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Lyhyt kertaus komplementtijarjestelmasta,
Zipfel et al. 2020
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Kaikkien teiden aktivaatio johtaa siis C3-
tasolle, Thurman 2015
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Komplementtiladkkeita kehitetaan kiihtyvalla

tahdilla, Zipfel et al. 2019
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FIGURE 11 | Compiement inhibitors target different levels and steps of the complement cascade. Complement inhibffors which are evaluated in clinical trials for
varnous kidney diseases bind to different complement proteins and inhibit the cascade at different levels. C1 inhibitor binds to C1 and blocks C1 activation. OMS 721
binds to the lectin pathway protease MASP2. C3 targeting proteins include APL2 (Apellis) and AMY 101 (Amyndas). The Factor D inhibitor ACH-4471 (Achillion) binds
to Factor D, a protease which cleaves in its active state Factor B. LPNO23 (Novartis) a small Factor B binding protein blocks formation of the enzymatically active AP
C3 Convertase. Sevaral compounds target complement at the leval of C5. Eculizumab, and the new version Ravulzumab (beth Alexion) bind to C5 and block
activation of the protein. Coversin is a tick derived C5 binding proiein (Akan) and C5 nhibitor. C5 synthasis is blocked by Camdisiran as an RNAI targeted strategy
(Alnylam), and by LFG-316 {(Novartis). The complement inflammatory C5a—C5aR1 axis is inhibited by IFX-1 {(inflalRx) and Avacopan (Chemoceniryx).




Komplementtilaakkeita kehitetaan useisiin

nefrologisiin tauteihin, Zipfel et al. 2019
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Komplementin aktivoituminen johtaa pro-inflammatoristen
valittgjien syntyyn ja suoraan kudostuhoon munuaisissa,

Lymphocytes, mast cells,
neutrophils, and antigen ] C3a/C5a
presenting cells

CHC P4

Thurman 2017
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Komplementin aktivoituminen eri
glomerulonefriiteissa, Thurman 2017

Disease Mechanism Pathway

MPGN
Glomerular Immune ,
Complexes

Cryoglobulinemia

Lupus Nephritis___ ’T

IgA

Nephropathy Ligands for MBL and
ficolins displayed on
injured glomerular cells (?)

Post-infectious
glomerulonephritis

ANCA associated « Inadequate

vasculitis regulation
1 « Amplification of

classical or MBL

Atypical HUS pathway

Bacterial proteins

C3 Glomerulopathy | = IgA




Munuaisbiopsian tulkinta saattaa jatkossa

nayttaa talta, Medjeral-Thomas et al. 2019

Mita histologian C3-16ydo6s tarkoittaa:
Komplementin aktivaatio nyt vai menneisyydessa,
onko lokaalinen vai systeeminen aktivaatio ?

Immunofluorescence combination
Consistent with

Example Interpretation

C3b/ic3b/C3c C3dg FHRS antigen
. . C3b/iCc3b/C3cand Ongoing and previous local C3 activation AND/OR
C3dg C3c from local and/for systemic complement activation
B Ongoing local C3 activation AND/OR
* C3b/ic3b/C3c C3c from local and/or systemic complement activation
+ C3dg Previous local activation
+ + Cc3b/ic3b Ongoing local C3 activation
(or local C3c) going
+ C3c Systemic complement activation
+ C3dg Previous local activation
+ + C3dg Previous local activation
+ C3b/ic3b Ongoing local C3 activation

(or local C3c)



MPGN, nykyaikainen jaottelu patogeneesin

perusteella, Lionaki et al. 2016

Oikotien aktivaatio —
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Fig. 1. Classification of MPGMN according to pathogenesis. M0n0k|0naa|inen gammopa’tia
Meri et al. 1992

Obs ! Noin 20 %:lla Ig-MPGN-potilaista on kuitenkin oikotien saatelyssa
hairio, Zhao et al. 2018, latropoulos et al. 2018



C3G — VM |oydos voi olla vaihteleva,

Koopman et al. 2019
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aHUS, MPGN (C3GN, DDD) — kaikissa oikotien

saatelyhairio, Johnson et al. 2014

Munuaistautirekisteri:,

Genetic or acquired

1990-2011: 85 MPGN predisposition
1965-2015: 17 HUS/aHUS/sekundaarinen ©.g- compiement gene mutation
HUS, 11 TTP e rrr s o T
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Faktori H- mutaation paikka vaikuttaa taudin
fenotyyppiin, De Vriese et al. 2015

