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Stages of Complement Activation
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Complement as a target in COVID-19
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Fig. 1| Targeting complement in SARS-CoV-2-associated lung injury. Complement activation may contribute to
the maladaptive inflammatory response seen in some patients with severe COVID-19. Inhibition of C3 or C5 may have

therapeutic potential. ARDS, acute respiratory distress syndrome.




Macrophages Express Receptors for Pathogen Constituents

Macrophages have phagocytic receptors
that bind microbes and their components
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Figure 3.2 (part 1 of 2) Janeway's Inmunobiology, 9th ed. (© Garland Science 2017)



Phagocytosis

Macrophages have phagocytic receptors
that bind microbes and their

Bound material is internalized in
phagosomes and broken down in
phagolysosomes
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Phagocytosis

» Pathogens not immediately cleared by
phagocytosis will trigger pattern recognition
receptors

* Activation of PRRs causes inflammation

» Pathogen and microbes



Course of Immune Activation
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Course of Immune Activation

Cytokines and lipid mediators
produced by macrophages
cause dilation of local small
blood vessels

Leukocytes move to periphery of
blood vessel as a result of
increased expression of
adhesion molecules by
endothelium

Leukocytes extravasate at site
of infection

Blood clotting occurs in
the microvessels

microbe  macrophage
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Outline

« Pattern recognition receptors
PAMS
TLRs
Cytosolic DNA/RNA sensors
NODs
Inflammasome

« Case study: Hereditary Periodic Fever
Syndromes



Pattern Recognition Receptors

Receptor characteristic inl1l:rl|lt?|t1?ty IAI‘I:'I'?II:IE‘II‘I,;
Specificity inherited in the genome Yes No
Triggers immediate response Yes No
Recognizes broad classes of pathogens Yes No
Encoded in multiple gene segments No Yes
Requires gene rearrangement No Yes
Clonal expression No Yes
Able to discriminate between even closely related molecular structures Yes Yes




PAMP and PRR

Pathogen Associated Molecular Patterns

Y » :
W Cytoplasmic Tail

http://www.sabiosciences.com/pathwaymagazine/pathways7/toll-like-receptors-and-innate-immunity.php



Mammalian Cell Surface
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Surface Sugars

N-linked glycoproteins of yeasts contain many terminal mannose residues,
whereas glycoproteins of vertebrates have terminal sialic acid residues
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Bacterial Cell Wall

Streptococcus Capsule

Gram-positive bacteria Gram-negative bacteria

lipopolysaccharide surface
(LPS) protein
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Outline

TLRSs
NLRSs
Inflammasome

« Case study: Hereditary Periodic Fever
Syndromes



Discovery of Toll-like Receptors

Photb courtesy of J.A. Hoffmann

Jules A. Hoffmann: 2011 Nobel Prize in Physiology or Medicine
He found that this receptor has an immune function in 1996



Drosophila TLR

bacterial
peptidoglycan m pathogen-

(GNBP1 ) (PGRP-SA ) recognition

‘ receptors

protease

‘2 cascade
€

Spatzle )

8 = "

cleavage




Drosophila TLR

Cleaved Spatzle homodimer binds
to Toll, causing its dimerization

v
The TIR domains of Toll recruit the
adaptor dMyD88, which activates a
signaling pathway similar to the NFkB
pathway
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Diversity of Toll-like Receptors

diacyl
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plasma membrane
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Bacterial Cell Surface
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PAMPs are on Cell Surfaces and Endosomes

Bound material is internalized in uracy:
phagosomes and broken down in lipopeptides
phagolysosomes o O
TLR-2 TLR-6 TLR-2 TLR-1

bacterium

lysosome

ﬁ Endosome

Figure 3.2 part 2 of 2 Janeway’s Immunobioclogy, 8ed. (© Garland Science 2012)



Autophagy

Mucleus

Autolysosome

http://journal.frontiersin.org/Journal/10.3389/fimmu.2012.00426/full



Diversity of Toll-like Receptors

Innate immune recognition by mammalian Toll-like receptors

Toll-like receptor Ligand

: : Lipomannans (mycobacteria)
-1:TLR-2 het . : ) .
LSl O UL Diacyl and triacyl lipopeptides (bacteria)

_ Lipoteichoic acids (Gram-positive bacteria)
TLR-2:TLR-6 heterodimer Cell-wall B_g|ucans (fung|)

TLR-3 Double-stranded RNA (viruses), poly I:C

LPS (Gram-negative bacteria)

Flagellin (bacteria)

TLR-7 Single-stranded RNA (viruses)

TLR-8 Single-stranded RNA (viruses)

TLR-9 DNA with unmethylated CpG (bacteria and DNA viruses)
TLR-10 (human only) Unknown

Profilin and profilin-like proteins

[ELElER DIt v/ (Toxoplasma gondli, uropathogenic bacteria)

TLR-12 (mouse only) Profilin (Toxoplasma gondii)

TLR-13 (mouse only) Single-stranded RNA (bacterial ribosomal RNA)




