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 Inflammatory cytokines and signaling

o T cell receptor signaling, the IL-2 paradigm
e Cytokine signaling and regulation

e Pathogen signals TLRs

e The role of mIRNAS In inflammation
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Inflammation

1. Bacteria and other
pathogens enter wound.

2. Platelets from blood release
blood-clotting proteins at
wound site.

3. Mast cells secrete factors
that mediate vasodilation and
vascular constriction. Delivery
of bloed, plasma, and cells to
injured area increases.

4. Neutrophils secrate
factors that kill and degrade
pathogens.

5, Neutrophils and

6. Macrophages secrete
hormones called cytokines

‘that attract immune system
‘calls to the site and activate

calls involved in tissue repair.

7. Inflammatory response
continues until the foreign
material is eliminated and

the wound is repaired.
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e Cytokines and their signals that regulate
and modulate the responses

e Tissue damage or pathogen signals
activate inflammatory responses
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(a) Inducing
stimulus

Biological
chfects
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Pathogenic cytokines

m TNF, IL-1, IL-6, RANKL
m [L-15, IL-18, IL-17, VEGF, IL-8, MCP-1
m |[FNy

= Increased Iinflammation: 1 cytokine

production, | IL-10 production, migration
arrest

= decreased tissue destruction: | MMPs,
| osteoclastogenesis, suppression of |L-1
responses




P il 2
[4¥50§~ UNIVERSITY OF CRETE
hi70%5  SCHOOL OF MEDICINE

Homeostatic cytokines

m |[L-10: inhibits TNF, IL-1 and |L-6 production
m |L-1RA: antagonizes |L-1
m | GF[3: Inhibits cytokine production; dual role on
T cells (JTh1, 1Th17)
m corticosteroids: inhibit cytokine production
m type | IFNs (IFNao/3)
= Inhibit synoviocyte proliferation
= promote cytokine and chemokine production
m|L-27
= inhibits cytokine production and Th1 and Th17
= promotes cytokine production and Th1




Cytokine signaling

* Cytokines signal via distinct receptors,
some with common structures and
downstream signaling effectors

* The cytokine milieu and the type of
receptor expressed Iin the different cell
types determines the phenotype/response
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(d) TNF receptors

TNF-ox

TNEF-f3

CD40

Nerve growth factor (NGF)
FAS

TNF receptors transduce the signals
following their trimerization



e
TNF receptors

« TNFR1 mainly initiates signals to promote
apoptosis but also contributes to cell
activation

« TNFR2 Initiates activation signals and
strongly activates NFkB without activating
the apoptotic cascade



TNFa signaling pathways
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TNFR signaling




Class | and Class Il cytokine
receptors mediate signals via the
Jak/STAT pathway
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IL-2 signaling controls T-cell
activation

 Engagement of TCR results in induction of
IL-2 secretion and IL-2R upregulation

e IL-2 Induces T-cell proliferation

» T-cell activation requires TCR plus co-
stimulatory signals
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TCR-mediated T-cell activation




TCR signals are mediated by phosphorylation
and de-phosphorylation events

 Engagement of TCR by a peptide-
presenting MHC of an antigen-presenting
cell (APC) activates the tyrosine kinase
Lck, which in turn phosphorylates ZAP70
and the intracellular ITAM motifs of TCR.
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Induction of IL-2 expression

 TCR signals induce activation of key
transcription factors that bind to the
promoter of IL-2 gene

e These include: NFkB, NFAT, AP1, Octl
etc

5 — K- HH  KH HHEH Hb—z

NFAT AP1 Oct NFkB NFAT AP1 NFAT AP1 NFAT AP1 Oct NFAT APl

IL-2 promoter



Ca++ signaling in TCR
activation

* A few seconds following TCR engagement Ca++
Influxes and Is also released from intracellular
stores.

e Ca++ Is an important signaling molecule
activating calmodulin and the serine phophatase
calcineurin, which in turn, dephosphorylates and
activates the transcription factor NFAT.

 Dephosphorylated NFAT enters the nucleus and
activates genes including this of IL-2
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Therapeutic interventions

e Cyclosporin and FK506 target NFAT
activation
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Lymphocytes require
two signals to get activated

T cell inhibition

| = 4—“ B7 |
Tecell + & _'

|_Tcr_Rdh il
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T cell activation



Co-stimulation results in additive activation of
downstream molecules: Positive co-stimulatory
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TCR activation signhals- overview

e Activation signals are mediated via several
kinases including ZAP-70, PKC, Raf, MAPKS,
JNK

 They lead to activation of transcription factors
such as NFAT, NFkB, AP1

 They induce transcription of cytokines and other
genes involved In activation or fate (i.e. that
contribute to proliferation and/or Th1/Th2
polarization)

e Co-stimulatory signals use the same pathways
to boost the effect- they also utilize the PISK-Akt
pathway



Interferon famdly
IFH A

Class Il (Interferon family) &

IFHE

receptors

IFHNG
IFN-tx
_ IL-10 family
IFN-B ;
[L10
IFN-y
IL-10 [L19

[L20

[L24

[L2X)