Nesteisen tilan komplementin Sitgutuminen sol.ujen pinnalleja kudoksii
dysregulaatio — ja ligandien tunnistaminen,
oroliferatiivinen gn ts. erottelu self vs. non-self pielessa

— aHUS

Proteoglycan binding sites

Regulatory domain: Recognition domain:
» Cofactor activity + Surface binding

» Decay accelerating activity + Cell surface recognition
* C3b binding + C3b binding




Faktori H ja FHR-proteiinit,

De Vriese et al. 2015

Table 1. Examples of variable phenotypic expression of CFH mutations

Mutation in CFH Phenotypical Expression |

Prol621Thr Patient with C3 glomerulopathy later
develops aHUS

Tyr899Stop Patient with aHUS develops C3
glomerulopathy in transplant kidney

Alalé61Ser; Arg1210Val; Arg53Cys Identified in patients with aHUS
and C3 glomerulopathy

Asn1117Ser Crescentic and necrotizing GN in the

region where aHUS mutations cluster

Table 2. Overview of mutations in CFHR protein genes

Genetic Defect Phenotypical Expression Systemic C3 Levels
Duplication in the CFHRS gene C3 glomerulopathy (CFHRS nephropathy) Nomal
Duplication in the CFHR1 gene C3 glomerulopathy Mildly decreased
Hybrid CFHR3/CFHR1 gene C3 glomerulopathy Nomal
Hybrid CFHR2/CFHRS gene C3 glomerulopathy Decreased
Hybrid CFH/CFHR1 gene aHUS Mildly decreased or normal
Hybrid CFH/CFHR3 gene aHUS Nomal

Mutation in the CFHRS gene Atypical postinfectious GN Decreased




C3G-taudin monimuotoiset autoimmuunitaustat,
Smith et al. 2019
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Table 5 | Novel therapeutic agents that target complement activity
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C3G-taudin monimuotoiset autoimmuunitaustat,
Smith et al. 2019

Table 4 | Acquired drivers of C3 glomerulopathy

Driver

C3 nephritic factors

C4 nephritic factors

C5 nephritic factors

FactorH
autoantibodies

Factor B
autoantibodies

C3b autoantibodies

Monoclonal
immunoglobulins

Frequency in
affected patients (%)

50-80
14

50
~1.0

~2.5

15

Sporadic cases of
multiple myeloma
or MGRS

Function Knowledge gaps Refs
Dysregulation of C3 convertase (C3bBb) * Diagnosticassays need standardization ~ *
* Invitro function of antibodies is

D}'Sfﬂg Lllﬂtiﬂn ﬂf C3 and CS convertases thhE we" Eha ractenze d; huwenirer' WE“' @
classical and lectin pathways (C4b2aand C4b2aC3b)  documented in vivo data supporting

: cause-and-effect relationships to .
Dysregulation of C5 convertase (C3bBbC3b) dicease are needed
Affects factor | cofactor activity; not associated * Not known whether antibody "
with CFHR3 or CFHR1 gene deletion characteristics change over the

disease course

Recognizes the Bb fragment; binds C3 convertase; Unclear why antibody removal methods #
increasesrelease of C3a and Bb; does not enhance (plasma exchange or B cell-targeted

C5convertase activity agents) are generally noteffective

Recognizes C3b and C3c; stabilizes C3 convertase; * Defining the mechanism underlying 5"

reduces binding to complement receptor type 1; Lom ﬁl_:ﬁmerl': dysregulationisoften
increasesactivity of C5 convertase e AT
Intact antibody and/or light-chain fragments —

interfere with alternative pathway regulation

MGRS, monoclonal gammopathy of renal significance,



C3G-taudin taustat, kun mukana myaos todetut
mutaatiot, Bomback et al. 2018, Goodship et al. 2017

Genes associated with aHUS and C3G

2 (4.8%) 0(0.0%) Complement genes
8 (19.0%)° 3 (33.3%) o Complement Factor H (CFH)
0 (0.0%) 0 (0.0%) o Complement Factor H-related genes 1 to 5 (CFHRI-J)
0 (0.0%) 0 (0.0%) » Membrane cofactor protemn (MCP)
1 (2.4%) 0 (0.0%) o Complement Factor I (CFI)
1(2.4%) 0 (0.0%) o Complement Factor B (CFB)
o Complement Component 3 (C3)

Non-complement genes
13(31.0%) 1(11.1%) o Diacylglycerol kinase-g (DGKE)
3(7.1%) 1(11.1%)
0 (0.0%) 0 (0.0%)

|
C3G prototypical genetic variants

CFH pathogenic variants associated with very low FH levels

CFHRI. CFHR? and CFHR)5 genomic rearrangements leading to the expression
of fusion proteins typically resulting in duplication of the FHR-1. FHR-2 and
FHR-5 dimerization domains (SCRs 1 and 2)

Increased copy numbers of some CFHRI-5 genes (especially CFHRI)

C3 pathogenic variants (1.e.. p.D923G924del and p.I756T)

CFH-HI. MCP,g.: C3G risk haplotypes

CFHR5-p.P46S C3G nisk allele



Seka C3- etta C5- valitteinen vaurio atheuttavat
ongelmia C3G-taudissa, Barbour et al. 2013
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FIGURE 3: Therapeutic complement blockade in C3GN.

