CITOQUINAS




- Las citoquinas son proteinas
secretadas por las células de la
inmunidad innata y adaptativa que
median muchas funciones de estas
células.



Propiedades generales

La secrecion de citoquinas es un acontecimiento breve y
autolimitado.

Las acciones de las citoquinas a menudo son pleiotropica
y redundantes.

Las citoquinas a menudo influyen en la sintesis y las
acciones de otras citoquinas.

Las acciones pueden ser autocrina , paracrina o
endocrina.

Las citoquinas, al igual que otras hormonas
polipeptidicas ,inician sus acciones uniéndose con alta
afinidad a receptores de membrana especificos presentes
en las células diana.
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Pleiotropismo
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Sinergia y Antagonismo
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Receptores de citoguinas

» Receptores tipo I.

- Reptores de citoquinas tipo |l.

- Receptores de TNF.

» Receptores de Inmunoglobulinas.

- Receptores siete héliag transmembrana.



RECEPTOR FAMILY
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Receptores de citoquinas Tipo |

LIGANDS

IL-2 IL-21

IL-3 IL-23
IL-4 IL-27
IL-5 GM-CSF
IL-6 G-CSF
IL-7 OSM

IL-9 LIF

IL-11 CNTF
IL-12 Growth hormone
IL-13 Prolactin

IL-15



Receptores de citoquinas Tipo |

Cytokine produced by:

IL-2: T cells
and DCs

IL-4: T cells, IL-7: stromal cells, IL-9: T cells
NKT cells, epithelial cells

eosinophils and fibroblasts

and mast cells

IL-15: monocytes, IL-21: CD4* T cells  TSLP: stromal cells,

DCs and epithelial and NKT cells epithelial cells,

cells fibroblasts, mast
cells and basophils

£\ /1N "
STATS l STAT3 l STATS l
@) ST
Receptor expressed by:
T cells, B cells T cells, B cells, Tcells, pre-Beells T cells, mast cells, T cells and T cells, B cells, T cells, B cells,
and NK cells NK cells, mast cells and DCs epithelial cells and NK calls NK cells and DCs DCs, NKT cells
and basophils eosinophils and mast cells

Mature Reviews | Immunology



Function

IL-4

IL-7

LS
IL-15

IL-21

Clonal expansion and differentiation of T-helper cells and cytotoxic
1 wmphocytes; in wiro expansion and differentiation of antigen-selected
1 and NK cells; regulation of seli-tolerance and development of

regulatory T cells (T,

Promotion of Thelper 2 (T 2} cell differentiation; artagonism of T, 1
differentiation and macrophage activation; regulation of B-cell
function and immunoglobulin class switching together with IL-21;
stimulation of mast cells

Growth and survival of T and B cell progenitors; thymic development
and survival of T cells;, homeostasis of penpheral lymphocytes

Goblet-cell hyperplasia and mucus production

Development, differentiation, survival and activation of MK cealls;
homeostasis of peripheral T cells; expansion of CDE* memory cells

Regulation of B-cell function and immunoglobulin class switching in
conjunction with IL-4; proliferation and activation of NIK cells

This list briafly summarizes the main actions of the cytokines as they relate to the potential functions
of the JAKS inhibitor, It should be notaed that the actions of these cytokines, especially IL-7, are not
identical in humans and mice; the actions in humans are emphasized here. L, intedeukin; JAK, Janus
Kinasa; NK, natural killer,
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Table 1| Defects in y_-dependent cytokine- or receptor-deficient mice

Cytokine or cytokine-
receptor mutant

IL-2 deficient

IL-4 deficient

IL-7 deficient

IL-9 deficient
IL-15 deficient

IL-2 receptor a-chain
deficient

IL-2 receptor B-chain
deficient

7. deficient

IL-4 receptor a-chain
deficient

IL-7 receptor ai-chain
deficient

IL-15 receptor a-chain
deficient

IL-21R deficient

L-21R and IL-4
deficient

Phenotype

Normal T-cell development; autoimmunity
with increased serum immunoglobulin

concentrations; infammatory bowel disease

Defective T, 2-cytokine production;
defective |gﬁ1 and IgE production

Markedly defective T- and B-cell
development

Defective pulmonary goblet-cell function

Defective CDE* memory T-cell and NK-cell
development

Polyclonal T- and B-cell proliferation in
adults; autoimmune-disease development

Severe autcimmunity with early death;
dysregulated T- and B-cell proliferation;
high lgG1 and IgE serum concentrations

