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Complement is part of the immune system
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The Complement System

* ~ 35 plasma proteins and
membrane proteins

Several complement proteins
present in proenzyme form

Three main activation pathways




Complement activation
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Activation of the alternative pathway

Walport, N Engl J Med, 2001




Properdin can initiate complement activation by binding specific target surfaces and

providing a platform for de novo convertase assembly.

spitzer D, Mitchell LM, Atkinson JP, Hourcade DE
Deeision of Rheurmat , = dedicir School of Medcne, washington
University, Si Lt QL
A Standard model: AP initiated by covalent attachment of
nascent C3b to target surface

B Proposed properdin-directed model: AP initiated by
non-covalent attachment of properdin to target surface
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Spitzer et al, J Immunol, 2007
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MBL and ficolins

Teizo Fujita, Natu
Reviews Immunology
2, 346-353 (May
2002)

Nature Rviarers | imerrclogy




Lectin Pathway activation

Ficolin{or MBL)/MASPs

[sMAP complex

Fujita et al, Immunol Rev, 2004

Lectin pathway activation

Comparison of the old model and our of the lectin. e

New model

MBL or Ficolins

Ceo @y Cle)-E)
170 -] = |
® 9 ® S

| &g
. cc®

H8 0 81 SL PHAS 2012 108.10488-10803

Old model

Lectin pathway activation

Jlnnaie Immun 2012 Dec 4. [Epub zhead df prinf]

Collectin-11/MASP Complex Formation Triggers Activation of the Lectin
Complement Pathway - The Fifth Lectin Pathway Initiation Complex.

Ma YJ, Skioed MO, Garred P.

Laboratory of Molecular Medicine, of Clinical i it Faculty of Health Sciences,

University of Copenhagen, Capenhagen, Denmark.

Molecules forming complexes with MASPs:
« MBL
Ficolin-1

Ficolin-2
Ficolin-3
Collectin-11




The complement system: activation
and regulation

Classical pathiay
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Hepatocytes in the live duce the majority of the complement
protein molecules found in serum (e. g. C4, C3, factor B and C1-INH).

Epithelial cells, fibroblas able to produce several complement
proteins e. g. C3.

Clq is produced by bone-marrow der cells

Factor D (adipsin) is produced by fat cells

Biological effects of complement

Scavenger effect Clearance of apoptotic cell material by
binding t

Lymphocyte Binding of antigen-bound C3d to CR2
activation on B cells enhance antibody

Virus neutralisation oating of virus with e. g. C3b
prevents cell contact




Biological effects of complement

Opsonisation Coating of microbe
and/or iC3b inc

Elimination of immune Coating of IC with C3b and/or C4b, and

complexes binding to CR1 on ery /tes and

transport to the liver and the spleen

Inflammatory response Anaphylatoxins (C5a, C3a), Chemotaxis
(C5a, C3a).

Cytolysis Activation and formation of the
Membrane attack complex (MAC)

Biological effects of complement

* Protective

Scavenger effect, opsonisation, inflammatory
response, lysis ...

* Harmful
Scavenger effect, opsonisation, inflammatory
response, lysis ...

LT, clin immunol, Lund

Complement deficiencies

* Inherited complement deficiencies
- Complete or subtotal deficiency

dysfunction
- Autosomal reces: or X-linked basis

One exception: C1 inhibitor deficiency or dysfunction, which causes
hereditary angioedema (HAE) in the heterozygous state.

Acquired complement deficiencies
- Autoantibodies to complement proteins




Complement deficiencies

Table 3 | Summary of complement deficiencies in humans

Complement Frequency Main disease association(s) Reference(s)

Adapted from: Sturfelt & Truedsson, Nature Rheumatol., 2012

Infections in complement deficiency:
principal reasons

* Impaired antibody responses
* Impaired serum bactericidal activity

 Impaired opsonization

Classical pathway deficiencies and
association with SLE

Decreased capacity for immune complex handling
The waste-disposal hypothesis (C1q)
Aberrant tolerance induction

Influence on cytokine regulation (C1q)




Complement deficiencies in Sweden 2014

Deficiency (n) Identified (n) Estimated (n)

