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Supplemental Table 1. Baseline features of patients with ANCA-associated vasculitis (AAV) and
healthy controls (HCs) included in the study.

PR3-AAV MPO-AAV HCs
Characteristics (N=105) (N=49) (N=27) p value
Age at study entry, media (SD) 48.7 (14.5) 59.0 (13.5) 53.9(17.9) 0.0004*
Sex 0.0202*
Male, % (number) 59% (62) 37% (18) 41% (11)
Female, % (number) 41% (43) 63% (31) 599% (16)
Ethnicity 0.3023
White, % (number) 91% (96) 94% (46) NA
Black, % (number) 3% (3) 6% (3) NA
Hispanic or Latino, % (number) 5% (5) - NA
Asian, % (number) 1% (1) - NA
Clinical Diagnosis,% (number) <0.001
GPA 97% (102) 33% (16) - -
MPA 3% (3) 65% (32) - -
New Disease at enrollment (vs
. ) 42% (44 78% - <0.001
relapsing disease), % (number) 6 (44) 8% (38) 0.00
Any granulomatous 76% (80) 35% (17) -
. . <0.001
manifestation, % (number)
Any capillaritis’ manifestation, % 84% (88) 96% (47) -
0.0363
(number)
i 0, 0, 0, -
Any renal involvement, % 64% (67) 82% (40) 0.0259
(number)
Alveolar hemorrhage, % (number) 30% (32) 18% (9) 0.1133
Glucocorticoid treatment at 54% (57) 59% (29) -
. 0.6047
screening, % (number)
Baseline BVAS/WG score, mean 8.2 (3.3) 8.0(3.1) - 0.7351

(SD)



ESR (SD), mm/1 hr, median [IQR] 33[14.5; 56.5] 44 [15;77.5] - 0.1414
CRP (SD), mg/L, median [IQR] 1.2 [0.35; 4.45] 1.2[0.3; 3.025] - 0.8521

Baseline eGFR (SD), mL/min/1.73

m2, median [IOR] 92.0 [57.0; 127.6] 45.9[30.1; 71.2] - <0.001

ANCA levels (normal <20 IU)

MPO-ANCA 0.6 [0.3;1.1] 121 [56.9; 177] - <0.001

PR3-ANCA 258 [165.5; 346] 2.7[1.4; 4.65] - <0.001

Randomized Treatment group 0.8629
Rituximab, % (number) 49% (52) 47% (23) - -
Cyclophosphamide/Azathioprine, 50% (53) 53% (26) ) )

% (number)

*One-way ANOVA: cut-off for p value interpretation after Bonferroni correction: 0,0167

Abbreviations: ANCA=anti-neutrophil cytoplasmic antibodies; BVAS/WG=Birmingham Vasculitis Activity
Score for Wegener's Granulomatosis; CRP= C-reactive protein; ESR=erythrocyte sedimentation rate;
eGFR=estimated glomerular filtration rate, by means the Modification of Diet in Renal Disease (MDRD)
study  equation; GPA=granulomatosis  with polyangiitis; MPA-microscopic polyangiitis;
MPO=myeloperoxidase; PR3=proteinase-3; SD=standard deviation; IQR=Interquartile range. P values
are for the comparison of MPO-AAV and PR3-AAV groups.

Footnotes: Capillaritis was defined as the presence of one or more of the following BVAS/WG items:
cutaneous purpura, scleritis, retinal hemorrhage or exudate, sensorineural deafness, hematuria, red
blood cell casts on urinalysis or glomerulonephritis, increase in creatinine level, alveolar hemorrhage,
mesenteric ischemia, sensory peripheral neuropathy, or motor mononeuritis multiplex. In contrast,
BVAS/WG items reflecting underlying necrotizing granulomatous inflammation included mouth ulcers,
retro-orbital mass/proptosis, bloody nasal discharge, sinus involvement, salivary gland enlargement,
subglottic inflammation, conductive deafness, other major or minor ear/nose/throat involvement,
pulmonary nodule/cavity, endobronchial involvement, meningitis, and cord lesion. Patients were
considered to have renal disease if any renal item on the BVAS/WG (hematuria, red blood cell casts or
glomerulonephritis, increase in creatinine level, or “other”’) was scored. A patient was categorized as
having alveolar hemorrhage only if that item was scored on the BVAS/WG. All other BVAS/WG items
cannot be clearly attributed to either necrotizing granulomatous inflammation or capillaritis and were,
therefore, not considered to categorize the patient one way or another.



Supplemental Table 2. Glucocorticoid treatment at screening (before sample collection). Results

are represented as median (25-75% IQR).

