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[1 Mechanisms of pathogen recognition: Cells and
receptors

[1 Pathogen signals: TLR signaling

[1 Response to pathogens: Inflammatory cytokines
and signaling

[T cell receptor signaling, the IL-2 paradigm
[1 Cytokine signaling and regulation
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Exposure to pathogens and initiation of immune
responses

# 1. Bacteria and other
------- — ‘/‘ pathogens enter wound.
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2. Platelets from blood release
blood-clotting proteins at
J Wound wound site.

TR ST “ 3. Mast cells secrete factors
------ : : s - - - that mediate vasodilation and
=2 reat e vascular constriction. Delivery
of blood, plasma, and cells to
injured area increases.

4. Neutrophils secrete
factors that kill and degrade
pathogens.

5. Neutrophils and

6. Macrophages secrete
hormones called cytokines
that attract immune system
cealls to the site and activate
cells involved in tissue repair.
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7. Inflammatory response
continues until the foreign
material is eliminated and

the wound is repaired.



Pathogen-Associated Molecular
Patterns: PAMPs
Pattern Recognition Receptors:
PRRs
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Pathogen recognition: Toll Like Receptors
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Opsonization: efficient recognition

Serum opsonin (PRR)
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Opsonization

Antigen is marked with opsonin
[Inhances phagocytosis of an antigen

Opsonins: Immunoglobulins(i.e. 1gG),
Complement (i.e. C3b), Fibronectin, fibrinogen,
Acute phase proteins (i.e. CRP)

Allows phagocytosis through specialized receptors




TLR signaling cascades
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[1Pathogenic signals result in changes in
Immune cell functions, among which Is
expression of cytokines and chemokines.

[1Cytokines and chemokines orchestrate
Immune responses



UNIVERSITY OF CRETE
SCHOOL OF MEDICINE

(b

Auloerine aclion

@ -

Paracrine action Mearbw cell
™ ]
Soom .
- ® —3 (Jee® ga® g8 o
-
= Circulation

Endocrine action Dvistant cell



&8 wemoroer - e
Pathogenic cytokines

= TNF, IL-1, IL-6, RANKL
= IL-15, IL-18, IL-17, VEGF, IL-8, MCP-1
= IFNy

= Increased inflammation: 1 cytokine

production, | IL-10 production, migration
arrest

m decreased tissue destruction: | MMPs,
| osteoclastogenesis, suppression of IL-1
responses




Homeostatic cytokines

IL-10: inhibits TNF, IL-1 and |IL-6 production
IL-1RA: antagonizes IL-1

1T GFB: iInhibits cytokine production; dual role on
T cells (JTh1, 1Th17)

corticosteroids: inhibit cytokine production

type | IFNs (IFNao/3)
= inhibit synoviocyte proliferation
= promote cytokine and chemokine production
IL-27
= inhibits cytokine production and Th1 and Th17
m promotes cytokine production and Th1
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[1Cytokines signal via distinct receptors,
some with common structures and
downstream signaling effectors

[1The cytokine milieu and the type of
receptor expressed in the different cell
types determines the phenotype/response
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(d) TINF receptors

TINF-ox

TNF-3

CD40

Nerve growth factor (NGF)
FAS

'NF receptor family transduce the signals
following their trimerization
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TNF receptors

[ITNFR1 mainly initiates signals to promote
apoptosis but also contributes to cell
activation

[1TNFR2 initiates activation signals and
strongly activates NFkB without activating
the apoptotic cascade



TNF signaling
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TNFR signaling
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Inflammation and survival
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Class | and Class Il cytokine
receptors mediate signals via the
Jak/STAT pathway



Class | cytokine receptors
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IL-2
IL-3
IL-4
IL-5
1L-6
IL-7
IL-9
Ir-11
IL-12

IL-13

IL-15

GM-CSF

G-CSF

OSM

LIF

CINTF

Growth hormone
Prolactin

Hematop oietins

130 {ILAST)
EP shared

IL-3RB {CSF2RE)
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IL-2 signaling controls T -cell
activation
[1Engagement of TCR results in induction of

