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Learning Objectives

A Familiarize with the pathogenetic mechanisms of glomerular
diseases

A Learn the pathologic landscape and clinical course of C3
glomerulopathies

A Explore the underlying pathogenetic mechanisms of C3
glomerulopathies

A Venture into the unknown and therapy



Percutaneous needle kidney biopsies
Historical context

A Iversenand Brun(1951), Denmark

A Alwall (1952), Sweden

A Karkand Muehrcke (1952), University of lllinois, Chicago
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Antibody mediated glomerular injury
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In situ binding of antibodies with or
without immune complex formation
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Deposition of circulating
immune complexes
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Subepithelial (at outer Subendothelial (at inner Antibody against Anti-glomerular
surface of glomerular surface of glomerular antigen on basement membrane
basement membranes) basement membranes) podocytes antibody
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Mesangial Subepithelial immune Anti-glomerular
I complex formation basement membrane
| geu (membranous glomerulonephritis
¢ \_ glomerulonephritis) (no immune complexes formed)
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Granular immunofluorescence Granular or linear immunofluorescence




The hunt for the Immune complexes
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Mechanisms of glomerular diseases
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Binding of antibodies to
cellular or extracellular
glomerular constituents

Glomerular immune complex
deposition or in situ
immune complex formation

Binding of antigens
to glomerular cells
or matrix
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Complement activation
via classical pathway

Complement activation via
alternative and mannose
binding lectin pathway
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Local complement activation
via alternative pathway due to
complement dysregulation
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Glomerular injury
via C5b-9 complex
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Glomerular recruitment of neutrophils and monocytes —
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Glomerular injury via proteases and
oxygen-derived free radicals
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Proteinuria, hematuria and structural damage




Mechanisms of glomerular diseases

A Immune mechanisms
I Circulating Immune Complexes
I Immune Complexes Formed In Situ
I Antl-GBM AntibodgMediatec
I Caused by Abnormal Complement Activation
A Mediators of immune injury
I Complement and leukocytes
A Podocyte injury
A Nephron loss




Algorithm of Morphologic Interpretation of Glomerular Patterns

The True The Non-Glomerulonephritic
Glomerulonephritides Glomerulonephrophathies
A. Is there gl_omert_JIar GLOMERULAR MINIMAL GLOMERULAR
hyperc_ellulafrlty (\_/:/llth HYPERCELLULARITY or HYPERCELLULARITY
narrowing ot capiiary usually nephritic usually nephrotic
B. Is the INTRA- EXTRA- MESANGIUM DIFFUSE SEGMENTAL MEMBRANOUS
hypercellularity:  CAPILLARY Or CAPILLARY NORMAL MESANGIAL MESANGIAL GLOMERULO-
(crescents) Minimal PROMINENCE SCLEROSIS NEPHROPATHY
Crescentic GN Change Diffuse Mesangial Focal segmental
Nephrotic Hypercellularity or sclerosis
Syndrome DIABETIC
NEPHROPATHY
C. Isthe DIFFUSE FOCAIGIlobal orSegmental
hypercellularity: l
1) Acute Postinfectious GN or Focal GN
2) Membranoproliferative GN (SLE, Collagenvascular diseases

(Types 1,2,3) infective endocarditis etc.)



' ' '
Previous classification MPGN Type | MIFSIN Ty | MPGN Type Il
or DDD
Mesangial proliferation Diverse glomerular PMGN
Light Microscopy with GBM duplication histology with/without : :
(PMGN pattern) PMGN Histological pattern
Electro-dense Mesangials, subendothelials
Electron Microscopy Mesangial and mesangial and subepithelials and/or
(location of deposits) subendothelial intramembranous intramembranous
C3 +/- IgG |solated C3 Isolated C3 Isolated C3 C3 +/- IgG
Immunofluorescence And/or l|g negative lg negative And/or
lgG, C1 \ lgG, C1
C3GN\ DDD /CSGN
Complement activation Classical Alternative Classical
Current classification MPGN type | Glomerulopathies C3 MPGN type I




