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Supplementary Fig. 1: Circulating ASC and populations are correlated with SLE diseases 
Activity Index (SLEDAI). a, Positive correlation between the disease activity and frequencies of 
total peripheral blood ASC, CD19+ ASC, and CD19- ASC in total B cells and ASC combined 
XVLQJ�6SHDUPDQ·V�U�FRHIILFLHQW��n = 84). b, Positive correlation of disease activity and the 
frequencies of each ASC population in the peripheral blood in total B cells and ASC combined 
XVLQJ�6SHDUPDQ·V�U�FRHIILFLHQW��Q ������6RXUFH�GDWD�DUH�SURYLGHG�DV�D�6RXUFH�'DWD�ILOH�
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Supplementary Fig. 2: Blimp-1 and BCMA staining for circulating B cells and ASC 
populations from active SLE patients.  a, Representative staining of Blimp-1 on circulat-
ing B cells and ASC populations from active SLE patients. b, Representative staining of 
BCMA on circulating B cells and ASC populations from active SLE patients.
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Supplementary Fig. 3: Immune phenotype of circulating ASC in active SLE. a, Representa-
tive co-staining of intracellular Ki-67 and surface HLA-DR on ASC populations from influenza 
vaccinated heathy subjects on day 7 post immunization, active SLE patients and inactive 
SLE patients. b, Representative co-staining of surface CXCR3 and CXCR4 on ASC popula-
tions from influenza vaccinated heathy subjects on day 7 post immunization, active SLE 
patients and inactive SLE patients.
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Supplementary Fig. 4: IgG-expressing ASC are enriched in active SLE patients. a, Intracellu-
lar staining of peripheral blood ASC from active SLE patients (n = 6) or inactive SLE patients (n 
= 6) with isotype-specific antibodies. Ratios of IgG/IgA and IgG/IgM in all ASC populations from 
either active or inactive SLE patients are shown as mean ± SEM. Statistical significance was 
DVVHVVHG�XVLQJ�6WXGHQW·V�W�WHVW�EHWZHHQ�GLVHDVH�JURXSV�ZLWKLQ�WKH�VDPH�$6&�SRSXODWLRQ��b, 
Representative histograms show the expression of IgG, IgA and IgM in Pop 5 from both active 
and inactive SLE patients. c, The intracellular expression of IgA, IgG, and IgM in proliferating 
(Ki-67+) versus non-proliferating (Ki-67-) peripheral blood ASC from inactive SLE patients (n = 
����'DWD�DUH�VKRZQ�DV�PHDQ���6(0��6WDWLVWLFDO�VLJQLILFDQFH�ZDV�DVVHVVHG�XVLQJ�6WXGHQW·V�W�
test among disease groups within the same population. p values are shown on plots. Source 
data are provided as a Source Data file.
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Supplementary Fig. 5: Gating strategy for ASC populations sorting (Pop 2, Pop 3, Pop 4, and Pop 5) 
for next gene sequencing, and for ASC populations as well as naive B cells for RNA sequencing. 
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Supplementary Fig. 6: Heterogeneous SLE ASC responses share common precursors. AIRR-seq was 
used to analyze the clonal repertoire of ASC populations from 2 additional active SLE patients (see Fig. 5). 
a, Clonality of the repertoire in ASC populations is shown by plotting normalized lineage size versus the 
cumulative percent of sequences. Lineages are size-ranked in descending order along the extent of the 
y-axis representing 100% of all the sequences. Horizontal lines delineate the individual lineages. b, 
Stacked bar plots demonstrate the diversity of the repertoire by showing descending, size-ranked clones 
as segments comprising percentages of the total repertoire. The largest 10 clones of the reference popula-
tion pop 5 are colored, and like-colors in other populations show identical clones in other populations. c, 
Circos plot shows interconnectedness of the ASC populations by plotting the sequences from each popu-
lation in clonal size-ranked order with the largest clones being the most clockwise portion of each popula-
tion segment. Lines between ASC populations indicate matched clones between ASC populations. d, The 
Morisita Overlap Index demonstrates the similarity of repertoires in various ASC populations as a value 
from 0 (no similarity) to 1 (identical repertoire). The color strength is indicative of interconnectivity. e, The 
clonal relatedness of SLE ASC populations is shown by plotting the percent of shared clones with Pop 2, 
Pop 3, Pop 4, and Pop 5, respectively (y axis), within the top numbers of clones (x axis).
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Supplementary Fig. 7: Clonal connectivity and somatic hypermutation analysis of SLE ASC. a, Scatter 
plots display clone frequencies of two populations that are shared (in the middle) or unique (on the axis). 
Clone frequencies that are significantly different between the populations are colored with orange 
(increased on the X axis population) or blue (increased on the Y axis population). Percent of clones that 
were found to be shared between populations is shown in the top right. b, Somatic hypermutation 
frequencies of each ASC population from four active SLE patients. The curve shows the density of 
sequences at each mutation frequency and the vertical line is the average for the ASC population 
expressing either IgM, IgG or IgA. 
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Supplementary Fig. 8: SLE ASC express abnormal pathways. a, GSEA pathways analysis shows 
the top pathways that are modulated in the four patterns identified in Fig. 6d. b, GSEA pathways 
analysis identifies the top pathways that are upregulated in ASC populations and naïve B cells from 
active SLE patients versus vaccinated healthy subjects. c, KEGG pathway analysis of DEG identified 
from the SLE and post-vax HC for each ASC populations. 



Supplementary Table 1: Summary statistics of repertoire analysis for ASC from active SLE 
samples. ASC populations from four active SLE patients were used to analyze their clonal 
repertoire by using next generation sequencing. Numbers of sorted cells, of sequences and 
of lineages are listed for all populations in each individual. The D20 (D50) measure is the 
number of the largest lineages in a size-ordered list that span 20% (50%) of the sequences. 


