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Signaltransduktion

* Moglichkeiten der interzellularen Kommunikation
» Signalweiterleitung in die Zelle (,,Transduktion®)
* Rezeptoren als Signalumwandler

* Phosphorylierung und Dephosphorylierung

* T-Zell Rezeptor-Komplex: Signalauslosung und Regulation

- Aufbau des TZR
- Aktivierung des TZR (proximale Ereignisse)
- Regulation der proximalen Ereignisse am TZR (Csk, CD45, Lipid Rafts, Imnmunologische Synapse)

 Vom T-Zell Rezeptor ausgehende Signalwege

- Ausbildung des Signalosoms zur Initiation distaler Signalwege

- Calcium-Signal und assoziierte Signalwege (PL-CY, PL-CB, PKC, NF-kB, NFAT)
- MAP-Kinase Signalwege

- Ko-Signale durch CD28
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{a) Intracellular receptors
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Einteilung membranstédndiger Rezeptoren:

1. G-Protein gekoppelte Rezeptoren

2. lonen Kanile

3. Rezeptoren mit intrinsischer Enzymaktivitat (S/T-Kinasen, Y-Kinasen, Phosphatasen)

4. Rezeptoren ohne intrinsische Enzymaktivitat; sind mit Protein —Tyr-Kinasen assoziiert
(Cytokinrezeptor-Superfamilie)

(a) G protein-coupled receptors (epinephrine, glucagon, serotonin)
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Phosphorylierung / Dephosphorylierung als wichtiges Mittel der Signalweitergabe
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Etwa 1/3 aller Proteine in Saugerzellen sind phosphoryliert
Phosphorylierung ist haufigste posttranslationale Modifikation
Verhaltnis P-Ser : P-Thr : P-Tyr =1800 : 200 : 1

Etwa 200 Kinasen (2-3% des Genoms) und 100 Phosphatasen sind bekannt
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Figure 6-9 Immunobiology, 6/e. (© Garland Science 2005)

ITAM: Immunoreceptor tyrosine-based activation motive
Tyr-X-X-Leu/Val-X,_44-Tyr-X-X-Leu/Val
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In the resting T cell
the ITAMs are not
phosphorylated

Binding of ligand to the
receptor leads to
phosphorylation of the
ITAMs by Lck when the
co-receptor binds to
the MHC ligand

ZAP-70 binds to the
phosphorylated { chain
ITAMs and is
phosphorylated and
activated
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Figure 6-12 Immunobiology, 6/e. (© Garland Science 2005)

Lck, Fyn, ZAP-70: Rezeptor-assoziierte Tyrosin-Kinasen (RTKSs)



Wie wird Auslosung der proximalen TZR Signale reguliert ?

1. Regulation der src-Kinase Lck
(Leukocyte-specific protein tyrosine kinase)

Exkurs: Protein-Protein Wechselwirkungen durch SH2-und SH3-Domanen

Adaptor proteins contain
SH2 and SH3 domains,
often arranged as shown

Ligand binding clusters
receptors, activating tyrosine
kinases and leading to the
phosphorylation of receptor
cytoplasmic domains

SH2 _
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e
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Figure 6-6 part 1 of 2 Immunobiology, 6/e. (© Garland Science 2005)

Adaptor proteins bind to
phosphotyrosine via their
SH2 domains

Other signaling proteins bind
to the adaptor protein via
proline-rich sequences,
becoming concentrated
around the activated receptor

