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Cell-to-cell communication

Several divisions arm forces should
be well connected to each other

Communication strategy of
the immune system

/

Antigen presenting
cell

Via I\/I'és'senger:
cytokines




Cytokines properties LS i) Saiiad

Cytokines / immunocytokines (Greek , cyto =‘cell’ & kinos
=‘movement’) A" = gl ¢ 4l gll) dae ) LAY/ Gl i)

Low molecular weight soluble proteins (polypeptides) produced in (6f\=’

response to microbes and other antigens wie) sl 0l Aumiia ol 52 LG i

Most cytokines are low molecular weight polypeptides
or d}ia\mjaujwb@\cﬁ(a\w\

| | s \
glycoprotein(8~80 KD), and most of theRP¥PERHIdT amigy, ©oF! tatsse st elm

They act via cell surface receptors to mediate augsregulate ther . ~ A) s S o
thﬁm‘ﬁh..“jkujmm '\C.L.....“'\MM'“ JJ.Q(LQ’_I

LAY iy gad & aSaill 5 ¢ dueLiall duledly) cililainy)

xamplitude and duration of the immune-inflammatory réesponses, Al LAl 4 Al

55l Clilue o () slany (Wi (S 6l 0)5) ale S

. . . Al (i 3 Jiig b yuad duie ) <l yid
controlling growth and differentiation of T and B cells S s ) =
YAL &SV L aag o

They generally (although not always) act over short distances and
short time spans and at very low concentration.

IL-1 through IL 29 have been described



Cytokines names LS ghud) plasd
: : dac g2 b pas b - Interleukins
> Interleukins - produced exclusively by i) ey S

leukocytes -
j A gliaall) LA Lgaith Al - ciliss siall)
» Lymphokines - produced by lymphBcytés el

; - ladd 13 - LS g gal)
> Monokines - produced exclusively by == %5 =35

monocytes il g ] Balidaal) cllaid) b ¢l LS - (g b AY)
» Interferons - involved in antiviral responses

» Colony Stimulating Factors -
support the growth of cells In

semisolid medias dp il gl B USAD) sad a8 - 5 yaianal) piad Jal s
» Chemokines - promote chemotaxis. el

(Pl Q1N 34585 - Chemokines
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Cytokines properties

Galdai i Ulaa (1S sl Joe ()5S, 38

» Action of cytokine may be local or systemic
ZUEY) & se e sl (0 siaal) Jany
» Cytokine act close to the site of production (-ghatal oy 58)

autocrine act.
( ) (S dee) dn B 48 e oS giall Jany

» Cytokine act on a nearby cell (paracrine action)
Jary 5 49 50all B 5all B S dpaS ) 8) Jay 8
> Large amount secretion may enter circulation and sl

act at a distance from site of production (endocrine |
action) (slacall 232l Jac) Y a8 g0 (0 dilisa
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Cytokines properties
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Cytokines action properties

» One cytokine can act on different cells (pleiotropic)
Baaatia) Adliae LIS e 2l g S g Jazg o) (S

(Slalasy)

» Multiple cytokines may have the same functional
effects (redundant) oo 550 3) Al 1 <l ) (s B sl 23 ()5S, 8
(Aalsl)

» Cytokines often influence synthesis and action of
other cytokines Sl aes Gl e St sl i L e
s AY)

» Two cytokines may antagonize each other’s action

(produce additive or synergetic effects)

i) LAY dae Leagia JS (galay 38 G gl (e ()
(B )b ol ddlizae cl il 4ae



(m) Target Cell Effect

Activation
Proliferation
Differentiation
PLEIOTROPY /’ o
> IL-4 Proliferation
IFN-y
Activated Ty, cells Thymocyte l
Proliferation
> :t:: Proliferation
(1o By— 4
Activated Tw cells B cell
SYNERGY
. -4
WQ — 4 > Induces class switch to IgE
I-s
Activated T.. cells Bcell
ANTAGONISM
= .
° SiL-4 > Blocks class switch to Igh
Sl induced by IL-4
Activated Ty cells  'FNY ® coll IFN-y, TNF, IL-2, and

other cytokines

Figure 12-2
Kuby IMMUNOLOGY, Sixth Edition
O 2007 W H Freoman and Company
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Cytokines functions AL st il

Cytokines classified according to their biologic actions into

three groups: T 5] gl Ll g il sl v 2
"CGle gana OB

1) Mediators and regulators of innate immunity o il A il oyl 5 ol
2 ¢ S ¢

- Produced by activated macrophages and NK cells In
response to microbial infection

