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Supplementary Figure 1. Association of peripheral pDCs with other immunological parameters. (A) 

Percentage and absolute numbers of pDCs are closely correlated (results merged from healthy 

controls, At-Risk individuals, patients with SLE and pSS. (B) Higher IFN Score A was correlated to a 

higher ENA count. (C) The percentage of pDCs in peripheral blood showed no correlation with ENA 

count. (D) Association of percentage of pDCs in peripheral blood and lymphocyte count in At-Risk 

individuals. (E) Association of percentage of pDCs in peripheral blood and lymphocyte count in 

patients with SLE. (F) Association of percentage of pDCs in peripheral blood and lymphocyte count 

in patients with pSS. Data are represented as mean ± SEM. Nonlinear regression (A-F). 

 



 
 
 
 
 
 
 
 
 

  

Figure S2. (A-D) No association between TLR9- and TLR7-mediated IFN-α production and 

Supplementary Figure 2. Phenotyping peripheral pDCs in At-Risk individuals and patients 

with SLE in comparison with healthy controls (HC) for the expression of HLA-DR (A), BDCA-

2 (B), CD123 (C), ILT2 (D), BST2 (E), and ILT7 (F). Data are represented as mean ± SEM. 

*P < 0.05; ***P <0.001. 2-way ANOVA (A-F). 



 
 

 
 
 
 

Supplementary Figure 3. (A-D) No association between TLR-mediated IFN-α production 

and IFN Score A in SLE patients and at-risk individuals. (E) Association of percentage of IFN-

α production by pDCs and TLR9 expression in patients with SLE. (F) Association of 

percentage of IFN-α production by pDCs and TLR7 expression in patients with SLE. (G) 

Gating of HLA-DR-CD303+ cells from cultured PBMCs. (H) No production of IFN-α or TNF-α 

was detected by HLA-DR-CD303+ cells after TLR9 stimulation (ODN 2216). Data are 

represented as mean ± SEM. Nonlinear regression (A-F). 



 
  Supplementary Figure 4. Reactome Pathway Enrichment in differentially expressed genes 

in pDCs of IFNlow SLE patients (A), IFNhigh SLE patients (B) and genes commonly expressed 

to both (C) in comparison with pDCs from healthy controls. 



 
 
 
  
 
 
 
 
  

Supplementary Figure 5. Differentially expressed genes in pDCs of healthy controls 

(HC), at-risk individuals (At-Risk), IFNlow SLE and IFNhigh SLE patients: (A) Chemokines; 

(B) NF-κB inhibitors; (C) Phosphatases; (D) Transcriptional repressors. 



  
Supplementary Figure 6. Differentially expressed transcripts in At-Risk pDCs compared 

to IFNlow SLE pDCs (A) and IFNhigh SLE pDCs (B). 



 
  Supplementary Figure 7. Reactome Pathway Enrichment in differentially expressed genes 

in pDCs of At-Risk individuals in comparison with pDCs from healthy controls. (A), Enriched 

pathways for genes commonly expressed in pDCs of At-Risk individuals and SLE patients 

in comparison with pDCs from healthy controls. 



 
 
  Supplementary Figure 8. Reactome Pathway Enrichment in the commonly differentially 

expressed genes in pDCs of IFNlow SLE (A) and IFNhigh SLE patients (B) in comparison 

with pDCs from At-Risk individuals. 

 



 
  
Supplementary Figure 9. Differential expression of Toll-like receptors (TLRs) in pDCs of 

healthy controls (HC), at-risk individuals (At-Risk), and SLE patients. 



 

Supplementary Figure 10. Differential expression of type I, II, and III IFNs in pDCs of 

healthy controls (HC), At-risk individuals (At-Risk), and SLE patients. 



 
 
  Supplementary Figure 11. Differential expression of chemokine receptors in pDCs of 

healthy controls (HC), At-risk individuals (At-Risk), and SLE patients. 



 
 
 
 
 
 
 
  

Supplementary Figure 12. Differential expression of chemokines in pDCs of healthy 

controls (HC), At-risk individuals (At-Risk), and SLE patients. 