Subset of disease GC No GC
P values

PR3-AAV patients
Lymphocytes # (10°cells/L) 1.12 (0.72,1.69) 1.16 (0.89,1.65) 0.591
Lymphocytes (% of PBMCs) 25.31 (15.66, 34.61) 28.93 (19.66, 40.19) 0.129
B cells (cells/uL) 123.69 (66.63, 182.64) 102.94 (68.98,217.63) 0.940
B cells (% of Lymphocytes) 10.61 (5.43, 16.22) 10.2 (5.32, 15.60) 0.589
PR3" B cells (cells/uL) 5.85 (3.33, 8.97) 4.69 (2.72,10.12) 0.445
PR3* B cells (% of B cells) 4.82 (3.92, 6.30) 4.55 (3.99, 5.59) 0.246
Tth (cells/mm?) 20.95 (10.14, 48.62) 20.75 (8.44, 46.62) 0.599
Tth (% of CD4* T cells) 3.58 (2.21, 4.88) 3.06 (1.83, 4.63) 0.144
MPO-AAYV patients
Lymphocytes # (10°cells/L) 1.23 (0.93, 2.12) 1.25 (0.72, 2.33) 0.622
Lymphocytes (% of PBMCs) 25.57 (18.33, 34.64) 26.99 (19.89, 34.68) 0.504
B cells (cells/uL) 112.58 (56.22, 205.39) 118.92 (55.53, 236.65) 0.991
B cells (% of Lymphocytes) 8.43 (5.94, 17.87) 8.90 (6.07, 12.35) 1.000
PR3" B cells (cells/uL) 2.74 (2.02, 8.34) 3.68 (1.61, 9.66) 0.801
PR3" B cells (% of B cells) 3.13 (2.39, 5.04) 3.18 (2.72, 5.66) 0.569
Tth (cells/mm?) 27.52 (15.18, 48.50) 24.96 (10.21, 33.43) 0.411

0.954

Tth (% of CD4" T cells)

4.05 (2.23, 5.59)

3.63 (2.69, 5.36)

ANCA=anti-neutrophil

cytoplasmic

antibodies;

GC-=glucocorticoids; IQR=Interquartile range.

P values were determined by 2-tailed Mann-Whitney test.

MPO=myeloperoxidase;

PR3=proteinase-3;



Supplemental Table 3

Phenotypic characterization of selected PR3* B cell clusters.

Cluster ID

Phenotype

Main Population

Stable Clusters

CL 160 IgD* CD24"sh CD38"" CD27- Transitional

CL 187 IgD* CD24* CD38* CD27" Bm2

CL 185 IgD* CD24* CD38'°% CD27'w Bm2 CD27'"%

CL 93 IgD* CD24* CD38*CD27'"°" Bm2 CD27I°%

CL 57 IgD* CD24* CD38"°% CD27'"" Bm2 CD27'"%

CL 140 IgD* CD24*CD38"°" CD27* UnsSW 1
Variable Clusters

CL 104 IgD- CD24* CD38" CD27* PSW CD38*

CL 132 IgD- CD24'°v CD38* CD27* PSW CD38*

CL 155 IgD" CD24- CD38* CD27** PB

CL 129 IgD-CD24* CD38 CD27" DN CD38"

CL 186 IgD"CD24* CD38* CD27" DN CD38*




SUPPLEMENTARY FIGURES

Supplemental Figure 1. B cells and distribution of B cells among different subsets in
HCs, MPO-AAV and PR3-AAV. Lymphocyte count (A), B cell count (B), and distribution
of B cell count among the different B cell subsets (C). An explanatory example of the
200 B cell clusters obtained with SPADE (Spanning-tree Progression Analysis of
Density-normalized Events) in a PR3-AAV patient (D). Heat Map of the 181 patients (x
axis, HCs in red, MPO-AAV in green and PR3-AAV in blue) showing the different
expression of each one of the 200 B cell clusters (y axis) (E). Principal component
analysis of the B cell clusters representing HC subjects, MPO-AAV and PR3-AAV
participants (F). Data are represented as median (25-75% IQR). Multiple comparisons
between more than 2 groups were performed with Kruskal Wallis test and P values in
the figures are indicated as * p < 0.05, ** p < 0.01, *** p < 0.001 after correction for FDR

with Benjamini and Hochberg test.
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Supplemental Figure 2. Circulating PR3" B cells and PR3-ANCA production.
Purification of PR3* B cells and PR3- B cells for the ELIspot analysis in HCs (A).
PBMCs isolated from a healthy subject were enriched for B cells by anti-CD19 antibody-
linked magnetic bead selection. The B cell enriched fraction was FACS-sorted based on
streptavidin expression to isolate PR3* B cells and PR3- B cells. Purity was 99% for

PR3* B cells and 96% PR3- B cells, respectively.

Despite the production of total IgG and IgM by B cells (shown in B, left), PR3-ANCA

IgM, but not PR3-ANCA IgG, can be secreted by PR3* B cells (shown in B, central).

Circulating (in vivo) PR3-ANCA 1gG in PR3-AAV participants by ELISA (C).
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Supplemental Figure 3. Representative B cell subset plots of a HC subject, a MPO-AAYV patient and a PR3-AAV

patient. PR3* B cells recognizing nuclear antigens were identified within each B cell subset in AAV and HC.

