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Supplementary Material and Methods

Vascular imaging 
Subclinical atherosclerosis was assessed by Doppler ultrasound at the sonography laboratory (Department of Neurology, HUCA) by an experienced user blinded to the status of the study participants. All measures were performed online in B-mode using a Toshiba Aplio XG device (Toshiba American Medical Systems). The carotid intima-media thickness (cIMT) was measured at left and right common carotid arteries, as previously described  (1), according to the “Mannheim Carotid Intima-Media Thickness Consensus (2004-2006)”  (1). Atherosclerotic plaque was established according to consensus definition  (1). Plaque risk was assessed by the ultrasound appearance of the plaques, and these were classified as “low” or “high” risk  (2). 
Vascular stiffness was measured by evaluating the diameter changes of the common carotid during an entire cardiac cycle. To this end, stiffness parameters (vascular strain (VS) and stiffness (VSf), vascular distensibility (VD) and pressure-strain elastic modulus (PSEM)) were computed  (3).

Analysis of GPR55 expression
Peripheral Blood Mononuclear Cells (PBMCs) fractions were obtained by centrifugation (1800 rpm, 20 minutes) on density gradients (Lymphosep, Biowest, Germany). PBMCs (1·106 cells/ml) were stained with anti-CD19 PerCP-Cy5,5 (Immunostep, Spain), anti-CD14 allophycocyanin (APC, Immunostep) and anti-GPR55 phycoerythrin (PE, BIOSS Antibodies, USA), or isotype controls (all from Immunostep) for 30 minutes at 4ºC. Next, cells were washed twice with PBS and acquired in a BD FACS Canto II flow cytometer, using FACS Diva 2.6 for analysis. Lymphocytes and monocytes were gated according to their differential FSC/SSC features. CD19+ cells within the lymphocyte population were selected, and GPR55 expression was analyzed in a histogram for the PE channel to quantify GPR55+ B-cells. Similarly, monocyte subsets were assessed for GPR55-expressing CD14low and CD14high populations. Furthermore, GPR55 expression was also quantified by the mean fluorescence intensity (MFI) from gated populations (CD19+, CD14low, and CD14high), after subtracting MFI values from isotype controls. 
In order to evaluate the differential expression of GPR55 across B-cell subsets, PBMCs fractions were obtained from 10 healthy volunteers and stained with anti-CD19 PerCP-Cy5,5 (Immunostep, Spain), anti-CD27 FITC (Biolegend, Belgium), anti-CD28 APC (Biolegend), anti-CD20 APC-Cy7 (Biolegend), anti-IgD PE-Cy7 (Biolegend), anti-CD43 PE-Cy7 (Biolegend), and anti-GPR55 PE (BIOSS), or isotype controls. B-cell subpopulations were defined according to validated definitions  (4–6), and GPR55 expression was determined after subtracting MFI values from isotype controls using fluorescence-minus-one controls (PE). 

Assessment of cytokine levels
IL-6, TNF, IFNγ, IL-1b, IL-33, IL-23, IL-18, IL-17, IL-12, IL-10, and IL-8 serum levels were measured by a predefined multiplex assay (Human Inflammation Panel 1, LEGENDplex, BioLegend) in a BD FACS Canto II flow cytometer, according to the protocol provided by the manufacturer. The detection limits were 2.68 pg/ml, 2.90 pg/ml, 2.68 pg/ml, 3.17 pg/ml, 19.53 pg/ml, 4.39 pg/ml, 3.90 pg/ml, 0.73 pg/ml, 3.40 pg/ml, 3.66 pg/ml and 2.92 pg/ml, respectively. The serum levels of IFN were quantified using a Cytometric Bead Array Flex Set (BD) in a BD FACS Canto II flow cytometer using FCAP Array v.1.0.1, following the manufacturer’s instructions. The detection limit was 1.25 pg/ml. APRIL, BAFF and IL-21 serum levels were quantified using ELISA kits (Invitrogen, ThermoFisher) in accordance with the manufacturer's instructions. Detection limits for these cytokines were 0.40 ng/ml, 0.13 ng/ml and 20 pg/ml, respectively.