 
 
 
  
Supplementary Figure 13. Expression of interferon-induced GTP-binding protein MxA in 

the epidermis from skin biopsies of healthy controls (n = 3), skin biopsies of At-Risk 

individuals (n = 3), and non-lesional skin biopsies of SLE patients (n = 3) using 

immunohistochemistry (IHC). MxA positivity is indicated accordingly by the intensity of 

brown staining. Representative IHC images of: (A) healthy control, (B) At-Risk, and (C) SLE. 



 
 
 
 
  

Supplementary Figure 14. Representative pictures of in situ hybridization using RNAscope 

Multiplex Fluorescent Reagent Kit v2 (Advanced Cell Diagnostics): (A) negative control; (B) 

positive control (proprietary probes provided by the manufacturer). Scale bars: 100 µm. 

 



  
Supplementary Figure 15. Area of leucocyte infiltration and connective tissue of a patient 

with SLE with active skin lesion. Skin biopsies were hybridized using RNAscope in situ 

hybridization technology with custom-designed target probes for IFNA2 and IFNK. 

Hybridization signals were amplified and detected using TSA Plus fluorescein (FITC) for 

IFNA2 and TSA Plus Cyanine 3 (Cy3) for IFNK. Nuclei were highlighted using DAPI. IFNA2 

expression was detected in cells within the connective tissue but not in infiltrating leucocytes. 

Scale bars: 100 µm. 



 
 
 
  
Supplementary Figure 16. Expression of BDCA-4 positive cells in skin biopsies from of 

healthy controls (n = 3), skin biopsies of At-Risk individuals (n = 3), and non-lesional skin 

biopsies of SLE patients (n = 3) using immunofluorescence. Isolated pDCs by negative 

selection were used as positive control: (A) unstained, (B) BDCA-4 stained. BDCA-4 

positivity is indicated by the red fluorescence. No expression of BDCA-4 was identified in 

any of the skin biopsies acquired from healthy controls (C), At-Risk individuals (D), and SLE 

patients (E). 



 
 
 
 
  

Supplementary Figure 17. Human dermal fibroblasts were isolated from fresh skin biopsies 

and were then cultured in the absence or presence of Poly I:C (1 μg/mL) or Poly dA:dT (100 

ng/mL). (A) Expression level of IFNB1 in dermal fibroblasts from healthy controls (HC), At-

Risk individuals (At-Risk), SLE patients (SLE), and patients with cutaneous discoid lupus 

erythematosus (CDLE) after in vitro culture for 24 hours. (B and C) Raw qPCR data for IFNK 

expression of dermal fibroblasts from all samples; no expression detected. Data are 

represented as mean ± SEM. ***P < 0.001. 2-way ANOVA (A). 



 
Age, median (range) years 44 (18 -76) 

Female patients (%) 94 
Ethnicity (%)  
Caucasian 74 

South Asian 16 
East Asian 5 

African/Caribbean 5 
Clinical symptoms: BILAG Score 

A/B (%)  
Mucocutaneous 23 
Musculoskeletal 23 
Haematological 3 

Renal 16 
Neurological 3 

Cardiorespiratory 2 
Gastrointestinal 3 

Opthalmic 0 
General 0 

Hydroxychloroquine (%) 83 
Other immunosuppressants (%)  

Methotrexate 14 
Azathioprine 18 

Mycophenolate mofetil 27 
Cyclophosphamide 1 
Oral steroids (%) 47 

 
Supplementary Table 1. Clinical characteristics and treatment of SLE patients. 



 
  Supplementary Table 2. Top 50 genes that are differentially expressed in 

pDCs of IFNlow SLE patients in comparison with pDCs from healthy controls 

(HC). 



 
 Supplementary Table 3. Top 50 genes that are differentially expressed in 

pDCs of IFNhigh SLE patients in comparison with pDCs from healthy controls 

(HC). 



 
  Supplementary Table 4. Genes that are differentially expressed in pDCs of both IFNlow and 

IFNhigh SLE patients in comparison with pDCs from healthy controls (HC). 



 
 

  
Supplementary Table 5. Top 50 genes that are differentially expressed in pDCs 

of At-Risk individuals in comparison with pDCs from healthy controls (HC). 



 
  Supplementary Table 6. Top 50 genes that are differentially expressed in pDCs 

of At-Risk individuals in comparison with pDCs from IFNlow SLE patients. 



