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Abstract

Experimental autoimmune vasculitis (EAV) is a model of antineutrophil cytoplasm antibody
(ANCA)-associated vasculitis (AAV) induced by immunisation of susceptible rat strains with
myeloperoxidase (MPO). Animals develop circulating MPO-ANCA, pulmonary haemorrhage
and glomerulonephritis, although renal injury is mild and recovers spontaneously without
treatment. In this study we aimed to augment the severity of glomerulonephritis. Following
induction of EAV on day 0, a sub-nephritogenic dose of nephrotoxic serum (NTS) containing
heterologous antibodies to glomerular basement membrane was administered on day 14. This
resulted in a significant increase in disease severity at day 28 compared to MPO immunisation
alone - with more urinary abnormalities, infiltrating glomerular leucocytes, and crescent
formation that progressed to glomerular and tubulointerstitial scarring by day 56, recapitulating
important features of human disease. Importantly, the glomerulonephritis remained pauci-
immune, and was strictly dependent on the presence of autoimmunity to MPO, as there was no
evidence of renal disease following administration of sub-nephritogenic NTS alone or after
immunisation with a control protein in place of MPO. Detailed phenotyping of glomerular
leucocytes identified an early infiltrate of non-classical monocytes following NTS
administration that, in the presence of autoimmunity to MPO, may initiate the subsequent
influx of classical monocytes which augment glomerular injury. We also showed that this
model can be used to test novel therapeutics by using a small molecule kinase inhibitor
(fostamatinib) that rapidly attenuated both glomerular and pulmonary injury over a four-day
treatment period. We believe that this enhanced model of MPO-AAV will prove useful for the

study of glomerular leucocyte behaviour and novel therapeutics in AAV in the future.
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Introduction

Anti-neutrophil cytoplasm antibody (ANCA) associated vasculitis (AAV) is a rare systemic
autoimmune disease, which can cause life-threatening lung haemorrhage and end stage kidney
disease (ESKD) [1]. The typical renal lesion in AAV is pauci-immune crescentic
glomerulonephritis. Circulating ANCA are directed to myeloperoxidase (MPQ) or proteinase-
3 (PR3), which are present in the granules of neutrophils and lysosomes of monocytes [2,3],
and a number of experimental and clinical observations indicate they have a directly pathogenic

role in disease pathogenesis [4,5].

Studies in animal models have been critical for understanding disease mechanisms, and several
rodent models of anti-MPO vasculitis have been developed [6]. These include passive transfer
of anti-MPO antibodies, raised in MPO-deficient mice, to naive wild-type mice, causing
glomerulonephritis (GN) and pulmonary capillaritis [5-7]. Models of active autoimmunity in
mice have also been developed; mice immunised with mouse MPO develop anti-MPO
antibodies at low titre, but these are not sufficient to cause GN, and a ‘second-hit’ is required
to induce disease. For example, a subsequent injection of heterologous anti-mouse glomerular
basement membrane (GBM) globulin results in transient neutrophil recruitment to the
glomerulus. This “planting’ of the MPO autoantigen (derived from retained neutrophils) results
in recruitment of MPO-specific CD4+ T cells, neutrophils and macrophages to the glomerulus,
and the development of crescentic GN [8,9]. The disease triggered by anti-GBM globulin is
dependent on MPO; disease does not occur in MPO-deficient mice. A limitation of this model
is that the response to anti-GBM globulin is itself nephritogenic; by 4 days mice develop an
autologous immune response to deposited anti-GBM antibody, leading to severe GN, even in
the absence of pre-immunisation with MPO. As such, study of anti-MPO mediated disease is
limited to early time points, meaning that therapeutics can only be tested in preventative

studies, not after the development of vasculitis [9,10].



A model of experimental autoimmune vasculitis (EAV) in the susceptible Wistar—-Kyoto
(WKY) rat strain was previously described by Little et al in our laboratory. Rats immunised
with human MPO develop polyclonal MPO-ANCA cross-reactive to rat MPO expressed in
neutrophils and monocytes, and subsequently small vessel vasculitis, pauci-immune GN and
haemorrhagic pulmonary capillaritis [11-14]. A limitation of the model is that renal disease is
relatively mild; glomerular lesions are mainly proliferative, crescent formation is rare, and
disease spontaneously resolves from six weeks post-induction. It has been shown in other
studies in rats that addition of a low-dose of NTS, containing heterologous anti-rat GBM
antibodies, after immunisation with MPO, results in increased disease severity [15,16], similar
to the approach described in mice. However, this approach is not well characterised in rats, and
in these reports the administration of NTS alone, in the absence of autoimmunity to MPO,

induced GN, and immunoglobulin deposits could be detected in glomeruli.

In this study, we aim to augment disease severity of EAV by the addition of a truly sub-
nephritogenic dose of NTS that is insufficient to induce disease in the absence of autoimmunity
to MPO. To investigate possible mechanisms by which sub-nephritogenic NTS increases
disease severity, we isolate and phenotype glomerular leucocytes using flow cytometry.
Finally, we show that an enhanced model can be used to test therapeutic approaches in a

preclinical study.



Materials and methods

Animal husbandry

WKY and Lewis rats were purchased from Charles River (Saffron Walden, UK) and
maintained in a pathogen-free animal facility at the Central Biomedical Services unit,
Hammersmith Hospital Campus, Imperial College London. All procedures were carried out in
accordance with the regulations of the UK Animals (Scientific Procedures) Act (1986) and

ARRIVE (Animal Research: Reporting of In Vivo Experiments) guidelines.

Experimental autoimmune vasculitis/NTS administration

NTS was prepared in rabbits as previously described [17]. For the NTS titration experiment,
male WKY rats aged 8-9 weeks (n=4/group) were immunised intravenously (1) with 100 ul

of NTS (or serial dilutions in sterile PBS) and maintained until 10 days post-immunisation.

EAV was induced by immunising 7-8 week old male WKY or Lewis rats (n=4-10/group)
intramuscularly with 800 pg/kg human MPO (Calbiochem, Merck Millipore, Darmstadt,
Germany), or human serum albumin (HSA; Sigma, Poole, UK) as a control human protein,
emulsified in complete Freund’s adjuvant supplemented with Mycobacterium butyricum

(Sigma). Intraperitoneal pertussis toxin (Sigma) was administered on days 0 and 2 [13].

For “double’ immunisation studies, on day 14 after initial immunisation with MPO, 100 ul of
1:100 dilution of NTS or normal rabbit serum (NRS) was administered V. Urine was collected
weekly by housing animals in individual metabolism cages overnight, and blood collected

every 14 days by lateral tail vein bleed. Animals were sacrificed after 28, 42 or 56 days.