Metabolomic characterization
A metabolomic characterization of lipoprotein profiles was performed by means of the H-NMR-based Liposcale test  (7), also including glycoprotein signals (Glyc). In brief, this protocol allowed the assessment of lipid content (cholesterol and triglycerides) of the major lipoprotein classes (VLDL, IDL, LDL and HDL) as well as the particle number and size (diameter) of VLDL LDL and HDL and their subclasses (small, medium and large). 
Serum samples were diluted with deuterated water and 50 mM pH 7.4 phosphate buffer solution before H-NMR analysis. Then, H-NMR spectra were recorded at 310 K on a Bruker Advance III 600 spectrometer operating at a proton frequency of 600.20 MHz. Particle concentration and the diffusion coefficients were obtained from the measured amplitudes and attenuation of their spectroscopically distinct lipid methyl group NMR signals, using the 2D diffusion-ordered 1H NMR spectroscopy (DSTE) pulse as previously described  (7).
Furthermore, the region of the 1H-NMR spectrum where the glycoproteins resonate (between 2.15 and 1.90 ppm of the chemical shift  (8)) was further analyzed using several analytical functions, as previously described (9). For each function, we determined the total area (proportional to concentration), height, position and bandwidth. The area of the GlycA arosed from the number of protein-sugar bonds from the acetyl groups of N-acetylglucosamine and N-acetylgalactosamine, and the area of GlycB arosed from those of N-acetylneuraminic acid. GlycF derived from low molecular weight metabolites. 

Statistical analyses
Variables were summarized as median (interquartile range) or n(%), depending on their distribution. Differences among groups were evaluated by Mann-Withney U or Kruskal-Wallis tests, as appropriate. Corrections for multiple comparison tests were performed by Dunn-Bonferroni. Correlations were assessed by Spearman ranks’ tests. 
Gene expression datasets were downloaded from the publicly available NCBI Gene Expression Omnibus (GEO) repository  (10). GPR55 expression data was tested to be differentially regulated in the default patient groups using the GEO2R tool (GEOquery and limma R packages) and the corresponding FDR-adjusted p-value was calculated. Then, target data were downloaded and presented in graphs (analysis by conventional tests). Proteomic data were evaluated under STRING platform to evaluate protein-protein interactions upon protein hits exhibiting found to be correlated with GPR55 expression (after multiple-comparisons adjustments). Pathway enrichment analyses were performed using KEGG library  (11). 
A p-value <0.050 was considered as statistically significant. Statistical analyses were carried out under SPSS v. 27, R v.4.1.3 and GraphPad Prism 8.0. 
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Supplementary Table 1: GPR55 expression and clinical features. The associations between GPR55 expression in different cellular subsets and serum levels of proinflammatory cytokines were analysed by Spearman’s rank tests in RA and CSA goups. Correlation coefficients (r) and p-values are shown. Those reaching statistical significance are highlighted in bold. 

	
	RA
	
	CSA
	

	
	CD19+
	CD14low
	CD14high
	CD19+
	CD14low
	CD14high

	Clinical features
	
	
	
	
	
	

	Duration of symptoms
	r=-0.028, p=0,836
	r=0.013, p=0.924
	r=0.079, p=0.558
	r=-0.144, p=0.674
	r=0.060, p=0.861
	r=-0.263, p=0.435

	Morning stiffness
	r=0.154, p=0.229
	r=0.152, p=0.233
	r=0.085, p=0.508
	r=0.463, p=0.152
	r=0.379, p=0.251
	r=0.439, p=0.176

	Tender joint count
	r=0.001, p=0.996
	r=0.087, p=0.495
	r=0.110, p=0.392
	r=-0.217, p=0.522
	r=-0.013, p=0.969
	r=0.067, p=0.844

	Swollen joint count
	r=-0.027, p=0.832
	r=0.159, p=0.214
	r=0.138, p=0.282
	r=0.260, p=0.440
	r=0.277, p=0.409
	r=0.434, p=0.182

	ESR
	r=0.089, p=0.488
	r=0.114, p=0.372
	r=0.184, p=0.149
	r=-0.139, p=0.685
	r=-0.179, p=0.598
	r=0.069, p=0.840

	CRP
	r=0.131, p=0.306
	r=0.117, p=0.362
	r=0.141, p=0.272
	r=0.208, p=0.538
	r=0.354, p=0.285
	r=0.298, p=0.373