Figure 6-6 part 2 of 2 Immunobiology, 6/e.(© Garland Science 2005)
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Regulation von Ick durch csk (c-terminal src kinase) und CD45
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Regulation von Ick durch csk (c-terminal src kinase) und CD45
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(a) CD45 gene 130 kb
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Figure 1. Gene and protein structure of CD45. (a) Exon=intron structure of the gene, including avery large intron { ~50 kb) between exons 2 and 3. Alternative splicing of exons
4 [A), 5B} and 6 {C) can generate eight isoforms. {b) The highest (CD45RABC) and lowest (CD45R0) MW isoforms are shown. Anti-CD45R (restricted) antibodies to the A, B
and C exons (blue) detect any isoform containing the respective exon, whereas anti-CD45R0 detects an isoform lacking the A, B and C exons. All isoforms have a common
axtracellular part derived from exons 7-15 that encodes a cysteine rich domains (cys, pink) and three fibronectin-like domains {purple), a transmembrane segment (exon 16)
and intracytoplasmic phosphatase domains [green; D * catalytically active and D2 inactive). O-glycosylation of the A, B and C exons (solid dark lines with filled circles) and N-
glycosylation of the fibronectin-like domains (short lines and purple circles) are shown. (¢} As well as detecting specific isoforms, anti-CD45R antibodies identify subsets of
leucocyles. For example, anti-CD45RA antibodies identify naive T cells expressing high MW isoforms (CD45SRABC and CD45RAB), whereas anti-CD45R0 antibodies identify
memory cells expressing low MW (CD45R0 and CD45RB) isoforms.

Tchilian & Beverley, TRENDS in Immunology, 2006



Was reguliert die Regulatoren ?
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Aktivierung des T-Zell Rezeptors fiihrt zur Aggregation von ,,Lipid Rafts”
und zur Ausbildung der Immunologischen Synapse

Figure 3 | Morphological and cytoskeletal changes in the initial engagement and
formation of a stable T-helper-cell synapse. After initial engagement of the T-cell receptor
(TCR) with its cognate peptide-MHC complex a T cell stops migrating and the microtubule
organizing centre (MTOC) is reoriented from the uropod to beneath the immunological synapse.
TCR molecules (yellow) are recruited into the synapse and other cell-surface molecules

ffor example, CD43) are excluded. Stimulatory (red) and non-stimulatory (grey) peptide-MHC

complexes are present in the synapse as indicated. Huppa & Davies. Nature Reviews Immunology 2006



Lipid rafts (,,FlIoBe“): reich an Cholesterol, Glykolipiden, gesattigten Fettsauren
Bilden dynamische Strukturen

Extraktion von Cholesterol inhibiert T-Zell Rezeptor Signal

Lipid rafts are specialized regions of the cell membrane enriched for saturated
lipids and cholesterol. GPI-linked proteins and acylated proteins such as
Src-family kinases are found in lipid rafts

GPI-linked protein saturated
phospholipid

sphingolipid glycolipid

cholesterol

phosphatidylinositol

receptor
unsaturated

phospholipid Src-family kinase

Lipid rafts are dynamic structures that can change size and protein
content. Some proteins migrate into lipid rafts when they are oligomerized
by binding ligand.
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Figure 6-3 Immunobiology, 6/e.(© Garland Science 2005)



Integrin-vermittelter Kontakt zwischen T-Zelle und APC

T cell initially bind APC
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Figure 8-9 Immunobiology, 6/e. (© Garland Science 2005)

LFA-1: Lymphocyte function-associated antigen (ein Integrin)
ICAM-1: Intercellular adhesion molecule (ein Adhesionsmolekiul)
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© Elsevier. Abbas et al: Cellular and Molecular Immunology 6e - www.studentconsult.com



Aktivierung des T-Zell Rezeptors fiihrt zur Aggregation von ,,Lipid Rafts“
und zur Ausbildung der Immunologischen Synapse
(SMAC = Supramolecular Activation Clusters)

CD45 wird ausgeschlossen
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Huppa & Davies, Nature Reviews Immunology, 2006



Zusammenfassung der proximalen Ereignisse am T-Zell Rezeptor
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Lck activates ZAP-70, which in turn phosphorylates LAT and SLP-76. SLP-76
binds and activates phospholipase C-y (PLC-y), GEFs, and Tec kinases

J C

Y =

PLC-y cleaves phosphatidylinositol bisphosphate (PIP,)
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Protein kinase C activates Calcineurin activates a transcription factor, The Ras-induced kinase cascade induces
a transcription factor, NFAT (nuclear factor of activated and activatesFos, a component of the

NFxB T cells) AP-1 transcription factor
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The transcription factors NF«B, NFAT, and AP-1 act to induce specific gene transcription, leading to cell proliferation and differentiation

Figure 6-16 part 2 of 2 Immunobiology, 6/e. (© Garland Science 2005)
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Die Bildung des ,,Signalosoms” am T-Zell Rezeptor
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Signalosom