- they act mainly on endothelial cells and leukocytes to
stimulate the early inflammatory response to microbes
6 33 l] Al A plal) AEN LAY 5 Aol ae DU Leais
A5 Sl
by S5 Al LAY e bl IS8 Jaat a5
il _Sall 5 5Saall Al i) Alaioal) Suiatl Gl



) Mec(\ﬂ;grgalgclln es function

regulators of acquired immunity
- Produced mainly by T lymphocytes in response to
specific recognition of foreign antigens
- They include IL-2, IL-4, IL-5,, IL-13, IFN,
Transforming growth factor-3 (TGF-[3) aniuasa Gasl ¢ saliiag slaus

Tumor necrosis factor (TNF- f) % Zstall LAY Gk ¢e ubud Jdy g
daiaY) Gladiuwall Jo o el Aglati

| : . SIFN 3 YYIL- 5 °IL- 5 ¢1IL- 9 VIL- Jad (A g
) Stimulators of haematopOoIESIS yr. gy a1 s Jale s (TGE-B) -sail Jale Jysa

- Produced by bon marrow, stormal cells, leukocytes
- Stimulate growth and differentiation of leukocytes
- Stem cell factor, IL-3, IL-7, GM-CSF ) 555 g
Gl Sl ¢ ddalall LYAY) ¢ aliad) g0 310k oo il
el
o2l il S Gulalg gad pdad
GM-CSF ¢V IL- <% IL- ¢ due3al) DAY Jale



Cytokines and type of immunity

Cytokinet Secreted by? Targets and effects

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-a) 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 (promotes T, 1 subset)
Interleukin 6 (IL-6) Macrophages, endothelial cells Liver (induces acute phase proteins);influences adaptive
immunity (proliferation and antibody secretion of B cell lineage)
Interferon o (IFN-a) Macrophages Induces an antiviral state in most nucleated cells; increases MHC
(this is a family of molecules) class | expression; activates NK cells
Interferon B (IFN-8) Fibroblasts Induces an antiviral state in most nucleated cells; increases MHC

class | expression; activates NK cells

SOME CYTOKINES OF ADAPTIVE IMMUNITY

Interleukin 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 T2 differentiation; isotype switch to IgE

Interleukin 5 (IL-5) T, 2cells 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 vy (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.

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 Company
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pro-Inflammatory and anti-inflammatory Cytokines.
Cytokines can also be classified as pro-inflammatory and anti-inflammatory.
While the pro-inflammatory ones induce inflammation in response to tissue
injury.
The function of anti-inflammatory cytokines {(IL-4), (IL-10), and (IL-13)} is

exactly the opposite.
Their purpose is to lower the inflammatory response

bl Baliadl) 5 il 3y gall LS givdl)
Ll Balian s L 3450 Lol o il i) Cauat Wil ¢Sy
¥ Al Alaind QL) s S s 5all 3l sall O s
oS A {(VVIL) 5 (O 1 IL) 5 (1)} CLleii sabiadd) G ghnd) Adh

@ Ll el

@ - AV Llaia) (dd s Lgie o i)

Pro-inflammatory

Cytokines (TNFo, IL1, IL6)
Chemokines (MCP-1)

CD40L 12




IFNvy
GM-CSF

TNFa IL-8 and

-1 other IL-15
chemokines IL-16

iL-17
iL-18 TGFB

L6 IL-1RA :I:‘n::lonal -4
Pro-inflammatory™* siL-1R1 antibody IL-10
to TNF IL-11

IL-18BP

Anti-inflammatory*

Cytokines drive the inflammatory response®

13
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Cytokines belong to four families
Sl ao )l () s i) i

Falls in 4 families e ¢ b ad,
1. Hematopoietin family O g gilasgd) Alile
2. Interferon family Gt i) dlile
3. interleukin family O gl dlile
4. Tumor necrosis factor family ausll AT Jale dlile

14
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CYEESEFErong to four families

alile a ) ) S ) ol

s LS T e OB A e ALS 3 Lnsen

All have molecular mass less than 30kDa

All have similarities and few rarely act alone

The amino acid sequences of these family members

23 ey Lgie JAlBN o oty Lo 505 40LE5 Aol L] Lgnnan

differ considerably |50 BSAT AL 31 Y Liee] ymleay) Josdes ilias

All'have high degree of a helical structure and little or o

no B podma ol Jllg o S ila JSa e dlle dx Ha Lgraan &l
no

sheet structure 8,50 JSa

Molecules have similar polypeptide fold, with four a

a) ae ¢ Alllas aginll sadrie Lk e Gy jall (5 gias

helical regions (A-D) (A-D) Wi is s a 5hlie

In which the 1stand 2nd helices & the 3 rd and 4t

roughly parallel to one another & are connected by

loops O sie qal 5 Gl 5 S5 S99 0 s tall 0 5Ss Cua

15
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Diversity of the cytokine folds. |.