For additional experiments to assess glomerular cell infiltrate at early time points, neat or 1:100
NTS was given 1V to 8-9 week old male WKY rats (n=4/group) and animals sacrificed after 3

h, 24 h or 7 days.

Assessment of renal disease

Proteinuria was measured by the sulphosalicylic acid method and haematuria by urine dipstick
(Multistix 8; Siemens, Munich, Germany) [18]. At the end of each experiment animals were
exsanguinated under terminal anaesthesia. Renal tissue was fixed in 10% neutral buffered
formalin, transferred to 70% ethanol, and processed to paraffin blocks. Sections were stained
with periodic acid Schiff (PAS), haematoxylin and eosin, and Jones’ silver stain. Fifty
consecutive glomeruli were assessed for crescents = necrosis, segmental necrosis, or minor
changes such as segmental endocapillary proliferation, by a blinded observer, and results
expressed as mean proportion of glomeruli for each animal. Immunoperoxidase staining was
carried out using CD68 (ED-1, Bio-Rad, Watford, UK; dilution 1:500), CD8 (OX-8, Bio-Rad;
dilution 1:50), CD3 (1F4, Bio-Rad; dilution 1:400), and for smooth muscle actin (M0851,
Dako, Ely, UK; dilution 1:100). Number of positive cells was quantified using ImageProPlus
software to measure percentage area staining in 20 consecutive glomeruli, or 20 consecutive
high-powered field (HPF) for interstitial staining, and results expressed as mean percentage for
each animal. Smooth muscle actin immunostaining was used to quantify the area proportion of

fibrous/fibrocellular crescents using assessment of 50 consecutive glomeruli.

Glomeruli were isolated by serial sieving of whole kidney tissue as described previously [19],
then digested with 1 mg/ml Type IV collagenase (Sigma), 0.5 mg/ml trypsin (Sigma) and 0.1
mg/ml Type | DNase (Roche, Welwyn, UK) for 20 min at 37 °C with gentle agitation. Cells
were washed and used for cell surface staining with antibodies against CD172a (OX-41, FITC,

Biorad, 1:5), CD45 (OX-1, V450, BD Biosciences, Oxford, UK, 1:40), CD3 (eBioG4.18, PE,



eBiosciences, Hatfield, UK, 1:40), B220 (HIS24, PE, eBiosciences, 1:40), CD161a (3.2.3, PE,
BioLegend, San Diego, USA, 1:40), granulocyte marker antibody (HIS48, biotin,
eBiosciences, 1:40) and CD43 (W3/13, AlexaFluor647, BioLegend, 1:40) followed by
streptavidin-PECy7 (BioLegend, 1:300) secondary. Cells were analysed on a BD LSRFortessa
flow cytometer with standard lasers, and gating strategy and analysis performed using FlowJo
v10 software [20]. For quantification of cell numbers, precision count beads (BioLegend) were

used.

Assessment of lung injury

Severity of lung injury was graded by visual inspection of the lungs using a semi-quantitative
scoring system which graded lungs as: 0- normal; 1- less than 10 petechiae; 2- 10-20 petechiae;
and 3 if > 20 petechiae were seen. Lung tissue was also collected and processed as for kidney
tissue. Perls’ Prussian blue staining was used to quantify haemosiderin-laden macrophages

using ImageProPlus software by measuring proportion of stained cells in 5 HPF.

Assessment of autoantibody response

Anti-MPO antibodies were assayed in serum using a direct ELISA. Plates were coated with
1.33p g/ml of hMPO overnight, blocked with 3% BSA followed by rat serum, and standards
diluted in PBS. A goat anti-rat IgG-ALP conjugate (1:1000, Sigma) was used as a secondary

antibody and plates were developed with p-nitrophenyl-phosphate solution (Sigma).

IgG binding to rat leucocytes was assayed using flow cytometry and indirect
immunofluorescence (IIF). For flow cytometry, whole blood was collected via cardiac
puncture, red cells were lysed (1X RBC Lysis Buffer, eBioscience) and cells were used for cell
surface staining with antibodies against CD3 (eBioG4.18, PE), B220 (HIS24, PE), and CD161a
(3.2.3, PE), all 1:40. Cells were fixed and permeabilised then incubated with 1:1000 dilution

of rat serum followed by an Alexa647 conjugated anti-rat IgG secondary (1:1000, Biolegend).



Cells were analysed on a BD LSRFortessa flow cytometer with standard lasers, and gating
strategy and analysis performed using FlowJo v10 software. The mean fluorescence intensity
(MFI) of PE-negative cells was used to quantify 1gG binding. For IIF rat bone marrow was
applied to microscope slides using a cytospin at 300 rpm for 3 min. Cells were fixed in 95%
ice cold ethanol for 10 min, blocked for 20 min in 20% goat serum and incubated with rat
serum diluted 1:10 in PBS. Bound 1gG was detected using FITC-conjugated goat anti-rat 1IgG

(1:1000, Sigma).

Deposited rat and rabbit 1gG was assessed using direct immunofluorescence on frozen kidney
sections using FITC-labelled antibodies and quantified by examining 20 glomeruli and scoring
each as 0 to 3+, with results expressed as mean per animal. Indirect immunofluorescence for
C3 was carried out using anti-C3 (1:200, 12E2, Abcam) with anti-mouse FITC secondary
(1:200, Vector Laboratories, Peterborough, UK). Direct immunofluorescence for MPO was
carried out using anti-MPO FITC (Abcam, 2D4) and to aid visualisation of glomeruli, tomato-

lectin-DyL.ight 594 conjugate was added (\Vector).

For electron microscopy, renal tissue was collected in 2.5% glutaraldehyde. Processing of

tissue sections and imaging was carried out by North West London Pathology.

SYK inhibitors

Fostamatinib disodium (R788) was a gift from Rigel Pharmaceuticals (South San Francisco,
California). It was reconstituted in vehicle formulation (0.1% carboxymethylcellulose, 0.1%
methylparaben sodium, 0.02% propylparaben sodium, in distilled water, pH 6.5). Based on a
previous dose-ranging study in nephrotoxic nephritis (NTN) in WKY rats, animals received 30
mg/kg, administered by twice daily oral gavage [21]. Control animals received an equivalent

volume and schedule of vehicle formulation.

Statistical Analysis



Statistical analysis was conducted using Prism 8.0 (GraphPad Software Inc., San Diego, CA,
USA). Unless otherwise stated, all data are reported as median with interquartile range. Where
appropriate, Mann-Whitney U and Kruskal-Wallis tests were used to assess the difference

between 2 or >2 groups, with Dunn’s post hoc test to compare individual groups.