Properdin

MBL

MASP-2
Population 9 milj. Factor I
Factor H

Complement deficiencies

Table 3 | Summary of complement deficiencies in humans

Complement Frequency Main disease association(s) Reference(s)
companent
imvolved

tiq SLE glomensonephetis: mhection

Adapted from: Sturfelt & Truedsson, Nature Rheumatol., 2012

The MBL gene

Chrom. no. 10
Structural gene

Structural gene variant
Promotor region variants: L/H
Promotor region variants




MBL Blood donors

MBL deficiency — a disease

MBL def.: Serum conc. <100 ng/mL.
Increased risk for infections reported in
several disease states:

Hypogammaglobulimenia

Severe immunos

Cystic fibrosis

SLE

Possible association with atherosclerosis

May modify inflammatory disease such as rheumatoid
arthritis

Complement deficiencies

Table 3 | Summary of ¢

Complement Frequency Main disease association(s) Reference(s)
component
imvolved

cig

Adapted from: Sturfelt & Truedsson, Nature Rheumatol., 2012




C2 genetics

Chromosome 6
q cen p

!E 6p21.3 E

HLAregions HLA-DPB1 HLA-F
MHC Class i Shesl Class|
Gene product DP DO DR CiB C4A FactorB C2

Yu CY. et al., Exp Clin Immunogenet, 1998.

Nearly all cases of C2D (90%) are caused by a 28-bp
deletion in the C2 gene, a mutation associated with the
HLA-B*18,5042,DRB1*15 haplotype - C2 deficiency type |

Principal manifestations of C2D in a
Swedish study

* Invasive infections 57%
» Systemic lupus erythematosus 25%

¢ Cardiovascular disease 15%

C2 deficiency type |

The predominant form of C2 deficiency (>95%)

No C2 synthesis due to a 28 bp deletion in the C2
gene located in the MHC haplotype:
HLA-A*25, HLA-B* 18, 042, DRB1* 15

Prevalence of heterozygous carriers about 1.4% in
Western countries

Prevalence of homozygous deficiency about
1/20,000 in Western countries




C2 deficiency type 11

C2 secretion defect

Small amounts of circulating C2 can be
found

Rare variants have been described
Various MHC haplotypes

Clinical Immunalegy (2012) 144, 214-227

avallable al www. sciencedirgct.com

Clinical Immunology

ww elsevier.comilocatelyclim

Vaccination against encapsulated bacteria in
hereditary C2 deficiency results in antibody response
and opsonization due to antibody-dependent
complement activation

Garan Jonsson ®* ', Christian Lood &1, Birgitta Gullstrand B

Eva Holmstriém ®, Barbro Selander ®, Jean Henrik Braconier®,
Gunnar Sturfelt ©, Anders A. Bengtsson ©, Lennart Truedsson e

Phagocytosis response in C2 deficiency

c2D Control

p=0.007 — P=089
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Jonsson et al, Clin Immunol, 2012

Increased phagocytosis of pneumococei by neutrophils in post vaccination serum




Complement activation in C2 deficiency

Blocked pathways:

¢ Classical pathway

« MBL and ficolin pathways
(C4b2a)

C2 bypass activation
™ 1: JImmunol. 1989 Oct 1;143(7):2256-61.

Lysis of sensitized sheep erythrocytes in human sera deficient in the second
component of complement.

Knutzen Steuer KL, Sloan LB, Oglesby 1), Farries TC, Nickells MW, Densen P,
Harley JB, Atkinson JP.

The Journal of Clinical Investigation  hutpy//wwwijciorg  Volume 116  NumberS  May 2006
e oo s . R€SEAICH article

Mannan-binding lectin activates C3 and
the alternative complement pathway
without involvement of C2

Barbro Selander,' Ulla Martensson,' Andrej Weintraub,? Eva Holmstrém,' Misao Matsushita,*
Steffen Thiel Jens C. Jensenius,* Lennart Truedsson,' and Anders G. Sjohoim'

Complement activation in C2 deficiency

Blocked pathways:

