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Supplementary figure S1 Scheme of the study design.  

This study contains two parts: bulk and single cell RNA-seq.  

Supplementary figure S2 Transcriptional profiling of rheumatoid arthritis 

demonstrates hemostasis and nucleosome assembly. 

(A) Gene ontology term enrichment of biological processes for up-regulated expression 

of genes showing nucleosome assembly and hemostasis. (B) KEGG pathway analysis 

revealed that the up-regulated expression genes were significantly enriched in the 

‘systemic lupus erythematosus’ pathway. (C) Metascape network analysis of enriched 

GO terms for up-regulated expression of genes, indicating hemostasis and 

megakaryocyte differentiation. (D) Protein-protein interaction showing the interactive 

up-regulated expression of genes involved in the histone structure (red). (E) GO term 

enrichment of biological processes for down-regulated expression of genes, showing 

the regulation of immune system process. (F) KEGG pathway analysis revealing that 

the down-regulated expression genes were significantly enriched in cytokine-cytokine 

receptor interaction pathway. (G) Metascape network analysis of enriched GO terms 

for down-regulated expression of genes, indicating granulocyte activation. (H) Protein-

protein interaction showing the interactive up-regulated expression of genes involved 

in the cytokine-cytokine interaction (red). Poly: polyautoimmunity. 

 

Supplementary figure S3 Transcriptional profiling of systemic lupus 

erythematosus demonstrates hemostasis and nucleosome assembly. 

(A) Gene ontology (GO) term enrichment of biological processes for up-regulated 

expression of genes showing the nucleosome assembly and complement activation. (B) 

KEGG pathway analysis revealed that the up-regulated expression genes were 

significantly enriched in ‘systemic lupus erythematosus’ pathway. (C) Metascape 

network analysis of enriched GO terms for up-regulated expression of genes, indicating 

hemostasis and megakaryocyte development and platelet production. (D) GO term 

enrichment of biological processes for down-regulated expression of genes showing 

myeloid leukocyte migration. (E) KEGG pathway analysis revealed that the down-
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regulated expression genes were significantly enriched in cytokine-cytokine receptor 

interaction pathway. (F) Metascape network analysis of enriched GO terms for down-

regulated expression of genes, indicating granulocyte activation. (G) Protein-protein 

interaction showing interactive up-regulated expression of genes involved in cytokine-

cytokine interaction (red). Poly: polyautoimmunity. 

 

Supplementary figure S4 Transcriptional profiling of primary Sjögren’s 

syndrome demonstrates hemostasis and nucleosome assembly. 

(A) Gene ontology (GO) term enrichment of biological processes for up-regulated 

expression of genes showing the nucleosome assembly and hemostasis. (B) KEGG 

pathway analysis revealed that the up-regulated expression genes were significantly 

enriched in the ‘systemic lupus erythematosus’ pathway. (C) Metascape network 

analysis of enriched GO terms for up-regulated expression of genes, indicating 

hemostasis and megakaryocyte differentiation. (D) Protein-protein interaction showing 

interactive up-regulated expression of genes involved in the histone structure (wathet 

blue). (E) GO term enrichment of biological processes for down-regulated expression 

of genes showing the leukocyte chemotaxis. (F) KEGG pathway analysis revealed that 

the down-regulated expression genes were significantly enriched in the cytokine-

cytokine receptor interaction pathway. (G) Metascape network analysis of enriched GO 

terms for down-regulated expression of genes, indicating granulocyte activation. (H) 

Protein-protein interaction showing the interactive up-regulated expression of genes 

involved in cytokine-cytokine interactions (red). Poly: polyautoimmunity. 

 

Supplementary figure S5 Transcriptional profiling of polyautoimmunity 

demonstrates hemostasis and nucleosome assembly. 

(A) Gene ontology (GO) term enrichment of biological processes for up-regulated 

expression of genes showing the nucleosome assembly and hemostasis. (B) KEGG 

pathway analysis revealed that the up-regulated expression genes were significantly 

enriched in the ‘systemic lupus erythematosus’ pathway. (C) Metascape network 
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analysis of enriched GO terms for up-regulated expression of genes, indicating 

hemostasis and megakaryocyte development and platelet production. (D) GO term 

enrichment of biological processes for down-regulated expression of genes showing the 

cellular response to stimulus. (E) KEGG pathway analysis reveals that the down-

regulated expression genes were significantly enriched in cell adhesion molecules and 

cytokine-cytokine receptor interaction pathway. (F) Metascape network analysis of 

enriched GO terms for down-regulated expression of genes, indicating myeloid cell 

activation involved in immune response. (G) Protein-protein interaction showing the 

interactive up-regulated expression of genes involved in cytokine-cytokine interaction 

(red). Poly: polyautoimmunity. 

