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Supplementary Table 1.

Characteristics of eight patients with microscopic polyangiitis and seven healthy donors recruited for 

CITE-seq and CyTOF. 



a b

Supplementary Table 2. 

Pseudo-bulk differential expressed genes (DEG) analysis in PBMCs derived from patients with MPA 

and healthy donors. 

(a) The top 100 genes significantly upregulated in PBMCs derived from patients with MPA compared to

healthy donors. P-values are calculated using two-sided Wilcoxon Rank Sum test. (b) A list of the genes

related to CD14+ monocyte signature genes and interferon signature genes.



Supplementary Table 3. 

List of highly expressed genes in B cells derived from patients in MPA-IFN group compared to 

patients in MPA-MONO group. 

The top 50 genes significantly upregulated in B cells derived from patients in MPA-IFN group compared to

patients in MPA-MONO group. P-values are calculated using two-sided Wilcoxon Rank Sum test.



Supplementary Table 4. 

Clinical course of patients MPA-1, MPA-3, and MPA-5. 



Supplementary Table 5. 

List of highly expressed genes in CD14 Mono_Activated and CD14 Mono_ISG subsets.

* Adjusted P-values were smaller than 2E-308

Highly expressed genes in CD14 Mono_Activated and CD14 Mono_ISG were determined by DEG analysis

in comparison with the CD14+ monocyte population. Genes that shows 0.25 < Fold change were listed. P-

values are calculated using two-sided Wilcoxon Rank Sum test.

CD14 Mono_Activated CD14 Mono_ISG



Supplementary Table 6. 

List of genes with altered expression before and after treatment for each case.

The top 10 upregulated and downregulated genes in CD14+ monocytes, comparing pre- and post-treatment

conditions in each case. P-values are calculated using two-sided Wilcoxon Rank Sum test.



Supplementary Table 7. 

Characteristics of 43 patients with microscopic polyangiitis recruited for assessing clinical parameters.



Supplementary Table 8.

Correlation between the percentage of monocytes and representative clinical parameters, and between 

serum IFN-α concentrations and representative clinical parameters.



Supplementary Table 9. 

List of Total-seq C antibodies for CITE-seq. 



Supplementary Table 10. 

Sequence information of each study participant.



Supplementary Table 11. 

List of heavy metal-conjugated antibodies for CyTOF. 



(a) UMAP plots showing CITE-seq data of 109,350 PBMCs derived from 15 total participants including

healthy donors (n = 7) and patients with MPA (n = 8). Each cellular cluster was annotated with reference

mapping. (b) Individual UMAP plots of PBMCs derived from each study participant.
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Supplementary Fig. 1. UMAP plots of PBMCs derived from each study participant.
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(a) UMAP plots showing CITE-seq data of 737,794 PBMCs derived from healthy donors (n = 7) and

patients with MPA (n = 8). Each cellular cluster was manually annotated based on surface marker expression.

The color-coded columns indicate cell types. (b) Individual UMAP plots of PBMCs derived from each study

participant. Each cellular cluster was manually annotated based on surface marker expression. (c) Percentage

of each cellular subpopulation relative to the total number of PBMCs. Blue dots indicate healthy donors (n =

7) and red dots indicate patients with MPA (n = 8). Values are means with SEMs and nominal P-values are

calculated using a two-sided Mann-Whitney U test.

Supplementary Fig. 2. CyTOF analysis of PBMCs derived from each study participant. 
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Supplementary Fig. 3. UMAP plots of monocytes derived from each study participant.

(a) UMAP plots showing the monocyte subpopulations in each study participant. Six cellular clusters were

identified as shown in Fig. 2a. (b) Violin plots showing the scaled expression of representative cellular

indexing of transcriptomes and epitopes (CITE) proteins that characterize each cellular cluster.

a

b

CD14 Mono_Activated

CD14 Mono_VCAN

CD14 Mono_ISG

CD14 Mono_HLA

CD16 Mono

cDC



Supplementary Fig. 4. UMAP plots of CD8+ T cells derived from each study participant. 