Defective thymic development; cause of
XSCID in humans, which accounts for
-50% of SCID cases

Defective T,,2-cell development and
cytokine production; decreased 1gG1 and
IgE production

Markedly defective T- and B-cell
development in mice; loss of TSLP
responses (because of shared receptor
subunit); cause of TB*NK?* form of SCID in
humans

Detective CD8* memory T-cell and NK-csll
development

Normal lymphoid development; high IgE
and low IgG1 serum concentrations in naive
mice

Normal lymphoid development; markedly

deficient immunoglobulin praduction, of all
classes including IgE

References

83-85

36,86

BY

B8
58

90,91

57

3.40,41

92

1,2,42,93

27

27

Y. common cytokine-receptor y-chain; IL, interleukin; IL-21R, IL-21-receptor subunit; NK, natural
killer; SCID, severe combined immunodeficiency; T, 2, T helper 2; TSLR, thymic stromal lymphopoietin;

XSCID, X-linked SCID.



Receptores de citoquinas Tipo |l

RECEPTOR FAMILY LIGANDS
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RECEPTOR FAMILY
TNF receptors

Figure 12-6d
Kuby IMMUNOLOGY, Sixth Edition
© 2007 W.H. Freeman and Company
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Receptor de quimioquinas

RECEPTOR FAMILY
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Overview of the transcriptional pathways In
natural killer cells
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IR PN  Functional groups of selected cytokines

Cytokine! Secreted by* Targets and effeds

SOME CYTOKINES OF INNATE IMMUNITY

Interleukin 1 (IL-1}) Monocytes, macrophages, Vasculature (inflammation); hypothalamus [fever);
endothelial cells, epithelial cells  liver (induction of acute phase proteins)

Tumor necrosis Macrophages Vasculature (inflammation); liver (induction of acute phase
factor-a (TNF-x) proteins); loss of muscle, body fat (cachexia); induction of
death in many cell types; neutrophil activation

Interleukin 12 {IL-12) Macrophages, dendritic cells NK cells; influences adaptive immunity (promotesT 1 subset)

Interleukin & (IL-6) Macrophages, endothelial cells Liver {induces acute phase proteins); influences adaptive
immunity (proliferation and antibody secretion of B cell lineage)

Interferan o (IFN-o) Macrophages Induces an antiviral state in most nucleated cells; increases MHC
(this i= a family of molecules) class | expression; activates NK cells

Interferon B (IFN-B) Fibroblasts Induces an antiviral state in most nucleated cells; increases MHC
class | expression; activates NK cells

SOME CYTOKINES OF ADAPTIVE IMMUNITY

Interteukin 2 (IL-2) T cells T-cell proliferation; can promote AICD. NK cell activation and
proliferation; B-cell proliferation

Interleukin 4 (IL-4} T,,2 cells, mast cells Promotes T 2 differentiation;isotype switch to IgE

Interieukin 5 (IL-5) T, cells Eosinephil activation and generation

Transforming growth T cells, macrophages, Inhibits T-cell proliferation and effector functions; inhibits

factor B (TGF-B) other cell types B-cell proliferation; promaotes isotype switch to IghA; inhibits
macrophages

Interferon + (IFN-y] T, 1 cells, CD8™* cells, NK cells Activates macrophages; increases expression MHC class |

and class Il molecules;increases antigen presentation

“Many cytokines play roles in more than one functional category.

"Only the major cell types providing cytokines for the indicated activity are listed; other cell types may also have the capacity
to synthesize the given cytokine,

*Also note that activated cells generally secrete greater amounts of cytokine than unactivated cells.