 

Supplementary figure S6 Common gene expression signature across rheumatoid 

arthritis, systemic lupus erythematosus, primary Sjögren’s syndrome and 

polyautoimmunity. 

(A) Metascape network analysis of enriched gene ontology (GO) terms and KEGG 

pathways for common 446 up-regulated expression of genes, indicating megakaryocyte 

differentiation. (B) Protein-protein interaction of common 446 up-regulated expression 

of genes showing the interactive genes involved in histone structure (red) and platelet 

activation (green). (C) Gene-set enrichment analysis (GSEA) plot showing the 

enrichment of ‘GO platelet activation’ (left, up-regulated (red); right, downregulated 

(blue)) by the ADs (case) versus controls (NC). NES: normalized enrichment score. (D) 

GO term enrichment of biological processes for 165 common down-regulated 

expression of genes showing the inflammatory response and chemotaxis. (E) KEGG 

pathway analysis reveals that the 165 common down-regulated expression genes were 

significantly enriched in the cell adhesion molecules (CAMs) pathway. (F) Hierarchical 

heatmap showing the common GO term and pathway across RA, SLE, pSS and 

polyautoimmunity. (G) Heatmap showing the common 25 transcription factors across 

RA, SLE, pSS and polyautoimmunity. Poly: polyautoimmunity.  
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Supplementary figure S7 Expression of megakaryocyte marker genes and immune 

cell composition indicated megakaryocyte expansion in autoimmune diseases.  

(A) The real-time quantitative PCR validated the gene expression of transcription 

factors, GATA1, TAL1, PBX1, GFI1B and MEIS1. *P<0.05; **P<0.01; ***P<0.001 by 

Kruskal-Wallis test. (B) Immune cell composition generated by xCell-, ABIS-, 

CIBERSORT-inferred enrichment score of cell types. *P<0.05; **P<0.01; ***P<0.001 

by Kruskal-Wallis test. (C) Violin plots of relative gene expression of megakaryocyte 

markers, PPBP, PF4, GNG11 and GP9, across healthy controls, RA, SLE, pSS and 

polyautoimmunity. *P<0.05; **P<0.01; ***P<0.001 by Brown-Forsythe test.  Poly: 

polyautoimmunity. 

 

Supplementary figure S8 Megakaryocytes presented high expression of lineage-

specific transcription factors and PTCRA.   

(A) Representative fluorescence-activated cell sorting plots for the identification of 

megakaryocytes. After gating for megakaryocytes by forward versus side scatter (FSC 

vs SSC), megakaryocytes were characterized as CD34+CD41b+, CD34+CD42b+, 

CD34+CD61+ and CD42b+CD61+. (B) Feature plots for megakaryocyte lineage-

specific transcription factors (PAX1, GATA1, TAL1) and estrogen-related transcription 

factor (MEIS1). The color legend shows the log1p normalized expression levels of the 

genes. (C) Violin plots of expression of PTCRA in 13 cluster. (D) Volcano plot showing 

the differential expressed genes (DEGs) in megakaryocytes from healthy control and 

autoimmune diseases, in which PTCRA was marked. (E) Violin plot showing the 

expression of PTCRA in megakaryocytes from healthy control and autoimmune 

diseases (P<0.001). (F) Gene ontology (GO) term enrichment of biological processes 

for differentially expressed genes of megakaryocyte cluster. (G) Heatmap showing the 

indicated transcription factor generated by SCENIC. 

 

Supplementary figure S9 Megakaryocyte subpopulations and communicated with 

other immune cells. 
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(A) Gene ontology (GO) term enrichment of biological processes for differentially 

expressed genes of megakaryocyte showing translational initiation in ADs, compared 

with healthy control. (B) Single-cell differentiation trajectory showing expression of 

megakaryocyte gene signature. (C) Branched heatmap of the relative expression genes 

along the inferred pseudotime axis corresponding to cell fate 1 and cell fate 2. (D) Gene 

ontology (GO) enrichment of differentiated expressed genes between cell fate 1 and 

cell fate 2. (E) Representative pseudo-temporal expression dynamics of PTCRA. 

(F)Dot plots of ligand/receptor pair expression in megakaryocytes and the other 

immune cells. 

 

Supplementary figure S10 Low-density granulocytes were identified in PBMCs 

from RA, SLE and pSS. 

(A) The low-density granulocytes (LDGs) were filtered from PBMCs based on their 

expression of CMTM2 and FCGR3B. (B) The representative terms of gene ontology 

biological processes enriched of up-regulated expression genes in ADs compared with 

healthy controls.  

 

Supplementary figure S11 Representative examples of TCR α and β between RA 

and healthy control. 

(A) The circus plots show the rearrangements of the TCR chains across different T cell 

subsets in PBMC from RA and healthy control. (B) Representation of TCR α chain 

variable (TRAV) and TCR β chain variable (TRBV) gene segment usage in RA and 

healthy control. 
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