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Abstract  

Rheumatoid arthritis (RA) is one of the most common chronic inflammatory diseases for which no cure 

is available. Recognition of the preclinical phase allows a timely start of treatment with the ultimate 

goal of primary prevention. We analyzed the expression profiles of blood samples of a unique cohort 

of autoantibody positive arthralgia patients at risk for RA (n=109) who were clinically followed for 

progression to arthritis. We report for the first time gene signatures relevant to development of arthritis. 

Signatures implicated with a 4-fold increased risk to develop arthritis involved IFN-mediated immunity, 

hematopoiesis and cytokine activity. These processes were reminiscent of those present in RA 

patients, implying that the preclinical phase of disease already carries features of established disease. 

Genes involved in B-cell immunology were associated with protection from progression to arthritis. 

These findings strongly suggest that gene signatures have predictive value for progression to arthritis, 

which will pave the way to preventive medicine. 

 

Introduction  

Rheumatoid arthritis (RA) is a destructive inflammatory autoimmune disease affecting mostly the 

joints. To induce remission and thereby prevent irreversible joint damage, early diagnosis and a timely 

start of effective treatment is of high importance.1-5  

Alterations in the immune system are likely the basis for the development of RA. Accordingly, several 

studies have documented the appearance of antibodies against citrullinated proteins (ACPA) and 

rheumatoid factor (RF) prior to the onset of RA.6-11 Using serum samples stored in a blood bank, 

Rantapää-Dahlquist and colleagues showed that 34% of the RA patients were positive for ACPA up to 

nine years prior to diagnosis.9 In analogy, Nielen and colleagues showed that 49% of the RA patients 

tested positive for IgM-RF and/or ACPA before onset of disease at a median of 4.5 years before 

symptom onset.10 A recent prospective follow-up study of ACPA and/or IgM positive arthralgia patients 

has shown that ACPA positive patients are more likely to develop arthritis than ACPA negative, IgM-

RF positive arthralgia patients (27 versus 6% after a median follow-up of 2 years).12 Above studies 

indicate that ACPA and/or RF may serve a role as predictive biomarkers for the development for RA in 

order to select individuals for preventive therapy for the development of RA.  

It has been increasingly hypothesized that autoantibodies such as ACPA are involved in the 

development of RA.13-15 Animal studies demonstrated that addition of antibodies to citrullinated 

peptides significantly enhanced joint inflammation.14;16 Moreover, citrullination of collagen type II was 

shown to be more arthritogenic in rats.13 Since not all ACPA and/or RF positive individuals ultimately 

develop RA the requirements to drive this process are likely to be different between the persons at 

risk.17;18 Hence, either additional factors are needed to result in a chronic inflammatory response 

ultimately leading to RA or some individuals may have a protective immune profile which suppresses 

disease development despite the presence of autoantibodies. The pathogenic or protective immune 

response might be selectively induced in susceptible individuals.19 Hueber et al.20 suggested that anti-
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citrulline autoantibodies exhibit epitope spreading in the further preclinical and early phase of RA, 

indicative of affinity maturation. Additional research revealed an increase in the levels of monocyte 

chemoattractant protein-1 (MCP-1) in patients positive for ACPA before disease onset.21 These 

findings are supportive for a role of autoantibodies in combination with a specific immune constitution 

as early indicators for the development of RA. However, the exact nature of the pathogenic and/or 

protective response remains to be determined. 

In the present explorative study we aim to identify molecular features in addition to autoantibodies that 

are associated with the development of (rheumatoid) arthritis in order to understand the 

pathobiological process and to identify additional biomarkers to improve the predictive power. 

Therefore, we applied peripheral blood gene expression profiling using a unique cohort of ACPA 

and/or IgM-RF positive arthralgia patients at risk for developing RA who are prospectively monitored 

for arthritis development.  

Materials and methods 

Study population. Between June 2004 and March 2007, ACPA and/or IgM-RF positive arthralgia 

patients were included for prospective follow-up of arthritis development. Inclusion and exclusion 

criteria for this cohort have been described previously.22 In summary, a trained medical doctor (WB) 

and a senior rheumatologist (DS) independently scored for absence of arthritis (swollen joint count 

[SJC] =0) in 44 joints at physical examination at the baseline visit.23 The senior rheumatologist was 

blinded for the reported joint complaints and the autoantibody status. Exclusion criteria were: arthritis 

revealed by chart review or baseline physical examination, erosions on hand or feet X-ray examination 

and previous treatment with a disease modifying anti-rheumatic drug (DMARD). In total, 109 patients 

were available for analysis. Arthritis development during follow-up was defined as a SJC of  ≥ 1 and 

was independently confirmed by both physicians.  

For comparison, 25 RA patients with established disease were included. The RA patients consisted of 

25 randomly selected patients starting anti-TNF treatment at the Jan van Breemen Institute. All fulfilled 

the ACR criteria for RA24 and the median disease duration was 11 years. An overview of the subjects’ 

characteristics is given in Table 1. 

Table 1: study population 

 
controls 

n=25 
arthralgia patients 

n=109 
RA patients* 

n=25 

Age, mean (SD) 46 ± 13 49 ± 10 58 ± 12 
Female, n (%) 17 (68) 75 (69) 19 (76) 
ACPA or IgM-RF positive, n (%) 0 (0) 109 (100) 20 (80) 
ACPA positive, IgM-RF negative, n (%) - 37 (34) 7 (28) 
ACPA negative, IgM-RF positive, n (%) - 39 (36) 0 (0) 
ACPA and IgM-RF positive, n (%) - 33 (30) 13 (52) 

*RA=rheumatoid arthritis, SD=standard deviation, IQR= interquartile range, ACPA=anti-citrullinated protein antibodies, IgM-RF 
= IgM rheumatoid factor.  
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Serological measurements. Baseline laboratory parameters (determined batch wise at the end of the 

study period using the blood samples obtained at inclusion) included IgM-RF by in house enzyme-

linked immunosorbent assay (ELISA) and ACPA by ELISA (second generation anti-CCP ELISA, Axis 

Shield, Dundee, United Kingdom). IgM-RF was calibrated with a national reference serum containing 

200 IU/ml.25 The cut-off level for IgM-RF antibody positivity was set at 30 IU/ml determined on the 

basis of ROC curves as described previously.10 The cut-off level for ACPA positivity was set at 5 

Arbitrary Units/ml (AU/ml) according to the manufacturer's instructions.  

Blood sampling for RNA isolation. 2.5 ml blood was drawn at baseline in PAXgene blood RNA 

isolation tubes (PreAnalytix, GmbH, Germany) and stored at -20°C. Tubes were thawed for 2 hours at 

room temperature prior to RNA isolation. Next, total RNA was isolated using the PAXgene RNA 

isolation kit according to the manufacturer’s instructions including a DNAse (Qiagen, Venlo, 

Netherlands) step to remove genomic DNA. 

Sample hybridization for microarray analysis. We used 43K cDNA microarrays from the Stanford 

Functional Genomics Facility (http://microarray.org/sfgf/) printed on aminosilane-coated slides 

containing ~20.000 unique genes. Only one batch of arrays was used for all experiments. First DNA 

spots were UV-crosslinked to the slide using 150-300 mJoules. Prior to sample hybridization, slides 

were pre-hybridized at 42 degrees Celsius for 15 minutes in a solution containing 40% ultra-pure 

formamide (Invitrogen, Breda, Netherlands), 5% SSC (Biochemika, Sigma), 0.1% SDS (Fluka Chemie, 

GmbH, Switzerland) and 50 g/ml BSA (Panvera, Madison, USA). After pre-hybridization slides were 

briefly rinsed in MilliQ water, thoroughly washed in boiling water and 95% ethanol and air-dried. 

Sample preparation and microarray hybridization was performed as described previously26 apart from 

the different post-processing and pre-hybridization described above.  

