
SUPPLEMENTARY FIGURES 

Supplementary Figure 1. Detectability of ACPA-IgG V-domain glycosylation correlates with 

anti-CCP2 antibody positivity. Anti-CCP2 antibody levels stratified for detectable vs. non-detectable 

ACPA-IgG V-domain glycan peaks within all samples tested. 

 

SUPPLEMENTARY TABLES 

Supplementary Table 1. Descriptive information of the sample cohort. 

Variables 
Controls 
N=43 

 Pre-symptomatic 
individuals 
N=201 

RA-patients 
N=99 

Females, n (%) 32 (74.4)  126 (62.7) 67 (67.7) 
Age at sampling, 
mean±SD, years 

51.3±9.6  51.4±9.4 59.0±9.5 

Anti-CCP2 abs, n (%) 3 (6.98)  139 (69.2) 94 (95.0) 
RF, n (%) 3 (6.98)  107 (53.2) 82 (82.8) 
Ever smoker, n (%) 14 (32.6)  140 (69.7) 72 (72.7) 
HLA-SE, n (%) -  141 (70.2) 76 (76.8) 
Pre-dating time, median 
(IQR), years 

-  5.8 (5.9) - 

 

Supplementary Table 2. Detectable ACPA-IgG V-domain glycosylation profiles within the 

sample cohort.  

 
n 

anti-CCP2 
antibody (level 
>25AU/ml] 

Detectable 
glycan profiles 

Non detectable 
glycan profiles 

Controls 43 pos 
neg 

3 
40 

1 
1 

2 
39   

Pre-symptomatic 
Individuals 

201 pos 
neg 

139 
62 

89 
5 

50 
57 

  
RA-patients 99 pos 

neg 
94 
5 

78 
2 

16 
3   
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SUPPLEMENTARY MATERIALS AND METHODS 

Ethical considerations - All participants have given their written informed consent when included 

into the surveys and the Regional Ethical Review Board Committee at Umeå University approved the 

study. 

 

Statistical analyses - Statistical calculations were performed using SPSS for Windows version 25.0 

(IBM Corp., NY, USA). Continous data were analysed using non-parametric methods (Mann-

Whitney´s U-test and Wilcoxon signed-rank test) and parametric tests when appropriate. Correlation 

analysis were performed using Spearman rank-order correlation (rs). All p-values are two-sided and 

p<0.05 was considered as statistically significant. Simple and multiple logistic regression analyses 

were performed for different variables associated with ACPA-IgG V-domain glycosylation. 

 

Laboratory analyses - Anti-citrullinated protein antibodies (ACPA) were analysed in blood samples 

of pre-symptomatic individuals and RA-patients using anti-cyclic citrullinated peptide 2 (CCP2) 

enzyme linked immunoassays from Euro-Diagnostica (Malmö, Sweden) with a positivity cut-off set at 

25 AU/mL according to the manufacturer´s instructions.  

 

ACPA-IgG isolation - ACPA were isolated from plasma samples using NeutrAvidin Plus resin 

(Thermo Scientific) coupled with 0.1µg/µl CCP2-biotin as previously described (1). In brief, 50µl of 

CCP2 coupled beads were transferred onto each well of a 96-well polypropylene filter plate 

(Orochem). Prior to sample application, bead-coated filter plates were washed with 150µl PBS by 

centrifugation (500xg for 2min). 25µl of the serum samples were diluted in 175µl PBS, added to the 

bead-coated filter plates and incubated for 2h at 600rpm on a plate shaker. Sample flowthrough was 

collected by centrifugation (500xg for 2min). Washing steps with 150µl PBS followed by 150µl 25mM 

ammonium bicarbonate (pH 7-7.5) and 2x 150µl PBS were performed. CCP2 specific antibodies were 

eluted with 100µl 0.1M formic acid (pH 2.5). Eluted samples were neutralized with 2M TRIS until pH 

reached 7-7.5. ACPA isolation was followed by IgG isolation using FcXL affinity beads (Thermo 

Scientific) as previously described (1). In brief, 100µl bead slurry was transferred onto each well of a 

96-well polypropylene filter plate (Orochem). 500µl PBS was added and the plates centrifuged at 50xg 

for 2min. The bead-coated plates were washed 3x with 200µl PBS. Captured ACPA from the serum 

samples was added to the bead-coated plates and incubated for 1h at 900rpm on a plate shaker. The 

flowthrough was collected by centrifugation (50xg for 1min). The plate was washed three times with 

200µl PBS. 100µl 100mM formic acid (pH2.5) was added in two steps, incubated for 5min at 900rpm 

and the eluted ACPA-IgG collected by centrifugation (1min at 500rpm). The ACPA-IgG samples were 

evaporated using a speedvac for 3h at 45C.  

 

N-linked glycan release, labeling and UHPLC analysis – N-linked glycans from captured ACPA-

IgG samples were released using PNGaseF as previously described (2). Released N-glycans were 

subsequently labeled with 2-aminobenzoic acid (2-AA, Sigma Aldrich) and 2-picoline borane (2-PB, 

Sigma-Aldrich) and purified via hydrophilic interaction liquid chromatography-solid phase extraction 
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(HILIC SPE) using GHP membrane filter plates (Pall Life Science) as previously described (3). 2-AA 

labelled and HILIC SPE purified N-linked glycans were diluted in ACN to obtain a final concentration 

of 75% ACN and analyzed using a Dionex Ultimate 3000 (Thermo Fisher Scientific) instrument, a FLR 

fluorescence detector set with excitation and emission wavelengths of 330 and 420nm and a Acquity 

UHPLC BEH Glycan column (1.7µm 2.1mm x 100mm; Waters, Milford, MA). Separation was 

performed at 60C with a flow rate of 0.6ml/min. 100% ACN (solvent A) and 100mM ammonium 

formate pH 4.4 (solvent B) were used for gradient generation. Column equilibration was performed for 

0.5min using 85% of solvent A. Sample loading occurred in 75% of solvent A followed by a column 

wash with 85% solvent A for 10min. The separation was achieved using a start gradient of 75% 

solvent A and 25% solvent B, which decreased linearly to 63% solvent A within 30min. For re-

equilibration the column was flushed for 4min with 40% solvent A and 10min 85% solvent A. The 

generated chromatograms were analyzed and exported as excel files using Chromeleon version 

7.1.2.1713 (Thermo Fisher Scientific). All chromatograms were aligned in the same manner and 

separated into 24 peaks. Glycan composition in each chromatographic peak was defined as 

previously described (4).  

 

Data analysis and processing - Calibration was performed using HappyTools version 0.0.2 (4) and 

the elution time of five calibrant peaks (GP4, GP8, GP14, GP23, GP24). Integration and baseline 

correction were performed using the elution time of all chromatographic peaks and the following 

settings: General settings: start t:8min, end t:30min; Peak detection setting: minimum intensity:0.05, 

sigma value:2.0; calibration settings: minimum peaks:4, minimum S/N:1; Quantitation settings: 

datapoints:100, baseline order:1, background window:1.0, MT slice points:5. The amount of N-

glycans in each peak was expressed as the total integrated area under the curve (AUC). A cut-off was 

defined using the average of the AUC sum intensity of all blank samples plus x* standard deviation 

(x= value defined such that all blank and healthy donor control samples fall below the cut-off). The 

%V-domain glycosylation was calculated based on the three most abundant Fc-glycan peaks (positive 

control for IgG capturing) and the three most abundant V-domain glycan peaks(4, 5). 
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