
 

SUPPLEMENTARY METHODS 

Cell culture.- Human peripheral blood mononuclear cells (PBMC) were isolated from buffy coats 

from normal donors over a Lymphoprep (Nycomed Pharma) gradient. Monocytes were purified 

from PBMC by magnetic cell sorting using CD14 microbeads (Miltenyi Biotech). Monocytes were 

cultured at 0.5 x 106 cells/ml for 7 days in RPMI 1640 (standard RPMI, which contains 1 mg/L folic 

acid) supplemented with 10% fetal calf serum, at 37ºC in a humidified atmosphere with 5% CO2, 

and containing GM-CSF (1000 U/ml) to generate GM-CSF-polarized macrophages (GM-MØ). 

GM-CSF was added every two days. MTX pharmacokinetic studies in RA patients administered 25 

mg MTX showed peak plasma levels of 1-2 µM MTX two hours after drug administration, but 

plasma levels decline to 10-50 nM MTX within 48 hours [1, 2].  MTX (50 nM) and/or folinic acid 

(FA) was added once on monocytes together with GM-CSF. LPS (10 ng/ml, 01111:B4 strain), LTA 

(5 µg/ml), TNF-α (20 ng/ml) was added at the indicated time points to 7-day fully differentiated 

GM-MØ. Synovial fluids were obtained from knee joints of RA patients during therapeutic 

arthrocentesis. Patients were selected by the presence of active knee arthritis, confirmed by a highly 

cellular synovial fluid, and were heterogeneous regarding demographic and disease characteristics, 

and previous RA therapy. Patients received informed consent and Hospital La Princesa and Hospital 

12 de Octubre ethics committees approved the study. 

 

Patients.- Princesa Early Arthritis Register Longitudinal (PEARL) study includes those patients 

submitted to the Early Arthritis Clinic of Hospital Universitario La Princesa because of suspicion of 

arthritis. The register started in 2001 and it is still ongoing. It has five structured visits (baseline, 6, 

12, 24 and 60 months) in which the following information is registered by protocol: age, gender, 

race, disease duration at the beginning of follow-up, smoking status, menopause, family history of 

RA; therapies received and cumulative prednisone dose at recruitment; global disease activity on a 

100-mm visual analogue scale assessed by both the patient and the physician; number of swollen 



 

and tender joints (28-joint count), and the score of the Spanish version of the Health Assessment 

Questionnaire [3]. Laboratory tests include blood cell counts, general biochemistry, erythrocyte 

sedimentation rate (ESR), C-reactive protein (CRP), rheumatoid factor (RF; measured by 

nephelometry, positive >20 IU/ml) and anti-citrullinated peptide antibodies (ACPA; assessed by 

enzyme immunoassay, QUANTA Lite CCP3 IgG and IgA, Inova Diagnostics; positive>40 U/ml). 

Disease activity is estimated using the 28-joint disease activity score (DAS28) calculated with the 

ESR [4] and the Hospital Universitario de La Princesa Index (HUPI) [5], that is an index for the 

assessment of disease activity in chronic polyarthritis that includes the same domains as DAS28 and 

SDAI but corrected by gender when considering tender joint count and erythrosedimentation rate 

(ESR). PEARL study is conducted according to the principles expressed in the Helsinki Declaration 

of 1983 and it was approved by the Research Ethics Committee of Hospital Universitario La 

Princesa (PI-518). Serum samples from patients were provided by Biobanco Hospital de La 

Princesa. All patients participating in the Biobank gave their informed consent; running protocols 

were approved by independent Ethical and Scientific Committees. A more detailed description of 

the PEARL study has been previously published [6]. Since 2010, total RNA is extracted from 

peripheral blood mononuclear cells (PBMCs) with the TRIsure RNA isolation reagent (Bioline 

Reagents Ltd. UK). cDNA is obtained with the High Capacity cDNA Reverse Transcription Kit 

(Applied Biosystems Foster City, California, USA) and stored at -80ºC. The mRNA expression 

levels of TNFAIP3 were determined by RealTime ready Custom Panels (Roche Molecular Systems 

Ltd.) in samples from these patients (120 visits from 41 patients). Specific mRNA expression was 

analyzed using gene specific primers and a Universal ProbeLibrary Probe (UPL), which is a short 

FAM-labeled hydrolysis probe containing locked nucleic acid (LNA), in a LightCycler 480 

Instrument (Roche). Expression of TNFAIP3 and GAPDH was measured in parallel for each 

sample. Data from TNFAIP3 mRNA expression were then adjusted for relative gene expression 

using the 2-ΔCt method [7]. 



 

For this study patients fulfilling all these criteria were included: 

•   At least 2-years follow-up.  

•   Patients fulfilling 1987 RA criteria [8] or considered undifferentiated arthritis [9] after 

2 years of follow-up. 

•   Cases with samples from at least 2 visits during the first-year follow-up, being 

mandatory the baseline visit. 

•   High quality mRNA samples (RNA integrity number >7) 

•   Patients treated with methotrexate in monotherapy. We accepted patients starting 

methotrexate less than 6 weeks before baseline visit. 