IL1 ((3 trefoil) IL4 (4-helical)

IL10 (4-helical)

16
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Cytokine Activities

» Cytokines are made by many cell populations, but the predominant producers are
. QM\&@W@QM\%\&Q@M‘M*
helper T cells (Th), dendritic cells and macrophages, o Colal) i) ol «

¢ dalall g driaadl) LAY ¢ (&) Baclucal) 4plil) LAY

» he largest group of cytokines stimulates |mmﬁ%§tmliﬁageg afm ‘%Ef%ent.lag?s@w
This group includes: -de ganall ol Jadd W uladg

_ _ _ All) LAY Jadidy (o3 ¢ (VIL-) Y (oS ol

» Interleukin 1 (IL-1), which activates T cellsy ) Ly g 4 LAl 5ss Jiay o ¢ YL

> IL-2, which stimulates proliferation of antigen-activated T and B cells <iwal lghdd

_ _ DAY Guldg JLdd) 38a5 (Al ¢ VL- 5 OIL- o £IL-
» IL-4, IL-5, and IL-6, which stimulate proliferation and differentiation of B cells

» Interferon gamma (IFNy), which activates macrophages
» 1IL-3, IL-7 and Granulocyte Monocyte Colony-Stimulating Factor (GM-CSF), Al
which stimulate hematopoiesis dalal) hidy ) ¢ (IFNB) Ll 58 )
oalal) LAY &) jartioea Sadad Jale g VIL-  YIL-
adll (9S8 Jhay o3 ¢ (GM-CSF) Aaal)
17



Interferon B (IFN-B)

Macrophages, dendntic cells,

virus-infected cells

Cytokine Secreted by’ Targets and effects
SOME CYTOKINES OF INNATE IMMUNITY
Interleukin 1 (IL-1) Monocytes, macrophages, Vasculature {inflammation); hypothalamus {fever); liver {induction of
endothelial cells, epithelial cells acute phase proteins)
Tumor necrosis Macrophages, monocytes, Vasculature {inflammation); liver {induction of acute phase proteins);
factor-a (TNF-w) neutrophils, activated T cells and loss of muscle, body fat (cachexia); induction of death in many cell
NK cells types; neutrophil activation
Interfeukin 12 (IL-12) Macrophages, dendritic cells NK cells; influences adaptive immunity {promotes T,,1 subset)
Interleukin & (IL-6) Macrophages, endothelial calls, Liver (induces acute phase protems); influences adaptive immunity
and Ty2 cells (proliferation and antibody secretion of B-cell lineage)
Interferon-« (IFN-«) (this  Macrophages dendritic cells, Induces an antiviral state in most nucleatad cells; increases MHC Class |
is a family of molecules) virus-infected cells expression; activates NK cells

Induces an antiviral state in most nucleated cells; increases MHC Class |
expression; activates NK cells

SOME CYTOKINES OF ADAPTIVE IMMUNITY

Interleukin 2 {IL-2)

Interfeukin 4 (IL-4)
Interleukin 5 (IL-5)

Transforming growth
factor g (TGF-8)

Interferon v (IFN-y)

Tcells

T,2 cells, mast cells
Tl cells

T cells, macrophages,
other cell types

Tl cells, CD8" celis, NK cells

T-cell proliferation; can promote AICD. NK cell activation and prolifera-
tion; B-cell proliferation

Promotes 7,2 differentiation; isotype switch to IgE

Ecsinophil activation and generation

Inhibits T-cell proliferation and effector functions; inhibits B-cell prolif-
eration; promotes isotype switch to IgA; inhibits macrophages
Activates macrophages; increases expression MHC Class | and Class Il
molecules; increases antigen presentation

*Many cytokines play roles in more than one functonal category.

