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Systemic vasculitides

Immune Complex Small Vessel Vasculitis
Cryoglobulinemic Vasculitis
IgA Vasculitis (Henoch-Schénlein)
Hypocomplementemic Urticarial Vasculitis
(Anti-C1q Vasculitis)

Medium Vessel Vasculitis 1

Polyarteritis Nodosa l Anti-GBM Disease
KawasakiDisease

|

ANCA-Associated Small Vessel Vasculitis
Microscopic Polyangiitis
Granulomatosis with Polyangiitis
' (Wegener’s)
Eosinophilic Granulomatosis with Polyangiitis
(Churg-Strauss)

Large Vessel Vasculitis
Takayasu Arteritis
Giant Cell Arteritis

Jennette, Arthritis Rheum, 2012



Anti-neutrophil cytoplasmic antibodies (ANCA)

Davies, Br Med J, 1982
Van der Woode, Lancet, 1985




ANCA-associated vasculitides (AAV)
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Necrotizing vasculitis
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Systemic disease with ENT,
pulmonary and renal
involvements
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Physiopathologie des vascularites

ysfonctionnement
de la réponse immune



The leading theory

» Circulating neutrophils and monocytes primed by

inflammatory stimuli display ANCA antigens (PR3 or MPO) at
or near the cell surface

» Interaction of these antigens with ANCA results in
neutrophils activation and initiation of vascular
inflammation

» (Primed extravascular neutrophils could interact with
interstitial ANCA, causing necrotizing inflammation and
reactive granulomatous inflammation)



The leading theory

Unprimed  Priming Priming of neutrophils
BEEY B9 5@ then activation by ANCA

Releasing of factors
activating the alternative
complement pathway

Alternative

pathway
activation . .
* v . Penetration of neutrophils into
Activation vessel walls and inflammation
( * Acute Chronic inflammation
‘0 & inflammation and scarring

Disruption of endothelium
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— o4 T and activation of

) S B SN coagulation cascade
Epithelial cell - -

© C5a A ANCA antigen @ Neutrophil
< c5a receptor =g ANCA ® Apoptotic body £Z7 Fibroblast
_2 g:zkk::: LI Fc receptor @ Macrophage RS Fibrin
receptor OT cell o Monocyte A% Collagen

Jennette, Nat Rev Rheumatol,2014



Role of genetic
background
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Relationships between Clinical Subtype and ANCA Specificity in ANCA-Associated
Vasculitis and Associations of the MHC Locus with Proteinase 3 ANCA and

Myeloperoxidase ANCA
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Role of ANCA




From natural to pathogenic ANCA

Exposure to exogenous antigens that influence
ANCA epitope specificity (drugs or microbes, ex:
PTU)

Newly expressed or modified ANCA autoantigens
(alternative splice transcripts or antisense
transcripts)

Immunogenic display of ANCA autoantigens
(apoptotic cells or NETSs)

Loss of effective suppression of the ANCA
autoimmune response (role of lymphocytes +++)



Pathogenic role of MPO-ANCA

A. Immunisation des souris MPO-/- B. Injection de 5 x 107 a 10® splénocytes des
par la MPO murine souris MPO-/- immunisées par la MPO

C. Injection des IgG purifiés Anti-MPO des souris
MPO-/- immunisé par la MPO

Xiao, J Clin Invest, 2002



Glomeruli from a Rag2-/- mouse 6 d after intravenous
injection of anti-myeloperoxidase (anti-MPO) IgG

No histologic lesion (a), segmental fibrinoid necrosis (b), segmental fibrinoid necrosis with a
small cellular crescents (c), large circumferential crescent (d), fibrin in a crescent (e), and a
paucity of segmental IgG (f)

Xiao, J Clin Invest, 2002



Vasculitis lesions from a wild-type mouse 6 d after
intravenous injection of anti-MPO IgG

Pulmonary alveolar capillaritis with septal infiltration of neutrophils (a) and necrotizing
arteritis with leukocytoclasia in the dermis of the ear (b)

Xiao, J Clin Invest, 2002



Role of alternative complement pathway

Urine albumin (ug/ml)
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wildtype C5-/-

H % cresents
% necrosis

wildtype C5-/-

Xiao, Am J Pathol, 2005



Role of C5a blocking
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Patients with active

Patients with ANCA

HS disease in remission

MPO-ANCA epitope specificity

Persistent
Exclusive to during Asymptomatic
active disease remission or ‘natural’

[ | .
12345678 910111213141516171819202122232425

ANCA disease

Roth, J Clin Invest, 2013



% of
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MPO-ANCA epitope specificity

B Active disease cohort (UNC)
B Active disease cohort (NL)
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Neutrophil activation
(ferricytochrome C reduction)

In vitro and in vivo pathogenic effect of MPO-
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Evidences for ANCA pathogenicity

Disease strongly associated with ANCA

Partial correlation of ANCA titers with disease activity
Correlation of ANCA epitope with disease activity

Disease induction by transplacental transfer of MPO-ANCA
Response to immunosuppressive therapy targeting B cells

Activation of cytokine-primed neutrophils by ANCA
Endothelial injury by ANCA-acitvated neutrophils

Induction of vasculitis in mice and rats by anti-MPO

Prevention of murine anti-MPO-induced disease by
deficiency of neutrophils or blocking complement pathway
activation



Pathogenicity of PR3-ANCA ?