	DAS28
	r=0.029, p=0.821
	r=0.165, p=0.200
	r=0.177, p=0.168
	r=-0.068, p=0.841
	r=-0.009, p=0.979
	r=0.245, p=0.467

	HAQ
	r=-0.113, p=0.384
	r=0.082, p=0.527
	r=-0.014, p=0.915
	r=-0.287, p=0.392
	r=-0.092, p=0.788
	r=-0.065, p=0.851

	Pain
	r=-0.077, p=0.552
	r=-0.064, p=0.623
	r=0.031, p=0.811
	r=0.387, p=0.240
	r=0.664, p=0.026
	r=0.538, p=0.088

	RF
	p=0.134
	p=0.271
	p=0.496
	p=0.429
	p=0.247
	p=0.792

	RF, titre
	r=0.480, p=0.080
	r=0.185, p=0.180
	r=0.063, p=0.649
	r=-0.152, p=0.978
	r=-0.310, p=0.456
	r=-0.167, p=0.693

	ACPA
	p=0.265
	p=0.614
	p=0.898
	p=0.792
	p=0.082
	p=0.429

	ACPA, titre
	r=0.273, p=0.032
	r=0.107, p=0.409
	r=0.124, p=0.337
	r=-0.152, p=0.656
	r=-0.585, p=0.069
	r=-0.322, p=0.334

	ANA
	p=0.656
	p=0.826
	p=0.388
	p=0.889
	p=0.711
	p=0.999

	ANA, titre
	r=0.195, p=0.204
	r=-0.043, p=0.782
	r=-0.012, p=0.937
	r=0.207, p=0.694
	r=0.001, p=0.999
	r=0.207, p=0.694

	
	
	
	
	
	
	

	Ig levels
	
	
	
	
	
	

	IgA
	r=0.290, p=0.043
	r=-0.087, p=0.553
	r=0.132, p=0.367
	r=-0.314, p=0.544
	r=-0.200, p=0.704
	r=-0.371, p=0.468

	IgG
	r=0.295, p=0.042
	r=0.026, p=0.858
	r=0.189, p=0.074
	r=-0.600, p=0.208
	r=-0.714, p=0.111
	r=-0.771, p=0.072

	IgM
	r=0.051 p=0.726
	r=0.046, p=0.755
	r=0.054, p=0.712
	r=0.257, p=0.623
	r=6570., p=0.156
	r=0.600, p=0.208

	Traditional CV risk factors
	
	
	
	
	
	

	Hypertension
	p=0.498
	p=0.804
	p=0.965
	p=0.182
	p=0.727
	p=0.364

	Diabetes
	p=0.612
	p=0.892
	p=0.278
	
	
	

	Dyslipidemia
	p=0.225
	p=0.397
	p=0.222
	p=0.133
	p=0.921
	p=0.497

	Smoking
	p=0.047
	p=0.234
	p=0.175
	p=0.412
	p=0.412
	p=0.315

	Obesity
	p=0.950
	p=0.438
	p=0.456
	p=0.400
	p=0.800
	p=0.800

	Waist circumference
	r=0.100, p=0.948
	r=-0.021, p=0.884
	r=-0.050, p=0.732
	r=0.800, p=0.200
	r=0.200, p=0.800
	r=0.200, p=0.800

	Number of traditional CV risk factors
	r=-0.093, p=0.470
	r=-0.164, p=0.208
	r=-0.166, p=0.200
	r=0.475, p=0.140
	r=0.249, p=0.461
	r=0.401, p=0.221

	mSCORE
	r=-0.093, p=0.470
	r=-0.132, p=0.302
	r=-0.184, p=0.150
	r=-0.039, p=0.909
	r=-0.191, p=0.574
	r=0.098, p=0.775

	Cardiometabolic features
	
	
	
	
	
	

	Total cholesterol
	r=0.014, p=0.290
	r=0.135, p=0.290
	r=-0.037, p=0.772
	r=-0.092, p=0.814
	r=-0.450, p=0.224
	r=-0.467, p=0.205

	HDL-cholesterol
	r=-0.012, p=0.926
	r=-0.055, p=0.670
	r=-0.019, p=0.883
	r=0.319, p=0.402
	r=0.293, p=0.444
	r=0.452, p=0.222