'Only the major ool types prowding cytokines for the indicated activity are ksted; other cell types may also have the capacty to synthesze the given cytokine. Actvated
menmmmdmmmm
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TH1 and TH2 cytokines

Cytokine secretion and principal
TABLE 12-49 functions of mouse T_,1 and
T,Z2Z subsets
T T2
CYTOKINE SECRETION
n-= -+ -—
IFN-—y 5 —
TNF-8 e —
GM-CSF -+ + 3~
n-= e -+
-a — -+
I-s —_ B B-
IL-10 — S
-3 — -+
FUNCTIONS

Help for total antibody production — -

Help for IgE production — 4

Help for IgG2a production -+ -+
Eosinophil and mast-cell production — - &
Macrophage activation -+ —_
Delayed-type hypersensitivity —+ =
T o—<ell activation o —_
SOURCE: Adapted from F. Powrie and R. L. Coffrman, 1993,
Ifmmunology Today 14:270.

Table 12-4
Kauby IMMUNOLOGY, Sixth Edition
< 2007 W.H_Freeman and Company



INFLAMMATORY RESPONSE

. T4 b 9 T+ *
\ l | \ | | |'
\ ) % I |

. 1@% /.- e
Cytokine network e A 9@/

Hypothalamus (-1 '\.\!’3)-.: kR Antigen
R . Macrophage / Mools 1 N
Neutrophil e ) ~ GM-CSF, G-CSI
v ltia <
aioe {\’_ . i"n.- |-,
g = 2o LN Lt T2 /
Neutrophil T Hematopoiesis
G0 (L, -6
R L \ 118, 110

JI-12, 1S
/1PN, -B

INF-re

‘/

A0y
110, 113, |
IEN-OLIFN 7.

INF i

Clonal expansion
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Chain of Cytokine Action

Stimulus>Cytokine-producing cell> <8 gl Aaiial) AMAY) < Jadad)

Stimulus

e‘g' s

Microbe

Cell contact

8yl\z>\kine ®» Cytokine

Antibody/IC 2 Receptor
Y.

Sheer sitress

Pressure

<Jaisall <Aiagioall AN <y giand)
Cytokine>Target cell>Receptor> ; ;
A sl gl () sl
Biological effect(s)

21
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Interferons

» Interferons (IFNSs): are proteins secreted in

> response to viral infections or other stimyli ;... (IFNS) &3 5 55

> They include: G AY) Sl Jinall 5 G5 pil) (g panll Alain)
) ladid

IFN-a produced by !eucocytes ) il S L 3 |FN-o

IFN-3 produced by fibroblasts el LAl

IFN-y produced by NK cells, TH1 cells, CD8 T-cells
TACD Wi YTH LA s NK L3 abda Al -IFN

IFN-y
NK :
M1 DCs CTL p | Treg Th2 d Th17
cell 3
Natural Killer Macrophage ggMH(‘ class VII Cytotoxic T cell T regulatory T helper 2 T helper 17
(1) cells (M1-like profile) @9 upregulation cells response response

Thi
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Colony-stimulating factors (CSF)

(CSF) @ rariall judal Jal o
> Cytokines that stimulate proliferation and\or
differentiation of pluripotent hematopoietic stem cell

and different progenitors.

> Granulocyte macrophage-CSF(GM-CSF)

> Monocyte-CSF(M-CSF) Adliae CadLd
. Granulocyte-CSF(G-CSF) O
> Stem cell factor(SCF) “ C‘gi&ﬁfﬁ‘
> Erythropoietin(EPO) (54) o sa5 5]



a Proliferative stimulation

b Suppression of apoptosis

¢ Differentiation commitment

@ '%;eutrophlls
I |Macrophages

€ Functional stimulation of mature cells
CSFy csgk

2 e Phagocytosis
Neutrophil @ X :
== Superoxide

CSFa

CSFs Phagocytosis
Monocyte @ *@ ~. Lysozyme
1L, IFNy,
TNFa, PA

Nature Reviews | Cancer



IL-2 important actions:

> It can Increase immunoglobulin
synthesis

> Proliferation in B cells (with IL-4)

» potently augment the cytolytic
activity of natural killer (NK) cells

» induce the cytolytic activity of
lymphokine-activated killer (LAK)

cells

> Due to its effects on T-cells and B-

cells IL-2 is a central regulator of
immune response

Sl (gl e 23 ) (S

A il g dag phal) G geand) Aol

(£1L- aa) 4aild) DAY A Laady)

(NK) dmpadal) ALAN LAY g olad) JaLELl) 3al

CnS sianll) s A1) ALHAY LA (5 olAY) Bl judas
(LAK)

YIL- O ¢ Aulal) LYIAY) o Al LAY e o il ) las
4o Uall Aaidl (g S o aliia g8

Actions of 1L.2
¢ (sl ) 3
NK cell o< monocyte
activation 4 activation
| autocrine
) £ action f \
- NK & _y \
SN . O _—__ 4
o I=2
p &
y N
V 4 Q
v 4 >
) e & - —_— "
activates T, promotes
and § ) £4 A division
promotes \} B 5 T I/ and mediator
division release