IL28A

1L28R
129

[1.26




STATs are activated via tyrosine phosphorylation

G- protein-
coupled
o receptor

STAT

&|7 SHP phosphatases

Adapted from Nat. Rev. Immunol 2008
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STAT1 mediates the pro-inflammatory
effect of IFNy

TNF and TLR responses
Cytokine production
Antigen presentation
NO, ROs
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STAT3 mediates the anti-inflammatory
effects of IL-10

IL-10 -

\

JAK1

STAT3

STAT3

TNF and TLR responses
Cytokine production

Antigen presentation
Limits duration and intensity of immune
> responses

Limits tissue destruction




Intracellular signaling molecules
regulate cytokine signaling

- Stat1 and Stat3 have opposing functions in regulating inflammation
- Stat1 and Stat3 suppress each others function
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Jak and Stat interaction with
different cytokine receptors

i

Cyvilokine recepior 1A K STAT
TEMN -y IAKT and TAKZ2 Statl
IFN - /3 JAKT and Tyk-2 Stap?
IL-2 JTAK ] and JAKS Stats
I1L-3 IAK2 alal>
1L-4 JTAKT and JAKS3 Staté
IL-6& TAKIT (and sometimes others) Stat3
1L-11} JAKT and Tyk-2* Stat3

IL-12 JAK2 and Tvk-2* Stat4
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Chemokine signaling

(e) Chemokine receptors

IL-8
RANTES
MIP-1
PF4
MCAF

(O NAP-2

G-protein




UNIVERSITY OF CRETE
L7 SCHOOL OF MEDICINE

Chemokine receptor
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e Cytokine expression pattern and levels
determine the fate of the inflammatory
response

 Intracellular signaling molecules regulate
cytokine action
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Dependence of signal amplitude and kinetics on
stimuli strength and consequences on biological
outcomes
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The balance between cytokine
action determines the severity of
Inflammation

(Stat3)
(Stat3)
signal (Stat3)

transduction
crosstalk

[ o [—IL-10 (Stat3)
TGFp

pro-infl u ‘
IL-1RA

GCs
TGFB

IL-10




Signal integration determines the
outcome In the complex
Inflammatory environment

Microbial products
Endogenous ligands

IRF
NF-xB

Humoral immunity
PTK transduction

Catt crosstalk SN
feedback

kT __LSTAT inhibition

Microbial nucleic acids/ICs  |FNa/p IL-10




Pathogen-initiated signals
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TLR signaling cascades
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ST2, SIGGR/TIRS,
RP105, sTLRs

42
Front. Physiol., 22 May 2012
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Control of TLR responses to pathogens: Positive and
negative regulators

Negative signals:

PI3K/Akt/PDK-1 :
-
%
5 o
Es
5 g : iR-146
Eg Positive | SOCS1  C/EBPB IL-10 IRAK-M Mi a
3 signals: E Let7 family
£ NFkB, ERK :
& miR-155, 5
PTEN E
Acute Inflammation Resolution of Inflammation or Endotoxin Tolerance
Time >

J Immunol. 2017 Feb 1;198(3):1006-1014
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PHASES OF AN INNATE IMMUNE RESPONSE

ACTIVATION

EFECTORS

HOMEQOSTASIS

MEMORY

lia

RECOGNITION
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Signaling mechanisms controlling macrophage
polarization

Stimulus|  (IFNy ) (GM-CSF) iLPE" Iiﬁirnths ) &Y \JL-13.)
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Transcription
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M1 macrophage @ ’?ME macrophage
S

Nature Reviews | Immunoclogy
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Inhibition by glucocorticoid receptors

b
TLE4
Plasma
membrans
| | 181 1 1 i ]l L |
Mucleus ;
Gilucocorticoid
Fe ce prbor
L
Co-activator
MF-wB

MF-wB-binding site [

poS-dependeant, glucocoricaoicd- piS-dependent, glucocaorticoicl
receptor-resistant qenes receptor-sensitive genes

Nat Rev Immunol. 2005 5:446




Inhibition of inflammatory signals by
PPARY and glucocorticoids
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Conclusions

o Cytokine signaling is regulated in a dynamic manner
during Immune responses
— Cytokine signaling is augmented or suppressed

— Cytokine signaling crosstalks with pathogen receptor signaling,
hormones, adipokines etc

— Cytokines have different effects on the same cell depending on
the timing and state of activation

— Balance between cytokine signaling pathways that synergize or
antagonize determines the phenotype

regulation of cytokine signaling and function will impact disease
progression: new therapeutic approaches that modulate
signaling
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Thank you



MIRNAS In TLR signaling as
regulators of inflammatory
responses
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MicroRNAS: novel
players In the regulation
of Immunity

Endogenous, non protein
coding, small RNAs

Exhibit tissue specific or
developmental stage
specific expression

Regulate translation and
stability of mRNAs

Role
In hematopoiesis

In control of cell survival
/proliferation

In chromatin regulation

In Immunity
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MIRNAS In hematopoletic
cells
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Nat Immunol, 2008



MIRNASs control macrophage lineage cell
differentiation by targeting transcription factors

miR-144 —
and
miR-451
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Cell membrane

IRAK1/2

54
Front. Physiol., 2012
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Therapies targeting T-cell
activation signals
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