Results

Administration of a sub-nephritogenic dose of NTS in EAV increases renal injury in the

presence of autoimmunity to myeloperoxidase, and disease remains pauci-immune

In the conventional NTN model, WKY rats are immunised with 100 ul neat (undiluted) rabbit
anti-rat NTS by intravenous (V) injection, resulting in rapid glomerular deposition of rabbit
1gG, urinary abnormalities by day 4, deposition of autologous rat 1gG by day 6, and severe

crescentic GN by day 10 [17].

To identify a sub-nephritogenic dose of NTS, rats were immunised with serial dilutions of NTS
from neat to 1:100 (n=4 per group) and assessed at day 10. After immunisation with 1:50 or
lower dilutions of NTS, there was no detectable glomerular injury, and there was no evidence
of either deposited rabbit or autologous rat 1gG within the kidney by direct
immunofluorescence (supplementary material, Figure S1A-J). Thus, a 1:100 dilution of NTS

was selected as a sub-nephritogenic dose for all subsequent experiments.

To assess whether the addition of this sub-nephritogenic dose of NTS could augment disease
severity in EAV, WKY rats were immunised with human MPO (or human serum albumin
(HSA) as control) on day 0, followed by 1:100 NTS (or 1:100 normal rabbit serum (NRS) as
control) on day 14 (n=4-6/group). This time point (day 14) after MPO immunisation was
selected because rats have developed circulating MPO-ANCA but no urinary abnormalities or
glomerular injury. By 7 days after administration of NTS (21 days after MPO immunisation)
animals began to develop urinary abnormalities. At day 28 after initial immunisation with
MPO, the addition of 1:100 NTS caused significant increases in haematuria (Figure 1A,
median dipstick haematuria 3,0,0,0 for MPO/NTS, MPO/NRS, HSA/NTS, HSA/NRS
respectively, p<0.0001) and proteinuria (Figure 1B; median proteinuria 137.0, 5.0, 6.0, 3.4

mg/day for MPO/NTS, MPO/NRS, HSA/NTS, HSA/NRS respectively, p<0.0001).



Histological assessment at day 28 showed glomerular necrosis and crescents in all animals
immunised with MPO/NTS, with around 60% abnormal glomeruli, including 30% with
crescents. Disease was similar to that seen in AAV, with focal disease, crescents, and segmental
necrosis the main features (Figure 1C,1). In animals immunised with MPO/NRS there were
mild proliferative changes and occasional crescent formation, in keeping with early
conventional EAV (supplementary material, Figure S2). Animals immunised with HSA and
NTS/NRS had near normal glomerular histology (supplementary material, Figure S2). There
was a significant increase in cell infiltration into glomeruli at 28 days in MPO/NTS animals
when assessed Dby immunostaining and this was predominantly CDG68/ED-1+
monocyte/macrophages (Figure 1D,1; median % staining/glomerular cross section (GCS) 5.65,
0.04, 0.12, 0.01 for MPO/NTS, MPO/NRS, HSA/NTS, HSA/NRS respectively, p<0.0001). A
smaller infiltrate of CD8+ (Figure 1E,I; median % staining/glomerular cross section (GCS)
0.84, 0.01, 0.02, 0 for MPO/NTS, MPO/NRS, HSA/NTS, HSA/NRS respectively, p=0.005)
and CD3+ (Figure 1F,l; median % staining/glomerular cross section (GCS) 0.92, 0.04, 0.08,
0.03 for MPO/NTS, MPO/NRS, HSA/NTS, HSA/NRS respectively, p=0.01) cells were also
present. The glomerular cell infiltrate was further phenotyped using flow cytometry; this
showed an increase in both non-classical and classical monocytes in animals immunised with
MPO/NTS, and a small increase in non-classical (NC) monocytes in animals immunised with
HSA/NTS (Figure 1G,H; median 17.4, 7.3 and 8.2 NC monocytes/glomerulus for MPO/NTS,

MPO/NRS, HSA/NTS respectively, p=0.002).

Importantly, in animals immunised with sub-nephritogenic NTS, disease remained pauci-
immune with no detection of deposited autologous rat IgG or C3 at day 28 in any group by
indirect immunofluorescence (Figure 2A-F). There were no deposited immune complexes
seen using electron microscopy in any group (Figure 2G,H). Cellular crescents and cells

interacting with the GBM were seen by electron microscopy in animals immunised with



MPO/NTS, but not in other groups (Figure 2G,H and supplementary material, Figure S3A-

D).

Susceptibility to GN in this model was limited to the WKY rat strain. Despite developing robust
auto-immunity to MPO, Lewis rats did not develop urinary or glomerular abnormalities
following immunisation with MPO and low-dose NTS (supplementary material, Figure S4A-
F). Immunostaining for monocytes/macrophages using CD68/ED-1 identified a small cellular
infiltrate (supplementary material, Figure S4G,H). This was also seen on flow cytometry
phenotyping of glomerular cellular infiltrate which identified a small infiltrate of non-classical

monocytes (supplementary material, Figure S41).

Addition of a sub-nephritogenic dose of NTS has no effect on lung injury or circulating

autoantibodies

There was no difference in lung haemorrhage severity in animals given 1:100 NTS in addition
to MPO; both by visual inspection (Figure 3A; median lung haemorrhage score 1,1,0,0 for
MPO/NTS, MPO/NRS, HSA/NTS, HSA/NRS respectively) and by Perls’ staining for
haemosiderin-laden macrophages (Figure 3B,C; median Perls’ stain 0.13, 0.11, 0, 0 au for
MPO/NTS, MPO/NRS, HSA/NTS, HSA/NRS respectively). The degree of lung injury was in
keeping with that seen in our previous studies of EAV without additional NTS/NRS [14]. There
was no difference in circulating MPO-ANCA levels between the groups of rats immunised
with MPO either by ELISA using human MPO, or by flow cytometry to assess 1gG binding to
rat leucocytes (Figure 3D,E). IIF using normal rat bone marrow cells confirmed that sera from
rat immunised with hMPO (+/-NTS) resulted in perinuclear staining in cells with neutrophil

nuclear morphology (Figure 3F).