MembranoproliferativeGN

A Types I, Il and IlI

A Children and young adults
A Nephroticand nephritic

A Rare

A Secondary forms
| older adults
I most commonly associated with hepatitis C
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MPGN, type |, secondary forms

A Infections
I Viral, bacterial, parasitic
ASLE
A Liver diseases
I Hepatitis (C & B)
i Cirrhosis or fibrosis (with or without hepatitis)

A Portosystemic shunt
I With dominant IgA2 deposits



Classic MPGN type 1 @syoglobulinemi€&N




Antibody mediated glomerular injury
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In situ binding of antibodies with or
without immune complex formation
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Deposition of circulating
immune complexes
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Subepithelial (at outer Subendothelial (at inner Antibody against Anti-glomerular
surface of glomerular surface of glomerular antigen on basement membrane
basement membranes) basement membranes) podocytes antibody
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Mesangial Subepithelial immune Anti-glomerular
I complex formation basement membrane
| geu (membranous glomerulonephritis
¢ \_ glomerulonephritis) (no immune complexes formed)
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Granular immunofluorescence Granular or linear immunofluorescence
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Dense Deposit Disease (MPQMpe [1)




Dense deposit disease (DPDype 2, MPGN)

A Recognized by transmission electron microscopy (1962)

A C3 glomerular depositioand low serum C3 leveddtributed
to the activation of the alternative pathwayf complement
(1975)

A Inthe 1980s, several reports in affectémilies indicatedx
genetic basis for some casesidD

Berger J, Galle PUrol Nephrol(Paris) 1962; 68: 1622
Habibet al. Kidneyint 1975 7: 204215



Dense Deposit Disease (TYHeMPGN)
Clinical presentation

A Nephritic proteinuria, hematuria, renahsufficiency
A Post tx recurrence common; outcome generally favorable
A Monoclonal gammopathin older patients



Dense Deposit Disease (MPGN, T3)pe
Etiology

A Associated with complement dysregulation
I C3NF (anC3 convertase)*
I Genetic
AHomozygous Factor H mutations
AHeterozygous Factor H, I, MCP mutations*

A Lowserum C3 (but not C4) common, but does not correlate
with disease activity

PediatrNephrol(2011) 26:419124



C3yY SLIKNA U ACONeW T I OU 2

A Existence inferredrom the accelerated CBreakdownin vitro
following the additionto normalhuman serum of serum
obtained frompatient with persistentiypocomplementemic
GN
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SpitzerRE et £ ® { S NHzY /ipatieritsdvith yl@nerdlénaphrBis’ Science 1969; 164: 4387



DDD, IF & Mass Spec

A 41%C3only (ithout 1g) A Complement C3, MAC
A 5% dominantC3 with up tal+ components, CFHRS5, vitronectin
IgM and apolipoproteire
I 80%dominantC3 of X2 ordersf A Absenceof CFB
magnitudeof intensity by IF greater | consistentwith AP C3 convertase
than any otheimmune reactant formation with excessive C3

activation in the fluid phase, with
subsequent deposition of C3
breakdownproducts

HouJet al. Kl 2013d0i:10.1038/ki.2013.340
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Mechanisms of glomerular diseases

YA e ateet A Immune mechanisms

d f b d lo | | indi f anti
coluiar or ewracaiar | | dopostionor mei AR AT Circulating Immune Complexes
gI me I tuents immune com plex formatlon or matrix

i
I Immune Complexes Formed In Situ
I Anti-GBM AntibodgMediated
|

— -l ' Caused by Abnormal Complement
Glomerular recruitment of neutrophils and monocytes . Actlvatl O n
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%E’ VYN :’/\{@ 7 A Mediators of immune injury
: I Complement and leukocytes