Microarray data analysis. Data storage and filtering was performed using the Stanford Microarray 

Database (SMD at: http://genome-www5.stanford.edu//)27 as described previously.28 Raw data can be 

downloaded from the publicly accessible Stanford database website. We used the Q-score tool from 

the database as a quality measure to remove low quality spots. Q-score determined the appropriate 

filter criteria for: the regression correlation between channels 1 and 2, the background settings and the 

minimal channel intensities. After removing the low quality spots, data values with the same Unigene 

Identifier were averaged and all array data was median centered (genes and arrays) resulting in good 

quality data for 19,648 gene transcripts. Significance Analysis of Microarrays (SAM)29 was used to 

determine significantly differential expressed genes. A gene was considered as significantly differential 

expressed if the False Discovery Rate (FDR) was equal to or less than 5%. Cluster analysis30 was 

used to study disease heterogeneity and to define clusters of coordinately expressed genes after 

which the data was visualized using Treeview. PANTHER (Protein ANalysis THrough Evolutionary 

Relationships) Classification System (Applied Biosystems, Foster City, CA, USA) was used at 

http://PANTHER.appliedbiosystems.com31;32 to interpret our data. This analysis uses the binomial 

statistics tool to compare the list of significantly up- or downregulated genes to a reference list in order 

to statistically determine over- or under representation of PANTHER classification categories such as 

http://genome-www5.stanford.edu/�
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biological processes. A Bonferroni correction was applied to correct for multiple testing and a 

significant p-value (P < 0.05) indicates that a given category may be of biological interest.  

Selecting genes for validation. SAM revealed 255 significantly differential expressed genes whose 

transcript levels differed at least twofold between autoantibody negative healthy individuals and 

arthralgia patients positive for ACPA and/or RF (supplementary Table S1). In order to narrow down 

the list of genes for validation, class prediction analysis of microarrays (PAM) was applied using the 

gene expression data as a training set. Applying a ten-fold cross validation this analysis identified a 

set of only 17 genes that could correctly classify our controls from autoantibody positive arthralgia 

patients while only two of the 19 arthralgia patients were classified as controls. Thus, the expression of 

these 17 genes could predict with a class error rate of only 10.5% if a sample was derived from an 

autoantibody negative control or an autoantibody positive arthralgia patient at risk of developing RA. 

An additional PAM analysis was performed in which only data was used of the 6 autoantibody 

negative controls and the 6 ACPA positive but RF negative persons at risk. Strikingly, the expression 

of 14 genes could correctly classify these two different groups with a class error rate of 0%. 

Interestingly, the majority of these 14 genes are interferon-induced and only one gene overlapped with 

the first PAM analysis. When we performed a PAM analysis between the 6 controls and the 9 ACPA 

negative but RF positive patients, most of the genes overlapped with the first PAM analysis (6 controls 

versus 19 autoantibody positive arthralgia patients). Available pre-designed Taqman primers and 

probes were used to validate gene expression levels of the above PAM analyses. For 10 selected 

genes no pre-designed assays were available and therefore these genes were excluded from 

analysis.  

We included 20 IFN related genes derived from comparisons between active RA patients and healthy 

controls performed previously.26 In addition, IFN specific genes IFNα2, IFNβ and IFNγ were included 

and housekeeping genes GAPDH and 18SRNA were added for normalization. Detailed information for 

selected target genes based on differential expression between controls and at risk individuals is listed 

in Table 2. Genes representative for the observed heterogeneity within the at risk group were selected 

from the different clusters displayed in Figure 2. Therefore, per gene cluster patients were re-clustered 

after which genes were selected that showed the highest variance in expression levels using PAM and 

SAM analysis. The gene set was supplemented with genes representative for the different biological 

processes. Detailed information for selected target genes representative for the heterogeneity within 

the at risk group is listed in Table 3. In total 87 genes were selected for expression analysis in the total 

cohort using the Taqman Low Density Array (TLDA) technology which is based on quantitative real-

time PCR. 

Taqman Low Density Arrays (TLDA). Per TLDA card it is possible to analyze the expression of 48 

genes in eight samples simultaneously. The expression of selected target genes (Tables 2 and 3) was 

validated in the total study cohort using TLDA (Applied Biosystems). Corresponding predesigned 

primers and probes (supplementary Table S2) were selected from the Applied Biosystems database to 

set up custom TLDA cards. Samples were randomly dispersed over the TLDA cards and the 

expression levels of selected genes were measured at the outsourcing company ServiceXS B.V. 
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(Leiden, Netherlands). Total RNA (0.5 µg) was reverse transcribed into cDNA using a Revertaid H-

minus cDNA synthesis kit (MBI Fermentas, St. Leon-Rot, Germany) according to the manufacturer’s 

instructions. From each sample diluted cDNA corresponding to 100 ng total RNA was used per TLDA 

card. For normalization the housekeeping genes GAPDH and 18SRNA were included in the analysis. 

Since the inter-sample variation in expression for GAPDH was much higher than for 18SRNA, the 

latter was chosen for normalization. In addition, the correlation between array and TLDA data was 

much better with 18SRNA normalized data (data not shown). An arbitrarily chosen ACPA-/RF- control 

sample was selected as calibrator sample. Data was analyzed using RQ manager 1.2 (Applied 

Biosystems) and since this program can only analyze 10 TLDA cards in one experiment, the calibrator 

sample was analyzed in duplicate on two different TLDA cards (Pearson R=0.9936 between the two 

experiments). 

Statistical analysis. Data with a Gaussian distribution, expressed as the mean and SD, were 

analyzed using a T test or one-way ANOVA for multiple comparisons. Outcome measurements with a 

non-Gaussian distribution were expressed as the median and interquartile range (IQR) and were 

analyzed by the Mann-Whitney U test or Kruskal-Wallis test for multiple comparisons. Categorical 

variables were compared using the Chi-square or Fisher’s exact test as appropriate. Cox-regression 

hazard analysis (with and without correction for ACPA status) assessed the relative risk for arthritis 

development in subgroups of autoantibody positive arthralgia patients. To control for multiple 

comparisons, survival data were verified using a log rank analysis combined with a permutation 

approach. Data were analyzed using the Statistical Package for Social Sciences version 14.0 (SPSS; 

Chicago, Illinois, United States) and were considered significant with two sided p-values less than 

0.05. 

Results 

Gene expression profiles of ACPA and/or RF positive arthralgia patients are clearly distinct 

from autoantibody negative healthy controls. The gene expression profiles of peripheral blood 

cells derived from 19 arthralgia patients positive for ACPA and/or RF were analyzed and compared to 

the profiles of 6 ACPA and RF negative healthy controls using Significance Analysis of Microarrays 

(SAM). A total of 255 significantly differential genes were identified whose transcript levels were at 

least two-fold differentially expressed between the two groups (supplementary Table S1) after which 

unsupervised two-way hierarchical cluster analysis was applied (Fig. 1). All autoantibody negative 

healthy controls concentrated together in one arm of the dendogram. The autoantibody positive 

arthralgia patients were characterized by differential expression of two gene clusters designated as 

cluster A, which consisted of genes that are upregulated in the risk group and cluster B with genes 

that are downregulated compared to the control group. Cluster A contained genes involved in several 

immune related processes: interferon (IFN) mediated immunity, NK cell mediated immunity and 

immunity and defense. Cluster B contained genes that are downregulated in most of the persons at 

risk. These genes could not be classified into a biological process. 
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Figure 1: genes significantly differential expressed between autoantibody positive arthralgia patients and healthy 
controls. 255 Significantly differential expressed genes were unsupervised two-way hierarchically clustered and visualized by 
Treeview. Each column represents the data of one array/sample and each row shows the relative expression levels of a single 
gene for all samples. Red color means a relatively higher expression, green color stands for a relatively lower expression and 
a black color black indicates that the expression level is equal to the median expression level across all samples. Grey 
indicates missing values. The significantly differential expressed genes present in each gene cluster were classified into 
different functional categories (PANTHER) as indicated at the right of the cluster diagram. 

 

Overall, gene expression profiles of autoantibody positive arthralgia patients were clearly distinct from 

those of autoantibody negative controls and a subset of patients showed characteristics of an 

activated immune response.  

Heterogeneity of autoantibody positive arthralgia patients reveals different modes of immune 
activation. To investigate the molecular heterogeneity within the risk group, a two-way hierarchical 

cluster analysis was performed using the microarray data of the autoantibody positive arthralgia 

patients only (n=19). Therefore, 554 genes were selected whose transcript levels deviated more than 

two-fold from the median expression level in at least four patients. The structure of the dendogram 

indicated that the autoantibody positive arthralgia patients were separated in subgroups (Fig. 2). 
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Indicative for the robustness of subclassification, application of different gene selection criteria did not 

alter this subclassification (data not shown).  

The position of any autoantibody-positive arthralgia patient in the dendogram is determined by 

differentially expressed genes that are categorized in four clusters (A, B, C and D). Pathway level 

analysis revealed that cluster A is characterized by the expression of genes involved in B-cell 

mediated immunity and protein biosynthesis, metabolism and modification. Genes involved in 

immunity and defense, proteolysis, protein metabolism and modification, macrophage, T-cell, NK-cell 

and granulocyte mediated immunity were characteristic for cluster B. Cluster C contained genes of yet 

unknown processes, although some of these genes are known for their role in inflammation (e.g. 