IL-2 secretion and IL-2R upregulation
[11L-2 induces T-cell proliferation

[1T-cell activation requires TCR plus co-
stimulatory signals
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Memory and effector T cells



TCR-mediated T -cell activation




TCR signals are mediated by phosphorylation
and de -phosphorylation events

[1Engagement 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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A few seconds following TCR engagement Ca++
Influxes and is also released from intracellular stores
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Induction of IL -2 expression

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

[1 These include: NFkB, NFAT, AP1, Octl etc
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NFAT AP1 Oct NFkB  NFAT AP1 NFAT AP1 NFAT AP1 Oct NFAT APl

IL-2 promoter



Ca++ signaling in TCR activation

[1 A few seconds following TCR engagement Ca++ influxes
and is also released from intracellular stores.

[1 Ca++ Is an important signaling molecule activating
calmodulin and the serine phophatase calcineurin, which

In turn, dephosphorylates and activates the transcription
factor NFAT.

[1 Dephosphorylated NFAT enters the nucleus and
activates genes including this of IL-2
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Therapeutic interventions
[1 Cyclosporin and Tacrolimus (FK506) target NFAT activation



Co-stimulation results in additive activation of downstream

o ih ‘iiﬁ; / %;UGHE:-
IPQ_FI S
T e -

FProteasormal 4‘ 'L

w £ Degradatian @ @ ‘L‘

: i S
' : S -~
i o e - )
oo I ety abaia s . -~
re ..'#.;-@:;-. et R SRR it e - Proteasomal
-~ - e ™
; P S : e e,

Dregradation

ot w-uﬁ e T w P"; ¥ o - N__I o
eSS | M Mombran
doz | EAD Faro




Class Il (Interferon family) receptors

IFN-ot
IFN-B
IFN-y
IL-10
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STATSs are activated via tyrosine phosphorylation

a STATs
T T

- Cytokine
Growth-factor () receptor

D

G-protein-




STAT1 mediates the pro -inflammatory effect of IFN

IFNy < >
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JAK2 |
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STAT1
TNF and TLR responses
Cytokine production
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STAT3 mediates the anti -inflammatory effects of IL -10

IL-10 G

STAT3
TNF and TLR responses
Cytokine production
Antigen presentation
Limits duration and intensity of immune
j 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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[1Cytokine expression pattern and levels
determine the fate of the inflammatory
response

[IIntracellular signaling molecules reqgulate
cytokine action
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Amplitude of signal output

Dependence of signal amplitude and kinetics on stimuli
strength and consequences on biological outcomes
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Signal integration determines the outcome in the complex
inflammatory environment: The balance between cytokine action
determines the severity of inflammation
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Pathogenic and cytokine
signal integration: the
example of sepsis



Magnitude of Inflammatory
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Control of responses to pathogens: Positive and negative
regulators triggered by hormones, cytokines, metabolites etc

Response

Negative signals:
PI3K/Akt/PDK-1

= -
Positive | sOcs1 C/EBPB IL-10 IRAK-m MiR-146a
signals: ' Let7 family
NFkB, ERK i
miR-155, i
PTEN ;
Wy T >

Acute Inflammation

Resolution of Inflammation or Endotoxin Tolerance

>

Time

Vergadi et al, J Immunol. 2017; 198:1006 -1014
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[1 Pathogens are recognized through receptors and transmit signals in immune
cells.

[ Signal integration results in cytokine production and cell activation (i.e.
phagocytosis).
[0 Cytokine and pathogen-receptor signaling is regulated in a dynamic manner
during immune responses
[ It is augmented or suppressed

[ Cytokine signals crosstalk with signals from pathogen receptors, hormones, adipokines
etc, and their balance determines the phenotype

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

Regulation of cytokine signaling and function will impact disease progression: new
therapeutic approaches that modulate cytokine signaling
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Receptors recognizing opsonized molecules