Table 12-1
Kuby IMMUNOCLOGY, Sixth Edition
£ 2007 W.H. Freeman and Company



Factor de Necrosis Tumoral

- Es el mediador principal de la respuesta
inflamatoria aguda frente a las bacterias gram
negativas y a otros microorganismos infecciosos.

- En infecciones graves ,el TNF se produce en
grandes cantidades y causa alteraciones
histologicas y clinicas sistémicas.
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Citoquinas en patoger |
Pathways regulating chondrocyte activation andlagdg degradation in

rheumatoid arthritis.
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IL-1

- Producida por macrofagos activados

» Efectos similares al TNF-a,mediando la
respuesta inflamatoria del huésped a las
infecciones y otros estimulos inflamatorios.

- En bajas concentraciones actiia como mediador
de la inflamacién local pero a altas
concentraciones la IL-1 entra en circulacion y
ejerce efectos endocrinos.
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IL-1 — Desordenes neuroldgicos

§ Endothelial cell

IL-1, IL-6, TNF,
IL-10, IL-1RA,

IL-1, IL-6, TNF,
IL-10, IL-1RA,
TGF, NGF,

BONF, MMPs

Oligodendrocyte

Copyright © 2005 Nature Publishing Group
Nature Reviews | Immunology

Tahe 2| Neurological diseases to which interleukin-1 might contribute

Disease  Clinical evidence of a rola for IL-1

Azheimers  Increasad expression of IL+1

disease e asscciated with plaguas and fangles in
brain parenchyme; polymaorphismg i penes
encoding IL-1 influence susceptibilty

Traurnatic  Increased intracerebral expression of
braininjury  IL-1 gty after injury, and Increased
concentration of IL-1 in cerebrosoinal fuid

Eplepsy  Increased expression of L+ in brain
pargnchynia; poymorphisms in genes
encoding IL-1 might influence suscentibibly

Parkinson’s  Increased concentration of IL-1 n
disease  cerebrospingl flud; polymorphisms in genes
encoding IL-1 might influence susceptibiity

Stoke  Inoreasad concentrafion of L+ in
cerebrospingd luid; pobmonphisms In genes
encoding IL-1 might inflience susceptibiity

Proposad rola of IL-1

Excessive production and processing of jl-amyloid
pracursor protein and phosphorviation of tau protain
the main cormponents of plagues and tanges

Increases neuranal axcltabilty, induces neurataxin
production, Increases leukocyle infitration, acfivates
microglal cels and promates astrogliosis

Incieases nauronal excitabilty though modification of
e bilance batween excllalory and inhibilory synaptc
Iransmission

Contributes to the degenaration of nsurons In the
aubslantia nigra

Increasas nauronal excitabilty, induces neuratoxin
production, Increases leukecyle nfilration, aclivales
microglal cells and promates ashroglioss

Il.-1, Intarletddn-1



IL-10

- Es un inhibidor de los macroéfagos activados y
,por tanto ,interviene en el control homeostatico
de las reacciones de la inmunidad innata y de la
celular.

 La IL-10 inhibe la produccion de las citoquinas
IL-12 y TNF de los macroéfagos activados.

- Inhibe la expresion de coestimuladoras y
moléculas MHC II en los macrofagos.



IL-6

Actua en la inmunidad innata y la adaptativa.

Es sintetizada principalmente por macroéfagos y células
endoteliales.

En la inmunidad innata estimula la sintesis de proteinas
de fase aguda en hepatocitos.

En la inmunidad adaptativa estimula el crecimiento de
los linfocitos B que se han diferenciado .