 
 
 
  
  

Supplementary Table 7. Top 50 genes that are differentially expressed in pDCs 

of At-Risk individuals in comparison with pDCs from IFNhigh SLE patients. 



REAGENT or RESOURCE SOURCE IDENTIFIER 
Antibodies 

Anti-human CD3 clone BW264/56, VioBlue Miltenyi Biotec Cat# 130-094-363 

Anti-human CD3 clone BW264/56, VioGreen Miltenyi Biotec Cat# 130-096-910 

Anti-human CD4 clone M-T466, APC-Vio770 Miltenyi Biotec Cat# 130-100-457 

Anti-human CD19 clone LT19, VioBlue Miltenyi Biotec Cat# 130-098-598 

Anti-human CD14 clone TÜK4, VioBlue Miltenyi Biotec Cat# 130-094-364 

Anti-human CD56 clone B159, BV450 BD Biosciences Cat# 560360 

Anti-human CD11c clone MJ4-27G12, VioBlue Miltenyi Biotec Cat# 130-097-328 

Anti-human HLA-DR clone AC122, APC-Vio770 Miltenyi Biotec Cat# 130-104-200 

Anti-human CD123 clone AC145, PerCP-Vio700 Miltenyi Biotec Cat# 130-103-802 

Anti-human CD303 (BDCA-2) clone AC144, FITC Miltenyi Biotec Cat# 130-090-510 

Anti-human CD304 (BDCA-4) clone AD5-17F6, 

VioBright FITC 

Miltenyi Biotec Cat# 130-104-272 

Anti-human CD85g clone REA100, PE-Vio770 Miltenyi Biotec Cat# 130-099-009 

Anti-human CD85j clone GHI/75, PE-Vio770 Miltenyi Biotec Cat# 130-101-552 

Anti-human CD69 clone FN50, FITC Miltenyi Biotec Cat# 130-092-166 

Anti-human CD25 clone 4E3, PE Miltenyi Biotec Cat# 130-091-024 

Anti-human CD317 clone RS38E, PE BioLegend Cat# 348406 

Anti-human IFN-α clone LT27:295, APC Miltenyi Biotec Cat# 130-092-602 

Anti-human TNF-α cA2, PE-Vio770 Miltenyi Biotec Cat# 130-096-755 

Anti-human IL-6 clone MQ2-13A5, PE Miltenyi Biotec Cat# 130-096-086 

Anti-human IFN-γ clone 45-15, APC Miltenyi Biotec Cat# 130-091-640 

Anti-human IL-10 clone JES3-9D7, PE Miltenyi Biotec Cat# 130-096-043 

Anti-human TNF-α clone Mab11, APC/Cy7 BioLegend Cat# 502944 

Anti-human IFN-γ clone 4S.B3, PE/Cy7 BioLegend Cat# 502528 

Anti-human IL-17A clone BL168, APC BioLegend Cat# 512334 

Anti-human TLR9 clone eB72-1665, APC BD Biosciences Cat# 560428 

Anti-human TLR7 clone 533707, PE R&D Cat# IC5875P 

Anti-human FoxP3 clone 3G3, APC Miltenyi Biotec Cat# 130-093-013 

Human TNF alpha antibody clone 1825 R&D Systems Cat# MAB210-SP 

Anti-Mx1 rabbit polyclonal  Abcam Cat# ab95926 

Anti-BDCA-4 rabbit monoclonal Abcam Cat# ab81321 



Anti-rabbit polyclonal biotin-conjugated secondary 

antibody 

Sigma-Aldrich Cat# SAB3700930 

AffiniPure Donkey Anti-Rabbit IgG (H+L), PE Jackson 

ImmunoResearch 

Cat# 711-005-152 

Chemicals, Peptides, and Recombinant Proteins 

ODN 2216 Miltenyi Biotec Cat# 130-100-243 

ORN R-2336 Miltenyi Biotec Cat# 130-104-431 

Human IL-3, premium grade  Miltenyi Biotec Cat# 130-095-071 

Human TNF-α, premium grade Miltenyi Biotec Cat# 130-094-014 

Hydrogen peroxide solution [30% (w/w) in H2O2] Sigma-Aldrich Cat# H1009 

Prolong Gold Antifade Mountant ThermoFischer 

Scientific 

Cat# P36930 

Poly(I:C) LMW InvivoGen Cat# 31852-29-6 

Poly(dA:dT) InvivoGen Cat# 86828-69-5 