PBEF1, SSP1 and S100A12). Genes that represent immunity and defense, cell surface receptor and 

chemokine and cytokine mediated signaling, such as CCL5, IFNγ and IL32, were characteristic for 

cluster D.  

The molecular heterogeneity was validated in an independent group of 90 autoantibody positive 

arthralgia patients. Therefore, we carefully selected genes that were differentially expressed between 

controls and at risk individuals (Table 2), and genes representative for heterogeneity within the at risk 

group (Table 3). These gene classifiers were selected by Prediction Analysis of Microarrays (PAM) 

and SAM and supplemented with genes representing the different biological processes. In addition, 

the gene set was supplemented with an RA associated set of 20 type I IFN response genes26 and 

three IFN specific genes IFNα2, IFNβ and IFNγ. Detailed information on the criteria for gene selection 

is described in the Material and Methods section. Two-way hierarchical cluster analysis using the 

expression data from the 90 at risk individuals confirmed the existence of heterogeneity among 

autoantibody positive arthralgia patients (supplementary Fig. S1). Pathway-level analysis showed that 

heterogeneity was based on differential expression of clusters of genes involved in essentially the 

same processes as mentioned earlier, i.e. IFN-mediated immunity, macrophage mediated immunity, 

apoptosis, immunity and defense, cytokine/chemokine mediated immunity, B-cell activation, signal 

transduction and some genes with unknown function. 

In aggregate, the two-way hierarchical cluster analysis demonstrated molecular heterogeneity among 

autoantibody positive arthralgia patients based on differential expression of genes that are involved in 

diverse arms of the immune response.  
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Table 2: genes selected for validation of observed differences between arthralgia patients and 
healthy controls  
gene symbol full name  reason† 
18SRNA ribosomal 18S-specific Norm. 
C12orf35 chromosome 12 open reading frame 35 1 
C18orf17 chromosome 18 open reading frame 17 3 
CCT4 chaperonin containing TCP1, subunit 4 (delta) 1 
CD274 CD274 molecule 3 
CKS1B CDC28 protein kinase regulatory subunit 1B 1+2 
DDX5 DEAD (Asp-Glu-Ala-Asp) box polypeptide 5 1 
DTX3L deltex 3-like (Drosophila) 2 
EEF1G eukaryotic translation elongation factor 1 gamma 3 
EIF2AK2 =PKR eukaryotic translation initiation factor 2-alpha kinase 2 3 
EPSTI1 epithelial stromal interaction 1 (breast) 2+3 
FCGR1A Fc fragment of IgG, high affinity Ia, receptor (CD64) 3 
FLJ31033 hypothetical protein FLJ31033 3 
GAPDH glyceraldehyde-3-phosphate dehydrogenase Norm. 
GBP1 guanylate binding protein 1, interferon-inducible, 67kDa 3 
HERC3 hect domain and RLD 3 1 
HLA-G* histocompatibility antigen, class I, G 4 
ID1 inhibitor of DNA binding 1, dominant negative helix-loop-helix protein 1 
IFI44L interferon-induced protein 44-like 3 
IFI6 interferon, alpha-inducible protein 6 3 
IFIH1 =MDA5 interferon induced with helicase C domain 1 2 
IFIT1 interferon-induced protein with tetratricopeptide repeats 1 2 
IFIT2 interferon-induced protein with tetratricopeptide repeats 2 3 
IFITM1 interferon induced transmembrane protein 1 (9-27) 3 
IFNA2 interferon, alpha 2 IFN 
IFNB1 interferon, beta 1, fibroblast IFN 
IFNG interferon, gamma IFN 
IPO7 importin 7 1 
IRF2 interferon regulatory factor 2 3 
ISG15 ISG15 ubiquitin-like modifier 3 
KDELR3* KDEL (Lys-Asp-Glu-Leu) endoplasmic reticulum protein retention receptor 3 4 
MAT2B methionine adenosyltransferase II, beta 1 
MX1 myxovirus (influenza virus) resistance 1, interferon-inducible protein p78 (mouse) 3 
OAS1 oligoadenylate synthetase 1, 40/46 kDa 3 
OAS2 oligoadenylate synthetase 2, 69/71 kDa 3 
OAS3 oligoadenylate synthetase 3, 100 kDa 3 
PARP14 poly (ADP-ribose) polymerase family, member 14 2+3 
PLSCR1 phospholipid scramblase 1 3 
REN* Rennin 1 
RSAD2 radical S-adenosyl methionine domain containing 2 2 
RUFY1 RUN and FYVE domain containing 1 1 
SAMD9L sterile alpha motif domain containing 9-like 2+3 
SELL selectin L (lymphocyte adhesion molecule 1) 1 
SERPING1 serpin peptidase inhibitor, clade G (C1 inhibitor), member 1, (angioedema, hereditary) 3 
STAT1 signal transducer and activator of transcription 1, 91kDa 2+3 
TNFSF10 =TRAIL tumor necrosis factor (ligand) superfamily, member 10 4 
TPM3 tropomyosin 3 1 
TRIM22 tripartite motif-containing 22 3 

* Gene expression was below detection limit of TLDA analysis.  
† Reason for selection: 1. PAM analysis: 6 controls vs. 19 persons at risk; 2. PAM analysis:  6 controls vs. 6 ACPA+/RF- at 
risk; 3. Active RA vs. healthy controls: IFN-induced genes;26 4. Explorative SAM analyses between subgroups of patients.  
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Figure 3: gene expression profiles associated with arthritis development. Gene expression profiles of autoantibody 
positive arthralgia patients (black labels) were compared to those of RA patients (red labels) using two-way hierarchical cluster 
analysis (A). Autoantibody positive arthralgia patients who developed arthritis during follow-up are indicated by orange labels. 
The most differentially expressed genes (n=52 genes) between the patient subgroups were selected for clustering. Genes from 
each gene cluster were classified into a biological process using PANTHER (* Genes in this gene cluster are also involved in 
NK-cell mediated immunity and apoptosis). Two-way hierarchical cluster analysis of only arthralgia patients (B).  
 
 
 
 
 
 
 
 
 
 
Figure 2 (opposite page): molecular heterogeneity within autoantibody positive arthralgia patients. Two-way hierarchical 
cluster analysis was used to subclassify autoantibody positive arthralgia patients based on correlated expression profiles. 
Genes were selected if expression levels deviated from the median expression level at least twofold in at least four persons. 
The resulting 554 genes were clustered and this resulted in a subclassification of patients based on the differential expression 
of genes present in gene clusters A, B, C and D. For each gene cluster pathway-level analysis (PANTHER) was used to 
determine the presence of biological processes that were significantly overrepresented. 
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Comparative analysis between blood gene expression profiles of autoantibody positive 

arthralgia patients and patients with RA. Next, the existence of commonalities between (subsets of) 

autoantibody positive arthralgia patients and RA patients with established disease was investigated. 

Therefore, we performed a comparative analysis between the gene expression characteristics of all 

the 109 at risk individuals and those of patients with established disease RA (n=25). Two-way 

hierarchical cluster analysis of the autoantibody positive arthralgia patients and RA patients utilizing all 

87 genes (Tables 2 and 3) divided the patients into essentially similar subgroups as observed for the 

subclassification of the arthralgia patients only (supplementary Fig. S2). We next performed the same 

analysis using a set of 52 genes that showed the highest variance within each subgroup. Two-way 

hierarchical cluster analysis divided the arthralgia and RA patients into four subgroups (Fig. 3A) based 

on essentially the same biological processes as mentioned earlier i.e. IFN-mediated immunity, B-cell 