» No spontaneous models of glomerulonephritis or of
vasculitis associated with anti-PR3 antibodies, or indeed of
PR3-ANCA in association with other autoantibodies, have
been reported in rodents

» More recently, Little et al. have reported the use of
humanised immunodeficient NOD SCID IL2R knock-out mice,
which received human haemopoetic stem cells and
developed a human-mouse chimeric immune system

» These mice developed mild glomerulonephritis and lung
haemorrhage (but no evidence of granuloma) following
passive transfer of PR3-ANCA containing IgG derived from
patients with severe systemic vasculitis

Salama, Curr Opin Rheumatol, 2012



Pathogenicity of PR3-ANCA ?

Irradiation

NOD-scid-IL-2Ry-/-

Haematopoietic
stem cells

Chimera

Little, PLoS One, 2012



Pathogenicity of PR3-ANCA ?

Anti-PR3 IgG
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Pathogenicity of PR3-ANCA ?

anti-PR3 ANCA

B .. 4 anti-PR3 ANCAL¥T ¥
AAGTANA N TR
P PA SR L

s ’:3\:‘?3. ,

Little, PLoS One, 2012



Role of neutrophils




Expression membranaire de la PR3 et GPA

» Chez un individu donné, coexisteraient dans des proportions
constantes, des PNN exprimant a leur surface une grande
quantité de PR3 membranaire et des PNN I’exprimant peu

» Expression de PR3 membranaire par une proportion importante
de PNN : risque accru de développer une maladie inflammatoire,
en particulier la GPA (Witko-Sarsat, ] Am Soc Nephrol 1999)

» Forte expression membranaire de la PR3 pourrait étre corrélée
avec lI'activité de la GPA (Muller Kobold AC, ] Rheumatol 1998)
et associée a un risque plus élevé de rechutes (Rarok AA, J Am
Soc Nephrol 2002)

» L’alléle rare A-564 G du promoteur du géne de la PR3 : observée
plus freguemment chez des malades atteints de GPA (Gencik et
al, Kideny int 2000)



Physiopathologie de la PR3 dans la GPA

o®l¢
Expression membranaire ﬁ
constitutive PR3
@ Externalisation a la membrane

induite par I'apoptose

Expression de PR3 induite
par cytokines (« Priming »)
Activation par ANCA

ANCA
anti-PR3

.%e Sécretion de cytokines
pro-inflammatoires et de
‘@ chimiokines
o © )—

Activation neutrophiles

Inhibition de la phagocytose macrophagique
PR3 = « don’t eat-me signal ? »

B cDi16
£\ Phospholipidscramblase1 wCD18/CD11b
4@ calreticuline

= CD177

Witko-Sarsat et al, Curr Opin Rheumatol 2010



How proteinase 3 contribute to the inflammatory

process and the immune dysregulation ?

The Journal of Clinical Investigation RESEARCH ARTICLE

Proteinase 3 on apoptotic cells disrupts immune
silencing in autoimmune vasculitis

Arnaud Millet,"**# Katherine R. Martin,"?** Francis Bonnefoy,® Philippe Saas,* Julie Mocek,"**# Manal Alkan,"%3#
Benjamin Terrier,"?>*%% Anja Kerstein,” Nicola Tamassia,® Senthil Kumaran Satyanarayanan,® Amiram Ariel,’
Jean-Antoine Ribeil, > Loic Guillevin,® Marco A. Cassatella,® Antje Mueller,” Nathalie Thieblemont,*3* Peter Lamprecht,’

Luc Mouthon,"%34¢ Sylvain Perruche,® and Véronique Witko-Sarsat’34

Millet, J Clin Invest, 2015



Failure in the resolution of inflammation in GPA

Vascular inflammation in granulomatosis with polyangiitis

Neutrophilse. ' K

T cells

Blood vessel necrosis
ormation of granuloma

Dendritic cells

Failure in the resolution
of inflammation :
Impaired phagocytosis of
apoptotic neutrophils by
macrophages ?

Macroph#

nic antibodies -

B-cells



PR3 as a danger signal for macrophages
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CDA T cells from GPA patients have a skewed

distribution of Th2/Th9/Th17
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pLC, macrophages and neutrophils are

found within the granulomatous lesions in
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Regulation of the ANCA '
iIimmune response:
Role of lymphocytes

°




Regulation of the ANCA immune response

Impaired T-cell and B-cell suppression

e Dysfunction of regulatory T cells: loss of tolerance and
emergence of pathogenic ANCA response

 Decreased PD-1 expression on effector T cells
* Increased IL-17A production
* Reduced regulatory CD5* B cells

* Increased B-cell activation and proliferation

* Released of B-cell activating factors by ANCA-activated
neutrophils

 Enhanced B-cell proliferation and production of ANCA by
ANCA-activated neutrophils



BLYyS (pg/mi)

Enhanced B-cell stimulation
by ANCA-activated neutrophils
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Conclusion

» Appearance of pathogenic ANCAs in response to
various triggers

» Activation of primed neutrophils by ANCAs

» Pathogenic role demonstrated for MPO-ANCA and
modulation of the immune response for PR3-ANCA

» Dysregulation of T cells and B cells leading to the
ANCA immune response



