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Animal models in ANCA-vasculitis
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Anti-neutrophil cytoplasmic autoantibodies (ANCA) have been found
in sera of patients with systemic necrotizing small-vessel vasculitis
and necrotizing crescentic glomerulonephritis [1,2,5]. A strong asso-
ciation between ANCA and these diseases has been established over
the last years [3-5]. Furthermore, results of in vitro experiments have
shown that ANCA may participate in the pathogenesis of these dis-
eases [6-S1]. An animal model ofANCA-induced vasculitis is an es-
sential step in the proof that ANCA are indeed pathogenic.

Koch's postulates for establishing causal relationship were described
in the context of anthrax and tuberculosis [12]. Molecular modifica-
tions [13,14] of these postulates have been developed for non-infec-
tious diseases. Application of Koch's postulates to ANCA would re-
quest that: J)ANCAmust be isolated from affected subjects, 2)ANCA
must produce disease when transmitted to or induced in healthy ani-
mals and the resultant disease should mirror the features of the human
disease, 3) ANCA must be isolated from animals with such an experi-
mentally induced disease.

Koch's postulates have been met by Goodpasture's syndrome, which
is an example of a disease caused by antibodies developed against the
non-collagenous domain of type IV collagen. Antibodies have been

isolated from the circulation and from the affected vessels of patients.
Transfer of autoantibody-containing plasma of patients into monkeys
induces the characteristic disease [15].

The pathogenic role ofANCA is not established because no animal
model exists. What can we learn from existing animal models?

Spontaneous vasculitis in MRL and SCG mice
The first models of spontaneous lupus erythematosus in mice were the
New Zealand Black mice (NZB) and the (NZB x W)F1 mice devel-
oped by mating NZB with New Zealand White mice (NZW). Since
then, different strains of lupus mice have been produced. One of them,
the MRIJMp-lpr/lpr mouse developed by Murphy and Roths [16],
serves as an experimental model of human systemic lupus
erythematosus [SLE] and rheumatoid arthritis [17,18]. This mouse
model provides an example for spontaneous autoimmunity with
necrotizing small- and medium-sized vasculitis that is not necessarily
caused by immune complexes and is rather comparable with the pauci-
immune vasculitis in ANCA-associated diseases. Mice homozygous
for the autosomal recessive lpr gene develop excessive
lymphoproliferation (lpr), proliferative glomerulonephritis and, in con-



28 June -1 July 1995, Paris 13

trast to other lupus mice strains, necrotizing vasculitis affecting small-
and medium-sized arteries and arterioles. Sequential studies on 170
mice showed fibrinoid necrosis and neutrophil influx in the acute stage
of the disease followed by occurrence of lymphocytes and fibroblasts
and a chronic reparative stage with infiltration of mononuclear cells
and fibroblasts [23]. Kidney (34.6%) and urine bladder (29.8%) were
the most frequently affected organs. Immunofluorescence studies re-
vealed the presence of immune complex components in only 6 out of
36 kidneys with necrotizing vasculitis.

What causes the vasculitis in MRL/Mp-lpr/lpr mice?The most char-
acteristic immunological finding is a massive accumulation of T-cells
with polyclonal B-cell stimulation resulting in the occurrence of a va-
riety of autoantibodies including antibodies against ds-DNA, ss-DNA,
Sm and histones and rheumatoid factors [rev. in 24]. The coexistence
of many different autoantibodies makes it almost impossible to reveal
a causal relationship.

The murine lpr gene is located on chromosome 19. The product of
this gene is identified as a cell surface protein (Fas antigen) belonging
to theTNF (tumour necrosis factory NGF (nerve growth factor) receptor
family [19,20] and is directly involved in the pathway of apoptosis
[20,21,22]. The assumption is that lpr mice have a genomic deletion of
parts of the Fas gene leading to a deficiency in apoptosis with accumu-
lation of lymphocytes, some of which are autoreactive, that are nor-
mally deleted.

Harper reported that 20% of female MRIJMp-lpr/lpr mice are posi-
tive for ANCA [25]. In this study, murine monoclonal IgG antibodies
were produced and tested against different antigens using ELISA and
Western blot. All these monoclonal antibodies were polyreactive and
bound to myeloperoxidase (MPO), lactoferrin and DNA.

Recently Kinjoh et al. established a recombinant inbred mouse strain
(spontaneous crescentic glomerulonephritis forming mouse [SCG/Kj])
[27]. These mice were derived from BXSB and MRIJMp-lprllpr strains
and have been selected for the highest frequency ofcrescent formation
in the kidneys. After 9 weeks of age, 97% of the animals develop
crescent formation; 58% of the females and 34% of the males have
crescentic glomerulonephritis with only slight fine granular deposits
of immunoglobulins along the glomerular basement membrane. This
finding is similar to the pauci-immune necrotizing crescentic
glomerulonephritis in human ANCA diseases in that the apparent
amount ofimmune complex deposition is less than would be expected
to cause such severe inflammation and necrosis. The SCG/Kj strain is
also characterized by a high incidence of systemic vasculitis of small
arteries and arterioles. The organs most frequently affected with
vasculitis are spleen (37%) followed by ovary, uterus, heart and
stomach. In contrast to MRLIMp-lpr/lpr mice, no vasculitis of the
kidneys was found. These mice have P-ANCA with reactivity for MPO.
Furthermore monoclonal antibodies developed from these mice show
specificity for human MPO. When these hybridomas are transferred
into the peritoneum of nude mice, proteinuria occurs; however no
histological evidence for glomerulonephritis or vasculitis develops
during the few weeks that the animals survive with the hybridomas.