Rats immunised with MPO followed by a sub-nephritogenic dose of NTS develop

glomerular and tubulointerstitial scarring at 6 and 8 weeks



In the conventional EAV model, disease spontaneously resolves beyond six weeks. To assess
disease phenotype at later time points in this enhanced model, WKY rats (n=5 or 6/group) were
immunised with the protocol described above for examination at days 42 and 56. We did not
examine control animals (MPO/NRS, HSA/NTS, HSA/NRS) at these time points as no
significant disease was present in these groups at 28 days. Proteinuria decreased steadily after
day 28 in 10/11 rats. One animal developed persistent high levels of proteinuria until day 56
(Figure 4A; median proteinuria 69.9, 54.5, 55.8, 37.9 and 40.1 mg/day at day 28, 35, 42, 49
and 56, respectively). All rats continued to have 3+ haematuria until time of sacrifice (Figure
4B). Cellular crescents at day 28 progressed to a mixture of cellular and fibrocellular crescents
at day 42, with further progression at day 56 (Figure 4C,H). Glomerular cell infiltrate
decreased sequentially at days 42 and 56 (Figure 4D,E). CD68/ED-1+ cell infiltrate was
predominately tubulointerstitial and peri-glomerular at both time points (Figure 4E,G; median
glomerular CD68/ED-1 staining 1.0 and 0.6 %/GCS at week 6 and week 8, respectively).
Smooth muscle actin (SMA) staining was used to identify myofibroblasts and the development
of fibrocellular crescents, with predominantly interstitial staining seen at day 42, and
glomerular and interstitial staining by day 56 (Figure 4F,G,J; median tubulointerstitial
staining 0.23, 2.7 and 6.1%/HPF at day 28, 42 and 56 respectively, p=0.0004; median
glomerular staining 0.03, 1.2 and 10.1%/GCS at day 28, 42 and 56 respectively, p<0.0001).
There was continuing evidence of lung haemorrhage in most animals, more severe at day 42
than day 56, in keeping with the natural history of conventional EAV (supplementary material,
Figure S5A-C; median Perls’ stain 1.4 and 0.4 at day 42 and 56 respectively). Circulating
MPO-ANCA levels peaked at day 42 after immunisation (supplementary material, Figure

S5D). There was no evidence of deposited glomerular rat or rabbit 1gG at days 42 or 56.

Sub-nephritogenic NTS induces early infiltrate of non-classical monocytes



In the autoimmune MPO model of GN in mice, administration of NTS is thought to cause
glomerular neutrophil infiltration and de-granulation, extracellular MPO deposition, and
augmented glomerular injury in mice with autoimmunity to MPO [9,10]. To investigate this in
our model, we re-examined early time points after administration of NTS. Rats were
immunised with either neat or 1:100 NTS and sacrificed at 3 or 24 h (n=4/group). By direct
immunofluorescence, there was strong linear deposition of rabbit IgG following immunisation
with neat (undiluted) NTS and faint deposition of rabbit IgG within the kidney at 3 h with 1:100
NTS, which largely resolved by 24 h (Figure 5A). It was not possible, to quantify the difference
in fluorescence intensity between this and neat NTS as the magnitude of the difference was so
great that images could not be captured with comparable exposure times. Images of direct
immunofluorescence for rabbit IgG in a normal rat, and after immunisation with 1:100 NRS
with equivalent exposure times are shown for comparison (Figure 5A). At 3 h after
immunisation with 1:100 NTS, there was patchy deposition of complement C3, of decreased

intensity compared to animals immunised with neat NTS (Figure 5B).

We then examined glomerular cell infiltrate at these early time points using two methods
(Figure 5C-E). By both indirect immunofluorescence and flow cytometry there was
significant neutrophil infiltrate and deposition of granular extracellular MPO within glomeruli
at 3 h after immunisation with neat NTS. This was not seen following immunisation with 1:100
NTS; neutrophil number in this group was similar to that in normal rats. The neutrophil
infiltrate seen with neat NTS reduced by 24 h, suggesting a transient effect on neutrophil
recruitment (Figure 5C; median neutrophils/glomerulus 10.5, 1.05, 1.3 and 0.8 for 3 h after
neat NTS, 24 h after neat NTS, 3 h after 1:100 NTS and normal rats respectively. Figure 5D,
E; median cells/GCS 2.3, 0.5, 0.15, 0.06 for 3 h after neat NTS, 24 h after neat NTS, 3 h after

1:100 NTS, and normal rats respectively).



Using flow cytometry, by 24 h after immunisation with 1:100 NTS there was a small infiltrate
of non-classical monocytes, lower than that seen with neat NTS, but significantly higher than
normal rats (Figure 5C; median 5.8, 4.9 and 7.7 cells per glomerulus for normal, 3 hand 24 h
after 1:100 NTS respectively, p=0.03 for 24 h compared to normal). This suggests that a sub-
nephritogenic dose of NTS may alter early non-classical monocyte, rather than neutrophil,

retention within glomeruli in this model.

Fostamatinib treatment reduces the severity of renal and lung injury in augmented EAV

We next set out to identify whether this model was useful for evaluation of therapeutic
strategies. We have previously used fostamatinib, a small molecule inhibitor of spleen tyrosine
kinase (Syk), as treatment in experimental models of GN, including EAV [14,21]. Given the
rapid onset of therapeutic effect in previous experiments, we elected to assess a short period of
treatment in the present study. Animals were treated from day 24 (after onset of renal disease
evidenced by urinary abnormalities) until day 28. In keeping with our previous studies,
fostamatinib was administered at a dose of 30 mg/kg twice daily by oral gavage (n=5 or

6/group).

After 4 days treatment with fostamatinib, there was a significant reduction in proteinuria
compared to vehicle-treated animals (Figure 6A; median proteinuria/day 62.8 mg and 9.4 mg
for vehicle- and fostamatinib-treated rats respectively, p=0.002). There was a non-significant
reduction in haematuria, but this was not seen in all animals, likely reflecting the short
treatment period (Figure 6B; median dipstick 3 and 2.5 for vehicle- and fostamatinib-treated
rats respectively). There was a significant improvement in glomerular injury, with near normal
histology in fostamatinib-treated animals, and around 50% abnormal glomeruli in vehicle-
treated rats (Figure 6C). Glomerular infiltrating leucocytes were reduced by both CD68/ED-1

immunohistochemistry (Figure 6D, median CD68/ED-1 % staining/GCS 4.2 and 0.02 for



vehicle and fostamatinib-treated rats respectively, p=0.004) and flow cytometry (Figure 6E).
Fostamatinib also improved lung injury; compared to vehicle-treated animals, there were
decreases in visual lung haemorrhage score (Figure 6F; median score 1.5 and 0 for vehicle and
fostamatinib-treated rats respectively, p=0.04) and hemosiderin laden cells (Figure 6G;
median Perls’ score 0.11 and O for vehicle and fostamatinib-treated rats respectively, p=0.01).
As expected with a short duration of treatment, there was no difference in circulating MPO-

ANCA levels (Figure 6H).

Discussion

We have shown that adding a sub-nephritogenic dose of NTS to immunisation with MPO
results in significant augmentation of renal injury in EAV. By using a low-dose of NTS, this
model remains pauci-immune with no detectable immune complex deposition by conventional
methods (either immunofluorescence or electron microscopy) at the time of crescentic GN. The
model remains critically dependent on the presence of autoimmunity to MPO, as disease does

not occur following immunisation with a control human protein.