	LDL-cholesterol
	r=-0.054, p=0.677
	r=0.140, p=0.274
	r=-0.030, p=0.814
	r=-0.218, p=0.574
	r=-0.550, p=0.125
	r=-0.583, p=0.099

	Triglycerides
	r=0.077, p=0.557
	r=-0.011, p=0.935
	r=-0.081, p=0.534
	r=-0.134, p=0.731
	r=-0.300, p=0.433
	r=-0.250, p=0.516

	Glucose
	r=0.184, p=0.064
	r=0.217, p=0.087
	r=0.242, p=0.056
	r=0.630, p=0.069
	r=0.444, p=0.232
	r=0.521, p=0.150

	HbA1c
	r=-0.038, p=0.782
	r=-0.032, p=0.816
	r=-0.049, p=0.724
	r=0.889, p=0.303
	r=0.898, p=0.291
	r=0.838, p=0.368

	Insulin
	r=0.028, p=0.840
	r=0.109, p=0.431
	r=0.100, p=0.471
	r=-0.226, p=0.855
	r=-0.207, p=0.867
	r=-0.324, p=0.790

	C-peptide
	r=-0.034, p=0.808
	r=0.015, p=0.911
	r=0.031, p=0.825
	r=0.266, p=0.828
	r=0.680, p=0.524
	r=0.411, p=0.589

	HOMA-IR
	r=0.045, p=0.750
	r=0.110, p=0.432
	r=0.099, p=0.483
	r=0.115, p=0.927
	r=0.559, p=0.623
	r=0.680, p=0.524

	QUICKI
	r=-0.102, p=0.468
	r=-0.138, p=0.326
	r=-0.136, p=0.330
	r=-0.047, p=0.970
	r=-0.065, p=0.958
	r=0.056, p=0.965





Supplementary Table 2: GPR55 expression and metabolomic characterization. The associations between GPR55 expression in different cellular subsets and the H-NMR lipoprotein characterization, also including Glyc signals, were analysed by Spearman’s rank tests in RA and CSA groups. Correlation coefficients (r) and p-values are shown. Those reaching statistical significance are highlighted in bold. 

	
	RA
	
	CSA
	

	
	CD19+
	CD14low
	CD14high
	CD19+
	CD14low
	CD14high

	Lipoprotein characterization
	
	
	
	
	

	Particle content
	
	
	
	
	
	

	VLDL-C
	r=0.239, p=0.059
	r=0.212, p=0.095
	r=0.147, p=0.250
	r=-0.137, p=0.688
	r=-0.218, p=0.519
	r=-0.255, p=0.450

	IDL-C
	r=0.132, p=0.302
	r=0.144, p=0.260
	r=0.150, p=0.239
	r=0.041, p=0.905
	r=-0.173, p=0.612
	r=-0.082, p=0.811

	LDL-C
	r=-0.088, p=0.493
	r=0.033, p=0.796
	r=-0.069, p=0.592
	r=-0.050, p=0.883
	r=-0.573, p=0.066
	r=-0.391, p=0.235

	HDL-C
	r=-0.203, p=0.110
	r=-0.038, p=0.766
	r=-0.178, p=0.162
	r=0.174, p=0.610
	r=0.318, p=0.340
	r=0.318, p=0.340

	VLDL-TG
	r=0.092, p=0.471
	r=0.103, p=0.424
	r=0.018, p=0.890
	r=0.205, p=0.544
	r=0.045, p=0.894
	r=-0.045, p=0.894

	IDL- TG
	r=0.161, p=0.209
	r=0.132, p=0.304
	r=0.154, p=0.229
	r=0.082, p=0.810
	r=-0.100, p=0.770
	r=-0.009, p=0.979

	LDL- TG
	r=0.084, p=0.512
	r=0.157, p=0.220
	r=0.096, p=0.455
	r=-0.151, p=0.658
	r=-0.145, p=0.670
	r=0.018, p=0.958

	HDL- TG
	r=0.072, p=0.575
	r=0.116, p=0.367
	r=0.102, p=0.425
	r=-0.018, p=0.957
	r=0.055, p=0.873
	r=-0.009, p=0.979

	Particle number
	
	
	
	
	
	