Glomerular injury Glomerular injury via proteases and
via C5b-9 complex oxygen-derived free radicals

P A Podocyte injury
i i A Nephron loss
oteinuria, hematuri €
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Complement activation via
alternative and mannose
binding lectin pathway

Local complement activation
via alternative pathway due to
complement dysregulation

Complement activation
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Previous classification MPGN Type | MIFSIN Ty | MPGN Type Il
or DDD
Mesangial proliferation Diverse glomerular PMGN
Light Microscopy with GBM duplication histology with/without : :
(PMGN pattern) PMGN Histological pattern
Electro-dense Mesangials, subendothelials
Electron Microscopy Mesangial and mesangial and subepithelials and/or
(location of deposits) subendothelial intramembranous intramembranous
C3 +/- IgG |solated C3 Isolated C3 Isolated C3 C3 +/- IgG
Immunofluorescence And/or l|g negative lg negative And/or
lgG, C1 \ lgG, C1
C3GN\ DDD /CSGN
Complement activation Classical Alternative Classical
Current classification MPGN type | Glomerulopathies C3 MPGN type I




C3 Glomerulonephritis

ServaidA, FremeauxBacchi, et al. Primary glomerulonephritis with isolated C3 depositeva entitywhich
shares common genetic risk factors withemolyticuraemicsyndrome.J Med Genet2007)44:193-199.
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Previous classification MPGN Type | MIFSIN Ty | MPGN Type Il
or DDD
Mesangial proliferation Diverse glomerular PMGN
Light Microscopy with GBM duplication histology with/without : :
(PMGN pattern) PMGN Histological pattern
Electro-dense Mesangials, subendothelials
Electron Microscopy Mesangial and mesangial and subepithelials and/or
(location of deposits) subendothelial intramembranous intramembranous
C3 +/- IgG |solated C3 Isolated C3 Isolated C3 C3 +/- IgG
Immunofluorescence And/or l|g negative lg negative And/or
lgG, C1 \ lgG, C1
C3GN\ DDD /CSGN
Complement activation Classical Alternative Classical
Current classification MPGN type | Glomerulopathies C3 MPGN type I




C3glomerulopathies

A dense deposit diseas®DD) (Formerly MPGN ty@g
A C3glomerulonephritis (C3GN)
A FHR5 nephropathy




C3glomerulopathies

A Key histological feature

| Isolatedcomplement C$lomerular deposits with no or little
Immunoglobulins

A Etiology
I dysregulatiornof the alternative pathwayf complement

I geneticdefectsand/or autoantibodies are identifieoh a proportion
of patients



Autoantibodies in C8lomerulopathies

C3NeF
A Commonin DDDJess so irC3GN

A Levelsdo notcorrelate withthe course
of nephritis in DDD

A Nonspecific

I frequent INMPGN Type &nd rarelyin LN
or individuals withoutenal disease

Other autoantibodies

A To CFB (one patient with DDD)
stabilizes AP C3 convertase

A To CFB and C3b (two patients with
DDD)

A Anti-CFH monoclonal light chains or
(possibly monoclonal) Ig, inhibitory
(DDD and C3GN)

A CFH autoantibodies (C3BN



C3 GN: Genetic abnormalities

A Original FrenclC3GNseries
I heterozygousnutations in the CFH, CFl and MCP genes

A Additional cases ddD) C3GNandMPGNTypel
I homozygous CFH, heterozygous @r#i CFinutations

A DDD (50%), C3GN (27800 MPGN Type 1 (17%)
I CFHCFI, CD46 and C3

ServaidA etal. KI 201282: 454464.
Zhao W etl. (2018) Geneticanalysis of the complement pathway in gldmerulopathyNephrolDial Transple
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DDD vs. C3GN EM




DDD vs. C3GN EM




C3GN: Mesangial and subepithelial deposits




C3 GN with conventional C3 GN with DDD-like
mesangial deposits mesangial deposits