PkC-mediated pathways

CA%*-mediated pathways

Small G-protein—
mediated pathways
¢ Ras pathway

¢ Rac pathway

l

e Changes in gene expression
e Functional changes

e Differentiation

e Activation

ZAP-70: Zeta-assoziiertes Protein 70; Aktivierung durch src-vermittelte Phosphorylierung

LAT (linker of activation in T cells), SLP76, GADS: Adaptermolekile
SLP-76: SH2 domain containing leukocyte phosphoprotein of 76 kDa.
Itk (Familie der Tec-Kinasen): Phosphoryliert PLC-y
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Cytosolic leaflet

Aktive Phospholipase Cy erzeugt 2 wichtige Signalmolekiile:
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Exkurs: Aktivierung von Phospholipase C3 uber G-Protein gekoppelte Rezeptoren
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Mechanisms of maintaining calcium level in the cytoplasm
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Koppelung des Ca-Signals zwischen ER und Plasmamembran: STIM1 and Orai1
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Koppelung des Ca-Signals zwischen ER und Plasmamembran: STIM1 and Orai1

(a) Stores replete w N\ (b) Stores depleted

Orai1 % \ / U
.<\

Plasma membrane

TiBS

Figure 4. The current model of STIM1-Orai1 signalling. (a) STIM1, an ER Ca?* sensor, is distributed throughout the ER in a resting cell. Free Ca®* concentration in the ER
lumen is sufficiently high that the EF-hand site is occupied by Ca®* and, therefore, the STIM1 luminal domain is in its resting conformation (grey circles). (b) Upon depletion
of luminal Ca?*, bound Ca?* dissociates from the EF-hand, which elicits a change in conformation of the STIM1 luminal domain (red circles) and alteration of its protein-
protein interactions. STIM1 then moves laterally in the ER and forms punctate accumulations, some immediately subjacent to the plasma membrane. A signal from STIM1
(red arrow) activates Ca2* influx at these sites. Orai1 is a CRAC channel subunit and, like STIM1, it is localized at sites of Ca®* influx following depletion of ER Ca?* stores. In
the simplest version of the model, the gating signal is transferred directly from STIM1 to an Orai1 multimer, but other possibilities have not been ruled out.



Aktivierung des ,,Nuclear Factor of Activated T Cells“ durch das Calcium-Signal
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Fig. 2. Schematic view of the NFAT activation cycle.




Aktivierung des ,,Nuclear Factor Kappa B“ durch das Calcium/DAG-Signal
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Die Bildung des ,,Signalosoms“ am T-Zell Rezeptor

TI%
DAG
\) PkC-mediated pathways

CA’*-mediated pathways

Small G-protein—
mediated pathways

¢ Ras pathway
—P) ¢ Rac pathway
PLCy

. |

e ¢ Changes in gene expression
GADS LAT e Functional changes
e Differentiation
e Activation

ZAP-70: Zeta-assoziiertes Protein 70; Aktivierung durch src-vermittelte Phosphorylierung
LAT (linker of activation in T cells), SLP67, GADS: Adaptermolekiile
Itk (Familie der Tec-Kinasen): Phosphoryliert PLC-y



Kleine GTP-bindende Proteine (G-Proteine) als Schalter der MAP-Kinase Kaskade

GDP GTP

> | GAP
GAP
GEF: Guanosine exchange factor
GAP: GTPase activating protein

Raf-1 (MAPKKK)
MAP-Kinase Kaskade



MAP-kinase phosphorylation pathway activated by Ras
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Activation of the MAP kinase Erk allows it to
enter the nucleus where it phosphorylates
the transcription factor Elk-1. Elk-1
stimulates transcription of the FOS gene

& Erk Cytoplasm

Nucleus SRE FOS
= =

NS
Activation of the MAP kinase JNK allows it
to phosphorylate c-Jun, inducing c-Jun
to translocate to the nucleus where it
can dimerize with c-Fos to form AP-1