Structure of Toll-like Receptors

The convex surfaces of TLR-1 and TLR-2 have Binding of each TLR to the same lipopeptide
binding sites for lipid side chains of triacyl induces dimerization, bringing their
lipopeptides cytoplasmic TIR domains into close proximity
lipopeptide
TLR-2 W‘A{ TLR-1
P
1
\ i
‘ TIR [P
domain

Figure 3.12 Janeway’s Inmunobiology, 9th ed. (© Garland Science 2017)




Structure of TLR4/LPS Complex




TLR adaptors

diacyl

lipopeptides MyD88
(P

flagellin

Both MyDB8 and TRIF

LPS
TLR-4

plasma membrane

Endosome

MyD88 activates both NF-kB and IFN response
TRIF activates IFN response



TLRs Activate NF-xB Pathway

Dimerized TLRs recruit IRAK1 and

TRAF6 is polyubiquitinated,

TAK1 associates with IKK and

1B is degraded, releasing NFxB

IRAK4, activating the E3 ubiquitin creating a scaffold for phosphorylates IKKB, which into the nucleus to induce
ligase TRAF6 activation of TAK1 phosphorylates IxB expression of cytokine genes
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Intracellular TLRs Activate IFN Pathway

TLR-3 in endosome
binds dsRNA and
signals via TRIF to
induce IFN gene
expression

TLR-7 in endosome
binds ssRNA and
signals via MyD88 to
induce IFN gene
expression
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TLRs Also Recognize DAMPs

a Infection (PAMPs) b Tissue damage (DAMPs)
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Question

TLR

What are they?

What do they bind to”? List two specific
examples.

What is the consequence of their activation?



Question

What is true about Toll like receptors?

A) They recognize microbial molecules but
not host molecules

B) They are only present on host cell
surface

C) They are expressed by all cell types

D) They initiate both anti-bacterial and anti-
viral responses



Outline

Cytosolic DNA/RNA sensors
NLRs
Inflammasome

« Case study: Hereditary Periodic Fever
Syndromes



Cytosolic Innate

Immune Receptors

Ligand Recognition strategies

RIG-| Triphosphate dsRNA

MDA-5 dsRNA

cGAS DNA
y-Glutamyl

I8 diaminopimelic acid (iE-DAP)

NOD2 Muramy! dipeptide (MDP)

NLRP1 Pathogen protease activity
Reduced intracellular

NLRP3 potassium, ROS,
disruption of lysosomes

NAIP1 with Needle subunit of

NLRC4 (mouse) | bacterial T3SS

NAIP2 with Rod subunit of

NLRC4 (mouse) bacterial T3SS

NAIP5 with .

NLRC4 (mouse) | Fiagelin

NAIP with ;

NLRC4 (human) | F1agellin

Pyrin Inactivation of Rho GTPases

AlM2

DNA




Mammalian Cellular DNA

Translation
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Cytoplasmic Viral RNA

a dsRNA virus

i

O
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RIG-1 Senses Intracellular Virus

Cytoplasmic replication of
virus produces uncapped
RNA with a 5'-triphosphate

Viral RNA alters conformation of RIG-1 and
induces binding and aggregation with MAVS
in a manner requiring K63-linked
polyubiquitin

Aggregated MAVS recruits TRAFs and induces the
activation of the IRF3 and NFxB pathways
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cGAS - Cytosolic Sensor of DNA

Double-stranded DNA from viruses
activates cGAS to produce cGAMP from ATP
and GTP

cGAMP or other bacterial-derived cyclic
dinucleotides bind to the STING dimer
present on the ER membrane and activate
its signaling

STING activates the kinase TBK1 to
phosphorylate IRF3, which enters the
nucleus and induces expression of type |
interferon genes

virus
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Intracellular Bacteria




Outline

NLRs
Inflammasome

« Case study: Hereditary Periodic Fever
Syndromes



NOD-like Receptors

NOD proteins reside in the
cytoplasm in an inactive form

Bacterial ligands induce NOD protein
aggregation and recruitment of RIP2, which
activates TAK1, leading to NFkB activation

LRR domain
NOD
CARD
RIP2
i o
XIAP
clAP1/2

Cytoplasm

intracellular
bacteria,

muramyl dipeptide,
or iE-DAP

@
TAKT oG Ko ‘ e

KK S \EB 1B




Pattern Recognition Receptors
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https://doi.org/10.1093/annonc/mdx179

Inflammation is Tightly Controlled

Microbial Attack Sterile Attack
. .