In contrast to previously described rodent models, an autologous response to NTS does not
occur at any time point in this model [9,22-24]. In a previous study in the Brown Norway rat,
which is less susceptible to GN than the WKY strain, animals immunised with low-dose NTS,
even in the absence of autoimmunity to MPO, developed clear evidence of GN, including
proteinuria and glomerular macrophage infiltration. In addition, disease was not pauci-
immune, as strong linear deposits of rabbit IgG were seen at all time points, with deposited rat
IgG in areas of crescent formation [16]. Another study used the susceptible WKY strain, as in
our model. Again, however, the dose of NTS in isolation caused overt GN with substantial
haematuria and 5% glomerular crescents by light microscopy, and no data were provided

regarding the pattern of glomerular immunoglobulin deposition [15]. By contrast, in our study,



the dose of NTS has been decreased such that no urinary or glomerular abnormalities occur in

rats immunised with low-dose NTS following a control protein.

This model has several advantages over the conventional EAV protocol; it allows for a
shortened disease course from 42 to 28 days and, as disease is more reproducible and of greater
severity, for a reduction in the number of rats needed to test therapeutic approaches. Rather
than complete resolution after day 28, disease progresses to fibrosis and scarring, which more
accurately recapitulates the natural history of ANCA-associated GN in humans. Disease is
somewhat heterogenous, particularly the degree of proteinuria (which ranged from 36-220
mg/day). Glomerular crescents and CD68/ED-1+ cell infiltration were less variable; these may

be better outcome measures to use in studies of therapeutic approaches.

Analysis of glomerular infiltrating cells at day 28 showed that a 1:100 NTS dose alone induced
a small influx of non-classical monocytes (median 8.2 and 6 cells/glomerulus in animals
immunised with HSA/NTS and normal WKY rats respectively, p=0.1) but in the presence of
autoimmunity to MPO this was much greater (17.3 cells/glomerulus, p=0.0005) and
accompanied by a significant infiltrate of classical monocytes. Although we could not detect
immune complexes or deposited autologous 1gG within the kidney, low-dose NTS is clearly
mediating a biological effect. We show that within 3 h of injection it is transiently localised to
the kidney at very low levels, accompanied by C3 deposition, and this is followed by a small
but significant infiltration of non-classical monocytes by 24 h. We hypothesise that this influx
of non-classical, patrolling monocytes occurs in response to low-dose NTS in glomeruli, via
direct Fc receptor- (CD16-) or complement-dependent mechanisms. This is in keeping with
intravital microscopy studies in both mice and rats with NTN [20,25-28]. In WKY rats, we
have recently shown that in response to nephritogenic stimuli, there is increased LFA-1-
dependent surveillance of the endothelium by non-classical monocytes, and subsequent

classical monocyte retention within the glomerulus in conventional NTN [20]. We now show



that this response is insufficient to initiate GN after a reduced dose of NTS alone. However,
these non-classical monocytes express MPO, and we hypothesise an interaction with
circulating MPO-ANCA in MPO-immune rats — such that these retained and activated non-

classical monocytes may initiate disease and promote classical monocyte recruitment.

In a well-characterised mouse model of MPO-AAYV, low-dose NTS is thought to mediate its
actions by recruiting neutrophils to the glomerulus. In our model we could not detect early
infiltration of neutrophils following a sub-nephritogenic dose of NTS. This does not exclude a
role for neutrophils in this cell type, as neutrophil survival may be impaired during tissue
processing, and may lead to an under-estimate of their true number in our flow cytometric
analysis. Future studies using intravital microscopy and live cell imaging will be useful to

definitively assess early glomerular cell infiltrate following injection of neat and 1:100 NTS.

Mechanisms may also differ between species and rodent strains. The WKY rat has a pro-
inflammatory monocyte/macrophage phenotype, such that disease in this strain may be
dependent on these cell types [29]. In keeping with this, we show that although Lewis rats
develop a small glomerular infiltrate of non-classical monocytes at day 28 after immunisation
with MPO and low dose NTS, they do not develop features of GN, again suggesting that
monocyte/macrophage responses contribute disease initiation in this model. This may have
relevance for clinical translation, as there is increasing evidence that monocytes play a
previously under-appreciated role in AAV. Monocytes express the ANCA autoantigens,
stimulation with ANCA in vitro leads to cytokine production and generation of ROS, and
monocytes and macrophages are the predominant cell types identified in renal biopsies from
patients with AAV. As such, a monocyte/macrophage dependent mechanism in this model may

be in keeping with aspects of disease pathogenesis in humans.



Finally, we also showed that this model is useful for testing therapeutic approaches, by
administering a Syk inhibitor during established disease. Notably, in the present study we used
a very short treatment period of only 4 days and show rapid reversal of glomerular injury, with
a significant effect on infiltrating monocytes. These data support clinical investigation of Syk

inhibition as a therapeutic target.

By adding a sub-nephritogenic dose of NTS to the existing model of EAV, we have developed
a model of MPO-AAV which has several advantages over the standard protocol. It is more
reproducible, with a greater proportion of crescents and more severe glomerular damage. This
allows for a reduction in the number of animals required when testing therapeutic agents and,
by timing of administration of therapeutic interventions, it is possible for investigators to
distinguish their effects on both autoimmunity and glomerular injury. Unlike standard EAV,
this model progresses to scarring and fibrosis, meaning it can also be used to study endpoints
relevant to clinical disease. Crucially, disease remains pauci-immune and critically dependent
on the presence of autoimmunity to MPO. We believe this model complements existing in vivo
approaches for investigating AAV, and that it will prove valuable for future preclinical

therapeutic studies.
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Figure Legends

Figure 1. Addition of a sub-nephritogenic dose of NTS increases renal injury in the
presence of autoimmunity to myeloperoxidase

When animals were immunised with 1:100 NTS at day 14 after hMPO there was a significant
increase in (A) haematuria and (B) proteinuria by day 28. (C) Quantification of glomerular
histology showed significant increase glomeruli with crescents and/or necrosis in animals
immunised with MPO/NTS. (D) Quantification of CD68/ED-1 immunoperoxidase staining.
(E) Quantification of CD8 immunoperoxidase staining. (F) Quantification of CD3
immunoperoxidase staining. (G) Gating strategy for neutrophils and monocyte subsets
infiltrating glomeruli. Myeloid cells are identified as CD172a*Lin" within CD45* leukocyte
gate. Neutrophils were differentiated from monocytes based on their CD172a and HIS48
expression. Neutrophils are identified as CD172a'°HIS48". Monocytes are identified as
CD172a", and CD43 and HI1S48 expression used to differentiate CD43"HI1S48™™ non-classical
monocytes and CD43°HIS48" classical monocytes. (H) Glomerular infiltrating cells showing
significant infiltrate of non-classical (NC) and classical monocytes at day 28 in animals
immunised with MPO/NTS. (1) Representative images of glomerular pathology in animals
immunised with MPO/NTS showing the presence of crescents and necrosis on H&E, PAS),
and Jones’ silver stain. CD68/ED-1+ and CD3+ cells are mainly found in areas of crescent
formation and CD8+ cells are scattered throughout glomeruli. Original magnification of images
x400. Immunoperoxidase staining shown with haematoxylin counterstain. Images of
histopathology from control groups is shown in supplementary material, Figure S2.