Vasculitis induced by mercuric chloride (HgCl,)
In susceptible strains of rats such as Brown Norway (BN) rats, mercuric
chloride induces a T-cell dependent polyclonal B-cell activation [28].
This leads to generation of anti-glomerular basement membrane anti-
bodies with linear [29] and, later, granular pattern [30] of
immunofluorescence staining of the glomerular basement membrane.
These changes are associated with proteinuria but not with mesangial
proliferation by light microscopy. The HgCl2-induced disease is char-

acterized by development of antibodies, including autoantibody pro-
duction to DNA, collagen and thyroglobulin [30]. An increased IgE
level [31] has been reported and is thought to be an indirect marker for
the Th2 subpopulation of CD4+ cells. More recently, it was reported
that BN rats given HgCl2 develop autoantibodies to MPO as well [32].
Mathieson described histological injuries including a necrotizing
vasculitis [33,34] HgCl2 was given over 10 days and autopsy studies
were performed on days 10, 12, 16, and 18 [33]. The histological ex-
amination showed changes in multiple organs. The most remarkable
finding was a necrotizing vasculitis with a mononuclear infiltrate in
submucosal vessels of the gut which was primary and not secondary
to mucosal necrosis. It has been shown by the same investigators that
the parasite flora of the gut is at least partly responsible for the pre-
dominant manifestation in this location. Pretreatment of the animals
with antimicrobial drugs diminished the severity of the tissue injury.
Anti-MPO antibodies were detectable from day 10, reached a peak on
day 12, and later resolved. The authors emphasize the similarities with
human systemic vasculitis.

Conflicting results exist as to whether the autoimmune syndrome
can be transferred into healthy animals. Pelletieret al. [35] have shown
that the transfer of autoreactive CD4+ T-cells from rats exposed to
HgCl2 can transfer the disease, whereas Quasim et al. [36] reported
that injecting normal BN rats with serum from rats with HgCl2-associ-
ated vasculitis failed to induce disease. The occurrence of many
autoantibodies in these animals makes an evaluation of causal signifi-
cance of any particular antibody difficult.

Anti-MPO associated pauci-immune glomerulonephritis
In 1993, Brouwer et al. reported a model for pauci-immune necrotizing
crescentic glomerulonephritis in the BN rat [37]. The disease is induced
in human MPO-immunized rats by unilateral kidney perfusion with
the lysosomal enzyme extract and H202 5 weeks after immunization.
The extract contains MPO with trace amounts of proteinase 3 (PR3)
and elastase. MPO was present in a granular pattern along the
glomerular basement membrane (GBM) at 4 hours but was no longer
present at 24 hours, 4 days and 10 days after perfusion; immunoglobulin
(Ig) G and complement were present along the GBM in a granular
pattern at4 and 24 hours, but were scanty or had disappeared completely
at 4 and 10 days after perfusion. In contrast, deposits of IgG and C3
were still present in MPO-immunized rats perfused with the lysosomal
extract without H202, MPO and H202, and MPO alone at 4 and 10
days after perfusion. MPO-immunized rats perfused with the lysosomal
enzyme extract and H202' in contrast to control-immunized and/or
control-perfused rats, developed a proliferative glomerulonephritis
characterized by intra- and extracapillary cell proliferation, ruptured
Bowman's capsule, periglomerular granulomatous inflammation, and
formation of giant cells. Monocytes, polymorphonuclear leukocytes
(PMN), and to a far lesser extent, T cells were found in the glomeruli.
Interstitial infiltrates consisted of monocytes, PMN, and T cells.
Granulomatous vasculitis of small vessels was found at 10 days after
perfusion. Brouwer et al. reported this rat model closely resembled
human anti-MPO associated pauci-immune necrotizing crescentic
glomerulonephritis.

In 1994, Brouwer reported that after renal perfusion with lysosomal
enzymes with H2A MPO-immunized Lewis rats showed persistence
of IgG and C3 deposition along the GBM. At 10 days after perfusion,
BN rats showed complete disappearance of IgG and C3 deposits if
perfusion was performed at 10 days after immunization, in contrast to
IgG and C3 deposits if perfusion was performed at 10 weeks after
immunization [38]. Subsequently, Brouwer et al. noted that the
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perfusion of H202 could be replaced by ischaemia/reperfusion injury
[39].