•   Glucocorticoids were permitted only if the dose was ≤30 mg/d and for less than one 

week if they were prescribed before baseline visit. 

 

Only 38 visits from 17 patients fulfilled these criteria (see characteristics in Supplementary Table I). 

Responder and non-responder status was evaluated with the HUPI-response criteria [10] which are 

similar to EULAR response criteria, but using HUPI instead of DAS28 in order to avoid missing 

data due to lack of ESR values. Maximum MTX dose was not different between responder (20 

[16.25 – 20]) and non-responders (20 [20 – 20]; p=0.561).  

 

Quantitative real time RT-PCR.- Total RNA was retrotranscribed and cDNA was quantified 

using the Universal Human Probe Roche library (Roche Diagnostics). Quantitative real-time PCR 

(qRT-PCR) was performed on a LightCycler® 480 (Roche Diagnostics). Assays were made in 

triplicates and results normalized according to the expression levels of TBP.  Results were obtained 

using the DDCT method for quantitation. The oligonucleotides used to quantify mRNA transcripts 

were (5´-3´): IL6s gatgagtacaaaagtcctgatcca; IL6as ctgcagccactggttctgt; IL1βs ctgtcctgcgtgttgaaaga; 



 

IL1βas ttgggtaatttttgggatctaca; TBPs cggctgtttaacttcgcttc; TBPas cacacgccaagaaacagtga; TNFAIP3s 

tgcacactgtgtttcatcgag; TNFAIP3as acgctgtgggactgactttc. 

 

ELISA.-Supernatants from GM-MØ were tested for the presence of IL-6, TNFα, IL-1β, CXCL10 

(Biolegend) and IL-12p40 (BD OptEIA, BD Bioscience) using ELISA. 

 

Western-blot.- Cell lysates were obtained in RIPA buffer containing 1mM PIC (Protease Inhibitor 

Cocktail, SIGMA), 10 mM NaF, and 1 mM Na3VO4 and 0.5 mM DTT. 20 micrograms cell lysate 

was subjected to SDS-PAGE and transferred onto an Immobilonpolyvinylidene difluoride 

membrane (Millipore). Protein detection was carried out using an anti-human A20 (#4625; Cell 

Signaling), mouse monoclonal Ab against IκB-α (#4814; Cell Signaling), rabbit polyclonal against 

p-p38, pJNK and pERK (#9910; Cell Signaling) and p-Stat1 (#7649; Cell Signaling). Protein 

loading was normalized using an antibody against GAPDH (sc-32233, Santa Cruz Biotechnology) 

or against human Vinculin (Sigma-Aldrich).  

 

Reporter gene assays.- GM-MØ (7.5x105 cells) were transfected using the Viromer Red kit 

(ecogen) with 1 ug of DNA NF-κB reporter mixture (Cignal NF-κB Reporter assay kit, Qiagen). 

This mixture contains a NF-κB-responsive firefly luciferase construct and a constitutively 

expressing Renilla luciferase (40:1). The NF-κB-dependent construct encodes de firefly luciferase 

gene under the control of a minimal CMV promoter and tandem repeats of the NF-κB 

transcriptional responsive element. Firefly and Renilla luciferase activities were determined using 

the Dual-Luciferase Reporter Assay System (Promega).  

 

RNA interference.- siRNA for TNFAIP3 (siGENOME TNFAIP3) and control siRNA 

(siGENOME Non-Targeting siRNA Pool #2) (Dharmacon) were used at 25 nM. GM-MØ untreated 



 

or treated with MTX for 5 days were transfected with HiPerFect transfection reagent (QIAGEN), 

and 48h later stimulated with LPS and tested for different assays. Two different siRNA for TYMS 

(silencer select s14538, s14539) and one control siRNA (silencer select Negative Control #1) 

(Ambion, Life Technologies) were used at 100 nM. GM-MØ were transfected with HiPerFect 

transfection reagent (QIAGEN), treated with MTX or PFT, and 48h later tested for mRNA levels by 

qRT-PCR. 

 

In vivo MTX-cross tolerance. C57BL/6J mice between 6 and 8 weeks of age (n=6 mice/group) 

received PBS or MTX i.p. (2 mg/kg). Seven days later, ip LPS (9 mg/kg) was administered and 

serum collected after 4h for IL-6 and TNFa determination by ELISA. The experiment was 

performed three times.  

