLECULAS DE
ADHESION....




|

El linfocito efector ingresa a
tejidos extralinfoideos, después

de su activacion en OLS......
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their activation

Following
lymphoid tissues, effector T cells gain the
ability to enter a wide range of extralymphoid
tissues. Certain lymphoid tissues (small-

in secondary

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.




Los microorganism

e

os inducen distintos
tipos de respuesta inmune....
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infection
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Moléculas efectoras secretadas por
células efectoras activadas...

Cytotoxic (killer) T cells Tyl cells T2 cells Ty17 cells T,eg cells
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Figure 8-33 Immunobiology, 7ed.(© Garland Science 2008)
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Diferenciacion de celulas Th

Signal 3 delivered by antigen-presenting cell
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Figure 8-29 Immunobiology, 7ed. (© Garland Science 2008)




T,1
IFN-y
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TGF-B
IL-10
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Immunosuppression

Requerlmlentos
moleculares para la
diferenciacion de células Th

Protection against o
intracellular pathogens
(eg. viruses, bacteria)

Autoimmunity,
delayed-type hypersensitivity

Protection against
Ty2 extracellular pathogens
IL-4 (eg. parasites, bacteria)
IL-5
IL-13 Allergy, asthma

T 17
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IL-21 (eg. fungi, bacteria)

IL-22 Autoimmunity
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Células Th efectoras

Feature T, 1cells T, 2 cells T,17 cells Inducible regulatory T cells
Unique cytokine J| IFNy IL-4, IL-5 and IL-17,1L-17F IL-21 and IL-22  TGFp?
products IL-13
Priming IL-12 IL-25 (IL-17E) TGFB and IL-6 TGFB and IL-27
cytokines
Autocrine IFNy IL-4 IL-21 TGFp?
cytokines
STAT regulators § STAT1and STAT6 STAT3 STATS

STAT4
Lineage-specific § T-betand HLX GATA3 and MAF RORYt and RORat FOXP3
transcriptional
regulators
Cytokine IL-12R[B2 IL-17RB IL-23R and IL-1R1
receptors

FOXP3, forkhead box P3; GATA3, GATA-binding protein 3; HLX, H2.0-like homeobox 1; IFNY, interferon-7; IL, interleukin; ND, not
determined; ROR, retinoic-acid-receptor-related orphan receptor; STAT, signal transducer and activator of transcription; TGF[3,
transforming growth factor-B; T, T helper.
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BVE| tipo de respuesta inmune depende del balance
entre células efectoras y reguladoras
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IgE pro ductiﬂn Type 1 hypersensitivity
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a | T,,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. ¢ | The crosslinking of basophil and mast-cell surface Fc Rl-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,), platelet-activating factor (PAF), leukotriene (LT) C4
(LTC,), LTD, and LTE,, cytokines and chemokines, and to the immediate symptoms of allergic
disease (type | hypersensitivity), including pruritis, wheal and flare, nasal conjunctival discharge,
angioedema, systemic anaphylaxis and bronchoconstriction. T regulatory (T...) cells modulate type-1
hypersensitivity reactions by: suppression of IgE and induction of blocking anh%odles by interleukin 10
(IL-10), suppression of mast-cell tissue infiltration by IL-10 and TGF B , and suppression of T,,2 cells
by IL-10 and TGFb. MHC, major histocompatibility complex; TCR, T-cell receptor.
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IL-27 Induces
proliferation of
haive T cells

and is a strong
inducer of
IFN-y
production,
particularly in
synergy with
IL-12 and IL-
18.
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Figure 4 | Interleukin-27 regulates the intensity and duration of T-helper-1 cell and
T-helper-2 cell responses. Under conditions that polarize CD4* T cells towards either
Thelper1 (T 1) or T 2 cells — that is, in the presence of high levels of interferon-y or
interleukin-4 (L-4), respectively — the production of IL-2 is an important first step in T-cell
activation and contributes to the success and magnitude of either response. Maive CD4+

T cells express low levels of the IL-27 -receptor subunit WSX1, but following activation under
conditions that polarize them towards T,1 or T 2 cells, they produce high levels of IL-2 before
the upregulation of WSX1 expression. However, as they become sensitive to IL-27, this
cytokine antagonizes the sustained production of IL-2, which might explain, in part, the ability
of IL-27 to inhibit T 1- and T _2-cell responses.
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Regulacion de
las células Th2 /
Th9

Immunology and Cell Biology (2010) 88, 502—-504
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Linfocitos Th-17




- Etapas en la generacion de celulas Th17

\?IL-ZSR
Naive \TGF-g L6 ﬂon. IL-23

T cell . 'IL-21R 22R|
TGF-8 IL-21 @“/k IL-23R
IL-21
IL-17A IL-17A
IL-17F IL-17F
IL-10 IL-22

The activation of naive T cells in the presence of TGF-B 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)
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Nature Reviews Immunology 10, 479-489 (July 2010)




Th17 en la respuesta innata
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Regenerating (REG) proteins

RAE1, retinoic acid early transcript 1
SCA1, stem cell antigen 1
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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-f), 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-a] and IL-1B) 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*CD25"
regulatory T (Treg) cells are ineffective at controlling inflammation and may be deactivated by synovial TNF-a. 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.
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Th-17 y Psoriasis