	VLDL-P (nmol/l)
	r=0.144, p=0.260
	r=0.141, p=0.272
	r=0.060, p=0.639
	r=0.146, p=0.668
	r=0.018, p=0.958
	r=-0.073, p=0.832

	Large
	r=0.128, p=0.317
	r=0.088, p=0.495
	r=0.061, p=0.634
	r=0.119, p=0.728
	r=-0.036, p=0.915
	r=-0.091, p=0.790

	Medium
	r=0.020, p=0.875
	r=0.084, p=0.512
	r=-0.018, p=0.890
	r=-0.050, p=0.883
	r=-0.027, p=0.937
	r=-0.255, p=0.450

	Small
	r=0.151, p=0.236
	r=0.137, p=0.283
	r=0.069, p=0.591
	r=0.123, p=0.718
	r=0.036, p=0.915
	r=-0.045, p=0.894

	LDL-P (nmol/l)
	r=-0.079, p=0.537
	r=0.024, p=0.853
	r=-0.094, p=0.463
	r=-0.105, p=0.759
	r=-0.509, p=0.110
	r=-0.255, p=0.450

	Large
	r=-0.117, p=0.361
	r=0.040, p=0.753
	r=-0.021, p=0.869
	r=-0.174, p=0.610
	r=-0.291, p=0.385
	r=-0.300, p=0.370

	Medium
	r=-0.088, p=0.491
	r=0.062, p=0.630
	r=-0.008, p=0.953
	r=-0.073, p=0.831
	r=-0.336, p=0.312
	r=-0.264, p=0.433

	Small
	r=-0.073, p=0.572
	r=-0.034, p=0.788
	r=-0.166, p=0.194
	r=-0.128, p=0.708
	r=-0.564, p=0.071
	r=-0.309, p=0.355

	HDL-P (mmol/l)
	r=-0.132, p=0.301
	r=0.005, p=0.966
	r=-0.144, p=0.259
	r=0.164, p=0.629
	r=0.127, p=0.709
	r=0.109, p=0.750

	Large
	r=-0.001, p=0.992
	r=0.154, p=0.229
	r=-0.028, p=0.827
	r=-0.073, p=0.831
	r=0.082, p=0.811
	r=0.191, p=0.574

	Medium
	r=-0.200, p=0.116
	r=0.026, p=0.838
	r=-0.134, p=0.297
	r=0.050, p=0.883
	r=0.391, p=0.235
	r=0.400, p=0.223

	Small
	r=-0.068, p=0.597
	r=-0.004, p=0.976
	r=-0.103, p=0.424
	r=0.315, p=0.345
	r=0.018, p=0.958
	r=0.073, p=0.832

	Particle diameter (nm)
	
	
	
	
	
	

	VLDL-Z
	r=-0.177, p=0.166
	r=-0.055, p=0.670
	r=-0.012, p=0.925
	r=-0.096, p=0.779
	r=0.236, p=0.484
	r=0.064, p=0.853

	LDL-Z
	r=-0.059, p=0.645
	r=0.067, p=0.599
	r=0.146, p=0.252
	r=-0.110, p=0.748
	r=0.227, p=0.502
	r=0.045, p=0.894

	HDL-Z
	r=-0.014, p=0.911
	r=0.078, p=0.544
	r=0.083, p=0.517
	r=-0.265, p=0.431
	r=0.182, p=0.593
	r=0.273, p=0.417

	Glycoprotein profiling
	
	
	
	
	
	

	GlycB
	r=0.273, p=0.030
	r=0.215, p=0.090
	r=0.240, p=0.058
	r=0.187, p=0.581
	r=0.218, p=0.519
	r=0.127, p=0.709

	GlycA
	r=0.254, p=0.050
	r=0.156, p=0.221
	r=0.241, p=0.055
	r=0.009, p=0.979
	r=0.100, p=0.770
	r=-0.100, p=0.770

	GlycF
	r=0.001, p=0.991
	r=-0.114, p=0.372
	r=-0.001, p=0.994
	r=-0.087, p=0.800
	r=-0.218, p=0.519
	r=-0.273, p=0.417




Supplementary Table 3: GPR55 expression and frequency of leukocyte. The associations between GPR55 expression in different cellular subsets and the frequency of several leukocyte subsets, were analysed by Spearman’s rank tests in RA and CSA groups. Correlation coefficients (r) and p-values are shown. Those reaching statistical significance are highlighted in bold. 