« Classical pathway ,,.c'é'.'v;n' ~_

+ MBL and ficolin pathways (C1q dependent) ~
(C4b2a) o P

-

can)( 4'io—v

Available pathways: c3v N y,

AP
amplification *
. S
* Alternative pathway C2 bypass e
“(MBL dependent)

+ Clqg-dependent C2 bypass
* MBL-dependent C2 bypass




Complement deficiencies

Table 3 | Summary of ¢

Complement Frequency Main disease association(s) Reference(s)
component
imvolved

SLE: glomensonephettia; infections

Slade et sl, 2013

ral ifoctions  Shathum ef af

Adapted from: Sturfelt & Truedsson, Nature Rheumatol., 2012

Properdin deficiency

Three deficiency types
- type I: complete deficiency
- type 1I: low serum concentration (~10%)
- type III: dysfunctional properdin molecule

X-linked inheritance
>80 cases from 24 families are reported

Increased risk for Nesserial infection

Properdin deficiency — heterogenous
genetic background

pe I — 10 different mutations found (exon 4, 5, 6,

II - 2 different mutations found (exon 4 and 8)




Alternative pathway
deficiencies

* Properdin, factor D, factor B

* Increased risk for Nesserial infection but not
for bacterial infections in general

» Explanation - properdin as activation
initiator?

Complement deficiencies

Table 3 | Summary of complement deficiencies in humans

Complement Frequency Main disease association(s) Reference(s)
companent
imvolved

SLE: glomensonephettia; infections

Slade et al, 2013
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Assembly of Clq

Clq 460 kD
Clq chains A, B and C

A/B heterodimers and C/C
homodimers

Heterotrimeric unit

Clq with 18 chains

From Lu et al, Mol Cell Imm, 2008




C1q deficiency — different mutations
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C1q deficiency in Sweden

own cases
5 children with C1q deficiency
Infection proneness and SLE-like disease

Varying clinical symptoms

Treatment by hematopoietic stem cell transplantation

has been used (2 cases)

ALLOGENEIC BONE MARROW TRANSPLANTATION RESTORES
COMPLEMENT FUNCTION IN HUMAN Clg DEFICIENCY

i |

Days Post- Transplant
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C1g deficiency in Swaden
A 9-year-old boy and a 12-year-old girl with refrac

Clq production was restored and decreased the severity of SLE
symptoms decreased post-transplant.

The boy developed post-transplant lymphoproliferative disease and
died from multiple organ failure four months post-transplant.

Th alive and well 24 months post-transplant, and all clinical
symptoms of SLE have resolved.

Conclusions: Allo-HSCT can cure SLE in human C1q deficiency and
should be cor i

on RF et al.: Allogeneic Haematopoietic £
Transplantation in the Treatment of Human C1q Deficiency: the
Karolinska Experience. Transplantation, in press.




Successful cure of Cl1q deficiency in human
bij { with h ietic stem cell

transplantation

To the Editor:

poietic stem HSCTis used 10 cure
a number of prmary immunodeficiency diseases but has never
been amempled for patients with complement deficiencies
hecause most complement factors are produced in the liver raher
than the bone marmow. Inherited deficiency of the Clg component
of the classical complement pathway s a severe auosomal

J Allergy Clin Immunol 2014
Jan;133(1):265-7

d 5 44 dot 104 2015 0 Ep k.
Marked variahility in clinical presentation and outcome of patients with C1q immunodeficiency.

& Author infarmation

Treatment of infection susceptibility
in complement deficiency

* Increased awareness (antibiotics etc).

« Substitution therapy.
- Plasma infusion (Clq, C2 and C3)
- Purified plasma MBL has been tried as
treatment (cystic fribrosis).
- Recombinant MBL has been developed (tested
in volonteers).

- Recombinat C2 has been developed, not tested
in humans.

* Vaccination.




How to find the complement deficient
patients

* Clinical symptoms indicating
immunodeficeincy

» Complement analysis with screening
for deficiency

Analysis of complement function to
detect deficiency

» CH50, AP50
* Hemolysis in gel (HIG)

* ELISA

Analysis of complement function

Complement activation ELISA

Classical pathway
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Mollnes et al, Mol Immunol, 2007




Analysis of complement function

Table 1

Complement deficiency and detection by complement activation ELISA

Impaired function/deficiency Activity in ELISA

Component Classical Lectin Alternative
Clg. Clr. Cls Low Normal Normal
4,02 Low Low Normal
MBL. MASP2 MNormal Low MNorml
B.D. P Normal Normal Low

C3, 05 06, CT,CR. O Lo Low Low

Mollnes et al, Mol Immunol, 2007

Andra metoder —

arrays?