(e.g. IFN«)



IL-4

> IL-4, like IL-2, is produced
principally by activated
CD4+
T cells

> It is also produced by
natural killer cells, and
by mast cells and
basophils

> |L-4 is the major B-cell

growth factor

» IL-4 induces expression
of class Il major
histocompatibility
complex (MHC)
molecules on B cells

(sl J8 ¢ YIL- Jia ¢ £1L- L) Al
hilal) + ¢CD Adawl g

4ty LAY
ALIAY LAY Ao go L) Aalil) aly
duac (1) LOAY ¢ dball UYIAT) g dagdall

(i) ALl LAY g Jals g8 £IL-
e Sliyja (8 el o )L G

A Y e i) aeal) (80 5310
4uld) LA e (MHC)
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Cytokine Receptors

S Clile o
-5 Major Families AR o lial) ol g gl Al

mmunoglobulin Superfamily(&ﬂ‘ A ¢y siLasg) inn lle
Hematopoletin Receptor Family (Class 1) “

nterferon Receptor Family (CIGES Tf)) oo+ <kt 4e
TNF Receptor Family TNF <3 Alile
Chemokine Receptor Family 8 a8 ESiiona Alile

-Class | and Il (Majority Of Receptors)

Multimeric (cOhEiual) LlE) Al g 1 g8 4l
Upon Receptor Engagement, Tyrosine e
Phosphorylation o) B hedd ¢ e Eiaual) Jal ) dis
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(a) Immunoglobulin superfamily
receptors

S
S
S
§

§
$

P

(b) Class I cytokine receptors
(hematopoietin)

\E >Conserved
I cysteines

—JWSXWS
Rk

IL-1

M-CSF

C-Kit
L2 13
I3 ILI5
IL4  GM-CSF
IL5  GCSF
16 OM
IL7  LF
IL9  CNTF

IL-11  Growth hormone
II-12  Prolactin

(c) Class II cytokine receptors
(interferon)

(d) TNF receptors

IFN-oc
IFN

IL-10

TNF-o

TNEB

CD40

Nerve growth factor (NGF)
FAS




Hematopoietin Receptor Family (Class |)
(A Aalll) iy o silasgd) DBl dlile

(b) Class | cytokine receptors LIGANDS
(hematopoietin)

IL-2 IL-13
IL-3 IL-15
- Conserved IL-4 GM-CSF

>'cysteines IL-5 G-CSF
IL-6 OSM

WSXWS IL-7 LIF

B IL-9 CNTF

IL-11 Growth hormone
IL-12 Prolactin
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Receptor Signalling (IFNyYR)

. . . 4e 8l 3aa ¢l Ligand Binds @
> Ligand Binds a Subunit i) ana (WS 3 Ligand Bbi) qued

» Ligand Binding Causes Dimerization of
Receptor JAKS Lyl
> JAKs Get Activated e o

Phosphorylation of tyrosine residues o — o= @3 b S

ageadll JAKs b jiusd
receptor
Phosphorylation of JAKs themselves
STATS (a5 i
» STATS Dock Receptor JAK Adal 33 STATS 5 i

Phosphorylation of STATs by JAKs

> Dimerized STATs Translocate To
Nucleus

> Gene Expression () el

3163l ) Adalyl clailaaly) S8
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Cytokine

b
/" Dimerization
of receptor

Activation of JAK
family tyrosine kinases,
phosphorylation of receptor

Tyrosine phosphorylation of
STAT by JAK kinase

Dimerization
of STAT

Specific gene transcription



signal transduction

STAT and JAK interaction with
LLY: IR PIVA  selected cytokine receptors during

Cytokine receptor JAK STAT
IFN-y JAKT and JAK2 Stat1
IFN-ot/B JAK1 and Tyk-2 Stat2
IL-2 JAKT and JAK3 Stat5
IL-3 JAK2 Stat5
IL-4 JAKT and JAK3 Stat6
IL-6 JAK1 (and sometimes others)  Stat3
IL-10 JAK1 and Tyk-2* Stat3
IL-12 JAK2 and Tyk-2* Stat4

*Despite its name, Tyk-2 is also a Janus kinase.

SOURCE: Adapted from E. A. Bach, M. Aguet, and R. D. Schreiber, 1997,

Annu. Rev. Immun. 15:563.



