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Regulation of IL-6 Signhaling



The correct response of the target cell to cytokines is crucial
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The IL (interleukin)-6-type cytokines IL-6, IL-11, LIF (leukaemia
inhibitory factor), OSM (oncostatin M), ciliary neurotrophic
factor, cardiotrophin-1 and cardiotrophin-like cytokine are an
important family ol mediators involved in the regulation of the
acute-phase response to injury and infection. Besides their func-
tions in inflammation and the immune response, these cytokines
play also a crucial role in haematopoiesis, liver and neuronal
regeneration, embryonal development and fertility. Dysregulation
of IL-6-type cytokine signalling contributes to the onset and
maintenance ol several diseases, such as rheumatoid arthritis,
inflammatory bowel disecase, osteoporosis, multiple sclerosis and
various types of cancer (e.g. multiple myeloma and prostate
cancer). 1L-6-type cytokines exert their action via the signal
transducers gp (glycoprotein) 130, LIF receptor and OSM receptor
leading to the activation of the JAK/STAT (Janus kinase/signal

transducer and activator of transcription) and MAPK (mitogen-
activated protein Kinase) cascades. This review focuses on recent
progress in the understanding of the molecular mechanisms of
IL-6-type cytokine signal transduction. Emphasis is put on the
termination and modulation of the JAK/STAT signalling pathway
mediated by tyrosine phosphatases, the SOCS (suppressor of cyto-
Kine signalling) feedback inhibitors and PIAS (protein inhibitor
of activated STAT) proteins. Also the cross-talk between the
JAK/STAT pathway with other signalling cascades is discussed.

Key words: cytokine signalling, glycoprotein 130 (gp 130)
interleukin-6 (IL-6), Janus kinase (JAK), mitogen-activated pro-
tein Kinase (MAPK), signal transducer and activator ol (rans-
cription (STAT).
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— IL-1 accelerates the internalization of the signal transducer gp130



Structural organization of various IL-6-type cytokine signaling components
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Half-lifes of proteins involved in IL-6-type cytokine signaling
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Calculated half-lifes of

Protein

gp80 (IL-6Ra)
gp130

Jak1

Jak2

L-6 signaling components
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STAT3B is a splice variant of STAT3a lacking the 55 C-terminal amino acids which are substituted by seven

STAT3B-specific amino acids.

STAT3 A715 = STAT3 deletion mutant

Siewert et al.

Gerhartz et al. Eur. J. Biochem. 223, 265-274 (1994) 48 citations (07/2022)

Eur. J. Biochem. 265, 251-257 (1999) 93 citations (07/2022)
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« Half-lifes of the signaling components

* |L-6 receptor-a shedding

» Internalization of the ligand/IL-6 receptor complex (desensitisation)

« Phosphotyrosine-phophatase SHP2 deactivates receptors, JAKs and STAT3

« SOCS proteins (suppressors of cytokine signaling) are feedback inhibitors

* Protein inhibitors of activated STATs (PIAS)

* Cross-talks between JAK/STAT signaling and proinflammatory cytokines (IL-1,

TNFa)

— STAT3 and NF- kB compete for an overlapping response element
— IL-1 stabilizes SOCS3-mRNA
— IL-1 accelerates the internalization of the signal transducer gp130



IL-6 receptor a chain:
What is the function of the cytoplasmic part?
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The cytoplasmic domain of the interleukin-6 receptor gp80 mediates its
basolateral sorting in polarized Madin-Darby canine kidney cells 25 citations (72022
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Polar expression of gp80wt and deletion mutants
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Basolateral expression of gp80wt in stably

transfected MDCK cells
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Regulation of IL-6 receptor-mediated signaling by limited
proteolysis (shedding)

A membrane-bound protease:

ADAM17 (A Disintegrin and Metalloproteinase) = TACE (TNFa converting enzyme) has been identified

Matthews et al. (2003), J Biol Chem 278, 38829-38839



Regulation of IL-6 receptor-mediated signaling by limited
proteolysis (shedding)

- PMA (phorbolester)/PKC (protein kinase C)
- apoptosis

- FMLP (N-formyl-met-leu-phe)

- CRP (C-reactive protein)

sIL-6Ra

A membrane-bound protease:
ADAM17 (A Disintegrin and Metalloproteinase) = TACE (TNFa converting enzyme) has been identified

Matthews et al. (2003), J Biol Chem 278, 38829-38839



Agonistic action of the complex of IL-6/soluble-IL-6-receptor and trans-signaling

between IL-6-responsive and non-responsive cells

&

Proteinase

Rose-John & Heinrich (1994), Biochem. J., 300, 281-90 671 citations (07/2022)