All data are shown as median with IQR. Kruskal-Wallis test with Dunn’s post hoc correction

to MPO/NRS group *p<0.05, **p<0.01 ***p<0.001. NTS- Nephrotoxic serum, NRS- Normal



rabbit serum, HSA- human serum albumin. MPO- myeloperoxidase, no- neutrophil, mo-

monocyte

Figure 2. Sub-nephritogenic NTS does not result in glomerular immune complex
deposition

(A) Quantification of direct immunofluorescence for deposited rabbit IgG. (B) Representative
images. Top panel shows no deposited 1gG in MPO/NTS immunised rat and bottom panel
representative image after immunisation with neat NTS. (C) Quantification of direct
immunofluorescence for deposited rat 1gG. (D) Representative images. Top panel shows no
deposited IgG in MPO/NTS immunised rat and bottom panel representative image after
immunisation with neat NTS. (E) Quantification of indirect immunofluorescence for deposited
rat C3 (F) Representative images. Top panel shows no deposited C3 in MPO/NTS immunised
rat and bottom panel representative image after immunisation with neat NTS. (G,H)
Representative electron microscopy images from rats immunised with MPO/NTS showing no
immune complex deposition. (G) Evidence of cellular crescent formation (black arrow
indicates GBM, white arrow Bowman’s capsule. Cells and inflammatory material are seen in
Bowman’s space) in an animal immunised with MPO/NTS; and (H) a monocyte (black arrow)
directly interacting with the GBM (white arrow). IF images original magnification x400.
Images/quantification in experimental animals were obtained at day 28 (14 days after
immunisation with NTS). Images for comparison following neat NTS administration were
obtained at day 14 after immunisation with NTS (without prior immunisation with MPO).
Electron microscopy images from control groups are shown in supplementary material, Figure

S3. NTS- Nephrotoxic serum NRS- Normal rabbit serum



Figure 3. Addition of a sub-nephritogenic dose of NTS has no effect on lung injury or
autoimmunity to MPO

(A) Most animals immunised with MPO developed evidence of lung haemorrhage by visual
inspection, regardless of second immunisation with NTS or NRS. (B) Quantification of lung
haemorrhage using Perls’ Prussian Blue stain for haemosiderin laden macrophages. (C)
Representative images shown for animals immunised with MPO or with HSA (without
counterstain; original magnification x200). (D) Circulating anti-MPO titres, and (E)
quantification of sera binding to permeabilised rat leucocytes, showing no difference in animals
immunised with MPO regardless of the addition of NTS or NRS. (F) Representative images of
indirect immunofluorescence rat bone marrow cells with diluted rat sera and anti-rat IgG FITC.
Perinuclear staining is seen in cells with typical neutrophil nuclear morphology with sera from
rats immunised with MPO but not HSA. Original magnification of images x400. NTS-
Nephrotoxic serum NRS- Normal rabbit serum MPO- myeloperoxidase HSA-human serum

albumin

Figure 4. Immunisation with MPO and NTS results in glomerular scarring at day 42 and
56

(A) In 10 of 11 rats, proteinuria plateaued at day 28-35 and then decreased steadily. In one
animal (included in the total group but also represented separately as ‘outlier’) proteinuria
continued to increase to day 56. (B) Haematuria remained at 3+ in all rats from day 28 for the
duration of the experiment. (C) Quantification of fibrocellular and fibrous glomerular crescents
at day 28, 42, and 56. (D) Quantification of glomerular infiltrating leucocytes by flow
cytometry, showing decreased infiltrating cells at these time points with a return to near-normal
at day 56. (E) Quantification of CD68/ED-1+ cells infiltrating glomeruli at day 42 and 56 after

disease induction, showing a progressive decrease from day 42 to 56. (F) Quantification of



glomerular smooth muscle actin (SMA) staining at 28, 42 and 56 days showing a small increase
by day 42 and significant increase at day 56. (G) Quantification of interstitial SMA staining at
28, 42 and 56 days showing a small increase by day 42 and significant increase at day 56. (H)
Representative photomicrographs of PAS and Jones’ silver stained sections of renal tissue,
showing development of fibrocellular crescents and peri-glomerular inflammation at day 42,
and further progression of these changes by day 56. (1) Representative photomicrographs of
CD68/ED-1 staining, showing mainly tubulointerstitial and peri-glomerular cell infiltrate at
day 42 and 56. (J) Representative photomicrographs of SMA staining showing the
development of interstitial staining at day 42 and profound interstitial, staining with
development of fibrous crescents at day 56. Where appropriate, day 28 results are shown for
comparison. All data are shown as median with IQR. Original magnification of images x400
(glomeruli) x200 (tubulointerstitium). Kruskal-Wallis test with Dunn’s post hoc correction

*p<0.05, **p<0.01 ***p<0.001. NC- Non-classical

Figure 5. Immunisation with 1:100 NTS results in an early increase in non-classical
monocyte recruitment to glomeruli, without a detectable increase in neutrophils

(A) Direct immunofluorescence for deposited rabbit 1gG at 3 and 24 h after immunisation with
neat and 1:100 NTS. A representative image of a normal rat, and a rat immunised with 1:100
NRS are shown for comparison. (B) Indirect immunofluorescence for deposited C3 at 3 and 24
h after immunisation with neat and 1:100 NTS. (C) Quantification of direct
immunofluorescence for myeloperoxidase (MPQ), with representative images in (D; original
magnification x400). Arrow indicates MPO+ cells with typical neutrophil nuclear morphology
in the glomerulus of a rat immunised with neat NTS at 3 h. No neutrophils are seen with animals
immunised with 1:100 NTS. (E) Cell count of glomerular infiltrating cells at 3 and 24 h after

immunisation with neat or 1:100 NTS, showing neutrophil infiltrate at 3 h in animals



immunised with neat but not 1:100 NTS, and a small infiltrate of non-classical monocytes at
24 h after immunisation with 1:100 NTS. All data are shown as median with IQR. Kruskal—
Wallis test with Dunn’s post hoc correction *p<0.05, **p<0.01 ***p<0.001. NC- non classical,

NTS- nephrotoxic serum; GCS, glomerular cross section

Figure 6. Fostamatinib treatment decreases renal and lung injury in rats with enhanced
EAV

(A) Proteinuria and (B) haematuria from disease induction to day 28, with the fostamatinib
treatment period shaded in grey, showing significant reduction in proteinuria in the
fostamatinib-treated group. (C) Quantification of glomerular abnormalities at day 28 after
disease induction showing minimal glomerular abnormalities in fostamatinib-treated rats. (D)
Quantification of CD68/ED-1+ cells infiltrating glomeruli at day 28, with almost no cellular
infiltrate in fostamatinib-treated rats. (E) Glomerular infiltrating leucocytes, showing
significant decrease in classical and non-classical monocytes in the fostamatinib-treated group
(F) Significant decrease in lung haemorrhage in fostamatinib-treated rats by visual inspection
and (G) Perls Prussian blue staining for haemosiderin laden macrophages. (H) Circulating anti-
MPO antibody titres were not different between fostamatinib- and vehicle-treated rats. Data
are shown as median with IQR. Mann-Whitney test *p<0.05, **p<0.01. GCS, glomerular cross

section



References

10.