 

Statistical analysis.- Statistical analysis was performed using paired student´s t-test and a p value < 

0.05 was considered significant (*, p<0.05; **, p<0.01, ***, p<0.001). For statistical analysis in 

MTX responders and non-responder patients, relative expression of TNFAIP3 mRNA was 

normalized by inverse transformation. Therefore, negative β-coefficients represent an increase in 

TNFAIP3 mRNA expression and positive β-coefficients represent a decrease in its expression. To 

analyse differences in relative expression of TNFAIP3 mRNA of patients with early arthritis along 

visits a general mixed model (GLMM) was performed (Model 1, Supplementary Table II). Model 

was adjusted for MTX and glucocorticoid dose and nested to visit and patient (Model 2, 

Supplementary Table II). To analyse differences in relative expression of TNFAIP3 mRNA of 

patients with early arthritis along visit and between non-responder and responder patients to MTX a 

GLMM was performed (Model 3 in Supplementary Table II). The three models were constructed 

using a simultaneous autoregressive variance–covariance matrix to account for time-dependency 



 

and covariation between predictor variables with R-package: nlme 10. The percentage of the 

variance explained by factor was estimated with R-package: MuMIn 11 

  



 

Supplementary Table I. Baseline characteristics of patients from PEARL cohort studied for 
TNFAIP3 expression.  

	  	   All  patients   Non-Responder   Responder   P  

N   17   5   12     
Age  (years)*   50  (44-60)   50  (47-60)   48  (43-59)   ns  

Female  gender**   17  (100%)   5  (100%)   12  (100%)   -  
Undifferentiated  
arthritis  

1  (5.58%)   0  (0%)   1  (8.33%)   -  

Disease  duration*   3.66  (2.30-9.43)   6.20  (2.76-13.06)   3.01  (2.02-8.53)   ns  
RF**   12  (70.58%)   5  (100%)   7  (58.33%)   ns  
ACPA**   11  (64.70%)   5  (100%)   6  (50.00%)   0.102  
MTX  treatment**   3  (17.6%)   1  (20%)   2  (16.7%)   ns  
Patients  on  
glucocorticoids**  

5  (29.41%)   1  (20%)   4  (33.33%)   ns  

Glucocorticoid  
dose*  

15  (5-15)   15   10  (5-17.50)   ns  

ΔHUPI*   4  (2  –  7.5)   0.5  (0  –  2)   6  (4  –  8)   0.002  

TNFAIP3*   0.15  (0.07  –  0.53)   0.36  (0.09  –  0.53)   0.15  (0.06  –  0.46)   ns  

Data are shown as the *median (interquartile range) or **counts (%). RF: rheumatoid factor. 
ACPA: anti-citrullinated protein. ns: non-significative.  
 
 
 
Supplementary Table II- GLMM performed to analyse the effect of visits, MTX and  
glucocorticoid dose and MTX-responsiveness on TNFAIP3 expression in early arthritis patients. 
      TNFAIP3  expression  
      Model  1   Model  2   Model  3  
      β-Coeff.  (SE)   P   β-Coeff.  (SE)   P   β-Coeff.  (SE)   P  
Visit:                                               1   Ref.   -   Ref.   -   -   n.i.  
   2   0.041  (3.373)   0.990   8.234  (4.567)   0.089   -   -  

   3   -1.154(2.794)   0.684   8.401  (4.613)   0.086   -   -  
MTX  dose      -   n.i.   -0.574  (0.206)   0.012   -   n.i.  
Glucocorticoid  dose      -   n.i.   -0.318  (0.225)   0.175   -   n.i.  
MTX-responder:             no   -   n.i.   -   n.i.   Ref.   -  

   yes   -   -   -   -   -0.680  (0.051)   <10-4  

Since for this analysis the dependent variable “TNFAIP3 expression” needed an inverse transformation  
to achieve normality, a negative β-Coefficient means an increase in TNFAIP3 relative expression. 
Visit 1: baseline; visit 2: 6 months; visit 3:12 months. MTX dose (mg/week). Glucocorticoid dose: mg/d.  
SE: standard error. n.i.: not included. Ref.: reference variable. 
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Supplementary Figure 1
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Supplementary Figure 1.- Expression of IL-1β by qRT-PCR (A, left) or ELISA (A, right) 
by monocytes differentiated with GM-CSF in the absence or presence of MTX and 
challenged with LPS for 24h (A, left) or LPS for 3h and in the absence  or the presence 
of 5mM ATP in the last 15 min (A, right). Mean ± SEM of four independent donors are 
shown (*p<0.05). B. Expression of LPS-response genes in MTX-exposed macrophages. 
CCR7, IFIT2 and PKIG mRNA expression levels on monocytes differentiated with 
GM-CSF in the absence or presence of MTX and challenged with LPS for 4h. Mean ± 
SEM of four independent donors are shown (*p<0.05 compared with the level of untrea-
ted cells).



Supplementary Figure 2
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Supplementary Figure 2.- Expression of TLR2 and TLR4 in MTX-exposed macrophages. A. TLR4 
and TLR2 mRNA expression levels on monocytes differentiated with GM-CSF in the absence or 
presence of MTX for 7 days, as determined by qRT-PCR. Mean ± SEM of six independent donors are 
shown (*p<0.05, **p<0.01). B. Expression of TLR4 by monocytes differentiated with GM-CSF in the 
absence (black line) or presence (red line) of MTX for 7 days. The percentage of positive cells and the 
mean fluorescence intensity (in parentheses) are indicated, with filled histograms indicating the staining 
with isotype-matched antibodies. The experiment was done in three independent donors (#1-3).