Actua como factor de crecimiento para las celulas
plasmaticas neoplasicas,y muchas celulas de mieloma
que crecen de forma autonoma secretan IL-6 como
factor de crecimiento autocrino.
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INF Tipo | (IFN-a, IFN-B)
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Chemokine | Original name

Chemokine receptor

Major function

CC chemaokines

CCLe 1-309 | CCR8 Monocyte recruitment and endothelial cell migration|
gé 3_] 5y MCP-1 CCR2 Mixed leukocyte recruitment
oL3 MIP-1e | €CR1, CCR5 Mixed leukocyte recruitment
CCL4 MIP-13 CCRS T cell, dendritic cell, manecyte, and NK cell
recruitment; HIV coreceptar
CCL5 RANTES | CCR1, CCR3, CCR5 Mixed leukocyte recruitment |
CeLT MCP-3 CCR1, CCR2, CCR3 Mixed leukocyte recruitment
CCLB MCPp-2 | GCR3, CCR5, Mixed leukocyte recruitment |
CCLY/CCL10 CCR1
CL11 Eotaxin | CCR3 Eosinophil, basophil, and Ty® recruitment |
CCL12 Unknown | CCR2 Mixed leukocyte recruitment
CCL13 MCP-4 | CCR2, CCR3 Mixed leukocyte recruitment |
CCL14 HHC-1 | CCR1, CCR5
CL15 MIP-18 | cert, CCR3 Mixed leukocyte recruitment |
CCL1s HHC-4 CCR1, CCR2
ccLiz TARC | cCR4 T cell and basophil recruitment |
CCL18 DC-CK1 | 7
CCLE19: MIP-3B/ELC ‘ CCR7 T cell and dendritic cell migration into parafollicular
| zones of lymph nodes
_CL2D MIP-3ox CCHE
SCL21 SLC CCR7 T cell and dendritic cell migration into parafollicular
) zones of lymph nodes
SOl MDC | CCR4 T cell and basophil recruitment
CL23 MPIF-1 | ccRi |
SCL24 Eotaxin-2 CCH3 Eosinophil, basophil, and T42 recruitment
>CL25 TECK | CCR9 Astrocyte migration |
CCL26 Eotaxin-3 CCR3 Eosinophil, basophil, and T2 recruitment
ccL27 CTACK | cCR10 Dermal cell migration I
CCL28 MEC | ccrio Dermal cell migration
CXC chemokines
CXCL1 GROu | CXCR2 Meutrophil recruitment
CXCL2 GROB | CXCR2 Neutrophil recruitment |
| CXCL3 GRCry CXCR2 Neutrophil recruitment
CXCL4 PF4 | CxCR3B Platelet aggregation |
| CXCLS ENA-78 | CXCR2 Neutrophil recruitment
CXCL6 GCP-2 | CXCR1, CXCR2 Neutrophil recruitment |
CXCLY MNAP-2 | CXCR2 MNeutrophil recruitment
CXCL8 IL-8 | CXCR1, CXCR2 Meutrophil recruitment |
CXCLg Mig CXCR3 Effector T cell recruitment
CXCL10 IP-10 | CXCR3, CXCR3B Effector T cell recruitment |
CXCL11 I-TAC | CXCR3 Effector T cell recruitment
| CXCL12 SDF-1/p | cXCcR4 Mixed leukocyte recruitment: HIV coreceptor |
CXCL13 BCA-1 | CXCR5 B cell migration into follicles
CXCL14 BRAK |
CXCL16 - | CXCR6
C chemokines
Xcu Lymphotactin | xcR1 T cell and NK cell recruitment
XCL2 SCM-15 | XCR1
CX3C chemokines
CXsCL1 Fractalkine T cell, NK cell, and macrophage recruitment; CTL

| ngcn1

and NK cell activation

(© Elsevier 2005. Abbas & Lichtman: Ceflular and Melecular Immunology Se www.studentconsult.com
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Mediadores en la inmunidad adaptativa

SOME CYTOKINES OF ADAPTIVE IMMUNITY

Interleukin 2 (IL-2) Tcells T-cell proliferation; can promote AICD. NK cell activation and
proliferation; B-cell proliferation

interleukin 4 (IL-4) T2 cells, mast cells Promotes T2 differentiation; isotype switch to IgE

Interleukin 5 (IL-5) T2 cells Eosinophil activation and generation

Transforming growth T cells, macrophages, Inhibits T-cell proliferation and effector functions; inhibits

factor B (TGF-B) other cell types B-cell proliferation; promotes isotype switch to IgA;inhibits
macrophages

Interferon  (IFN-y) T, 1 cells, CDB™ cells, NK cells Activates macrophages; increases expression MHC class |

and class Il molecules; increases antigen presentation

*Many cytokines play roles in more than one functional category,

tOnly the major cell types providing cytokines for the indicated activity are listed; other cell types may also have the capacity
to synthesize the given cytokine.

