Innate
Immunity



Components

/Cell associated Pattern Recognition Receptors \
- Toll-Like Receptors (TLRs)

- NOD-Like Receptors (NLRs)

- RIG-I-Like Receptors (RLRs)

- STING-associated CDS

Cellular effectors of innate immunity
- Phagocytes

K - ILCs and NK cells J

Soluble effectors of innate immunity
- the complement system
- pentraxins
- collectins and ficollins




Effector system of innate immunity and humoral immunity (Bordet)

Identified by Jules Bordet in the 1830’s
Immunized Sheep with Vibrio cholerae

Mixed antiserum with Vibrio cholerae and observed
that bacteria were lysed

Heating at 56°C eliminated lysis

Could restore lysis activity to heated serum by adding
non-immune serum

A heat-sensitive activity that “completes” or complements
the ability of antibody to neutralize bacteria




Soluble effectors of innate
Immunity

Present in the blood and extracellular fluids

Three main mechanism of action:

1 - Opsonization and induction of phagocytosis
2 - Direct killing of microbes

3 - Induction of inflammatory response

3 Stages of Complement Cascade

* Initiation - beginning the reaction
» Amplification - producing cascade effect

* Membrane attack - kills microorganisms



The complement system

Serum and surface proteins that interact in a regulated manner with other
molecules of the immune system to generate products that function to eliminate
microbes.

A group of plasma proteins, proteases (C

| nitation o | or F-factor), inactive, but that can be
Coargtﬁ’vzrt?fﬁt. activated by proteolysis

Proteolytic cascade to activate zymogens

Classical 4% ° Attack concentrate on microbe surfaces
pathway Antibody (microbes, Ab, apoptotic cells)
Microbe
Alt ti : : :
pat?,’xi‘;“% Three different activation pathways
Mannose
binding lectin
Lectin What do they have in common?

pathway



C3 is activated by proteolysis
in two fragments: C3a and C3b

C3 proteolysis is

" Initiation of _
complement T mediated by a complex
tivati arly steps
LALLM =7, | called C3 convertase
% 5 C3b is
deposited
4 onh microbe
pathway Antlbody
Microbe xay/ | General rule for

complement proteins:
a = smaller product

Alternatlv%j
pathway

Mannose
binding lectin . b = larger product
Effector { C3a: J C3b:
Lectin -~ functions Inflammation | | opsonization and
pathway ' ' [ phagocytosis ]

covalent bond



C5 Is activated by proteolysis
In two fragments: C5a and C5b

C5 proteolysis is mediated by a
complex called C5 convertase

Hlnitiation of
complement . : ; ,
activation Early steps Late steps

/ VS 7[/ 1 ': £ 2 %
& % C3b is
4T N deposited Membrane attack
Classical ) on microbe complex (MAC)
pathway Antlbody \ «_

&
Microbe @
AIternatlvi/g_j @ i |
pathway \,J
Cbha
Mannose
binding lectin .
Effector C3a: C3b: C5a: Lysis of
Lectin functions [InflammationJ opsonization and (Inflammation] [microbe]
pathway ' ' phagocytosis

covalent bond



The complement system

THE ALTERNATIVE PATHWAY

C3 is continuously cleaved

Spontaneous (D (1 U/C3a -
cleavage of 3 3| > [cap at a low rate (C3 tickover).
; o  Fluid phase 1-29% h
i hydrolysi

Hydrqus!s and Microbial ydrolysis |
inactivation of surface Inactive

C3b in fluid phase C3b

: : (1
C3b binds covalently to Cgb Slirface of

microbial surfaces, " Wom " mlcrobe

binds FactorB___ oy Cleavage induce exposure of

the C3b thioester domain,
carrying a reactive thioester
Ab absence that can bind covalently
surface of microbes

'

Hydrolysis of thioester and inactivation



C3 thioester

Intact C3

(inaccessible C3( Ss-C:=0
thioester group) >

- Cleavage of -

C3 o chain
lby C3 convertase Cell

_ - C3b surface QM
Accessible e [3 \ R
5 Reactivity with OH (shown) or NH>

thioester group
CSaE

(|
in C3b A

Fluid , AN

phase Attachment to microbe,'
;— cell surface protein,
or polysaccharide

=TS

Cell- H-S C=0
Inactive associated O
C3b C3b R
H-S G20 Ester (shown) or amide
& L

C3b is inactivated to protein or polysaccharide

In fluid phase, Covalent attachment of C3b
by hydrolysis by thioester linkage




The complement system

THE ALTERNATIVE PATHWAY

Spontaneous @) o (g VO3 C3 is continuously cleaved
cleavage of C3 C3 | => ’C3b | ]
: Fluid phase at a low rate (C3 tickover)
Hydrolysis and Microbial hydrolysis
ingctiva_tion of surface 6 Inactive ]
~ CB3bin fluid phase C3b Cleavage induce exposure of
C3b binds covalently to Cs Surface of the C3b thioester domain,
microbial surfaces, el 8 " microbe : : .
binds Factor B carrying a reactive thioester