Table 3: genes selected for validation of observed heterogeneity within at-risk group 

gene symbol full name gene cluster (Figure 2) analysis 
BAG1 BCL2-associated athanogene D SAM 
BCL2L1 BCL2-like 1 D PAM 
CCL5 chemokine (C-C motif) ligand 5 B PAM 
CD19 CD19 molecule A PAM 
CD79A CD79a molecule A PAM 
CD79B CD79b molecule A PAM 
DARC Duffy blood group B PAM 
DEFA3 defensin alpha 3 D SAM 
ERAF erythroid associated factor D PAM 
FCGR1A† Fc fragment of IgG, high affinity Ia, receptor (CD64) B PAM 
FCRL5 Fc receptor-like 5 A PAM 
FLT3LG fms-related tyrosine kinase 3 ligand A Function 
GADD45B growth arrest and DNA-damage-inducible beta A Function 
GZMH granzyme H  B PAM 
HDAC10 histone deacetylase 10 Group III SAM 
IFI27 interferon, alpha-inducible protein 27 B PAM 
IFNAR2 interferon (alpha beta and omega) receptor 2 C Function 
IGKC immunoglobulin kappa constant, immunoglobulin kappa variable 1-5 A PAM 
IGLL1* immunoglobulin lambda-like polypeptide 1 A PAM 
IL1A* interleukin 1 alpha D Function 
IL32 interleukin 32 A Function 
IL7R interleukin 7 receptor A Function 
KLF1 Kruppel-like factor 1 (erythroid) D PAM 
LGALS3BP lectin,  galactoside-binding, soluble, 3 binding protein A Function 
LTB lymphotoxin beta (TNF superfamily, member 3) D Function 
LTF Lactotransferrin D PAM 
MMP9 matrix metallopeptidase 9 (gelatinase B,  92kDa) B PAM 
MRPL38 mitochondrial ribosomal protein L38 C PAM 
MS4A1 membrane-spanning 4-domains, subfamily A, member 1 A PAM 
MYOM2* myomesin (M-protein) 2, 165kDa A SAM 
NKG7 natural killer cell group 7 sequence B PAM 
PADI2 peptidyl arginine deiminase, type II D Function 
PBEF1 pre-B-cell colony enhancing factor 1 B Function 
PDK3 pyruvate dehydrogenase kinase  isozyme 3 D PAM 
RBM38 RNA binding motif protein 38 D PAM 
RGS18 regulator of G-protein signaling 18 C SAM 
RPL23 ribosomal protein L23 B PAM 
S100A12 S100 calcium binding protein A12 B Function 
S100A8 S100 calcium binding protein A8 B Function 
SELENBP1 selenium binding protein 1 D PAM 
SERPING1† serpin peptidase inhibitor, clade G (C1 inhibitor), member 1, (angioedema, hereditary) B PAM 
SLC25A1 solute carrier family 25 (mitochondrial carrier; citrate transporter),member 1 C PAM 
SPP1 secreted phosphoprotein 1 (osteopontin) D Function 
STAT4 signal transducer and activator of transcription 4 B Function 
TESC Tescalcin D SAM 
TNFSF7 CD70 molecule D SAM 
TRGV9 TCRg alternate reading frame protein, T cell receptor g variable 9 B PAM 
XRCC5 X-ray repair complementing defective repair in Chinese hamster cells 5  C SAM 

*gene expression was below detection limit of TLDA analysis. 
† also present in gene selection based on comparison of autoantibody positive arthralgia patients and healthy controls (Table 
2). 
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activation, cytokine/chemokine mediated immunity, apoptosis and NK cell mediated immunity. In 

addition, a small cluster of genes represented the biological process hematopoiesis. Most remarkable, 

RA patients with established disease preferentially co-clustered with at risk individuals of groups I and 

II compared to those in groups III and IV (Fisher’s exact test P < 0.01). Groups I and II were 

characterized by an increased expression of genes involved IFN-mediated immunity and 

hematopoiesis, respectively, whereas groups III and IV were associated with increased expression of 

genes involved in B cell activation and cytokine/chemokine mediated immunity, respectively.  

These data show that a subgroup of autoantibody positive arthralgia patients contains gene 

expression features, i.e. increased expression of genes involved IFN-mediated immunity and/or 

hematopoiesis that are reminiscent of those of patients with established RA.  

Gene expression profiles predict arthritis development, independent of ACPA levels. In order to 

study the association between the arthralgia subgroups and the development of arthritis we performed 

an interim analysis to determine the distribution over the different subgroups of those autoantibody 

positive arthralgia patients who have developed arthritis in the course of the study. Interim analysis 

revealed that 20 autoantibody positive arthralgia patients have developed arthritis after a median of 7 

months (IQR 4-15; median follow-up of all patients is 30 [IQR 22-39] months) in a median of 3 joints 

(IQR 3-5).  

Since autoantibody positive arthralgia patients present in subgroups I and II co-clustered with RA 

patients, these two subgroups were combined and arthritis development was compared to the 

remaining at risk patients present in subgroups III and IV. Cox-regression analysis showed that 

subgroups I and II were associated with arthritis development (Hazard Ratio [HR] 5.1; 95% confidence 

interval [C.I.] 1.2-21.9; P = 0.03). Correcting for ACPA decreased the HR to 4.1 (95% C.I. 1.0-17.9; P 

= 0.06), resulting in a strong trend independent of ACPA status, implicating that in the presence of 

ACPA, gene expression profiles specific for subgroups I and II have predictive value for identifying 

those patients at risk for the development of RA. The presence of the ‘shared epitope’ genotype, as 

well as mean ACPA and RF levels were similar in both arthralgia subgroups (I and II versus III and IV, 

data not shown) and did not influence these results. Excluding those autoantibody positive arthralgia 

patients who had received two intramuscular dexamethasone injections (n=25) in a trial of primary 

prevention of arthritis33 did not alter these results. 

Essentially similar results were found when the two-way hierarchical cluster analysis was exclusively 

performed with the at risk arthralgia patients only (Fig. 3B). However, since after re-clustering of the 

autoantibody positive arthralgia patients there is no objective criterion to decide which cluster groups 

should be tested for association with arthritis development, multiple cuts in the dendrogram were 

considered. Therefore, all clusters containing more than 15% of the samples were tested versus the 

other clusters combined for association with arthritis development. This resulted in nine two-group 

tests. 
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Figure S1: confirmation of molecular heterogeneity in a larger group of autoantibody positive arthralgia patients. The 
expression levels of 87 genes (Tables 2 and 3) were successfully measured in an independent group of 90 autoantibody 
positive arthralgia patients using the TLDA method. The expression data of these 87 genes is visualized using unsupervised 
two-way hierarchical cluster analysis. Each column represents the TLDA data for one arthralgia patient and each row shows 
the differential expression of one gene. Genes and patients with similar expression profiles are placed next to each another. 
PANTHER analysis was used to determine the biological processes representing the genes that were grouped together in 
each gene cluster. *This gene cluster also consists of genes involved in macrophage-mediated immunity and apoptosis. 
**This gene cluster also consists of genes involved in signal transduction. 
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Figure S2: comparison of gene expression profiles between RA and autoantibody positive arthralgia patients. Gene 
expression profiles of autoantibody positive arthralgia patients (black labels) were compared to those of RA patients (red 
labels) using two-way hierarchical cluster analysis of all 87 genes (Tables 2 and 3) measured through TLDA analysis. Genes 
from each gene cluster were classified into a biological process using PANTHER. 
*Genes in this gene cluster are also involved in NK-cell and granulocyte mediated immunity, apoptosis and signal 
transduction. 
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Figure 4: arthritis free survival in ACPA and/or IgM-RF positive arthralgia patients stratified for gene expression 
profiles: group 1 versus the rest as shown in fig. 3B and described in the results section. 

 

Cox-regression analysis revealed that subgroup 1, characterized by an increased expression of genes 

involved in IFN-mediated immunity and/or cytokine/chemokine mediated immunity, is significantly 

associated with arthritis development (Fig. 4; HR 4.5; 95% C.I. 1.3-15.4; P = 0.016) even after 

correcting for ACPA (HR 3.6; 95% C.I. 1.1-12.4; P = 0.041). Subgroup 7, characterized by increased 

expression of genes involved in B-cell mediated immunity, is devoid of at risk individuals who 

developed arthritis. Therefore, inclusion of a “dummy” case was required for Cox regression analysis, 

which resulted in borderline significance (HR 0.14; 95% C.I. 0.02-1.1; P = 0.057), which was lost after 

correcting for ACPA (HR 0.17; 95% C.I. 0.02-1.3; P = 0.083). A log rank analysis combined with a 

permutation approach to control for multiple comparisons showed similar results (data not shown). 

Collectively, these analyses reveal that autoantibody positive arthralgia patients with high expression 

of genes involved in IFN-mediated immunity or cytokine/chemokine mediated immunity are more likely 

to develop arthritis. Conversely, autoantibody positive arthralgia patients with high expression of 

genes involved in B-cell mediated immunity may be protected against development of arthritis or 

progression towards disease pathogenesis may be suppressed. These results were independent of 

ACPA status. 
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Discussion  

In this manuscript we demonstrated the heterogeneous nature of ACPA and/or RF positive arthralgia 

patients at risk for development of RA. We identified sets of genes whose expression profiles 

segregate arthralgia patients at risk for RA into different groups. Subgroups that are characterized by 

a gene signature of IFN-mediated immunity, cytokine activity, or hematopoiesis all contain at risk 

persons who have developed arthritis. These gene expression characteristics increase the risk for 

arthritis development approximately 4-fold independent of ACPA status. Interestingly, the group of 

patients that is characterized by increased expression of genes involved in humoral immunity is devoid 

of patients who have developed arthritis in the follow-up period. These results indicate that 

predisposition for the development of arthritis can be used to predict the diagnosis of arthritis in ACPA 

and/or RF positive individuals at risk.  

