
Supplementary Materials and Methods 

Patients and controls 

All pSS patients met the AECG classification-criteria [1]. nSS patients presented with 

dryness-complaints without a known cause, did not have any generalized autoimmune 

disease including pSS as evaluated by an experienced rheumatologist, and did not fulfil the 

classification-criteria for pSS. Patient data for pDC and salivary gland RNA sequencing can 

be found in the previously published papers [2,3]. For monocyte mRNA analysis and FACS 

experiments, independent donors were included (Supplementary Table 1). The medical 

ethics committee of the UMC Utrecht approved blood draw for isolation of immune cells (nr 

13-697), all patients gave their written informed consent. Salivary gland tissue was surplus 

tissue that was provided pseudonymised, for which ethical approval was obtained 

according to the guidelines of the hospital’s ethical committee (nr 14-589). 

Cell sorting and RNA isolation 

Peripheral blood mononuclear-cells were isolated from heparinized peripheral blood by 

density centrifugation using Ficoll-Paque Plus (GE Healthcare) and Accuspin tubes (Sigma). 

pDCs were isolated by MACS using BDCA-4+ isolation kit (Miltenyi Biotec). Monocytes were 

isolated by MACS using the CD14+ isolation kit (Miltenyi). Cells were lysed in RLTPLus 

buffer (Qiagen Allprep Universal kit) supplemented with beta-mercaptoethanol (final 

concentration 1%) for mRNA analyses. Cryo-preserved salivary gland tissue was stored in 

Tissue-Tek at -80°C. Sixty sections of 20μm were cut from each biopsy and lysed in RLT-

plus (Qiagen) supplemented with beta-mercaptoethanol (final concentration 1%). Lysates 

were stored at -80°C until DNA/RNA purification. Total RNA was purified using AllPrep 

Universal Kit (Qiagen), according to the manufacturer’s instructions. RNA concentration 

was assessed with Qubit RNA Kit (Thermo Fisher Scientific).  

 

mRNA quantification and IFN-score calculation 

For pDCs and salivary gland tissues, RNA-sequencing and analysis was performed 

independently as previously described [2,3]. In pDCs, batch-corrected data from both 

discovery and replication cohorts (described in [2]) was used to assess TRIM21 expression 

in pDCs. For monocytes, TRIM21 expression was quantified using quantitative-PCR in 



duplicate per sample using SYBR Select Master Mix (Applied Biosystems) and the 

Quantstudio system (Thermo Fisher Scientific). TRIM21 mRNA expression was measured 

and normalized to the mean expression of two housekeeping genes: GAPDH and GUSB. 

Expression was related to the ΔCt of a random sample in the HC group (reference). For 

cultured cells, TRIM21 expression was quantified using HPRT as a housekeeping gene and 

expression was related to the unstimulated condition (reference).  The relative fold-change 

(FC) was calculated according to the formula FC=2-ΔΔCt, where ΔΔCt = ΔCt sample – ΔCt 

reference. 

 

To determine the IFN-score, the relative expression of five IFN-induced genes (IFI44L, 

IFI44, IFIT3, LY6E, and MX1) was retrieved from RNA-sequencing data (pDCs) or assessed 

using qPCR (monocytes). Expression in each sample was normalized to the mean 

expression of two housekeeping genes: GAPDH and GUSB. The IFN-score was calculated as 

previously described [4] and divided by the number of genes measured (five). 

 

Flow-cytometry and ImageStream 

For analysis of TRIM21 expression, freshly isolated or thawed PBMCs were stained with 

live/dead fixable AQUA stain kit (ThermoFisher) and Fc-receptors were blocked using 

Human IgG isotype control (Thermofisher) and human Truestain Fc blocker (Biolegend). 

Cells were stained with antibodies against subset markers (Supplementary Table 2) and 

polyclonal rabbit anti-TRIM21 APC (Assaypro) or an isotype control (rabbit IgG-APC, 

Assaypro) where appropriate. For intracellular staining, cells were then fixed and 

permeabilized using the FoxP3/Transcription factor buffer set (eBioscience) according to 

manufacturer’s instructions and incubated with rabbit anti-TRIM21 APC or an isotype 

control. Analysis was done using the Amnis ImageStream or FACSCantoII (BD Bioscience). 

 

Cell culture and western blot 

PBMCs were cultured in RPMI 1640 supplemented with 10% fetal bovine serum, 1% 

penicillin-streptomycin, and 1% L-Glutamine (all Gibco) at 4*106 cells/mL. Cells were 

cultured for 24 hours in the presence or absence of 50ng/mL of IFN-β. 



Surface protein biotinylation and cell lysis through sonication were performed using the 

Pierce cell surface protein isolation kit (ThermoFisher Scientific) according to 

manufacturer’s instructions. Fractions were boiled for 10 minutes in the presence of DTT, 

after which they were loaded on precast NuPAGE Novex 4-12% Bis-Tris protein gels 

(ThermoFisher Scientific) with a Chameleon prestained protein ladder (LI-COR). After 

running of the gel, proteins were transferred onto a nitrocellulose membrane using the 

iBlot system (ThermoFisher Scientific). Membranes were blocked for 1 hour at 20°C in 

Odyssey blocking Buffer (LI-COR). Then, membranes were incubated with 0.5 µg/mL 

sheep-anti TRIM21 (R&D Systems) in blocking buffer for 18 hours at 4°C. After washing, 

membranes were incubated with 100 ng/mL IRDye 800CW donkey-anti-goat IgG (LI-COR; 

cross-reactive with sheep IgG) for 1 hour at 20°C. Protein contents were visualized using a 

LI-COR Odyssey 3.0. Then, the membranes were reblotted for actin-β: first, the membranes 

were blocked for 1 hour at 20°C in Odyssey blocking buffer, then the membranes were 

incubated with 2 µg/mL mouse anti-actin-β (Sigma) in blocking buffer at 4°C for 18 hours. 

