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Supplementary table S1. Association of lead SNPs in 11,516 controls and 6,748 SLE cases with 

European ancestry from the Immunochip association study pre and post-conditioning on 

rs35677470 in DNASE1L3.  

 Chr 3 

position 

(hg19) 

  Adjusted for rs35677470 

SNP P-value OR (95% CI) P-value OR (95% CI) 

rs35677470 58,183,636 1.6x10-7 1.25 (1.15-1.35) - - 

rs7624429 58,237,885 3.2x10-7 0.89 (0.85-0.93) 2.8x10-5 0.91 (0.86-0.95) 

rs73081554 58,302,935 1.3x10-7 1.26 (1.15-1.37) 0.144 1.13 (0.96-1.34) 

rs180977001a 58,318,464 2.5x10-8 1.27 (1.17-1.39) 0.043 1.19 (1.01-1.42) 

rs11130643 58,423,288 4.2x10-7 0.89 (0.85-0.93) 1.0x10-5 0.81 (0.74-0.89) 

a indicates imputed SNP. 

 
 

 

 

Supplementary table S2. Association of 3p14.3 risk and protective haplotypes with SLE. 

Frequency of haplotype     

Controls 
SLE 

cases 
P-value OR (95% CI) rs35677470 rs55646457 rs11130643 

0.574 0.574 0.08 1.08 (0.99 – 1.18) G T G 

0.353 0.340 2.1x10-7 0.78 (0.71 – 0.86) G A A 

0.068 0.079 9.0x10-8 1.58 (1.34 – 1.87) A T G 

 

 

Supplementary table S3. Counts, frequencies and effect size of rs35677470 genotypes in SLE 

cases and controls. 

 

Genotype counts 

 Genotype frequencies 

(%) 

 Odds Ratios 

(95% CI) 

rs35677470 GG AG AA  GG AG AA  AG AA 

DNASE1L3 

206 
RR RC CC 

 
RR RC CC 

 
RC CC 

SLE cases 5,675 1,022 51  84.1 15.1 0.76  
1.14 

(1.05 – 1.24) 

1.68  

(1.14 – 2.47) Controls 9,901 1,562 53  86.0 13.6 0.46  
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Supplementary table S4. Summary statistics for proposed protective haplotype SNPs associations 

with RA and SLE pre and post-conditioning on rs35677470. 

 

 

  

` rs4681677 rs6445975 rs11714515 rs11130643 

Position on Chr3 (hg19) 58,302,040 58,370,177 58,410,431 58,423,288 

Alleles     (Major, Minor) G,A A,C A,G G,A 

Rheumatoid 

Arthritis 

(from 

Westra et al 
201810) 

  

P value 0.01 8.11x10-6 1.74x10-5 7.1x10-4 

OR  

(95% CI) 

0.95  

(0.91 - 0.99) 

1.09  

(1.05 - 1.14) 

0.92  

(0.89 - 0.96) 

0.94  

(0.90 - 0.97) 

Post 

rs35677470 

conditioning 

P value 0.10 8.5x10-3 2.1x10-3 0.02 

OR  

(95% CI) 

0.97  

(0.93 - 1.01) 

1.06  

(1.01 - 1.10) 

0.94  

(0.91 - 0.98) 

0.96 

 (0.92 - 0.99)  

      

SLE (from 

this study) 

  

P value 9.6x10-6 7.3x10-8 1.6x10-5 4.2x10-7 

OR  

(95% CI) 

0.90  

(0.85 - 0.94) 

1.14  

(1.09-1.19) 

0.91  

(0.87-0.95) 

0.89  

(0.85-0.93) 

Post 

rs35677470 

conditioning  

P value 2.6x10-4 1.5x10-4 1.3x10-3 1.0x10-5 

OR  

(95% CI) 

0.91 

 (0.87 - 0.96) 

1.10  

(1.05-1.16) 

0.93  

(0.89-0.97) 

0.81 

 (0.74-0.89) 
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Supplementary figure S2.  Schematic showing the secretion of DNASE1L3 Arg206Cys is 

abrogated leading to anti-DNA autoimmunity. Adapted from Sisirak et al Cell 20162. 

(A) DNASE1L3 206Arg secreted by dendritic cells removes chromatin from NETosing neutrophils and 

prevents immune recognition of self-DNA/chromatin.  