To the best of our knowledge, this study is the first to present evidence that differential gene 

expression is predictive of the progression to arthritis in autoantibody positive individuals. Since the 

unique nature of this cohort prevents validation in an independent group, this predictor gene set is only 

suggestive and awaits confirmation from larger independent data sets to refine and validate its clinical 

usefulness. 

The concept that IFN response activity in blood cells is characteristic for progression to arthritis is 

consistent with its role in immunopathology. Type I IFNs are known to upregulate MHC expression 

and to induce differentiation of monocytes into antigen presenting dendritic cells (DCs).34;35 Under 

normal physiology immature DCs control peripheral tolerance by deletion of circulating autoreactive T 

cells. However, continued type I IFN induced maturation of DCs may lead to a break of peripheral 

tolerance through activation of autoreactive cells resulting in immunity to self-antigens. Accordingly, a 

recent study showed that IFN induced protein IFIT4 might play a role in promoting monocyte 

differentiation into DC-like cells and subsequent regulation of Th1 cell differentiation.36 These 

properties of type I IFN might contribute to antigen spreading and subsequent initiation of arthritis in 

those autoantibody positive arthralgia patients who display increased levels of IFN induced genes. 

Among the risk factors for progression to arthritis are also genes involved in cytokine and chemokine 

mediated immunity, including IFNγ, IL-7R, STAT-4 and CCL5. This finding is consistent with the 

results of a study on undifferentiated arthritis, which showed correlations between raised 

concentrations of multiple cytokines and the presence of ACPA in early RA.37 In addition Hueber and 

colleagues observed raised serum levels of both classical Th1 (IFNγ and IL12) and Th2 (IL10 and 

IL13) cytokines.38 Whereas serum cytokine levels may reflect local blood cell production and/or 

(immune) cell activation in joints or other tissues, the increased transcript production in blood is 

indicative of peripheral production of these inflammatory factors. The presence of increased STAT-4 

may be a reflection of IL-12 bioactivity and Th1 skewing reflected by increased expression of IFNγ. 

STAT4 is also required for signaling in mature dendritic cells in response to type 1 IFNs.39 In 

accordance with a role for STAT-4 in progression towards RA, a genetic association between a 

STAT4 haplotype and RA susceptibility was reported.40 No association between increased expression 
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and established RA was observed (Fig. 3A). Although previous findings suggested that increased 

levels of pro-inflammatory cytokines and/or chemokines are associated with the generation of ACPA,38 

our findings suggest that increased cytokine activity is associated with progression towards arthritis in 

already ACPA positive individuals. 

The group of genes classified as being involved in hematopoiesis contains two genes (KLF1 and 

ERAF) involved in erythrocyte development, whereas two other genes (BCL2L1 and BAG1) have anti-

apoptotic capacities. Interestingly, this cluster also harbors DARC (Duffy Antigen/Receptor for 

Chemokines), also known as Duffy blood group antigen which is entirely unique among all the 

chemokine receptors and is expressed on erythrocytes of Duffy antigen positive individuals. Moreover, 

DARC is also present on the surface of venular endothelial cells, where it was shown to be essential 

for cell trafficking.41;42 On erythrocytes, DARC is described to act as a sink for free pro-inflammatory 

chemokines present in the bloodstream.43 In addition, erythrocyte DARC may also serve as a 

chemokine blood reservoir that could have consequences for cell trafficking.44  

Compared with at risk individuals who do progress to arthritis, the ones that do not develop arthritis 

showed an increased expression of B cell related genes. Notably transcripts for CD79A, CD79B, 

MS4A1, CD19 and FCLR5 were differentially expressed. CD79A and CD79B are B cell markers 

essential for the expression and function of the B-cell antigen receptor. MS4A1 encodes for the B-cell 

antigen CD20, and CD19 is involved in activating the B-cell receptor. FCRL5 may encode several 

isoforms, including transmembrane, secreted, and glycosylphosphatidylinositol anchored versions of 

the FCRL5 protein. FCRL5 is found on most mature B cells with the highest levels being present on 

naïve and plasma cells. Transmembrane expressed FCRL5 inhibits B-cell activation. The finding that 

a gene set representing increased humoral immunity has a protective role against progression to 

arthritis is in apparent contradiction to the profound disease-ameliorating effects that have been 

observed following B-lymphocyte depletion.45 Circulating B-lymphocytes are the source of synovial B-

cells and only a small fraction of the total B-cell pool is found in the peripheral circulation. As a 

consequence of increased trafficking and accumulation of activated and autoreactive B-cells in the 

synovial membrane of affected joints, diminished numbers of circulating CD19 B-cells have been 

observed in RA patients.46 Knowing that immune cell trafficking is a crucial process in the initiation of 

disease, it is tempting to speculate that the increased expression of B cell genes is a reflection of a 

blockade in the migration of B cells to the tissue.  

On the basis of our data, we propose that the individuals’ genes affect susceptibility to RA at three 

levels. First, some genes affect the overall reactivity of the immune system and thus can predispose 

the individual to autoimmunity. Second, this altered immunoreactivity is directed to particular antigens, 

i.e. citrullinated antigens, which affect B- and T-cell recognition of epitopes. Third, still other genes act 

on the progression of autoimmunity to target tissues to modulate immune attack. Our results imply 

that, among others IFN-mediated immunity and cell trafficking specify the processes relevant to 

progression to arthritis besides autoantibody positivity. 

Can gene expression profiling be used to select those individuals at risk who will develop arthritis? 

27% of ACPA positive arthralgia patients develop arthritis after a median follow-up of 2 years, this 
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increases to 40% with the concomitant presence of IgM-RF.12 Our result suggests that higher-order 

combinatorial searches may improve the predictive performance of autoantibody status. However, 

higher-order predictive variable combinations do require the support of many more samples to prevent 

overfitting of the model. Convincing assessment of this question will therefore necessitate expression 

analysis of genes identified herein in larger cohorts of participants. We envision predictive models 

based on preclinical expression profiling as an “evolving” evidence-based process for determining the 

risk of developing RA, to be recalibrated over time to account for changes in practice. As a corollary, a 

gene set that can identify RA progressors could also have predictive value for autoantibody negative 

patients. Studies are under way to further characterize all the genes in the classifier and to refine our 

predictor model with a larger patient cohort, with the ultimate goal of diagnosing patients with 

preclinical RA. Preclinical diagnosis could represent the basis of a breakthrough in curing RA. 
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Table S1a:genes higher expressed in arthralgia patients (n=179) 

gene ID 
gene 

symbol full name 
fold 

change 
q-

value(%) 
Hs.17518   RSAD2   Radical S-adenosyl methionine domain containing 2  5,04 0,00 
     AI347124  (IMAGE:1926927) 4,84 0,00 
Hs.389724   IFI44L   Interferon-induced protein 44-like  4,72 0,14 
Hs.546467   EPSTI1   Epithelial stromal interaction 1 breast 4,49 0,07 
Hs.562188      Transcribed locus  4,45 0,00 
Hs.105635      Transcribed locus  4,25 0,14 
Hs.20315   IFIT1   Interferon-induced protein with tetratricopeptide repeats 1  3,73 0,00 
Hs.591198   EVI2A   Ecotropic viral integration site 2A  3,59 0,00 
Hs.528634   OAS3   2'-5'-oligoadenylate synthetase 3, 100kDa  3,41 0,00 
Hs.567266   NF1   Neurofibromin 1 (neurofibromatosis, von Recklinghausen disease, Watson disease) 3,36 0,07 
Hs.534346   RPS7   Ribosomal protein S7  3,29 0,00 

Hs.567702     
 **Transcribed locus, strongly similar to NP_000997.1 ribosomal protein S3a; 40S ribosomal protein S3a; 
v-fos transformation effector protein 1 [Homo sapiens]  3,26 0,09 