Miniaturization of multiplexed planar recombinant antibody arrays for
serum protein profiling.
Petersson L, Coen M, Amro NA, Truedsson L, Borrebaeck CA, Wingren

C.
Bioanalysis. 2014 May;6(9):1175-85. doi: 10.4155/bio.13.342




EBioanalysis, 2014 Moy 6(3):1175-85. dok: 10.4156/i0.13,342.

Patersson L', Coen M. Amng NA, Truedsson L. Bormebaeck CA, ¥
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Heat differentiated complement factor profiling

amsten %, Lillemor Skattum ©, Lennart Troedsson *, Ulrika von Dobeln ®, Mathias Uhlén ®,
» M, Schwenk ™, Lennart Hammarstrom °, Peter Nilsson *, Maja Neiman ™

ARTICLE INFO

C. Hamsten et al. / Journal of Proteomics 126 (2015) 155-162

Parallel detection of complement factors is enabled by using antibody bead
arrays and direct labelling of serum or plasma proteins.

A preanalytical heating of diluted and labelled serum was

influence complement measurements.

Sera from patients with complement deficiencies were analysed and used to
evaluate the assay.

Eluates from dried blood s was labelled and profiled in the assay which
enables

large-scale neonatal screening for complement deficiencies.




C. Hamsten et al. / Journal of Proteomics 126 (2015) 155-162

Complement deficiency — take home message

The consequence varies from almost none as in C9D to serious disease/infections as in e g C1q D.
Classical pathway def. but no other complement def. are associated with SLE and SLE-like disorders.
Classical pathway def. confer increased susceptibility for infections with encapsulated bacteria

Alternative and terminal pathway def. confer increased susceptibility for infections with Neisseria
species.

Lectin pathway def. is associated with many types of infections in presence of a concomitant immune
deficiency.

The identification of complement def. states is important to ensure optimal preventioi
Vaccination against the bacteria commonly causing the infections is important.

Supplementation of the missing component has so far been tried in very few cases, but should
hopefully have a place in the treatment of these patients in the ful

HSCT may be an option in treatment of complete C1q deficiency.




Factor H deficiency

Results in desreased C3 ¢ ntration
Associated with atypical hemolytic uremic syndrome (aHUS)
Recurrent pyogenic infections (N. meningitidis, H. influenzae)
Typ I phenotype

Factor H mutation causing a structurell defect - low factor

H concentration.

Typ II phenotype
Factor H mutation giving rise to a functional defect.

Factor | deficien

Results in desreased C3 concentration
Recurrent infections mainly of the respiratory tract

Various immune-complex related diseases
(glomerulonephritis, vasculitis, SLE)




Clearance of apoptotic cells and SLE

Early apoptotic Secondary necrotic
i

Impaired
clearance <y

Macrophage

Dendritic cell
NHD: Clearance in the
early phase of apoptosis

by macrophages. » Anti-DNAIg

B cell

Figure 5 from Surface code—biophysical signals for apoptotic cell clearance
Mona Biermann etal 2013 Phys. Biol. 10 065007 doi:10.1088/1478-3975/10/6/065007

Complement activation -> C3

Nature Reviews Microbiology 3, 948-958 (December 2005)

Infections in C2 deficiency: prophylaxis

» Long-term antibiotic treatment

» Vaccination against infection with encapsulated
bacteria (S pneumoniae, N meningitidis and H.
influenzae type b).




Complement genes

Clq (3 chains: C1qA, ClgB, C1qC)
C8 (alpha and beta chain)
CR1, CR2, C4bp, DAF, MCP, H (all

(gamma chain)

Properdin

Several of the complement proteins exist in different genetic variants.
The complement proteins encoded by genes located in the MHC class ITT
region display a high degree of polymorphism.