(B) In the setting of a homozygous risk-allele carrier, DNASE1L3 206Cys secretion is abrogated and 

removal of DNA/chromatin from NETs is incomplete, thus allowing immune recognition of self-

chromatin.  B cells expressing anti-DNA antibody are activated and develop into T-dependent 

extrafollicular plasmablasts secreting anti-chromatin/DNA antibodies.  Anti-DNA antibodies form 

complexes with cell free chromatin from neutrophils NETs, contributing to autoimmune disease 

development.  

 

A        B  
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ONLINE METHODS 

Genetics 

Analyses were completed on a European ancestry cohort of 6,748 SLE cases and 11,516 controls 

genotyped on the Illumina Infinium Immunochip as part of a larger multi-ancestral Immunochip study 

in SLE (Langefeld et al Nature Communications 2017).13 The Immunochip microarray was designed 

specifically to fine map regions known to be associated with autoimmune and inflammatory diseases. 

Details on quality control, genotyping, imputation, and further cohort description have been previously 

reported in Langefeld et al Nature Communications 2017.13 Case-control association, as well as 

conditional association, were computed using SNPLASH (module SNPGWA 

https://github.com/guyrt/WFUBMC) for directly genotyped SNPs and SNPTEST for imputed SNPs. P-

values for the additive genetic model are reported in Table 1. After conditioning on rs35677470, a signal 

remained with top SNP rs11130643 under a recessive genetic model. We conditioned on both 

rs35677470 and rs11130643, identifying residual association with top SNP rs55646457, also recessive. 

Finally, we conditioned for all three SNPs and no effect remained. Haplotype analysis with rs35677470, 

rs55646457, and rs11130643 was computed using the EM algorithm as implemented in the 

DANDELION module of SNPLASH and the most significant haplotypes are reported in Table 2. 

 

Patient and Public Involvement 

The Genotype and Phenotype (GaP) Registry at The Feinstein Institutes for Medical Research provided 

fresh, de-identified human blood; blood was collected from consented control subjects under an IRB-

approved protocol (IRB# 09-081) and processed to isolate plasma and PBMC. The Committee for 

Participant Protection at The Feinstein Institutes for Medical Research approved this study 

(TAP0307.5.85). The GaP is a sub-protocol of the Tissue Donation Program (TDP) at Northwell Health 

and a national resource for genotype-phenotype studies (https://www.feinsteininstitute.org/robert-s-

boas-center-for-genomics-and-human-genetics/gap-registry/). Subjects were selected on the basis of 

rs35677470 genotype from Immunochip and/or the Global Screening Array (GSA).  

Patients in our studies are actively interested in advancing knowledge of autoimmunity, even when they 

participate as controls in protocols such as the GaP.  Thus, a Community Advisory Board comprised of 

diverse (ethnicity, age and gender) community members and study participants are consulted quarterly, 

and their input is integrated into the GaP study. Patients have not been involved in the design of the 

experimental work. There were no interventions in this study. The results will be communicated via 

publication and newsletters to patient participants. 

 

Recombinant DNASE1L3 expression plasmids 

The expression constructs DNASE1L3 pIRES-DsRed (Addgene plasmid #98845; 

http://n2t.net/addgene:98845; RRID: Addgene_98845) and DNASE1L3 R206C pIRES-DsRed (Addgene 

plasmid #98847; http://n2t.net/addgene:98847; RRID: Addgene_98847) were gifts from Peter Keyel (Shi 

et al Frontiers in Immunology 2017).15 These plasmids were transfected into HEK293 to express 

recombinant DNASE1L3 (rDNASE1L3) encoding 206Arg and 206Cys respectively. Empty vector pIRES2-

DsRed2 (Takara Bio 632420) was used as a control. 
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Cell line culture and transfection  

293 cells ((HEK293) ATCC CRL-1573™) were maintained in Dulbecco’s modified Eagle’s medium 

supplemented with 10% fetal bovine serum and 1% penicillin/streptomycin at 37C in 5% CO2. Transient 

transfection was performed with Lipofectamine 3000 (Invitrogen) according to the manufacturer’s 
protocol.  