Hs.23956   COMMD8   COMM domain containing 8  3,13 0,00 
Hs.610444   RPL9   Ribosomal protein L9  3,13 0,11 
Hs.406300   RPL23   Ribosomal protein L23  3,06 0,00 
Hs.226307   APOBEC3B   Apolipoprotein B mRNA editing enzyme, catalytic polypeptide-like 3B  3,05 0,40 
Hs.448851   USP6   **Ubiquitin specific peptidase 6 (Tre-2 oncogene) 3,03 0,00 
Hs.541894   KIAA1641   3,02 0,00 
     AA259248:AA259249 (IMAGE:1010072 ) 3,01 0,07 
Hs.279806   DDX5   DEAD (Asp-Glu-Ala-Asp) box polypeptide 5 2,98 0,00 
Hs.507536   MTMR6   **Myotubularin related protein 6  2,95 0,00 
Hs.643209      Transcribed locus  2,93 0,18 
Hs.531067      CDNA clone IMAGE:4902949  2,88 0,05 
Hs.445129   C12orf35   Chromosome 12 open reading frame 35  2,88 0,00 
Hs.530436   STXBP3   Syntaxin binding protein 3  2,84 0,00 
Hs.384598   SERPING1   Serpin peptidase inhibitor, clade G (C1 inhibitor), member 1, (angioedema, hereditary) 2,78 1,21 
Hs.510402   CD46   CD46 molecule, complement regulatory protein  2,69 0,00 
Hs.163173   IFIH1   Interferon induced with helicase C domain 1  2,67 0,00 
Hs.307924   MSL3L1   Male-specific lethal 3-like 1 (Drosophila) 2,66 0,00 
Hs.301921   CCR1   Chemokine (C-C motif) receptor 1  2,66 0,00 
    AA912032 (IMAGE:1486028 ) 2,66 0,00 
Hs.642906      Transcribed locus  2,65 0,00 
Hs.24485   SMC3   Chondroitin sulfate proteoglycan 6 (bamacan)  2,64 0,00 
    AI268082 ( IMAGE:1911561 ) 2,63 0,00 
Hs.25845   MGC42105   Hypothetical protein MGC42105  2,63 1,51 
     AI302425  (IMAGE:1901759 ) 2,61 0,00 
Hs.470943   STAT1   Signal transducer and activator of transcription 1, 91kDa  2,61 0,00 
     AA778116  (IMAGE:379941)  2,61 0,00 
Hs.34576   TAX1BP1   Tax1 (human T-cell leukemia virus type I) binding protein 1  2,60 0,00 
Hs.489118   SAMD9L   Sterile alpha motif domain containing 9-like  2,59 0,00 
Hs.597910      Transcribed locus  2,58 0,00 
Hs.643431   IGJ   Immunoglobulin J polypeptide, linker protein for immunoglobulin alpha and mu polypeptides  2,56 0,11 
Hs.381123   RPL21   **Ribosomal protein L21  2,56 0,00 
Hs.546523      Full-length cDNA clone CS0DK002YF13 of HeLa cells Cot 25-normalized of Homo sapiens (human) 2,55 0,00 
Hs.35804   HERC3   Hect domain and RLD 3  2,55 0,00 
Hs.430849   OSBPL8   Oxysterol binding protein-like 8  2,53 0,00 
Hs.437855   FLJ21908   Hypothetical protein FLJ21908  2,52 0,00 
     AA502230  (IMAGE:911901 ) 2,49 0,79 
Hs.440534   TXNDC10   Thioredoxin domain containing 10  2,47 0,00 
Hs.622965   MOBKL1A   **MOB1, Mps One Binder kinase activator-like 1A (yeast) 2,47 0,21 
Hs.276770   CD52   CD52 molecule  2,45 0,69 
Hs.643515   BIRC2   Baculoviral IAP repeat-containing 2  2,43 0,00 
Hs.468840   PLEK   Pleckstrin  2,41 0,52 
Hs.306769   RUFY1   RUN and FYVE domain containing 1  2,41 0,00 
Hs.501778   TRIM22   Tripartite motif-containing 22  2,40 0,00 
Hs.277937   GZMK   Granzyme K (granzyme 3; tryptase II)  2,40 0,11 
Hs.524760   OAS1   2',5'-oligoadenylate synthetase 1, 40/46kDa  2,38 0,00 
Hs.177861   SF3B14   Splicing factor 3B, 14 kDa subunit  2,37 0,05 
Hs.250009   ARL8B   ADP-ribosylation factor-like 8B  2,36 0,00 
Hs.387787   KLRK1   Killer cell lectin-like receptor subfamily K, member 1  2,35 0,00 
Hs.432996   FLJ11021   Similar to splicing factor, arginine/serine-rich 4  2,35 0,00 
Hs.476052   SNRK   SNF related kinase  2,35 0,00 
Hs.82848   SELL   Selectin L (lymphocyte adhesion molecule 1)  2,35 0,00 
Hs.593163      CDNA FLJ42968 fis, clone BRSTN2016954  2,35 0,00 
Hs.138701   TRAT1   T cell receptor associated transmembrane adaptor 1  2,35 0,00 
Hs.643522   IPO7   Importin 7  2,33 0,00 
Hs.205163   MRPL3   Mitochondrial ribosomal protein L3  2,33 0,00 
Hs.601000      Transcribed locus  2,33 0,00 
Hs.339453   ERGIC2   ERGIC and golgi 2  2,32 0,00 
Hs.295626   ITGB1   Integrin, beta 1 (fibronectin receptor, beta polypeptide, antigen CD29 includes MDF2, MSK12)  2,32 0,00 
Hs.355809   LOC151507   Similar to male-specific lethal 3-like 1 isoform a; drosophila MSL3-like 1  2,32 0,00 
Hs.599179      CDNA FLJ37302 fis, clone BRAMY2016009  2,31 0,00 
Hs.529439   ZBTB41   Zinc finger and BTB domain containing 41  2,31 0,18 
Hs.634689      Transcribed locus  2,29 0,00 
Hs.81848   RAD21   RAD21 homolog (S. pombe) 2,29 0,00 
Hs.7886   PELI1   Pellino homolog 1 (Drosophila) 2,29 0,00 
Hs.518201   DTX3L   Deltex 3-like  (Drosophila) 2,29 0,00 
Hs.505326   NELL2   NEL-like 2 (chicken) 2,28 0,00 
Hs.523332   OAT   Ornithine aminotransferase (gyrate atrophy)  2,28 0,05 
    IMAGE:1584391 2,28 0,00 
Hs.85769   DNTTIP2   Deoxynucleotidyltransferase, terminal, interacting protein 2  2,27 0,00 
    IMAGE:1699682 2,27 0,00 
Hs.547382      CDNA clone IMAGE:30389268  2,25 0,00 
Hs.478150   PDCD10   Programmed cell death 10  2,24 0,07 
Hs.494173   ANXA1   Annexin A1  2,24 0,34 
Hs.512743      CDNA FLJ37755 fis, clone BRHIP2023762  2,24 0,00 
Hs.3210   REN   Renin  2,24 0,00 
Hs.364544   TSPAN13   Tetraspanin 13  2,24 0,52 
Hs.591157   KLRC2   Killer cell lectin-like receptor subfamily C, member 2  2,24 0,21 
Hs.596900      Full-length cDNA clone CS0DB005YH06 of Neuroblastoma Cot 10-normalized of Homo sapiens  2,23 0,28 
Hs.530472      Transcribed locus, weakly similar to NP_055301.1 neuronal thread protein AD7c-NTP [Homo sapiens]  2,23 0,00 
Hs.236774   HMGN4   High mobility group nucleosomal binding domain 4  2,22 0,00 
Hs.130413   TM9SF2   Transmembrane 9 superfamily member 2  2,22 0,00 
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Table S1a (continued) 

gene ID 
gene 

symbol full name 
fold 

change 
q-

value(%) 

Hs.438801     
 Transcribed locus, strongly similar to NP_001735.1 calcium/calmodulin-dependent protein kinase IV; 
brain Ca (2+)-calmodulin-dependent protein kinase type IV; calcium/calmodulin-dependent protein kinase  2,21 0,00 

