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Das angeborene Immunsystem:

Nutzen oder Schaden?

Hermann Wagner
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Innate and adaptive immunity is required

Mouse (human) lacking
innate immunity
(PMN-, MAC)

scid, RAG™ mouse
and human
(PMN*, MAC*, T/B")

Level of microorganism

Normal mice
and humans

Duration of infection

Janeway, Immunobiology
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Immunity
" 4 )’
Innate Adaptive
(angeboren) (erworben)

Non-specific N Specific
(phagocytosis) (antibodies)

lja Metschnikow Nobelprice 1908 paul Ehrlich
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Time line "Innate Inmune Recognition"

The Endotoxin field:

Pastenr, Koch

TIE
an the germ Coley C3H/HeJ LPE, ST —m Tl"llﬂ_ll{{:-ll
theorie of disenses . mouse D14 —
Pfeiffer Endetoxin Lipid A “LPS".  TLRO
l - Endotoxin = Lffi Synthesis _ iR-I o
1865 1892 1894 1947 1965 1985 1990 1998 2001
required toresist Drosophila

LPS infection

Inmunology field: Yet, how activation of
adaptiv immun e 1respon ses?
(1) Costivoulatory molecules {Lafferty et al. 1975)

B B

{J. Hoffian)

- shucture-function of antigen-receptors
- mechanisms of MHC restriction

- Iymnphocyte developi ent/a ctivation

(2) Two signal requirements {Jenkins and Schwartz 19587)
nT i 1 i Jenki 1 5cl 1937
{(Continho and Mdller, 1974)

Janeways Hypothesis (1989, C'old Spring Harb. Symposinm

- Inducible co-stimulation

- induced by conserved microbial products

- postulated receptors of innate immune cells
= germ line encoded pattern recognition
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Innate Immunity

Julius Hoffmann Bruce Beutler Ralph Steinman

Nobelprice 2011
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LPS (Bacteria) Flagellin (Bacteria)

RSV-F Protein \ Profilin (T. gondii)

Lipoproteins (Bacteria
pop ( )\A\‘ ' / mna Ona
Haemag|utinin N (bacterial or viral)
(Measles) \\‘\

CpG-motifs
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TLR signalling pathways

LPS (Bacteria) Flagellin (Bacteria)

RSV-F Protein \
Lipoproteins (Bacteria)\\ RNA DNA
.. (bacterial or viral)
Haemoglutinin
(Measles) \}4 & \

TLR2

CpG-motifs

MyD88 IRF3/IRF-7

IRAK

TRAF-6 IFN-B )
/ l \4 Typ 1 IFNR

STAT-1

C)NFKBEELZ p38 < !_,

TNF-a, IL-12, etc. IFN-a. (many genes)




N Pam,CSK, TUTI
Technische Universitat Manchen Y \

Jin and Lee, Immunity
(2008) 29:182
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Cytoplasmic Receptors:
NLR ‘s: Nucleotide-binding oligomerisation domain-
like receptors

N-terminus
NOD1 CARD
NOD2 CARD
(n=95)
NLR P3 N-terminus
NLR P6 PYD

n=13) PYD
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C Sen sors for microbial "wa]l")

.‘_
IL-1R IL-1 loop

Dectin-1 g C Endosomal _\'A—sur:)
g LY 1
g OO N
ITAM
22ysvk TIR
-q Card 9 O (]
D MyD83
APl NFxB
—™
m Pro-inflam matory cytokines
IRFNT —>
TRRAG | ENap
ProIL-1p
l Cleavage
bioactive
+* I-1p
(18,33)

(Striss (d anger) sensors ) C Cytoplasmatic NA-sensor )

>




Technische Universitat Minchen

- ATP (may require P2x7)
- Pore forming toxins

- Uric acid

- Cholesterol

- Sipa cystals, Alum

\Signal 1
Upreguiation of pro IL-1p
prolL18

Endogeneous danger signals activate the NLP3 Inflammasome




Macrophage activation via endogenous ligands
like ...