11.

12.

13.

14.

15.

16.

17.

Jennette JC. Rapidly progressive crescentic glomerulonephritis. Kidney Int. 2003;63(3):1164-77.
Falk RJ, Jennette JC. Anti-neutrophil cytoplasmic autoantibodies with specificity for
myeloperoxidase in patients with systemic vasculitis and idiopathic necrotizing and crescentic
glomerulonephritis. The New England journal of medicine. 1988;318(25):1651-7.

van der Woude FJ, Rasmussen N, Lobatto S, Wiik A, Permin H, van Es LA, et al. Autoantibodies
against neutrophils and monocytes: tool for diagnosis and marker of disease activity in
Wegener's granulomatosis. Lancet (London, England). 1985;1(8426):425-9.

Falk RJ, Terrell RS, Charles LA, Jennette JC. Anti-neutrophil cytoplasmic autoantibodies induce
neutrophils to degranulate and produce oxygen radicals in vitro. Proc Natl Acad Sci U S A.
1990;87(11):4115-9.

Xiao H, Heeringa P, Hu P, Liu Z, Zhao M, Aratani Y, et al. Antineutrophil cytoplasmic
autoantibodies specific for myeloperoxidase cause glomerulonephritis and vasculitis in mice.
The Journal of clinical investigation. 2002;110(7):955-63.

Shochet L, Holdsworth S, Kitching AR. Animal Models of ANCA Associated Vasculitis. Frontiers in
immunology. 2020;11:525.

Xiao H, Heeringa P, Liu Z, Huugen D, Hu P, Maeda N, et al. The role of neutrophils in the
induction of glomerulonephritis by anti-myeloperoxidase antibodies. The American journal of
pathology. 2005;167(1):39-45.

Oo0i ID, Gan PY, Odobasic D, Holdsworth SR, Kitching AR. T cell mediated autoimmune
glomerular disease in mice. Current protocols in immunology. 2014;107:15.27.1-19.

Ruth AJ, Kitching AR, Kwan RY, Odobasic D, Ooi JD, Timoshanko JR, et al. Anti-neutrophil
cytoplasmic antibodies and effector CD4+ cells play nonredundant roles in anti-
myeloperoxidase crescentic glomerulonephritis. Journal of the American Society of Nephrology
:JASN. 2006;17(7):1940-9.

Tipping PG, Huang XR, Qi M, Van GY, Tang WW. Crescentic glomerulonephritis in CD4- and CD8-
deficient mice. Requirement for CD4 but not CD8 cells. The American journal of pathology.
1998;152(6):1541-8.

Little MA, Bhangal G, Smyth CL, Nakada MT, Cook HT, Nourshargh S, et al. Therapeutic effect of
anti-TNF-alpha antibodies in an experimental model of anti-neutrophil cytoplasm antibody-
associated systemic vasculitis. Journal of the American Society of Nephrology : JASN.
2006;17(1):160-9.

Little MA, Smyth CL, Yadav R, Ambrose L, Cook HT, Nourshargh S, et al. Antineutrophil
cytoplasm antibodies directed against myeloperoxidase augment leukocyte-microvascular
interactions in vivo. Blood. 2005;106(6):2050-8.

Little MA, Smyth L, Salama AD, Mukherjee S, Smith J, Haskard D, et al. Experimental
autoimmune vasculitis: an animal model of anti-neutrophil cytoplasmic autoantibody-
associated systemic vasculitis. The American journal of pathology. 2009;174(4):1212-20.
McAdoo SP, Prendecki M, Tanna A, Bhatt T, Bhangal G, McDaid J, et al. Spleen tyrosine kinase
inhibition is an effective treatment for established vasculitis in a pre-clinical model. Kidney Int.
2020;97(6):1196-207.

Kanzaki G, Nagasaka S, Higo S, Kajimoto Y, Kanemitsu T, Aoki M, et al. Impact of anti-glomerular
basement membrane antibodies and glomerular neutrophil activation on glomerulonephritis in
experimental myeloperoxidase-antineutrophil cytoplasmic antibody vasculitis. Nephrology
Dialysis Transplantation. 2015;31(4):574-85.

Heeringa P, Brouwer E, Klok PA, Huitema MG, van den Born J, Weening JJ, et al. Autoantibodies
to myeloperoxidase aggravate mild anti-glomerular-basement-membrane-mediated glomerular
injury in the rat. The American journal of pathology. 1996;149(5):1695-706.

Tam FW, Smith J, Morel D, Karkar AM, Thompson EM, Cook HT, et al. Development of scarring
and renal failure in a rat model of crescentic glomerulonephritis. Nephrology Dialysis
Transplantation. 1999;14(7):1658-66.



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Sheryanna A, Bhangal G, McDaid J, Smith J, Manning A, Foxwell BMJ, et al. Inhibition of p38
Mitogen-Activated Protein Kinase Is Effective in the Treatment of Experimental Crescentic
Glomerulonephritis and Suppresses Monocyte Chemoattractant Protein-1 but Not IL-1f3 or IL-6.
Journal of the American Society of Nephrology. 2007;18(4):1167-79.

Schreiner GF, Kiely JM, Cotran RS, Unanue ER. Characterization of resident glomerular cells in
the rat expressing la determinants and manifesting genetically restricted interactions with
lymphocytes. The Journal of clinical investigation. 1981;68(4):920-31.

Turner-Stokes T GDA, Pinheiro D, Prendecki M, McAdoo S, Cook HT, Pusey CD, and Woollard KJ.
. Live imaging of monocyte subsets in immune complex-mediated glomerulonephritis reveals
distinct phenotypes and effector functions. JASN. 2020.

Smith J, McDaid JP, Bhangal G, Chawanasuntorapoj R, Masuda ES, Cook HT, et al. A spleen
tyrosine kinase inhibitor reduces the severity of established glomerulonephritis. Journal of the
American Society of Nephrology : JASN. 2010;21(2):231-6.