TaqMan Universal PCR master Mix ThermoFischer 

Scientific 

Cat# 4304437 

SYBR Green PCR Master Mix ThermoFischer 

Scientific 

Cat# 4309155 

T cell activation/expansion kit Miltenyi Biotec Cat# 130-091-441 

7-AAD Staining Solution Miltenyi Biotec Cat# 130-111-568 

Annexin V-FTIC kit Miltenyi Biotec Cat# 130-092-052 

DQ Ovalbumin Molecular Probes Cat# D-12053 

Streptavidin peroxidase Sigma-Aldrich Cat# S2438 

Critical Commercial Assays 

Diamond Plasmacytoid Dendritic Cell Isolation Kit II Miltenyi Biotec Cat# 130-097-240 

Naive CD4+ T Cell Isolation Kit II Miltenyi Biotec Cat# 130-094-131 

Intracellular Fixation & Permeabilization Buffer Set eBioscience Cat# 88-8824-00 

FoxP3 Staining Buffer Set Miltenyi Biotec Cat# 130-093-142 

CellTrace Violet Cell Proliferation Kit ThermoFischer 

Scientific 

Cat# C34571 

Total RNA Purification Kit Norgen Biotek Cat# 17200 

PicoPure RNA Isolation Kit ThermoFischer 

Scientific 

Cat# KIT0204 



Qubit RNA HS Assay Kit ThermoFisher 

Scientific 

Cat# Q32852 

SMART-Seq V4 ultra low Input RNA Kit Takara Bio Cat# 634888 

Nextera XT DNA Library Preparation Kit Illumina Cat# FC-131-1024 

Telomere PNA Kit/FITC for Flow Cytometry Agilent Cat# K532711-8 

Superfrost plus slides ThermoFisher 

Scientific 

Cat# J1800AMNT 

RNAscope Multiplex Fluorescent Reagent Kit v2 Advanced Cell 

Diagnostics 

Cat# 323100 

TSA Cy 3, Cy 5, TMR, Fluorescein Evaluation Kit Perkin Elmer Cat# NEL760001KT 

RevertAid First Strand cDNA Synthesis Kit ThermoFisher 

Scientific 

Cat# K1622 

QuantiFast SYBR Green PCR Kit Qiagen Cat# 204054 

Quick-RNA MiniPrep Kit Zymo Research Cat# R1055A 

Human IFN alpha Platinum ELISA Invitrogen Cat# BMS216 

Experimental Models: Cell Lines 

Human: 1301 cell line Sigma-Aldrich Cat# 0105161 

Oligonucleotides 

U6snRNA Primer: Forward 5ʹ-

CTCGCTTCGGCAGCACA-3ʹReverse 5ʹ-

AACGCTTCACGAATTTGC-3ʹ 

Sigma-Aldrich N/A 

IFNK Primer  Qiagen Cat# QT00197512 

IFNA Primer Qiagen Cat# QT00212527 

IFNB1 Primer Qiagen Cat# QT00203763 

IFNL1 Primer Qiagen Cat# QT00222495 

Software and Algorithms 

Prism 7 Graphpad Software, Inc. https://www.graphpad.com/ 

FACS DiVA BD Biosciences http://www.bdbiosciences.com/ 

CytExpert 2.0 Beckman Coulter https://www.beckman.com/ 

Fluidigm Real Time PCR 

Analysis 

Fluidigm https://www.fluidigm.com/software 

FastQC BaseSpace Labs https://www.illumina.com/ 



Cutadapt Cutadapt http://cutadapt.readthedocs.io/en/stab

le/index.html/ 

Table Browser UCSC Genome Browser https://genome.ucsc.edu/ 

QualiMap 2.0 QualiMap http://qualimap.bioinfo.cipf.es/ 

Picard tools Broad Institute https://broadinstitute.github.io/picard/ 

ReactomePA Bioconductor https://www.bioconductor.org/ 

KEGG Kyoto University https://www.genome.jp/kegg/ 

Nikon NIS Elements Nikon Instruments https://www.nikoninstruments.com/ 

Other 

50mL Leucosep Tubes Greiner Bio-One Cat# 89048-938 

 
 Supplementary Table 8. Key resources. 