Hs.546339   C11orf58   **Chromosome 11 open reading frame 58  2,21 0,00 
Hs.370487   B4GALT5   UDP-Gal:betaGlcNAc beta 1,4- galactosyltransferase, polypeptide 5  2,21 0,00 
Hs.535011   FLJ31033   Hypothetical protein FLJ31033  2,20 0,00 
Hs.191518   DHX9   DEAH (Asp-Glu-Ala-His) box polypeptide 9  2,19 0,00 
Hs.309090   SFRS7   Splicing factor, arginine/serine-rich 7, 35kDa  2,18 0,00 
Hs.477495   MYSM1   Myb-like, SWIRM and MPN domains 1  2,18 0,00 
Hs.528836   NOD27   Nucleotide-binding oligomerization domains 27  2,17 0,00 
Hs.504609   ID1   Inhibitor of DNA binding 1, dominant negative helix-loop-helix protein  2,17 0,00 
Hs.593155   UTRN   Utrophin (homologous to dystrophin)  2,17 0,00 
Hs.77424   FCGR1A   Fc fragment of IgG, high affinity Ia, receptor (CD64) 2,17 0,69 
Hs.435967   TADA1L   Transcriptional adaptor 1 (HFI1 homolog, yeast)-like  2,16 0,00 
Hs.591232      Full-length cDNA clone CS0DE014YC17 of Placenta of Homo sapiens  2,16 0,00 
Hs.518475   EIF4A2   Eukaryotic translation initiation factor 4A, isoform 2  2,16 0,00 
Hs.632478   LOC653805   Similar to ribosomal protein S27  2,16 0,52 
Hs.495960   ATP6AP2   **ATPase, H+ transporting, lysosomal accessory protein 2  2,15 0,00 
Hs.632532   HAT1   Histone acetyltransferase 1  2,15 0,00 
      N54914  2,15 0,00 
Hs.546283   RPL6   Ribosomal protein L6  2,15 0,00 
Hs.62661   GBP1   Guanylate binding protein 1, interferon-inducible, 67kDa  2,14 0,00 
Hs.528638   ATPBD1C   **ATP binding domain 1 family, member C  2,14 0,00 

Hs.210385   HERC1  
 **Hect (homologous to the E6-AP) (UBE3A) carboxyl terminus) domain and RCC1 (CHC1)-like domain 
(RLD) 1  2,13 0,00 

Hs.508769   PCID2   PCI domain containing 2  2,12 0,00 
Hs.593056      Transcribed locus  2,12 0,40 
Hs.281898   AIM2   Absent in melanoma 2  2,11 0,00 
Hs.412103   EFHA1   EF-hand domain family, member A1  2,11 0,00 
Hs.597455      Transcribed locus  2,11 0,05 
Hs.518609   ARPC5   Actin related protein 2/3 complex, subunit 5, 16kDa  2,11 0,34 
Hs.600495      Transcribed locus  2,11 0,11 
Hs.546510   SLFN5   **Schlafen family member 5  2,11 0,05 
Hs.86984   BCOR   BCL6 co-repressor  2,11 0,00 
Hs.515890   YPEL5   Yippee-like 5 (Drosophila) 2,11 0,28 
Hs.608192      Transcribed locus  2,11 0,11 
Hs.123464   P2RY5   Purinergic receptor P2Y, G-protein coupled, 5  2,11 0,11 
Hs.31961      CDNA FLJ37694 fis, clone BRHIP2015224  2,11 0,00 
Hs.79136   SLC39A6   Solute carrier family 39 (zinc transporter), member 6  2,10 0,00 
Hs.1908   PRG1   Proteoglycan 1, secretory granule  2,09 0,07 
Hs.508010   FNDC3A   Fibronectin type III domain containing 3A  2,09 0,00 
Hs.530275      Transcribed locus, moderately similar to NP_060846.2 nipsnap homolog 3B [Homo sapiens]  2,09 0,00 
Hs.531664      Transcribed locus, strongly similar to XP_290670.5 PREDICTED: KIAA0220-like protein [Homo sapiens]  2,09 0,00 
Hs.632235   SHBG   Sex hormone-binding globulin  2,08 0,00 
Hs.532634   IFI27   Interferon, alpha-inducible protein 27  2,08 2,55 
Hs.485380   DBF4   DBF4 homolog (S. cerevisiae)  2,08 0,09 
Hs.505874   TBK1   TANK-binding kinase 1  2,07 0,00 
Hs.467701   ODC1   Ornithine decarboxylase 1  2,07 0,00 

Hs.403010     
 **Transcribed locus, strongly similar to NP_057698.2 TRAF and TNF receptor-associated protein; ETS1-
associated protein 2 [Homo sapiens]  2,07 0,00 

Hs.369284   C20orf6   Chromosome 20 open reading frame 6  2,06 0,00 
Hs.634736      Transcribed locus  2,06 0,00 
Hs.183684   EIF4G2   Eukaryotic translation initiation factor 4 gamma, 2  2,06 0,00 
Hs.606459      **Transcribed locus  2,06 0,00 
Hs.501140   KIAA1598   KIAA1598  2,06 1,00 
Hs.46578   DOCK10   Dedicator of cytokinesis 10  2,06 0,00 
Hs.432424   TPP2   Tripeptidyl peptidase II  2,06 0,00 
Hs.362807      MRNA; cDNA DKFZp667P0610 (from clone DKFZp667P0610)  2,05 0,00 
     AA780560  (IMAGE:867580 ) 2,05 0,00 
Hs.106688   CXorf1   **Chromosome X open reading frame 1  2,05 0,00 
Hs.54642   MAT2B   Methionine adenosyltransferase II, beta  2,05 0,00 
Hs.583792   PARP14   Poly (ADP-ribose) polymerase family, member 14  2,05 0,00 
Hs.584801   SFRS2   Splicing factor, arginine/serine-rich 2  2,05 0,00 
Hs.156171   PSMC6   Proteasome (prosome, macropain) 26S subunit, ATPase, 6  2,05 0,00 
Hs.508148   ABI1   Abl-interactor 1  2,04 0,00 
Hs.600488      Transcribed locus  2,04 0,11 
Hs.311346   CMAS   Cytidine monophosphate N-acetylneuraminic acid synthetase  2,04 0,00 
Hs.558348   ITK   IL2-inducible T-cell kinase  2,04 0,00 
Hs.534255   B2M   Beta-2-microglobulin  2,04 0,00 
Hs.512576   KLRC1   Killer cell lectin-like receptor subfamily C, member 1  2,04 0,34 
Hs.465323   KIAA1468   KIAA1468  2,03 0,05 
Hs.633281      Transcribed locus  2,03 0,18 
Hs.156625   C1orf80   Chromosome 1 open reading frame 80  2,03 0,00 
Hs.601789      Transcribed locus  2,03 0,00 
Hs.513440   GPR65   G protein-coupled receptor 65  2,02 0,05 
Hs.594861      CDNA FLJ13601 fis, clone PLACE1010069  2,02 0,00 
Hs.118041   UBP1   Upstream binding protein 1 (LBP-1a)  2,02 0,00 
Hs.159028   BTN2A1   Butyrophilin, subfamily 2, member A1  2,02 0,00 
Hs.445239   HOXA2   Homeobox A2  2,02 0,00 
Hs.138378   CASP4   Caspase 4, apoptosis-related cysteine peptidase  2,02 0,00 
Hs.202010   PLCL2   Phospholipase C-like 2  2,01 0,00 
Hs.512152   HLA-G   HLA-G histocompatibility antigen, class I, G  2,01 4,88 
Hs.33922   C1orf156   Chromosome 1 open reading frame 156  2,01 0,11 
Hs.558798   TRIM73   Tripartite motif-containing 73  2,01 0,79 
Hs.522863   CYorf15A   Chromosome Y open reading frame 15A  2,01 0,18 
Hs.471040   FLJ38973   Hypothetical protein FLJ38973  2,00 0,00 
Hs.631513   REST   RE1-silencing transcription factor  2,00 0,00 
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Table S1b: genes lower expressed in arthralgia patients (n=79) 

gene ID 
gene 

symbol full name 
fold 

change 
q-

value(%) 
Hs.125713   FAM92B   Family with sequence similarity 92, member B  0,13 0,79 
Hs.116210   LOC199899   Hypothetical protein LOC199899  0,17 2,55 
Hs.404997   TRIM62   Tripartite motif-containing 62  0,25 1,00 
Hs.435462   DEADC1   Deaminase domain containing 1  0,25 4,21 
Hs.443683   MYOM2   Myomesin (M-protein) 2, 165kDa  0,26 1,51 
Hs.515550   LOC284361   Hematopoietic signal peptide-containing  0,26 0,69 

Hs.128623     
 Transcribed locus, weakly similar to XP_534504.2 PREDICTED: similar to LINE-1 reverse transcriptase 
homolog [Canis familiaris]  0,26 1,51 