Uric acid crystals 5, Cholesterol crystals drive inflammasome
(Gout) (Arteriosclerosis) aggregation
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PAMPS versus DAMPS
(pathogen-derived) (modified self)
> Lipopeptide > Heat schock proteins
> LPS » HMGB's
» Flagellin > MRP-8/14
> ssRNA
> DNA » Hyluronan
. } Matrix components
» Heparin sulfate
» Haemozoin » modified Lipids
» (OxLDL)
etc. > B-amyloid
» Surfactant Protein A
concern: contamination (LPS etc.)
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Chronic inflammation / diseases

Coreceptor CD14,LPB

CD-36:polyanonic ligands

- Staph aureus LTA recogntion via TLR2/6

- endocytosis of altered self (LDL, amyloid proteins, etc.)

---- acute inflammation
1 (repair mechanisms)
— chronic inflammation

r (degenerative diseases,
@ tumor propagation)
Lot
E (IL-18) Ap1-42
(R LDL
te Trimer
>t l complex
TLR4 TLRE

Alzheimer Disease: /——> -4—\

- protracted inflammatory response of
microglia (brains macrophages)
- amyloid B(fibrillar AB1 - 42)

Artheriosclerosis:
Oxidized low density lipoprotein (LDL)
accumulates in placques

Inflammasome

NFKkB —»
—» IL-1B

Typ 2 Diabetes:
role of IL-1p

(Stewart et al, Nat. Inmunol. 2010)

Gout / hereditary fever:

role of 118 Question: role of co-receptors in
sterile inflammation ?
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TLR2 senses Endproducts of Lipid Oxydation
(Carboxyethyl pyrrole (CEPS))

OHC \ OH g "
. . (0] rotein
decosahexaenoic acid —%» PO N_ (CHy),co0H
(CH,),COOH H |
HOHA CEP
(4-hydroxy-7-oxohept-5-enoic acid) (2-(w-carboxyethyl pyrrole))

 CEPs are generated during inflammation/wound healing

e accumulate in ageing tissues and highly vascularised melanomas

 CEPs are recognized by TLR2 leading to angiogenesis that is independent of vascular
endothelial growth factor (VEGF)

 Dboth TRL2 and MyD88 are required

 CEPs — present in low-density lipoprotein — accumulate in artheriosclerotic plaques and are
found in the retina (choroidal neovascularization and age-related macular degeneration)

West et al., Nature 2010




Adipositas / Inflammation / Metabolic diseases

Lean with normal
metabolic function

« Inflammation
« Metabolic control
« Vascular function

Adipocyte

Blood vessel

Obese with mild
metabolic dysfunction

T Inflammation
I Metabolic control
«» Vascular function

M1 macrophage

Adiponectin
SFRP5

Anti-inflammatory adipokines

Obese with full
metabolic dysfunction

171 Inflammation
14 Metabolic control
4 Vascular function

Necrotic
adipocyte

S~
b
Crown-like
structure 1

Pro-inflammatory adipokines

Leptin ANGPTL2 CCL2
Resistin TNF CXCL5
RBP4 IL-6 NAMPT

Lipocalin 2 IL-18

Nature Reviews Immunology 2011, 11:85



Gut anatomy & function

Small intestine

Lumen
Follicle-associatad
epithalial cell

B cell proteins Enta menc:r:rl My
@ @ Plasma cell
Mesenteric cell @
lymph node <=— ©
Lyrnphatics Macrophage

Lamina propria

Modified from Abreu, Nat. Rev. Immunol. (2010)
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(Infection)
Protection

(acute inflammation)

PAMPS

(pathogen derived)
LPS, CpG-DNA,
Lipoproteins,
Flagellin

RNA (U-rich)

Two faces of Innate Immunity

Sensor's:

TLR's, NLRS
(inflammasome)

(IF)

@l @
NkB — IF

N/

Cytokines plus IL-1p

Disease Promotion
(chronic inflammation)

- Diabetis

- Artheriosklerosis

- Alzheimer Disease

- cardiovascular disease

DAMPS

(self derived)
Alzheimer peptide

m.o. LDL

| (usulin) a (sciated) pp
Crystals (Ureic acid,
Cholesteriol, Alum salt,
Silica), ATP