The shedding protease is activated by PKC
Miillberg et al. (1993), Eur. J. Imnmunol., 23, 473-80 433 citations (07/2022)

Miillberg et al. (1994), J. Inmunol., 152, 4958-68 237 citations (07/2022) cleavage site



Increased IL-6 and soluble IL-6 receptor-a levels are
found in serum and synovial fluid from patients with

rheumatoid arthritis (RA)

Serum

IL-6 sol IL-6Ra sol gp130 refs

(ng/mil) (ng/mil) (ng/mil)
Control 28 28 345 Keul et al. (1998)
RA 78 38 375 Keul et al. (1998)

51 29 251 Richards et al. (2006)

Synovial fluid

RA 6.4 15 250 Richards et al. (2006)

Keul et al. (1998), Cytokine 10, 729-734

61 citations (07/2022)




1998

Soluble I1L-6 Receptor Potentiates the Antagonistic Activity of
Soluble gp130 on IL-6 Responses’ 130 citations oz

Gerhard Miiller-Newen,* Andrea Kiister,* Ulrike Hemmann,* Radovan Keul,*
Ursula Horsten,* Astrid Martens,* Lutz Graeve,* John Wijdenes,” and Peter C. Heinrich**

Soluble receptors for several cytokines have been detected in body fluids and are believed to modulate the cytokine response by
binding the ligand and thereby reducing its bioavailability. In the case of IL-6, the situation is more complex. The receptor consists
of two components, including a ligand-binding a-subunit (IL-6R, gp80, or CD126), which in its soluble (s) form (sIL-6R) acts
agonistically by making the ligand accessible to the second subunit, the signal transducer gp130 (CD130). Soluble forms of both
receptor subunits are present in human blood. Gel filtration of iodinated IL.-6 that had been incubated with human serum revealed
that I1.-6 is partially trapped in IT.-6/sIL.-6R/sgp130 ternary complexes. sgp130 from human plasma was enriched by immuno-
affinity chromatography and identified as a 100-kDa protein. Functionally equivalent rsgpl130 was produced in baculovirus-
infected insect cells to study its antagonistic potential on four different cell types. It was found that in situations in which cells
lacking membrane-bound IT.-6R were stimulated with IT.-6/sIL-6R complexes, sgpl130 was a much more potent antagonist than
it was on IL-6R-positive cells stimulated with IT.-6 alone. In the latter case, the neutralizing activity of sgp130 could be markedly
enhanced by addition of sIL-6R. As a consequence of these findings, sIT.-6R of human plasma must be regarded as an antagonistic
molecule that enhances the inhibitory activity of sgp130. Furthermore, in combination with sIL.-6R, sgp130 is a promising can-
didate for the development of IL-6 antagonists. The Journal of Immunology, 1998, 161: 6347-6355.
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THE JOURNAL OF B10LOGICAL CHEMISTRY Vol. 271, No. 10, Issue of March 8, pp. 5487-5494, 1996
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A Di-leucine Motif and an Upstream Serine in the Interleukin-6
(IL-6) Signal Transducer gp130 Mediate Ligand-induced
Endocytosis and Down-regulation of the IL-6 Receptor® 145 citations ()

(Received for publication, August 31, 1995, and in revised form, December 4, 1995)
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Intracellular domain of gp130
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Internalization of monoclonal antibodies B-R3 and B-S12 by

COS-7 cells expressing gp130AA or gp130
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The IL-6 / JAK /| STAT signaling cascade is well controlled
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Inhibition of IL-6 signaling through SHP2

SHP2 = SH2-containing Phosphatase 2

Schaper et al. Biochem J 1998 141 citations (07/2022)
Anhuf et al. J Immunol 2000 41 citations (0712022
Lehmann et al. J Biol Chem 2003 184 citations (07/2022)
Clahsen et al. Cell Signal 2005 16 citations (07/2022)




Inhibition of IL-6 signaling through SHP2

SHP2 = SH2-containing Phosphatase 2
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Inhibition of IL-6 signaling through SHP2

SHP2 = SH2-containing Phosphatase 2
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Receptor-targeted SHP2 counteracts gp130-dependent gene induction
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SHP2 counteracts gp130-mediated signal transduction
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Affinities of SOCS3 and SHP2 to murine pY757-gp130 peptide

Kp [NM]
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KIR > SH2 Box SOCS3 full length 42

socs I &

SOCS3-SH2-domain 140

KIR  Kinase Inhibitory Region
SH2 Src Homology 2

ESS  Extended SH2 Subdomain De Souza et al. (2002) Biochemistry 41, 9229-9236
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SOCS proteins (suppressors of
cytokine signaling) were independently

discovered in 3 different laboratories.