*Also note that activated cells generally secrete greater amounts of cytokine than unactivated cells,

Table 12-1
Kuby IMMUNOLOGY, Sixth Edition
£ 2007 W, H.Freeman and Companiy



T,Z subsets

Cytokine secretion and principal
TABLE 12-4 functions of mouse T, 1 and

CYTOKINE SECRETION

L-2 -+ -
IF M-~y + 4 -
THNF-B + -
GM-CSF + -+
IL-3 = +
-4 - ++
IL-5 - “+ 4+
n-vo - + -+
L-13 - +
FUMNCTIONS
Help for total antibody production -+ -+ -
Help for IgE production - + +
Help for IgGZa producticon i ke o +
Eosinophil and mast-cell production — -+
Macrophage activation - —
Delayed-type hypersensitivity —++ —
T<ell activation B =

SOUVRCE: Adapted from F. Powrie and R. L. Coffman, 1993,
Immunology Today 18:270.

Table 12-4
Kuby iMMUNCOLOGY, Sixth Edition
= 2007 W H. Freeman and Cormspamy




Interleukin 4

IL-4

Figure 12-4b
Ry ANV St B
2007 W . Comuny

Produced by macrophages and
Th2 cells

Stimulates development of TH2
cells from naive Th cells
Promotes growth of differentiated
Th2 cells

Stimulates Ig class switching to
IgE isotype

STAT4

STATE

IL-12

r""""""

LT
IFN-y

67/
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—

=3 IgE
EQE oall)/' Allergic

Cell-mediated
immunity

Macrophage

responses

Anti-helminth
responses

Eosinophil
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Epithelial
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IL-5,
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Vessel-wall priming for
inflammatory-cell recruitment
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Bacteria j +H .
4 Allergens

Epithelium [l ey L

Histamine,
LTC, and
PGD,

Fibroblast

Histarmine, LTC,,
chymase, VLA4
and heparin

Histamine, PGD,
and proteases

Merve cell |

Eosinophil Beell T, cell
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Allergy/asthma/helminth infection
Differentiation Effector mechanlsms

IL-&
IL-13

IL-5

Aliergens
Healminth infectian

Bmcath muscls call contrachion
Mucus prochuct
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Immunostimulatory Immunosuppressive

Apoptosis

Proliferation
t Cyclins t Fas
+ Cell-cycle inhibitors t FasL
t FOS + FLIP
t MY

Anti-apoptotic
t BCL-2
t BOL-%

Cytotoxicity
t Perforin
t Granzymes Th2 cells

0_©O
© IL-4
o O
Cytokines Immunoregulatory
T cells
ﬂn o CD25
IFMN-v
©o
TNF
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IL-15

“ J [Endocytic vesicle

IL-2Kee u

¢l
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IL-15Ra y —r 5 recycling

o
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Properties

Structure

Gene structure and location
Main site of synthesis

Mechanism of regulation of
exprassion

Receptor

Function

Features of mice with knockout of
gene encoding cytokine or cytokine-
receptor -chain

IL-2

15.5 kDa; 133 amino acids,; four-helix bundle
Four exons; chromosome 4926

Activated T cells

Transcriptional requlation, and stabilization of
mBMNA

IL-2 R IL-2/15R[ and ¥ are co-expressed by

activated I and B cells

Proliferation and differentiation of MK cells, and
T and B cells: elimination of self-reactive T cells,
mediated by AICD and maintenance of T, cells

Marked enlargement of peripheral lymphaoid
organs and polyclonal expansion of 1- and B-cell
populations; associated with autoimmune diseases

IL-15
14=15% kDa; 114 amine acids; four-helix bundle

Eight exons; chromosome 431
Dendritic cells and monocytes

Transcripticonal regulation, but mainly post-
transcriptienal regulation during translation and
intracellular trafficking