 

Cell isolation and monocyte derived dendritic cell culture 

At least 1x108 PBMCs were isolated from fresh peripheral blood collected in sodium heparin vacutainer 

tubes using lymphocyte separation medium (Corning, 25-072-CV). DC, plasmacytoid DC and CD14+ 

monocytes were isolated from PBMC using STEMCELL Technologies Pan-DC Pre-Enrichment Kit, 

Plasmacytoid DC Enrichment Kit and Human CD14 Positive Selection Kit II. Monocyte-derived dendritic 

cells were attained by culturing CD14+ cells (1 million cells/mL) in RPMI-1640 supplemented with 10% 

fetal bovine serum, 1% antibiotics, Human Recombinant IL-4 (STEMCELL Technologies, 100ng/mL)and 

Human Recombinant GM-CSF (STEMCELL Technologies, 20ng/mL) for six days. On day three of 

stimulation, fresh cytokines were added to the culture media. On day six of culture, monocyte-derived 

dendritic cells were counted and seeded at one million cells/mL prior to treatment, as indicated in the 

figure legends. Monocyte-derived macrophages were differentiated by culturing CD14+ cells (1 million 

cells/mL) in RPMI-1640 supplemented with 10% fetal bovine serum, 1% antibiotics, and 25ng/mL M-CSF 

(STEMCELL technologies) for 7 days.  

 

Reagents used in cell culture experiments 

Cells were treated with brefeldin A (GolgiPlug, BD Biosciences) according to the manufacturer’s 
instructions. Similar results were obtained (data not shown) with protein transport inhibitor monensin 

(BD GolgiStop).  

 

Sample preparation 

Samples were harvested at the time-points indicated in the figure legends. For genotyping and 

transcript expression analysis cells were lysed and stored in Trizol. For protein analysis cells were lysed 

in RIPA buffer with Protease inhibitor cocktail (Pierce) and supernatants were filtered through 0.22 µm 

centrifuge tube filters (Costar® Spin-X®).  

 

Plasmid DNase enzyme activity assay  

GFP plasmid (pcDNA3.1+N-eGFP, Genscript) was used as an endonuclease substrate. Plasmid was 

prepared by Endo-free Maxi Kit (QIAGEN), and used as liposome-free DNA substrate, or combined with 

the liposome formulation DOTAP (Roche) at 12.5ng/μL where indicated, to mimic apoptotic bodies. 

Substrate plasmid (5μL at 1ng/μL) was combined with 45μL supernatants and incubated at 37C 

overnight. The reaction was stopped by cooling to 4C and the mixture was diluted 100 times prior to 

TaqMan qPCR assay (Mr00660654_cn). Where indicated commercial DNase I was spiked into control 

supernatants of untransfected cells.  
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Nuclear chromatin DNA fragmentation assay 

Isolation of HEK293 nuclei was performed using the Nuclei EZ Prep Nuclei Isolation Kit (Sigma Aldrich, 

NUC-101). Nuclei were stored in EZ Nuclei Storage buffer (S8933) at -80C at a concentration of 5-

6x105/µL. The nuclear chromatin DNA fragmentation assay was adapted from Napirei et al 2009. In the 

reaction mix, 2μL of approximately 1 million nuclei was combined with 5μL of plasma (from EDTA 

vacutainer collections) or cell culture supernatant and 25μL reaction buffer (64mM NaCl, 12mM TrisHCl, 

2.5mM CaCl2, 2.5mM MgCl2). Reaction mixtures were incubated at 37C overnight. 

 

Quantitative internucleosomal DNA fragmentation assay 

DNA was isolated from 2μL of the nuclear chromatin DNA fragmentation assay using the DNA Extract 

All Reagents Kit (Applied Biosystems, 4403319). Isolated DNA or neat plasma (from sodium heparin 

vacutainer collections) or neat supernatants were diluted 30 times in water and applied as template 

DNA in triplicate qPCR assays as described by Zane et al 2013, Biomedicine and Pharmacotherapy 

67;723. Briefly, ALU repeat sequences abundantly present throughout the human genome were 

targeted by assays to amplify short (83 base pairs) and long (244 base pairs) sequences. Generally, it is 

expected that the 83bp assay will amplify DNA of mononucleosomal (~180bp) and polynucleosomal 

(multiples of 180bp i.e., ~360bp, 540bp, 720bp etc.) fragment lengths, but the 244bp assay will only 

amplify polynucleosomal fragment lengths (i.e., 360bp and greater). The fold change of short to long 

fragments (plotted values) provides an estimate of polynucleosomal to mononucleosomal 

fragmentation. The qPCR reaction was performed on the ViiA 7 Quant Studio Real-Time PCR System 

(Applied Biosystems) in 10μL reaction volumes using TaqMan™ Gene Expression Master Mix (Applied 
Biosystems) under the following conditions: an initial denaturation step for 5 minutes at 95C followed 

by 40 cycles of denaturation for at 95C for 15 seconds and annealing/extension for 1 minute at 62C. 