Transitional Naive UnSW SW DN PB
3 1 3
HC 1 f
i i a i ~ : 0 i
3 3 3
MPO-AAV 3 ]
: | 2 i 1 a
PR3-AAV 1 | L ’
& | i i ‘ i i i
(a - S i = - - - .
>
cD1g”



Supplemental Figure 4. Unsupervised clustering of circulating PR3+ B cells.
Mean fluorescence intensity (MFI) of 2 out of 6 clusters with stable expression of PR3
across the samples (CL185 and CL57) (A), the others are represented in Figure 5. Data
represent mean + SD in histograms. PR3"9" B cell distribution in the B cell subsets (B);
frequencies of PR3"9" in transitional and naive B cells are higher in AAV participants
compared to HCs, but only the frequencies of PR3"9" in DN B cells were higher in PR3-
AAV participants compared to both MPO-AAV participants and HCs. Data represent
median (25-75% IQR) in violin plots, or mean + SD in histograms. Multiple comparisons
between more than 2 groups were performed with one-way ANOVA or Kruskal-Wallis
test, where appropriate. P values in the figures are indicated as * p < 0.05, ** p

< 0.01, *** p < 0.001 after adjustment for FDR as described by Benjamini and Hochberg.
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Supplemental Figure 5. Determinants of PR3* B cell maturation. Frequency of AAV
participants and HC subjects with a positive PR3+ B cell memory/naive ratio (A). Levels
of BAFF, CXCL13, IL-6 and in MPO-AAV and PR3-AAV participants (B). Gating
strategy used for TFH identification (the reference population for the frequency is
CD4*CD45RO*CXCR5*PD-1%) (C), TFH cell count and frequency in HCs, MPO-AAV
and PR3-subects (D), and association of TFH higher levels with ratio < 1 in PR3-AAV
participants (E). Each point represents the frequency in an individual subject; horizontal
lines show the median with 25-75% IQR. P values were determined by 2-tailed Mann-
Whitney test. Multiple comparisons between more than 2 groups were performed with
Kruskal-Wallis test.P values in the figures are indicated as * p < 0.05, ** p < 0.01, **p <

0.001 after adjustment for FDR as described by Benjamini and Hochberg.

12



A 100 -

90 -+
80 1

% of Subjects

*kk

*k

70
60 -
50 -
40 -
30 4
20 -
10 4
0-
2

i

[0 Ratio <1

J Ratio >1

PD-1

20

N
o
1

%CD4*CXCR5*PD1*

S
S )
& &
C Activated
CD4 Tcells
A
O o
m 3
3
ol
O T T ™ T T T T T
CD4
150.0 7
mE ) A
£
2 )
[0]
+0 100.0
o
o
1o
04
O 500 -
x
(@)
“
[m)
)

Ratio<1

Ratio >1

6000
5000 (@) '
4000 ©
_. e
S & e
2 3000 %
- @)
< 2000
1000
MPO-AAV PR3-AAV
Tgy cells -
€
\ £
3 9
] 2
[$]
] p
] bay
o
E +
[Te]
o
4 o
3 <
o
i S
f 3]
>
CXCR5
*
It
o
o
o
AR
000°
° 5 (4

OOO

Ratio<1

Ratio>1

CXCL13 (pg/mL)

150.0

100.0

50.0

2000
1500

1000

800

600

400

200

%CD4*CXCR5"PD1*

204

o
1

=)
1

o
1

IL-6 (pg/mL)

1000
600

200

150

100

50

% %k %k

3

MPO-AAV PR3-AAV

T
HC

Lig T
MPO-AAV  PR3-AAV



Supplemental Figure 6. SW memory/naive PR3* B cell ratio and clinical
manifestations in PR3-AAV patients. In PR3-AAV patients (n=105), SW
memory/naive PR3* B cell ratio did not correlate with Body Mass Index (BMI) (A),
relapsing versus new diagnosis (B), previous use of glucocorticoids (C), the presence
of manifestations reflecting granulomatous disease only (D) or capillaritis only (E), as
assessed by the BVAS/WG. The ratio did not correlate with disease activity as
assessed by BVAS/WG (E). Time to first remission (BVAS/WG=0, any prednisone
dose) (F) or time to complete response (BVAS/WG=0, prednisone dose<10mg/day)
(G) are represented. When evaluating associations with remission, the subjects that
underwent cross over (n=7) or experienced early treatment failure (n=6) during the
trial time were excluded from the analysis. P values in the figures are indicated as * p

<0.05, *p<0.01, **p<0.001
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Supplemental Figure 7. Frequency of PR3* B cells and clinical manifestations
in PR3-AAV participants. In PR3-AAV patients (n=105), frequency of PR3* B cells
did not show any meaningful correlation with age (A), sex (B), BMI (C), BVAS/WG
(D), CRP (E), ESR (F), renal involvement (G) or creatinine clearance (H), relapsing
versus new diagnosis (I), previous use of glucocorticoids (L), the presence
manifestations reflecting granulomatous disease only (M) or capillaritis only (N), as
assessed by the BVAS/WG. P values in the figures are indicated as * p < 0.05, ** p <

0.01, *** p < 0.001
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