A new protein containing an
SH2 domain that inhibits
JAK kinases

Takaho A. Endo*f, Masaaki Masuhara*f,
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The SOCS (SUPPRESSORS OF CYTOKINE SIGNALING) family
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Inhibition through SOCS-feedback inhibitors

SOCS=Suppressor of Cytokine Signaling

)
S,

Schmitz et al. J Biol Chem 2000 319 citations (07/2022) ( SOCS'gene J

Friederichs et al. Eur J Biochem 2001 23 citations (07/2022)

Fischer et. al. Biochem J 2004 58 citations (07/2022)
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Inhibition through SOCS-feedback inhibitors

SOCS=Suppressor of Cytokine Signaling
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Inhibition through SOCS-feedback inhibitors

SOCS=Suppressor of Cytokine Signalling




SOCS3 binds the phosphotyrosine motif 759 of gp130

binding to gp130 phospho-peptides (13-mers)
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SOCS3-mediated signal attenuation is SHP2-independent

gene induction
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SOCS3 Exerts Its Inhibitory Function on Interleukin-6 Signal
Transduction through the SHP2 Recruitment Site of gp130*
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SHP2 and SOCS3 Contribute to Tyr-759-dependent Attenuation of
Interleukin-6 Signaling through gp130*
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The JAK/STAT signalling cascade is well controlled
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The JAK/STAT signalling cascade is well controlled
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PIAS3 exerts a profound inhibitory effect on STAT3-mediated transcription of target promoters,

the zinc finger protein Gfi-1 can overcome the PIAS3 block

DNA binding |
gene expression

Raddel et al. (2000) EMBO J 19, 5845-5855 114 citations (07/2022)




The EMBO Journal Vol. 19 No.21 pp.5845-5855, 2000
2000

The zinc finger protein Gfi-1 can enhance STAT3
signaling by interacting with the STAT3 inhibitor
PIAss 114 citations (07/2022)
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The Zn-finger protein Gfi relieves the PIAS3-mediated block of STAT3-
induced al-antichymotrypsin gene activation

HepG2 HepG2
50 - T 40 -
- ™ T
2 40 © 30-
~ '|' ¢ T
Z 30- -
7 T z 20 T
20-
-
(O
10 - T
0 B - 0- B o o | mm |
IL-6 + — + — + - + - IL-6 + — + — + — + — + -
PIAS3(ug) 0 05 10 15 PIAS3 - — + + + + + + + +
Gfi-1(ug) — — — — 05 1.0 15

Radel et al. (2000) EMBO J 19, 5845-5855



Outline: Interleukin-6 signal transduction and its regulation

Part 1. Molecular mechanisms of IL-6 signal transduction

Part 2: Regulation of IL-6 signal transduction

Half-lifes of the signaling components

Polar expression of IL-6 receptor-a (gp80)

IL-6 receptor-a shedding

Internalization of the ligand/IL-6 receptor complex (desensitization)
Phosphotyrosine-phophatase SHP2 deactivates receptors, JAKs and STAT3
SOCS proteins (suppressors of cytokine signaling) are feedback inhibitors
Protein inhibitors of activated STATs (PIAS)



IL-1B inhibits IL-6-induced a,macrogloblin synthesis in rat hepatocytes

radioactivitiy (%)

IL-1P
U/ml rhIL-13
®0
Y10
A 100
= 1000

|

0] 10 100 1000
rhiL-6 (U/ml)

Andus et al. (1988) Eur J Biochem 173, 287 - 293 178 citations (07/2022)

TNFa

U/ml TNFa
®o
Vv 10
A 100
= 1000

| | |
0 10 100 1000
rhiL-6 (U/ml)




How does IL-1B affect IL-6-mediated signaling?
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How does IL-1B affect IL-6-mediated signaling?
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IL-1B inhibits a,M-promoter-activity via NF-xB activation
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NF-xB and STAT3 bind to the a,M-promoter
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NF-xB and STAT3 bind to the a,M-promoter
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The a,-Macroglobulin Promotor
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i distal STAT3 RE proximal STAT3 RE '147

ACAAAAGAGAAAAAGTGAGCA CTTCTGGG E!EQGCTAAC

NF-xkB consensus motif: GGGéNNCCcc GGGéNNCCCC

STAT3 and NF- kB compete for an overlapping response element

The Inhibitory Effect of IL-18 on IL-6-Induced

L4 [ . L l
a,-Macroglobulin Expression Is Due to Activation of NF-«B
Journal of Immunology, 2001, 167:1469-1481
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