Quantitative internucleosomal DNA fragmentation assay primer and probe sequences. 

Probe 6FAM-CCTGGCCAACATGGTGAAACCCC-TMR 

ALU83 forward 5’-CTGAGGTCAGGAGTTCGAGACC-3’ 

ALU83 reverse 5’-CCACGCC-CGGCTAATTTT-3’ 

ALU244 forward 5’-GCGGTGGCTCACGCCTGTAA-3’ 

ALU244 reverse 5’-GGAGTGCAGT- GGCGCGATCT-3’ 

  

 

Qualitative internucleosomal DNA fragmentation assay 

DNA was isolated from 32μL of the nuclear chromatin DNA fragmentation assay in a total of 100μL 

PBS using the GenFind V3 Blood, Cell, & Serum Genomic DNA Isolation Kit (Beckman Coulter, C34880) 

and analyzed by gel electrophoresis (1.75-2% agarose) alongside the Track-It 1Kb Plus DNA Ladder 

(ThermoFisher Scientific, #10488085). 
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Western blot 

Whole cell extracts and supernatants were resolved by SDS-PAGE (NuPAGE™ 10% Bis-Tris Protein Gels, 

ThermoFisher Scientific) and transferred to a polyvinylidene difluoride membrane using a transfer 

apparatus according to the manufacturer’s protocols (Novex). Membrane blocking was performed 
with LICOR blocking buffer. Blots were developed with the Clarity™ Western ECL Substrate (Bio-Rad) 

according to the manufacturer’s protocols. 

 

Antibodies used in Western blot 

Western blot membranes were incubated with the primary antibodies as indicated; Rabbit anti-

DNASE1L3 monoclonal antibody (Abcam, clone EPR9239), rabbit anti-DNASE1L3 polyclonal antibody 

(Abcam, ab152118) or mouse monoclonal antibody to β Actin (Invitrogen, AC-15). Horseradish 

peroxidase conjugated goat anti-rabbit antibody (Invitrogen, G-21234) and horse anti-mouse antibody 

(Cell Signaling, 7076) were used as secondary antibodies.  

Genotyping 

Experimental sample genomic DNA was extracted from monocyte-derived dendritic cells lysed in Trizol 

(Invitrogen) according to manufacturer’s instructions. The rs35677470 Taqman™ SNP genotyping 

assay (ThermoFisher Scientific) was used to confirm the genotypes of GAP donors, which were all in 

agreement with Immunochip/GSA genotypes. Control genomic DNA of both the rs35677470 

heterozygous and homozygous genotypes was obtained from the Boas Center Biorepository. 

 

Gene expression  

Quantitative PCR was performed using TaqMan™ Gene Expression Master Mix (Applied Biosystems) on 
a ViiA 7 Real-Time PCR System using TaqMan™ gene expression assays (ThermoFisher Scientific) for 
DNASE1L3 (Hs00894474_m1, which spans exons 6 to 7 of DNASE1L3, rs35677470 is located in exon 6 of 

8) and HPRT1 (Hs99999909_m1, Human HPRT1 (HGPRT) Endogenous Control). Similar results were 

obtained using DNASE1L3 gene expression assay Hs00172840_m1 (which spans exons 4 to 5 of 

DNASE1L3, data not shown).  

 

ELISA 

DNASE1L3 protein was quantified with DNASE1L3 ELISA (CUSABIO, CSB-EL007052HU).  The DNASE1L3 

ELISA consists of a mouse monoclonal capture antibody and a goat polyclonal detection antibody. The 

optical densities of fetal calf serum were below the detection limit indicating that the non-specific 

product detected with the polyclonal antibody in Western Blot was not detected by this ELISA. We note 

that the quantity of recombinant DNASE1L3 protein detected is significantly less than endogenous 

DNASE1L3 protein, which we speculate is due to possible differences in antibody affinity between the 

recombinant and endogenous protein.  

 

  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Ann Rheum Dis

 doi: 10.1136/annrheumdis-2020-218810–6.:10 2021;Ann Rheum Dis, et al. Coke LN



10 

 

Schematic Diagrams 

Experimental data was graphed using GraphPad Prism, schematic diagrams were generated using 

BioRender.  
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