IL-15Rex on the surface of monocytes and dendritic
cells rrans-presents IL-15 to NE cells and CD&*
memory T cells expressing IL-2/15Rp and T

Proliferaticn and differentiation of NK cells, and
T and B cells; maintenance of CD8*CR44Y memory
T cells

Marked reduction in number of NE and NET cells,
and CD8' CD44" memory T cells

MData taken from REFS =5 9 10 26 6R, AICE, activation-indoced cell death: W comman cytokine-receptor 3-chain; IL, interleuking IL-2Boe, 1L-7 rece prar o-chain;
IL-2/15R [, the [i-chain of the 1L-2 receptor and IL-15 recepron; IL-15Re, IL-15 receptor -chain: MK cell. natural killer cell; NKT cell, natural killer T cell;

T, cell COA TS regulatory T cell.

Waldmann Nature Reviews Immunology 6, 595-601 (August 2006)
| d0i:10.1038/nri1901



Feature

Unique cytokine
products
Priming
cytokines

Autocrine
cytokines

STAT regulators

Lineage-specific
transcriptional
regulators

Cytokine
receptors

TH1 cells
IFNy

IL-12
IFNy
STAT1 and

STAT4
T-bet and HLX

IL-12RP2

TH2 cells
[L-4, L-5and

IL-13

IL-25 (IL-17E)
IL-4

STAT6

GATA3 and MAF

IL-17RB

THII'r cells
[L-17,IL-17F IL-21 and IL-22

TGFB and IL-6
IL-21
STAT3

RORyt and RORo

IL-23R and IL-1R1

Inducible regulatory T cells

TGFR?
TGFBand IL-2?
TGFR?
STATS

FOXP3

ND

FOXP3, forkhead box P3; GATA3, GATA-binding protein 3; HLX, H2.0-like homeobox 1; IFNy, interferon-v; IL, interleukin; ND, not
determined; ROR, retinoic-acid-receptor-related orphan receptor; STAT, signal transducer and activator of transcription; TGFJ3,
transforming growth factor-3; T, T helper.



Stimulators of hematopoesis

Granulocyte-
macrophage colony
stimulating factor (GM-
CSF) promotes
differentiation of bone
marrow progenitors
Macrophage colony
stimulating factor (M-
CSF) promotes growth
and differentiation of
monocytes and
macrophages
Granulocyte colony
stimulating factor (G-
CSF) promotes
production of PMNs

Self-renewing
hematopoietic | {
stem cell -

Common

lymphoid
fn‘;:iri‘:in progenitor
progenitor

IL-3, GM- csr IL-6 IL-7, others _

f Thrnmhapvr'{j_etm, IL-11 T ]

Basophil Eosinophil Granulocyte-monocyte

B lymphocytes

progenitor M“-‘QH W“-‘ progenitor progenitor progenitor
IL-3, GM-CSF
IL-5
Erythro-
poietin G-CSF M-CSF

& 2B

Erythrocyte  Platelets Basophil Ensmophil Neutrophil Monocyte

Figure 12-16
Kuby IMMUNOLOGY., Sixth Edition

& 2007 W, H. Freernan and Company



Citoquinas gue influyen en la supervivencia, aciva
proliferacion y diferenciacion de células T.

Survival Clonal expansion and Survival and proliferation
differentiation

Naive T cell Effector Memory T cell
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Relative exprassion level

IL-7 R

IL-15Ro

IL-2/L-15RB

-

Response

Maive T cells Activated T cells Memory T cells
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Macrophage Myeloid DC Plasmacytod DC 8 cell Mast cell Ecsinophil

Cytokines act on innate and/or adaptive
immune cells to control the effector response

ﬁ*.@
/

T eell T,.2 cell Regulatory
double preducer) T cell

mdnﬂam
kines, IL-10

| !

Intracellular pathogens: Extracellular pathogens; Regulation of the Bactenal infection;
immunopathology allergy and atopy ImmLine response autoimmunity
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