C3nef analyysi voisi auttaa naiden kahden vauriomekanismin
selvittelyssa ? Kaartinen et al. 2017




..Jonka vuoksi C5-estaja ei autakaan..C3GN ja
ekulitsumabi-hoito, Kaartinen et al. 2017
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IgAGN syntymekanismi ja komplementin

osuus, Maillard et al. 2015

Hit 1

Hit 2
Increased circulating galactose- Production of unique
deficient IgAl antiglycan antibodies

Activation of C3 participates in
the formation of pathogeni
immune complexes

Hit 3 Formation of pathogenic IgAl-containing
circulating immune complexes

!

Hit 4 [ Mesangial deposition and mesangial cells]

Mesangial cells
have an active role in
complement activation

activation leading to glomerular injury

Lectin and alternative
pathways are activated
and contribute to tissue
injury



Komplementtiprofiili ennustaa IgAGN-taudin
kayttaytymista,

Medjeral-Thomas et al. 2018
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Komplementti ja IgAGN, mita tiedetaan |

FHR1- ja FHR3-deleetiot vaikuttivat suojaavan IgA nefropatialta, Gharavi et al. 2011

4 kohorttia yhdistettyna (kiinalainen x2, amerikkalainen, eurooppalainen), 3200
pot

e ..lisaa kylla SLE ja anti H aHUS-riskia..(Zipfel et al. 2019)
Seka seerumin matala C3 etta korkeampi mesangiumin C3 ennustivat itsenaisesti
taudin progressiota, Kim et al. 2012

* Retrospektiivinen, havainnoiva kohorttitutkimus, 343 pot, 19 % oli madaltunut s-

C3, f-u 53 kk

Seerumin matala C3/C4 suhde ennusti nopeaa munuaistoiminnan menetysta, Pan et
al.2018

* Retrospektiivinen tyo, 712 pot, f-u 41 kK,
Plasman FHR1 ja FHR1/fH-suhde ovat koholla ja assosioituivat progressiiviseen

tautiin, sen sijaan FHR5 tai FHR5/fH-suhde eivat assosioituneet progressiiviseen
tautiin, Medjeral-Thomas et al. 2017

* Retrospektiivinen, 179 progressiivista + 89 stabiilia pot, 161 tervetta verrokkia, f-u
55 kk

Korkeampi plasman FHR1-taso ennusti itsenadisesti progressiivista tautia, Tortajada et
al. 2017

e Retrospektiivinen kohorttitutkimus, 112 pot, f-u 77 kk,



Komplementti ja ISAGN, mita tiedetaan Il ?

* Sekd mannoosia sitovan lektiinin (MBL) puute etta ylimaara
assosioituvat huonompaan ennusteeseen, Guo et al. 2017
* Retrospektiivinen, 749 pot, 489 tervetta kontrollia, f-u 47 kk,

* FHR1, 3-deleetiot eivat ennustaneet filtraation heikentymista, mutta
linkittyivat vahaisempaan mesangiaaliseen C3-kertymaan, Jullien et
al. 2018

» Retrospektiivinen, 639 pot, f-u 132 kk,

* Plasman FHR5 -tasot olivat korkeampia kuin terveilla verrokeilla ja
korkeampi taso ennusti nopeampaa munuaistoiminnan menetysta,
Zhu et al. 2018

* RETRO ?? 1126 pot, 153 verrokkia, f-u 44 kK,

* Veren matalat MASP-3 ja FHR5-kertymat histologiassa ennustivat
progressiivista tautia, Medjeral-Thomas et al. 2018
* Retrospektiivinen, 323 pot, f-u 55 kk

* Mesangiaalinen C3 (= 2 vs. < 2) ja C4d (pos. vs. neg) kertymat

ennustivat itsenaisesti munuaisfunktion heikentymista, Nam et al.
2020

* Retrospektiivinen, 380 pot, f-u 8v



Kiitos |
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...but at least you can get confused on a higher level...