	
	RA
	
	CSA
	

	
	CD19+
	CD14low
	CD14high
	CD19+
	CD14low
	CD14high

	Neutrophils (%)
	r=0.383, p=0.002
	r=0.110, p=0.393
	r=0.193, p=0.132
	r=0.134, p=0.712
	r=0.006, p=0.987
	r=-0.188, p=0.603

	Monocytes (%)
	r=-0.051, p=0.691
	r=-0.192, p=0.062
	r=-0.054, p=0.677
	r=-0.260, p=0.468
	r=-0.568, p=0.085
	r=-0.322, p=0.364

	Classical monocytes (% CD14+)
	r=-0.247, p=0.061
	r=-0.235, p=0.074
	r=-0.238, p=0.081
	r=-0.132, p=0.698
	r=-0.236, p=0.484
	r=-0.082, p=0.811

	CD14low monocytes (% CD14low)
	r=0.187, p=0.141
	r=0.142, p=0.267
	r=0.135, p=0.290
	r=0.091, p=0.789
	r=-0.200, p=0.555
	r=-0.327, p=0.326

	Lymphocytes (%)
	r=-0.387, p=0.003
	r=-0.051, p=0.695
	r=-0.216, p=0.092
	r=0.043, p=0.907
	r=0.139, p=0.701
	r=0.333, p=0.347

	B-cells (% CD19+)
	r=-0.568, p<0.001
	r=-0.182, p=0.072
	r=-0.189, p=0.071
	r=-0.630, p=0.038
	r=-0.264, p=0.484
	r=-0.327, p=0.326

	T-cells (% CD3+)
	r=-0.179, p=0.164
	r=-0.070, p=0.588
	r=-0.075, p=0.561
	r=0.110, p=0.748
	r=0.096, p=0.779
	r=0.336, p=0.312





Supplementary Table 4: Atherosclerosis features in RA and CSA groups. Atherosclerosis features were summarized as indicated. The frequency of high risk plaques was calculated within the population of patients with plaque. 

	
	CSA
	RA

	Atherosclerosis
	
	

	Presence of atherosclerosis, n(%)
	3 (27.2)
	35 (55.5)

	Number of plaques, mean±SD
	0.50±0.97
	0.98±1.07

	Plaque high risk, n(%)
	0 (0.0)
	13 (20.6)

	cIMT, mean±SD
	0.57±0.09
	0.67±0.16

	Vascular stiffness
	
	

	VS, mean±SD
	0.10±0.05
	0.10±0.03

	VD, mean±SD
	0.005±0.002
	0.004±0.002

	VSf, mean±SD
	504.24±286.37
	540.04±239.61

	PSEM, mean±SD
	3.52±2.00
	3.84±1.68




Supplementary Table 5: List of proteins associated with GPR55 expression in RA. Serum proteins from the Olink Cardiovascular II panel found to be associated in correlation analyses (p<0.050 after adjustment) with GPR55 expression in the different cellular subsets are listed.

	
	CD19+
	CD14low
	CD14high

	Protein hits
	SLAMF7
ADAMTS13
IL-6
PGF
CXCL1
IL-18
SERPINA12
THBS2
MMP7
LPL
AGRP
MARCO
MMP12
TNFRSF13B
CD4
	
	ADAMTS13
IL6
CXCL1
THBS2





Supplementary Figure 1: GPR55 expression among B-cell subpopulations. Several B-cell subpopulations were identified according to their extracellular phenotype (A), and GPR expression was evaluated by flow cytometry (B). The level of expression of GPR55 (measured as MFI) were analyzed in a group of HC (n=10) (C). 

Supplementary Figure 2: Effect of LPS on GPR55 expression. Effect of LPS on GPR55 and CD86 expression and CD19+ total population in vitro (n=6 for each condition) at 48h (A) and 72h (B). Bars represent median values and interquartile range. Differences were assessed by Kruskal-Wallis with Dunn-Bonferroni tests for multiple comparisons. p-values correspond to those obtained in the multiple comparisons tests and are indicated as follows: * p<0.050, ** p<0.010 and *** p<0.001.