PAMPs / DAMPs
A

Lung Heart
Asbestosis Hypertension
COPD

Asthma

Skin Metabolism

.. Artheriosclerosis

Psoriasis
Allergy Type Il Diabetes

Brain

Cancer
Mesothelioma

Alzheimer’s Disease

Parkinson

Multiple Sclerosis Hepatomas
Prion
Joints Intestine
Rheumatoid Arthritis Inflammatory Bowel Disease

Gout

http://www.adipogen.com/inflammasomes/



Inflammasomes

A priming step (TLR stimulation
induces expression of the pro-forms
of IL-1p and IL-18)

NLRs respond to PAMPs or
pathogen activities and oligomerize
into an inflammasome

The assembled inflammasome
recruits and activates caspase 1,
which in turn cleaves pro-IL-1p,

pro-IL-18 and gasdermin D

Formation of a gasdermin D pore
allows release of IL-1p and IL-18
and induces pyroptotic cell death
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inactive
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Trigger
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Pyroptosis

https://www.nature.com/articles/nature18590#supplementary-information
Movie 1. Membrane targeting of the Gasdermin-N domain of GSDMD during pyroptosis



https://www.nature.com/articles/nature18590#supplementary-information
https://static-content.springer.com/esm/art%3A10.1038%2Fnature18590/MediaObjects/41586_2016_BFnature18590_MOESM74_ESM.mp4
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Pyroptosis

Procaspase-4/5/11

®
L

Toxins ] Active caspase-tllSIll
Inflammasome sensors
(NLRP1, NLRP3, -"o

NAIPs, AIM2, Pyrin, ...)

Adaptors :
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Procaspase-1 >
Active caspase-1 Pro-IL-18
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Summary

Pattern recognition receptors recognize
both PAMPs and DAMPs

PRRs are on cell surface, endosomal
compartments and cytoplasm

Their activation leads to signal transduction
and secretion of inflammatory cytokines

Defend against microbial pathogens but
also cause host damage



Question

* What are the Pattern recognition receptors
in the cytosol? What do they sense?



Outline

» Case study: Hereditary Periodic Fever
Syndromes



Hereditary Periodic Fever Syndromes

Patient:

1 week old

» Hearing loss detected at birth

* Fever, irritability

« WBC count 21,000 cells/microliter (normal range 5,000-10,000)
* No bacterial could be cultured

Treatment

« Antimicrobial drugs (suspicion of viral or bacterial meningitis)
» No alleviation of fever, no diagnosis

Follow-up
« Continued fevers
« Enlarged liver and spleen
« Evidence of arthritis in the knee joint
» Diffuse rash on most of the body

* Increased erythrocyte sedimentation rate
— signals an increase in concentration of acute phase proteins

» Increased C-reactive protein levels (acute-phase response)

Treatment

« IL-1 receptor antagonist (Kineret)
« Symptoms disappeared
» Requires maintenance treatment with Kineret



Hereditary Periodic Fever Syndromes




Hereditary Periodic Fever Syndromes

What is wrong with the patient?

* (Genetic defect impairing regulation of of
caspase-1, which is required to process IL-1[3 to
the mature form.

* Thus, resulting in unchecked processing and
secretion of IL-1[3, which can be blocked with
IL-1 receptor agonist.



IL-1 processing

Efflux of K* ions from
damaged cells induces
dissociation of cytoplasmic
proteins from NALP3

NALP3 dimerization recruits
PYCARD, causing
aggregation and proteolytic
activation of caspase 1

Caspase 1 releases mature
inflammatory cytokines
such as IL-1 and IL-18 from
their proproteins

cell

damage K* efﬂ%

enzyme

caspase 1

. . cleavage

IL-18 @z~ cytokine
pro-

IL-1B -< proteins

active
caspase 1

Figure 3.16 Janeway's Inmunobiology, 8ed. (© Garland Science 2012)
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The Autoinflammatory Diseases

Disease
(common abbreviation)

Clinical features

Inheritance

Mutated gene

Protein
(alternative name)

Familial Mediterranean fever

Periodic fever, serositis (inflammation of the pleural

(FMF) and/or peritoneal cavity), arthritis, acute-phase response Autosomal recessive MEFv Pyrin
TNF receptor—associated periodic
syndrome (TRAPS) (also known Autosomal dominant TNFRSF1A TNF-o. 55 kDa receptor
as familial Hibernian fever) (TNFR-I)

Periodic fever, myalgia, rash, acute-phase response
Pyogenic arthritis,
pyoderma gangrenosum, Autosomal dominant PSTPIP1 CD2-binding protein 1
and acne (PAPA) g p
Muckle-Wells syndrome Periodic fever, urticarial rash, joint pains,

conjunctivitis, progressive deafness

Familial cold autoinflammatory Cold-induced periodic f rticarial rash ) )
syndrome 1 (FCAS1) 0ld-induce tPBEIO Ic eyer,# .![gana rasn, Autosomal dominant NLRP3 Cryopyrin
(familial cold urticaria) JOINL pains, conjuncavins
Chtronic infant(iile rrtl_eurlologic d Neonatal-onset recurrent fever, urticarial rash, chronic
‘(3&'\?82;)”8 and articutar syndrome | ahronathy, facial dysmorphia, neurologic involvement
Hyper IgD syndrome (HIDS) Periodic fever, elevated IgD levels, lymphadenopathy Autosomal recessive MVK Mevalonate synthase
Blau syndrome Granulomatous inflammation of skin, eye, and joints Autosomal dominant NOD2 NOD2
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