Yang et al. repeated Brouwer's study in spontaneously-hyperten-
sive (SH) rats and BN rats [40]. Rats were immunized with human
MPO. When circulating anti-MPO antibodies were detectable by indi-
rect immunofluorescence microscopy and ELISA, blood pressure was
measured, then perfusion of the left kidney of each rat was done with
either MPO+H202, MPO, H202 alone or MPO+H202+neutral protease.
Rats were killed on day 4 or day 10 after perfusion, and specimens
were examined by light and immunofluorescence microscopy. Patho-
logical lesions and numerous deposits of IgG, C3 andMPO were found
in immunized rats perfused with MPO+H202 with or without neutral
protease, or MPO alone, in both rat strains and on both day 4 and day
10. In the kidneys, a proliferative glomerulonephritis that ranged in
severity from mild mesangial hypercellularity to severe inflammation
with focal necrosis and occasional cresent formation was seen. Sev-
eral kidneys also had segmental necrotizing vasculitis affecting
arterioles and small arteries. There was focal tubulointerstial injury
commensurate with the glomerular injury. Deposits of IgG were pre-
dominantly in a diffuse global granular-to-linear pattern, with granu-
lar C3 deposits predominantly in capillary walls. There were weak
linear basement membrane deposits of MPO in these kidneys. In im-
munized rats, 93% of the glomeruli that developed proliferative
glomerulonephritis had IgG depositions, and 88% of them had C3
depositions. The degree of histological injury was proportional in in-
tensity to the amount of IgG immune deposits. SH rats sustained more
damage and higher blood pressure than BN rats. No lesion was ob-
served in immunized rats perfused with H202 or in the non-perfused
right kidneys. Yang et aL concluded that this experimental model was
of immune complex vasculitis, and did not resemble human ANCA-
associated pauci-immune disease.

Aggravation of Masugi nephritis by MPO-ANCA in a rat model
for anti-GBM antibody-induced glomerulonephitis
Kobayashi and colleagues reported exacerbation of anti-GBM disease
with anti-rat MPO antibodies [41]. Histological studies performed af-
ter 3 and 15 hours focused on the number of polymorphnuclear
leukocytes per glomerulus, fibrin accumulation and the distribution of
rat MPO in the affected kidneys. The authors showed that the admin-
istration of MPO-ANCA followed by anti-GBM antibodies increases
neutrophil influx and fibrin accumulation. Furthermore they revealed
by direct immunofluorescence a deposition of rat MPO along the
glomerular basement membrane exclusively in the group that received
both autoantibodies. Only the kidney eluate of this group contained
anti-MPO antibodies. The findings suggest aggravation of Masugi
nephritis by anti-MPO ANCA. This could be explained by the in vitro
observation that ANCA-induced neutrophil activation requires a
synergistic neutrophil priming process, which in the Kobayashi model
could be the anti-GBM-induced inflammation.

Summary
The animal models described to date suggest pathogenicity ofANCA.
Unfortunately, none of the models unequivocally proves that ANCA
are pathogenic. Further search for a suitable animal model to docu-
ment or exclude causal significance ofANCA in vasculitis is needed.
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The diversity of perinuclear antineutrophil cytoplasmic antibodies (pANCA) antigens
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Autoantibodies to human polymorphonuclear granulocytes (PMNs)
giving rise to a perinuclear/nuclear fluorescence pattern using indirect
immunofluorescence (IIF) technique and smears of leucocytes as
substrate have been known to exist since 1959 [reviewed in 1]. These
autoantibodies were first described in patients with leucopenia, often
as part of Felty's syndrome, and later in the majority of patients with
active rheumatoid arthritis (RA), some patients with systemic lupus
erythematosus (SLE), and most patients with drug-induced lupus (DIL)
caused by treatment with hydralazine and procainamide [1]. Further
studies also disclosed such autoantibodies in ulcerative colitis (UC)
[2].

Because of the perinuclear/nuclear reactivity ofthese autoantibodies
they were initially termed granulocyte-specific anti-nuclear antibod-
ies (GS-ANA) [1]. In the First International Workshop on ANCA in
Copenhagen, Falk and Jennette drew the attention to the fact that cer-

tain cationic proteins from PMN lysosomes would redistribute to the
perinuclear area upon dissolution of granule membranes by ethanol
fixation causing an artefactual antigen distribution [3]. This pattern
was thus commonly seen with anti-cytoplasmic antibodies (ANCA)
recognizing myeloperoxidase (MPO) [3,4,5]. Since the great interest
arose from the detection ofANCA in Wegener's granulomatosis (WG)
[6,7,8], and not from anti-neutrophil antibodies in rheumatologic pa-
tients [I ], a discussion on nomenclature for these antibodies led to the
proposal to use the term pANCA for antibodies giving rise to a
perinuclear/nuclear IIF pattern and cANCA for antibodies giving rise
to a cytoplasmic IIF pattern [9]. This review will use the term pANCA
even if some anti-neutrophil antibodies may be targeting true nuclear
antigens in RA (Wiik, Gross, Kallenberg, personal communication).
The vasculitis nomenclature used here is the one proposed by the Chapel
Hill Consensus Conference [10].