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 Ilymphocyte 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-a and IFN-y , contributing to the
pathogenesis of the disease. KC hyperproliferation
might also be influenced by fibroblasts, which can
release keratinocyte growth factor (KGF) through TNF-
a 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  1/2) for recruitment of
neutrophils, cathelicidin for activation of plasmacytoid
dendritic cells (PDC), and vascular endothelial growth
factor (VEGF) with resulting angiogenesis.
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Interleukin-22-producing T cells: a specialized
population involved in skin inflammation?
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Differentiation of IL-22-producing T cells ('Th22') is d

or enhanced by aryl hydrocarbon receptor (AHR) ligands, retinoid-related orphan receptor (RORC)

such as B-naphthoflavone (B-NF), 8-tetrachlorodibenzo-p-

dioxin (TCDD) or 6-formylindolo[3,2-b]carbazole (FICZ), Immunology and Cell Biology (2009) 87, 574-576

which promote IL-22 production while inhibiting the
production of IL-17.




8-tetrachlorodibenzo-p-

In humans, TCDD (deXllﬂ:e the skin condition

known as 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.
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~_ Follicular helper T (Tth) cells can be considered a separable T
o5 helper cell subset specialized to regulate the evolution of
effeCtOF and memory B Ce” reSpOnSGS (Fazilleau et al.,2007b; King et al., 2008;Vinuesa et al.,

2005b).
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;COMO SE ACTIVA LA
CELULA TCDS8%?

Las células TCD8* naive requieren mas
actividad coestimuladora para ser conducidas
a células efectoras que las células TCD4* naive
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Nature Immunology 2, 669 - 670 (2001)
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Activacion DIRECTA del precursor de células
CTL CDS8" por una DC infectada por virus

e Signal 1 from TCR-MHC /viral
peptide)

» Signal 2 from CD28-CD80/86 on DC

* CTL then produces both IL-2 and IL-
2R

 Autocrine stimulated CTL activation
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Nature Reviews Immunology 4, 900-911 (November 2004)

T-bet expression is induced by signalling
through the T-cell receptor (TCR) and the
interferon-y (IFN- v) receptor (IFN- v R). T-
bet then induces the expression of the
effector molecules IFN-y , perforin and

_ granzyme B. Eomesodermin (EOMES) also

induces the expression of IFN-y 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 EGRS3. At present, the
signals that induce expression of EOMES
and the possible interactions between T-bet
and EOMES are unclear. APC, antigen-
presenting cell.
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— granzimas y perforinas
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Secretion of cytokines
and chemokines

Naive CD8+* cytotoxic T cells differentiate into functionally competent CTLs when they receive the
appropriate cytokine stimulation, such as IL-12, IL-18 or IL-21 from antigen-presenting cells (APC) or

IL-2 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- y ) and chemokines (such as CCL5
(RANTES)). There is evidence of new synthesis of IFN-y protein by CTLs after TCR stimulation. The secretion (presumably in
a synaptic direction) of IFN-y is largely dependent on ASMase, but IFN-y 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.

Nature Immunology 10, 683 - 685 (2009)
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Nature Immunology 8, 1285 - 1287 (2007)

cells of diffusible molecules, such as transforming growth
or factor- B(TGF-B) or IL-10, that exert inhibitory actions on effector T cells or

T effector apoptosis

Inhibition of T effector activation

Activation of T4 suppressor
function, such as expression of
suppressive cytokines

(IL-10, TGF-]3)

Competition (via consumption)
by T4 cells for resources for
growth and/or survival factors
suchas IL-2.

The consequences of
cytokine deprivation of
effector T cells caused by
L 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 T., cell suppressive
activity (bottom).
Combining these three
effects provides a model
for the known diversity of
the suppressive activity
of T, cells in various
immunological settings.




Células T reguladoras inducen activacion de '
indolamine 2,3-dioxygenase (IDO)

Regulatory T cells (Tregs)

induce activation of

indolamine  2,3-dioxygenase

CTLA-4 b (IDO) in dendritic cells (DCs).
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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. Ty, cells might have cytolytic effects on
target T cells, as well as on APCs, through the secretion of
granzymes and perforin. Ty, cells suppress the activation and
proliferation of T cells through the secretion of inhibitory
cytokines, such as transforming growth factor-p  (TGF B ),
interleukin-10 (IL-10) and IL-35 and by the consumption of
cytokines of the common cytokine receptor y chain (y,) family.

Deprivation of 1y, family cytokines
induces the expression of pro-apoptotic
proteins by conventional T cells and

_increases their apoptotic rate. crLa4,
cytotoxic T lymphocyte antigen 4; LAG3, lymphocyte activation

ne &TSLP thymlc stromal lymphopoietin.
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Nature Reviews Immunology 9, 480-490 (July 2009)
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the activation and prollferatlon of conventional T cells. Tg, cells =
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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 ( = | v )in a
nonspecific fashion.
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Maive T cell Activated T cell Early effector T cell
Effector cytokine L]

B-lymphocyte-induced maturation protein 1 (BLIMP1)

Late effector T cell

Mature Reviews | Immunclogy

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 112 expression through an unknown mechanism. By contrast, most effector cytokines such as interferon-y or

tumour-necrosis factor appear to be unaffected by BLIMP1 expression.
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Initiation Clonal expansion

Mature Reviews | Immunology

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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