Basic Immunology

Lecture 16

Complement system



Why is complement system important?

Major effector system of the humoral IR

Component of the innate (non-specific) immune IR

Results immediate response

Connection to the specific IR



Discovery:

1890: Jules Bordet’s experiment:

- Immune serum against Vibrio cholerae caused lysis of the
bacteria

- Heating the antiserum destroyed this activity

- Addition of a fresh serum to the antiserum restored its
Killing ability

Paul Ehrlich:
2 components of the ANTISERUM:
- heat stable: specific antibody

- heat sensitive: responsible for the lytic activity -
COMPLEMENT



Components:

* Inactive factors in the serum and body fluids which can
activate each other in an enzyme cascade

« Cell surface receptors (CR) for binding the activated
complement components

 Regqulatory proteins: soluble and cell surface bound —
to prevent uncontrolled complement activation




Molecular mediators of inflammation

Plasma enzyme mediators:

- kinin kallikrein system
- Fibrinolytic system

- Complement cascade
- Clotting cascade

Lipid mediators:
leukotrienes,
prostaglandins (PGE)

Chemoattractants:

-Chemokines: IL-8
-Complement components
- PAF (platelet activating
factor)

Inflammatory cytokines:
IL-1, IL-6, TNFalpha
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Activation of the complement enzyme cascade

Activator:
antigen-antibody complex:
IgM, IgG1, 1gG2, IgG3
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Activator:

microbial cell wall
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Activator: bacterial
cell wall components,
LPS, viruses, fungi,
IgG, IgA and IgE
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Early steps of classical pathway activation

Binding of

complement
proteins to

microbial cell
surface or
antibody

Classical Pathway

Formation of

C3 convertase ICIeavage of C3.

Microbe

convertase

Formation of
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First components of lectin pathway

Mannose-binding lectin (MBL) has two to
six clusters of carbohydrate-recognition
domains. Within each of the clusters the
carbohydrate-binding sites have a
fixed orientation
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Figure 2-11 Immunobiology, 6/e. (© Garland Science 2005)

Figure 2-24 Immunobiology, 6/e. (© Garland Science 2005)

MBL: mannose binding lectin

MASP: mannose associated
serine protease



Early steps of alternative pathway activation
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proteins to
microbial cell
surface or
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Components and effector actions of complement
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Complement receptors

Receptor | Specificity Functions Cell types
Promotes C3b and C4b decay Erythrocytes,
CR1 C3b, C4b Stimulates phagocytosis macrophages, monocytes,
(CD35) iC3b Erythrocyte transport polymorphonuclear leukocytes,
of immune complexes B cells, FDC
C3d, iC3b,
CR2 C3dg Part of B-cell co-receptor B cells,
(CD21) Epstein- Epstein—Barrvirus receptor FDC
Barr virus
?N?a:;cq) iC3b Stimulates pha tosi I Macroghagels, m?mz(cytes,
(CD11b/ phagocytosis polymorp onchDeCar eukocytes,
CD18)
8?)1 50,95) _ _ _ Macrophages, monocytes,
(CD11c/ iC3b Stimulates phagocytosis polymorphonuclear leukocytes,
CD18) dendritic cells
C5a C5a Binding of C5a Endn?;I;t;:l(i:zluc;ells,
receptor i i J
P activates G protein phagocytes
C3a - Binding of C3a . e,
receptor activates G protein ast ce''s,
phagocytes

Figure 2-31 Immunobiology, 6/e. (© Garland Science 2005)




Covalently bound C3 fragments

C3d
(C3d

C3b
IC3b

C3b-binding
receptors

Complement
receptors

CR1, CR2, CR3 CR?2

Complement receptor expressing cells
(RBC, lymphocytes, monocytes,
Macrophages, neutrophyls, FDCs etc.)




Functions of Complement receptors
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Opsonization with C3b - CR mediated
phagocytosis

(a)

Bacterium

Complement
activation

CR1
Fc receptor =
C3b

Phagocyte

Phagocytosis

Nucleus




B-cell co-activation through CR2
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Functions of C3a and C5a

Stimulation of inflammatory reactions
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Enhancing blood vessel permeability

Mast cell and basophil granulocyte degranulation
Fig. 12-178 Smooth muscle contraction
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Effector functions of complement
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@ Opsonization and phagocytosis
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Regulatory
Proteins
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Regulatory proteins of classical pathway

C1q binds to antigen- C1 INH prevents
complexed antibodies, C1rzs; from becoming
resulting in activation of C1rzs, || proteolytically active
C1 INHIBITOR
Formation of C4b2b DAF, MCP,
complex (classical pathway| |and CR1 displace || DAF: Decay accelerating factor
&g \;32b DAF/ C2b. . | Protein
CR1 [ /|| CR1: complement receptor-1
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Component
deficiency

Symptoms
Infections (terminal pathway)

Systemic aztoimmune diseases
(SLE, RA) (classic pathway)

Complement mediated
disease

Lack of regulation
>> dysregulation

Symptoms:
C1INH > angiooedema (HANO)