Yang JJ, Jennette JC, Falk RJ. Immune complex glomerulonephritis is induced in rats immunized
with heterologous myeloperoxidase. Clinical and experimental immunology. 1994;97(3):466-73.
Brouwer E, Huitema MG, Klok PA, de Weerd H, Tervaert JW, Weening JJ, et al.
Antimyeloperoxidase-associated proliferative glomerulonephritis: an animal model. The Journal
of experimental medicine. 1993;177(4):905-14.

Kobayashi K, Shibata T, Sugisaki T. Aggravation of rat nephrotoxic serum nephritis by anti-
myeloperoxidase antibodies. Kidney International. 1995;47(2):454-63.

Finsterbusch M, Hall P, Li A, Devi S, Westhorpe CL, Kitching AR, et al. Patrolling monocytes
promote intravascular neutrophil activation and glomerular injury in the acutely inflamed
glomerulus. Proc Natl Acad Sci U S A. 2016;113(35):E5172-81.

Devi S, Li A, Westhorpe CL, Lo CY, Abeynaike LD, Snelgrove SL, et al. Multiphoton imaging
reveals a new leukocyte recruitment paradigm in the glomerulus. Nature medicine.
2013;19(1):107-12.

Rousselle A, Kettritz R, Schreiber A. Monocytes Promote Crescent Formation in Anti-
Myeloperoxidase Antibody-Induced Glomerulonephritis. The American journal of pathology.
2017;187(9):1908-15.

Rousselle A, Mildner A, Leutz A, Kettritz R, Schreiber A. 216. CLASSICAL MONOCYTES
PROMOTE CRESCENT FORMATION AND NECROSIS IN ANCA-ASSOCIATED NECROTIZING
CRESCENTIC GLOMERULONEPHRITIS. Rheumatology. 2019;58(Supplement_2).

Behmoaras J, Smith J, D'Souza Z, Bhangal G, Chawanasuntoropoj R, Tam FW, et al. Genetic loci
modulate macrophage activity and glomerular damage in experimental glomerulonephritis.
Journal of the American Society of Nephrology : JASN. 2010;21(7):1136-44.



Accepted Article

>

o

DB+ Cells/GCS (%)

Haematuria (dipstick)
©

P B ek c
200 100-
> MPO/NTS. = = MPO/NTS. - Crescent
- MSPE/NIS § 0] = vrones | +h- necrosis
vty g = |
o T i b= : || = e
= 100 § 50 | inor changes
g ] | 11 Normal
1 £ M |
£ so |
| |
7 14 21 28 o 7 14 21 28 MPO+ MPO+ HSA+ HSA+
Bays Days NTS NRS  NTS  NRS
15
2 g
S g
2 £
§ 0.5- f .
8 g
3 s
00
MPO+ MPO+ HSA+ HSA+ MPO+  MPO+ HSA+ HSA+
NTS NRS NTS NRS NTS NRS NTS NRS.
CD172a+Lin- 330 s
3
E 2 3 NC monocytes.
_: &R Classical monocytes.
3 = Neutrophils
g
£ 10
S
8
MPO+  MPO+ HSA+  Normal
NRS

CD8 CD3

Silver



>
o

%

-

£2 -

z

z

2

81 ]

]

&
MPO+ MPO+ HSA+ HSA+ NTN
NTS NRS NTS NRS

s - D

g

g, .

z

g

g

5

£

&

MPO+ MPO+ HSA+ HSA+ NTN
NTS NRS NTS NRS

m
-n

[

1

MPO+ MPO+ HSA+ HSA+ NTN
NTS NRS NTS NRS

IF intensity (C3)

MPO+NTS

MPO+NTS

NTN NTN

NTN




P o5 MPO HSA
g = X
g 2 . X 04 .
§ 5 *
E w ”
g1 %02 :
£ b :
S0l s — 00 e X
PO+ MPOs HSAY  WSAY WEG+  MPOs  HSAS
NTS NRS NTS NRS NTS NRS NTS "

o
m

_ 5000 25000

3 ~ wpon

s 4000 o « 20000

z - wpons H

Z 2000 -+ voans £ 15000

& =

2 2000 T HeANRS i 10000-

] H

< 1000 5000
o o
o 14 P WPOL  MPO+ HSAs  HSA

Days NS NRS NS NRS



Accepted Article

= Allanimals

**

4 + 1

Day28 Day42 Day56

30 - NG Monocytes
S Classical Monocytes
2 = Neutrophis
10
o
Day28 Day42 Days6 Normal
10.
8
6
4 .
1 o
ol
Day28 Day42 Dayse
*x
20
15 .
b {I}
5 .
Day2s Day42 Dayse
. wx
8
®
1o+
2
B .

Day28 Day42 Day56



H zE
5g 38
3 e
g m g i} reuon .m euson
cks — o
_H_ _”_ _ A anoy pz 0& SIN00k:}
SIN 00L:1
* — " fw snoy y7
a SIN 00k:L
ki mmu_u;nw— V ¥ Y [sinoue
) SIN 004:L
] SIN 00T:TJye i
shep 1
- P S
- kS S1N jeau amourz
SLN jeau
w Uz — anons
SIN3eau .T. SINJeau
I EIIIELT & & s
sninsawo}g Jad 3unod (193 SO9/sliydonnaN
o o SINIeduwye
SIN B3N SLN 1eaN
SYN 00T:T sinoy € sInoy 7 sinoy € sinoy 7

|ewoN sinoy €

sinoy g
« T SIN0OTT 0 @ SLN 00T:T

sinoy € sinoy vz



1]

120
_ —e— Vehicle
s - Fosta
2
B
5 80
ol
5
£ 40
Q
2
2
a
7 14 21 28
Days
-
100+
: Crescent
- N
+/- necrosis
g mm Necrosis
g 50 == Minor changes
© = Normal
R
T T
Vehicle Fosta
*x
404
F "
< 301 3 NC monocytes
£ = Classical monocytes
I mm Neutrophil:
504 eutrophils
>
€
3
S 104
@
o
0 | . .
Vehicle Fosta
0.61 *
-]
3 .
&=
> 4
S 0.4
£
]
%
0.2 ;
=
o
4
.
0.0 3 ¥
Vehicle Fosta

X

Anti-MPO titre (au)

3 :
= e~ Vehicle
k]
-] = Fosta
3
£2
K]
£
£ 1
&
£
@
8
X

0 . ¥ T d

7 14 21 28
Days
s

8-
- .
B3
wn 6
o
g
&
3 4
o
+ .
32
a
o

o

Lung haemorrhage score
N

Vehicle Fosta

Vehicle Fosta
8000+
—+ Vehicle
6000- —= Fosta
4000
2000
0 T 0
0 14 28

Days