a

b

(a) UMAP plots showing the CD8+ T cell subpopulations in each study participant. Five cellular clusters

were identified as shown in Fig. 2e. (b) Violin plots showing the scaled expression of representative cellular

indexing of transcriptomes and epitopes (CITE) proteins that characterize each cellular cluster.
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Supplementary Fig.5.  UMAP plots and differential abundance analysis of B cells.
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(a) UMAP plots showing the B cell subpopulations in a total of 15 study participants including healthy

donors (n = 7) and patients with MPA (n = 8). Seven cellular clusters were identified; naïve B cells

(B_Naïve), activated naïve B cells (B_Naïve Activated), pre-switched memory B cells (B_Memory pre-

switched), post-switched memory B cells (B_Memory post-switched), age-associated B cells (ABC),

plasmablasts (Plasmablast), and plasma cells (Plasma cell). (b) Balloon plot showing highly expressed gene

in each B cell population shown in (a). Balloon color indicates the averaged scaled expression of the

indicated genes. Balloon size indicates the percentage of cells expressing the indicated genes. (c)

Neighborhood graph of B cells using Milo differential abundance testing. Nodes represent neighborhoods

from the B cell population. Colors indicate the log2-fold difference between patients with MPA and healthy

donors. Neighborhoods that increased in patients with MPA are shown in red. Neighborhoods decreased in

patients with MPA are shown in blue. (d) Beeswarm and box plots showing the distribution of log2-fold

differences in neighborhoods in different cell type clusters. Colors are represented similarly to (c). Box plots

are created in a similar fashion as in Fig. 1f.
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(a) UMAP plots showing CyTOF data of monocytes derived from a total of 15 study participants including

healthy donors (n = 7) and patients with MPA (n = 8). Each cellular cluster was manually annotated based on

surface marker expression. (b) Neighborhood graph of monocytes based on Cydar differential

abundance testing. Nodes represent neighborhoods from the monocyte population. Colors indicate log2-fold

differences between patients with MPA and healthy donors. Neighborhoods that increased in patients with

MPA are shown in red. Neighborhoods decreased in patients with MPA are shown in blue. (c) Beeswarm and

box plots showing the distribution of log2-fold differences in neighborhoods in different cell type clusters.

Colors are represented similarly to (b). (d) Feature plots of surface proteins based on Cydar analysis of

monocytes. Each dot represents a hypersphere from the monocyte population. The average expression level

of each protein on the cells included in each hypersphere was calculated. Box plots are created in a similar

fashion as in Fig. 1f.

Supplementary Fig. 6. Cydar analysis on monocyte subsets of CyTOF data.
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Supplementary Fig. 7. Cydar analysis on CD8+ T cell subsets of CyTOF data.

(a) UMAP plots showing CyTOF data of CD8+ T cells derived from a total of 15 study participants including

healthy donors (n = 7) and patients with MPA (n = 8). Each cellular cluster was manually annotated based on

surface marker expression. (b) Neighborhood graph of CD8+ T cells based on Cydar differential

abundance testing. Nodes represent neighborhoods from the CD8+ T cell population. Colors indicate log2-

fold differences between patients with MPA and healthy donors. Neighborhoods that increased in patients

with MPA are shown in red. Neighborhoods decreased in patients with MPA are shown in blue. (c)

Beeswarm and box plots showing the distribution of log2-fold differences in neighborhoods in different cell

type clusters. Colors are represented similarly to (b). (d) Feature plots of surface proteins based on Cydar

analysis of CD8+ T cells. Each dot represents a hypersphere from the CD8+ T cell population. The average

expression level of each protein on the cells included in each hypersphere was calculated. CD45RA and

CD57 are surface proteins. GZMB and PRF1 are intracellular cytokines. GZMB: Granzyme B, PRF1:

Perforin1. Box plots are created in a similar fashion as in Fig. 1f.



Supplementary Fig. 8. Heatmaps of interferon signature genes in each subset of PBMC.

Heatmap showing the scaled expression of interferon signature genes (ISGs) in B cells, monocytes, CD4+ T

cells, CD8+ T cells, and natural killer (NK) cells at the single-cell level. Each column represents a patient

with MPA. Log2-fold difference in the average expression of each ISG between MPA-MONO (MPA-1 and

MPA-2) and MPA-ISG (MPA-3, MPA-4, and MPA-5) is shown.