Figure 6-20 Immunobiology, 7ed. (© Garland Science 2008)
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_Fyn or Lck phosphorylates tyrosine Fyn and Lck protein tyrosine kinase Protein tyrosine phosphatase
residues on the CD3e and { ITAMs, allowing clustering activates kinase activity activates Lck and Fyn
ZAP-70 to bind
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N
Lck activates ZAP-70, which in turn phosphorylates LAT and SLP-76. SLP-76

binds and activates phospholipase C-y (PLC-y), GEFs, and Tec kinases
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PLC-y cleaves phosphatidylinositol bisphosphate (PIP,)
to yield diacylglycerol (DAG) and inositol trisphosphate (IP,)
1
J o s o,
v IP4 increases INfracellular Ca2+ GEFs activate }a/s which in turn
DAG and Ca* activate proteinkinase C | | concenitration, activating a phosphatase, activetes.a. MAP kinass cascade
calcineurin
R N o
Protein kinase C activates Calcineurin activates a transcription factor,| | The Ras-induced kinase cascade induces
a transcription factor, NFAT (nuclear factor of activated and activatesFos, a component of the
NFxB T cells) AP-1 transcription factor
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The transcription factors NFxB, NFAT, and AP-1 act to induce specific gene transcription, leading to cell proliferation and differentiation

Figure 6-16 Immunobiology, 6/e. (© Garland Science 2005)



Das TCR Signal reicht nicht aus zur Aktivierung naiver T-Zellen

Specific signal and co-stimulator

APC

MHC
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antigen -

T-cell
receptor
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Activates T cell

Figure 8-10 Immunobiology, 6/e. (© Garland Science 2005)



cytokines
IL-6
7 IL-12
TGF-B

Figure 8-19 Immunobiology, 7ed. (© Garland Science 2008)



Signal 3 delivered by antigen-presenting cell
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TGF-3, IL-10 IL-6, IL-17 IL-2, IFN-y IL-4, IL-5 IL-10, TGF-B
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Figure 8-29 Immunobiology, 7ed. (© Garland Science 2008)




CD28 liefert das 2. Signal durch Bindung von CD80 und CD86 auf professionellen APC

B

or
B7.2

APC  MHCclass I

Figure 8-11 Immunobiology, 6/e. (© Garland Science 2005)



Signal 2 alleine: Kein Effekt auf T-Zelle
TCR Signal alleine: ANERGIE (funktionelle Inaktivierung)

Co-stimulatory signal alone

Specific signal alone

T-cell
receptor

tissue cell

MHC
class Il

< =

< =

N
No effecton T cell

_ N/
Inactivates T cell (anergy)

Figure 8-21 Immunobiology, 6/e. (© Garland Science 2005)



CD28 Signale verstiarken TCR Signale quantitativ (,,Choke“-Funktion)

B7.1 and B7.2, the ligands for CD28,
are expressed on specialized APCs

APC

T cell
J
ifs JC i
Engagement of CD28 induces its Phosphorylated CD28 can Proline residues in CD28 bind
tyrosine phosphorylations potentially activate Ras and activate Lck and Itk
which activate Pl 3-kinase via Grb2 recruitment

2
1

.

i i
e un,## ,!# I
suzval <_'.“ I P t;w i I

$OS Grb2 "l Lck or Itk
PI3K ¥ rit
metabolism

Figure 6-28 Immunobiology, 7ed. (© Garland Science 2008)




CTLA-4 (CD152) generiert hemmendes Signal in der T-Zelle
(»Cytotoxic T lymphocyte antigen 4“)

Cross-linking of CD28 delivers the co-stimulatory
signal during activation of naive T cells and
induces the expression of CTLA-4 (CD152)

CTLA-4 binds B7 (CD80 or CD86) more avidly than
does CD28 and delivers inhibitory signals to

naive T cell 6

activated T cell

5 & 8

activated T cells
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antigen-presenting cell
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Figure 8-12 Immunobiology, 6/e. (© Garland Science 2005)



PIP2: Phosphatidyl-Inositol-Bisphosphat

. IP3: Inositol-Trisphosphat
Peptid-MHC-Komplex DAG: Diacyl-Glycerin

GEF: Guanine exchange factor
Phorbolester a K: Kinaco
TCR-CD3- PKC: Protein KinaseC
Komplex MAP-K: Mitogen activated protein kinase
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