After washing, the membranes were incubated with 100 ng/mL IRDye 680RD donkey-anti-

mouse IgG (LI-COR) at 20°C. After visualization, membranes were reblotted for Sodium 

Potassium ATPase in a similar way, using 67 ng/mL rabbit anti-Sodium Potassium ATPase 

(Sigma) in blocking buffer and 100 ng/mL IRDye 800CW donkey-anti-rabbit IgG (LI-COR), 

and visualized. Surface TRIM21 expression upon stimulation with IFN-β was quantified 

using ImageJ in relation to the unstimulated condition, which was set at 1. 

 

Statistical analyses 

Differences in TRIM21 gene expression between pSS and nSS/HC donors were evaluated 

using Kruskal-Wallis test with post-hoc Dunn’s multiple comparison test. Differences in 

TRIM21 protein level between patients and controls or between unstimulated and 

stimulated conditions were evaluated using Mann-Whitney U-test. Differences were 

considered to be statistically significant at p<0.05. Statistical analysis was performed using 

Graphpad Prism v8 or SPSS v25. 
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 Monocyte qPCR FACS experiments 

 HC nSS pSS HC pSS 

n (F/M) 18 [17/1] 13 [13/0] 27 [23/4] 10 [9/1] 10 [10/0] 

Age (years) 54 [49-58] 45 [41-69] 50 [37-58] 40 [36-44] 53 [47-66] 

LFS (foci/4 mm2) - 0.0 [0.0-0.3] 2.0 [1.3-3.0] - 1.9 [1.4-2.4] 

ESSDAI - - 5 [2-9] - 6.0 [4.0-8.5] 

ESSPRI - - 5 [2-7] - 6.0 [3.8-7.5] 

Schirmer (mm/5 min) - 7 [2-12] 8 [4-23] - 10 [5-18] 

serum IgG (g/L) - 11 [8-14] 17 [13-20] - 13 [11-16] 

ANA (no. pos [%]) - 5 [38%] 20 [74%] - 9 [90%] 

anti-Ro/SSA (no. pos [%]) - 2 [15%] 21 [78%] - 8 [80%] 

anti-La/SSB (no. pos [%]) - 0 [0%] 13 [48%] - 8 [80%] 

 

Supplementary Table 1. Donor characteristics. Data are expressed as Median [IQR] unless 

specified differently. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Target and fluorochrome  Clone   Company 

CD3 PE    UCHT1  Biolegend 

CD3 PerCP-Cy5.5   UHCT1  Biolegend 

CD11c PB    3.9   Biolegend 

CD11c PE-Dazzle 594  3.9   Biolegend 

CD14 PerCP-Cy5.5   M5E2   Biolegend 

CD14 FITC    TUK4   Miltenyi 

CD16 PerCp-Cy5.5   3G8   Biolegend 

CD19 APC-Cy7   HIB19   Biolegend 

CD19 PerCp-Cy5.5   SJ25C1  Biolegend 

HLA-DR PE-Cy7   L243   Biolegend 

CD303 FITC    AC144   Miltenyi 

TRIM21 APC    -   Assaypro 

 

Supplementary Table 2. Antibodies used for flow-cytometry. 

 

 

 

 

 

 

 

 

 

 



 

Supplementary Figure 1. TRIM21 mRNA expression correlates with type-I IFN 

activity and B cell hyperactivity. TRIM21 mRNA was quantified using RNA-sequencing in 

purified pDCs and total salivary gland tissue, or with qPCR in monocytes. Correlations 

between TRIM21 RNA expression in pDCs (A), monocytes (B) and total salivary gland 

tissue (C) with the IFN-score and serum IgG are shown. Differences between pSS patients 

negative (SSA-) and positive (SSA+) for anti-SSA autoantibodies were compared. IFN-

scores are calculated using the expression of 5 IFN-induced genes (MX-1, IFI3, IFI44, IFI44L, 

Ly6E) in relation to their expression in healthy donors. As no healthy donors were included 

for the salivary gland tissue, the expression of MX-1 was plotted instead. Dots represent 

pSS patients, triangles represent nSS patients. Correlations show the Spearman rho and 

corresponding p-value. For anti-SSA status comparison, median ± IQR is shown. * indicates 

p<0.05. 

 



 

 

 

Supplementary Figure 2. Gating strategy. Strategy for identification of cell subsets for 

analysis of both intra- and extracellular TRIM21 staining (A). Representative dotplots for 

surface TRIM21 staining and isotype controls (B).  



 

 

Supplementary Figure 3. TRIM21 surface expression on other immune cells. FACS 

analysis of TRIM21 surface expression on CD3- HLA-DR+ CD14+ CD11c+ cells (A) and CD3+ T 

cells (B) gated within acquired PBMCs that were negative for Live/Dead staining. 

ImageStream analysis of TRIM21 cell surface expression on total PBMCs (C). Flow data are 

represented using median fluorescent intensity (MFI). Median ± IQR are shown. 

 

 

 

 

 

 



 

Supplementary Figure 4. TRIM21 mRNA expression is upregulated upon IFN-β 

stimulation. Freshly isolated PBMCs were cultured in the presence of 50 ng/mL of IFN-β 

for 24 hours and TRIM21 gene-expression was quantified using qPCR, with the medium 

conditions as reference and set at 1. Each dot represents an independent donor. Mean ± SD 

are shown.  

 

 