HF, IF, MCP > Kidney diseases
Macula degeneration

MIRL (CD59) > MAC induced
haemolysis

DAF (CD55) > enteropathie

Activation and

consumption
>> autoinflammation

Transplantation
Cryoglobulin/paraprotein
Autoimmunity

Infections

IgA nefropatia
Hideg agglutinin betegség
Neuromyelitis optica
(NMO)
Myasthenia gravis
Immun thrombocitopenias
purpura (ITP)
ANCA-V



Complement and diseases

MAC deficiency C8 mutation: - autoimmune diseases
—> Neisseria infections (Gram- bacteria)

Faktor H €és MCP mutation: atypic HUS (haemolytic uremic syndrome)

C3, B factor, | factor H factor polymorphisms - unregulated complement
activation on cell surfaces: macula degeneration

C1 inhibitor mutation: hereditary angioedema (HAE)

Diagnostics: CH50 measurement = total complement activity test



http://en.wikipedia.org/wiki/Hereditary_angioedema

Hereditary angioedema (HAE)

is an autosomal dominant disease caused by either a lack of C1-
inhibitor protein or dysfunctional C1-inhibitor protein.

HAE manifests with symptoms related to angioedema of the upper
airway, skin, and/ or gastrointestinal tract.

Autosomal dominant inheritance or a new mutation

Deficiency of complement C1-inhibitor (C1-INH), a plasma protein
that is an important inhibitor of several serine proteases, specially of
the complement system and the contact activation/kallikrein-kinin
pathway, but also the fibrinolytic system

Treatment: C1-inhibitor plasma concentrate or recombinant C1-INH
replacement therapy (rhC1INH; conestat alfa) in Europe



Treatment
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C1s inhibitor ]—I
sutimlimab
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( Factor B inhibitor ]—I
iptacopan
— AP C3
C3 inhibitor convertase
pegcetacoplan C3bBbP

FD inhibitor }—l
danicopan

C3b/iC3b, C3d

Opsonisation

sutimlimab (Enjaymo) is a humanized monoclonal antibody to treat
complement induced heamolysis targeting C1s protein (CAD)

Narsoplimab (Yartemlea) thrombotic microangiopathy (TA-TMA), a rare,
life-threatening blood clotting condition

Eculizumab (Soliris) is a recombinant humanized monoclonal antibody
used to treat rare autoimmune and blood disorders by targeting and
inhibiting the complement protein C5. It stops the terminal complement
system, reducing hemolysis in PNH and preventing blood clots in aHUS,
while also treating MG and NMOSD.

C5- and terminal pathway activation

CoaR C5 inhibitor
antagonist eculizumab
avacopan ravulizumab
vilobelimab crovalimab
Zilucoplan

v v

C3a Cbha

Membrane attack complex (sC5b-9)
Phagocytosis, cell recruitment

inflammation Endothelial and other cell damage


https://www.google.com/search?q=Enjaymo&client=firefox-b-d&hs=5Lap&sca_esv=8f19c72cf42aa264&biw=1904&bih=823&sxsrf=ANbL-n6cN8X8JT76JGAEhkhtOwQuWovG0Q%3A1774434012485&ei=3LbDafeoHcGyi-gP7-qL-AU&ved=2ahUKEwi9tY-Z7LqTAxVQ4wIHHQQXMZQQgK4QegQIARAB&uact=5&oq=Sutimlimab&gs_lp=&sclient=gws-wiz-serp&mstk=AUtExfACMhqrnUd30XXpmqNeEAFfpH7HMieQ2rmJ9elYyxIjdh_hTA-POuMqlfwPrwPQaf1rbvExcG9Hrj9pyMnjX8wroL4VK7Zd6BU0Qg3ewxwwGuayf1gArszh9V2yAeT-NO-GNpNGkiO1hyuHkbpL9Rxhjx12lPRpQQhMaHDziYJQfIw&csui=3

There is a close relationship between the factors of

the three complement activations pathways

Protein serving function in pathway

Step in pathway _ Relationship
A'(tlfl':‘;g;’e MB-lectin | Classical

Initiating serine protease D MASP Cis (ngngggogn%uép)

Covalent binding to cell

SHacE C3b C4b Homologous

C3/C5 convertase Bb C2b Homologous

T—— CR1 CR1 Identical

Control of activation H C4BP Homologous

Opsonization C3b Identical

Initiation of effector pathway C5b Identical

Local inflammation C5a, C3a Identical

Stabilization P None Unique

Figure 2-29 Immunobiology, 6/e. (© Garland Science 2005)



Regulatory proteins of the classical and alternative pathways

Name (symbol)

Role in the regulation of complement activation

C1 inhibitor (C1INH)

Binds to activated C1r,C1s, removing them from C1q

C4-binding protein
(C4BP)

Binds C4b, displacing C2b; cofactor for C4b cleavage by |

Complement receptor 1
(CR1)

Binds C4b, displacing C2b, or C3b displacing Bb; cofactor for |

Factor H (H)

Binds C3b, displacing Bb; cofactor for |

Factor | (I)

Serine protease that cleaves C3b and C4b; aided by H, MCP, C4BP, or CR1

Decay-accelerating
factor (DAF)

Membrane protein that displacesBb from C3b and C2b from C4b

Membrane cofactor
protein (MCP)

Membrane protein that promotes C3b and C4b inactivation by |

CD59

Prevents formation of membrane-attack_complex on autologous or
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