Cleavage also induce
exposure in C3b of the
Factor B binding site



The complement system

THE ALTERNATIVE PATHWAY

Spontaneous | JC3a
cleavage of C3 03"%‘>’C3b i o
; ‘ uid phase . ]
Hydrolysis and vicrobial | Nyaesis - G3 is continuously cleaved
Cah i it phase surface @'ggg“ve at a low rate (C3 tickover)
— _ — M
C3b binds covalently to . -
microbial surfaces, . Cfb . Surace of - Gleavage induce exposure of
binds "actor8 ___ oy the C3b thioester domain,

carrying a reactive thioester

Stabilized < [Factor D

" Cleavage of Factor B by properdin ~ PBa _
by Factor D; stabilization \ Cleavage also induce
by properdin ‘CSDE JC3 convertase ]
4 exposure in C3b of the
L Factor B binding site

Factor B is cleaved by

Properdin: made by neutrophils Factor D



The complement system

THE ALTERNATIVE PATHWAY

\‘ C%E}CS convertase _
Baccado b Generation of C3
L convertase!
| Cleavage of additional | ’03 + 'ééq Vo

C3 molecules by 03‘ {3 = ’_039/'1 | £c3a

cell-associated C3 ' crﬂ

C3 convertase cab . o
Sacaced




The complement system

THE ALTERNATIVE PATHWAY

\)‘ CSbE ] C3 convertase
- Boolloceks Generation of C3
T convertase!
Cleavage of additional ‘ 03, * T
C3 molecules by % ’ 03 g ’C3b J C3a
cell-associated c3 ’ C3b
C3 convertase o C3b S
! e
R
C3b covalently binds to | + ‘ C5
cell surface, binds to C3b |C3b C3b§§03b :| .
C3bBb to form l ] ’ Lo . " convertase Generatlon Of 05
C5 convertase convertase!
' RN -
I Cba
Cleavage of C5; ] * f Cj' @
initiation of late steps ’C3b \C3b lC3b Cab)
of complement activation ¥ mten et T |




The complement system
Termlnal steps

C5 (Inflammation
f—L—ﬂ/ THE ALTERNATIVE PATHWAY
F‘é) — (r;j;) —a 0%7

Generation of C5
convertase!

Activation of C6-7-8-9

C9 create polymers

MAC (Membrane Attack Complex)
C5b-C9

Large pores in the attacked cells
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The membrane attack
complex (M)

External diameter 20 nm
Internal diameter 10 nm
H15 nm



Cytolysis mediated by
complement

Bacteria

M -_/;/'
\\___g

Formation of

Binding of C3b to bacteria the membrane attack CI)S"_‘SOL';:
’ Si
activation of late components complex (MAC) b\;cteria
of complement L )




Summary of the actions of complement
and itsrole in the acute inflammatory reaction

...but the

MAC iS j U St = ‘7& , increased
- 4y ===
the tl p Of \% lysis of i o 'smoo}h
the iceberg — contraction

2 T
‘k\"‘\ |

MAC —Cell lysis - o
Phagocytosis neutrophil localization
activation and of complexes
Inflammation chemotaxi® spsonization mge‘::tT::.'

Activation of humoral activity




Phagocytes ligate C3b and
uptake opsonized microbes

Macrophages and neutrophils express complement receptors (CR)
that ligate complement coated microbes and trigger phagocytosis

Microbe @

Binding of C3b bRecrc])gnitiort\ oéggund CCtSb Phagqcytosis
to microbe (opsonization) °Y PNagocyte receptor of microbe




C3a and Cbha are soluble
mediators of inflammation

C3a and Cba induce mast cell degranulation and release of histamine
and vasodilatation

Cba induces neutrophil activation: motility adhesion to endothelium and
oxidative burst (ROS)

Cba induces expression of P-selectin by the vascular endothelium
(rolling) and increased vascular permeability

C3b

Microbe

Endothelial cell

release of C3a; proteolysis

of C5, releasing C5a

by leukocyte

Binding of C3b to microbe,
[Ieukocytes by C5a, C3

Recruitment and Destruction
activation of of microbes
a S




RECEPTOR FOR PROTEIN OF COMPLEMENT and activation of humoral response

Follicular dendritic cells express CR2 and
capture immune-complexes

The B cell follicle can host germinal centers

Immune complex are covered
Of C3 fragments

Antigen is captured in form of
Immune complexes, and
stored by follicular dendritic
cells (FDCs) where are

presented to responding B
cells

Naive B cells
FDCs
Responding B cells




Summary of the actions of complement
and its role in the acute inflammatory reaction
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