Supplementary Fig. 9. Population and pathway analysis of B cells derived from each study participant. 
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(a) Bar plots showing the proportion of each B cell subpopulation relative to total number of B cells. Each

subpopulation was annotated in a similar fashion as in Supplementary Fig. 5a. (b) Gene set enrichment

analysis of differentially expressed genes from patients in MPA-IFN group using GO Biological Process

2023. The pathway analysis was performed based on the top 50 genes significantly upregulated in B cells

derived from patients in MPA-IFN group compared to patients in MPA-MONO. P-values for each pathway

were calculated by Benjamini-Hochberg method.

Immunoglobulin Production Involved In

Immunoglobulin-Mediated Immune Response

Peptide Antigen Assembly 

With MHC Protein Complex

MHC Class II Protein Complex Assembly

Antigen Processing And Presentation Of 

Exogenous Peptide Antigen Via MHC Class II

Peptide Antigen Assembly 

With MHC Class II Protein Complex

GO Biological Process 2023

M
P

A
-1

M
P

A
-2

M
P

A
-3

M
P

A
-4

M
P

A
-5

M
P

A
-6

M
P

A
-7

M
P

A
-8

0

50

100

%
 o

f 
p
o
p
u
la

ti
o
n

Plasma cell

Plasmablast

ABC

B_Memory post-switched

B_Memory pre-switched
B_Naive ISG

B_Naive

M
P

A
-1

M
P

A
-2

M
P

A
-3

M
P

A
-4

M
P

A
-5

M
P

A
-6

M
P

A
-7

M
P

A
-8

0

50

100

%
 o

f 
p
o
p
u
la

ti
o
n

Plasma cell

Plasmablast

ABC

B_Memory post-switched

B_Memory pre-switched
B_Naive ISG

B_Naive

0 5 10 15

Antigen Processing And Presentation Of Exogenous Peptide Antigen Via MHC Class II

Immunoglobulin Production Involved In Immunoglobulin-Mediated Immune Response

Peptide Antigen Assembly With MHC Protein Complex

MHC Class II Protein Complex Assembly

Peptide Antigen Assembly With MHC Class II Protein Complex

-log10(P-value)



Supplementary Fig. 10. Module scoring analysis of the monocyte subpopulations. 
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(a) Module scoring analysis of the monocyte subpopulations. The module score was calculated using gene

signatures of a specific monocyte subset, previously reported as immature and newly mobilized from the

bone marrow during inflammation (Reference No. 24). Each cell was colored according to the scaled

module score. (b) Balloon plot showing the averaged module score in each monocyte subpopulation, as

shown in (a).
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Supplementary Fig. 11. Correlation between clinical parameters and CITE-seq-based gene signature 

scores.

(a) Correlation between monocyte ratio in the blood cell count relative to the number of PBMCs and CD14+

monocyte signature scores. (b) Correlations between serum IFN-α / IFN-β concentrations and interferon

signature gene scores. (c) Correlations between IFN-γ signature gene score and interferon signature gene

scores. Correlations and P-values were quantified using Kendall’s correlation coefficients (R).
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Supplementary Fig. 12. Classification of the MPA-MONO and MPA-IFN groups among 28 patients 

with newly-onset MPA. 
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(a) Serum IFN-α concentrations and the percentage of monocytes among PBMCs in the complete blood

count of samples from patients with MPA (only newly-onset patients, n = 28). The 3 samples with the

highest percentage of monocytes were classified as MPA-MONO (pink colored dots). The 8 samples with

the highest IFN-α concentrations were classified as MPA-IFN (green colored dots). (b) The monocyte ratio

in newly-diagnosed MPA-MONO (n = 3) and MPA-IFN ( n = 8) patients, tracked over a one-year period

since first hospitalization.



Supplementary Fig. 13. Pre-processing of FCS files to select for live single cells.
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The gating strategy for pre-processing FCS files to remove normalization beads and debris, and to select for

live single cells. FCS files containing only live cells were exported for subsequent Cydar analysis.
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