Hs.104829      Transcribed locus  0,27 0,21 
Hs.633058      Transcribed locus  0,28 0,09 
     AA555001::AI791850::AI821608  (IMAGE:1029604) 0,30 1,51 
Hs.417004   S100A11   S100 calcium binding protein A11 (calgizzarin)  0,30 0,00 
Hs.471014   TLN1   Talin 1  0,36 1,51 

Hs.471955  
 RP5-
860F19.3   KIAA1442 protein  0,36 0,79 

Hs.104825   LOC143244   **Similar to Eukaryotic translation initiation factor 5A (eIF-5A) (eIF-4D) (Rev-binding factor)  0,38 0,00 
     AI493835  (IMAGE:2030430)  0,38 0,00 
Hs.445233      Transcribed locus  0,39 0,79 
    AI203272  IMAGE:1941787) 0,41 0,00 
    AA535991::AI732345  (IMAGE:927639)  0,41 0,00 
Hs.374378   CKS1B   CDC28 protein kinase regulatory subunit 1B  0,41 0,00 
Hs.469173   USP39   Ubiquitin specific peptidase 39  0,41 3,54 
     AI821809::AA662117::AI821062  (IMAGE:1187808)  0,43 0,21 
    AA687438::AA687494::AI821109  (IMAGE:1187853)  0,43 0,14 
Hs.559736   OLFM4   Olfactomedin 4  0,43 3,54 
   R78565   IMAGE:144856  0,44 0,00 
Hs.79625   C20orf149   Chromosome 20 open reading frame 149  0,44 0,00 
Hs.500761   SLC16A3   Solute carrier family 16 (monocarboxylic acid transporters), member 3  0,44 0,00 
Hs.83347   AAMP   Angio-associated, migratory cell protein  0,44 0,00 
     AA524273::AI732354  (IMAGE:936683)  0,44 0,00 
Hs.517549   PIB5PA   Phosphatidylinositol (4,5) bisphosphate 5-phosphatase, A  0,45 0,00 
Hs.602915      Transcribed locus  0,45 0,00 
Hs.523097   LOC642592   Similar to eukaryotic translation initiation factor 5A  0,46 0,06 
Hs.512304   CCL3L1   **Chemokine (C-C motif) ligand 3-like 1  0,46 0,79 
Hs.513285   LOC146439   Hypothetical LOC146439  0,46 0,09 
     AA235476::AA292540  (IMAGE:723866)  0,46 0,00 
    AI265991  (IMAGE:1891788)  0,46 0,00 
Hs.235782   SLCO4A1   Solute carrier organic anion transporter family, member 4A1  0,46 0,00 
Hs.632182   TBC1D10B   TBC1 domain family, member 10B  0,46 0,40 
    AA536013::AI732346 (IMAGE:927667)  0,47 0,06 
Hs.502872   MAP3K11   Mitogen-activated protein kinase kinase kinase 11  0,47 0,00 
Hs.343380   CDC42EP2   CDC42 (effector protein Rho GTPase binding) 2  0,47 0,12 
Hs.122199      CDNA clone IMAGE:4829423  0,47 4,21 
Hs.575475   LOC644150   Similar to SH3 domain binding protein CR16  0,47 0,21 

Hs.32804     
 Transcribed locus, strongly similar to XP_374188.1 PREDICTED: hypothetical protein XP_374188 
[Homo sapiens]  0,47 0,00 

Hs.24553   STRA6   Stimulated by retinoic acid gene 6 homolog (mouse) 0,47 0,00 
Hs.604701      Transcribed locus  0,47 0,00 
     R27446::R27244  (IMAGE:133423) 0,47 0,00 
Hs.107196   ATPBD4   ATP binding domain 4  0,47 0,00 
    AA484302  (IMAGE:911483) 0,47 0,00 
Hs.509637   PLEKHG3   Pleckstrin homology domain containing, family G  (with RhoGef domain) member 3  0,48 0,28 
Hs.1584   COMP   Cartilage oligomeric matrix protein  0,48 0,00 
Hs.568913      Transcribed locus, weakly similar to NP_689672.2 hypothetical protein MGC45438 [Homo sapiens]  0,48 0,00 
    AI262370  (IMAGE:1871101) 0,48 0,12 
     AA688217::AI821259  (IMAGE:1220441 ) 0,48 0,18 
Hs.591835   LOC389641   Hypothetical gene supported by AK124295  0,48 0,00 
Hs.548787   D21S2090E   D21S2090E  0,48 0,07 
Hs.7835   MRC2   Mannose receptor, C type 2  0,48 0,21 
     AI095492  (IMAGE:1697156)  0,48 0,00 
Hs.592115   TOP3A   Topoisomerase (DNA) III alpha  0,48 0,00 
Hs.633175      Transcribed locus  0,48 0,00 
Hs.522639   SUV39H1   Suppressor of variegation 3-9 homolog 1 (Drosophila)  0,48 0,00 
Hs.513977   NT5M   5',3'-nucleotidase, mitochondrial  0,49 0,00 
     AA568399 (IMAGE:913911 ) 0,49 0,12 
Hs.239891   GPR35   G protein-coupled receptor 35  0,49 0,06 
Hs.37062   INSL3   Insulin-like 3 (Leydig cell)  0,49 0,06 
Hs.369252   SLC22A6   Solute carrier family 22 (organic anion transporter), member 6  0,49 0,00 

Hs.570637     
 Transcribed locus, strongly similar to XP_520681.1 PREDICTED: similar to prickle-like 2 [Pan 
troglodytes]  0,49 0,00 

Hs.600218      Transcribed locus  0,49 0,00 
Hs.574822   C20orf55   Chromosome 20 open reading frame 55  0,49 0,00 
Hs.195633   LOC644046   Hypothetical protein LOC644046  0,49 0,40 
Hs.307518   SLC7A14   Solute carrier family 7( cationic amino acid transporter, y+ system), member 14  0,49 0,00 
Hs.457403      Transcribed locus  0,49 3,02 
    AA420876  (IMAGE:745690 ) 0,49 0,12 
Hs.634875      CDNA FLJ14459 fis, clone HEMBB1002409  0,49 0,00 
Hs.37860   KLF1   Kruppel-like factor 1 (erythroid)  0,49 1,74 
Hs.590921   CXCL2   Chemokine (C-X-C motif) ligand 2  0,50 0,07 

Hs.380240     
 Transcribed locus, weakly similar to XP_518535.1 PREDICTED: similar to dJ108C2.1.4 (MCM3 
minichromosome maintenance deficient 3 ) (S. cerevisiae), variant 4) [Pan troglodytes]  0,50 0,00 

Hs.1437   GAA   Glucosidase, alpha; acid (Pompe disease, glycogen storage disease type II)  0,50 0,07 
Hs.523836   GSTP1   Glutathione S-transferase pi  0,50 0,12 
Hs.491734   C1orf92   Chromosome 1 open reading frame 92  0,50 4,21 
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Table S2: TLDA assays 

Symbol AssayID Gene Name 
18SRNA Hs99999901_s1 ribosomal 18S-specific 
BAG1 Hs00185390_m1 BCL2-associated athanogene 
BCL2L1 Hs00169141_m1 BCL2-like 1 
C12orf35 Hs00216848_m1 chromosome 12 open reading frame 35 
C18orf17 Hs00400521_m1 chromosome 18 open reading frame 17 
CCL5 Hs00174575_m1 chemokine (C-C motif) ligand 5 
CCT4 Hs00272345_m1 chaperonin containing TCP1, subunit 4 (delta) 
CD19 Hs00174333_m1 CD19 molecule 
CD274 Hs00204257_m1 CD274 molecule 
CD79A Hs00998119_m1 CD79a molecule 
CD79B Hs01058826_g1 CD79b molecule 
CKS1B Hs01029137_g1 CDC28 protein kinase regulatory subunit 1B 
DARC Hs01011079_s1 Duffy blood group 
DDX5 Hs00189323_m1 DEAD (Asp-Glu-Ala-Asp) box polypeptide 5 
DEFA3 Hs00414018_m1 defensin  alpha 3 
DTX3L Hs00370540_m1 deltex 3-like (Drosophila) 
EEF1G Hs01922638_u1 eukaryotic translation elongation factor 1 gamma 
EIF2AK2  Hs00169345_m1 eukaryotic translation initiation factor 2-alpha kinase 2 
EPSTI1 Hs00264424_m1 epithelial stromal interaction 1 (breast) 
ERAF Hs00372339_g1 erythroid associated factor 
FCGR1A Hs00417598_m1 Fc fragment of IgG, high affinity Ia, receptor (CD64) 
FCRL5 Hs00258709_m1 Fc receptor-like 5 
FLJ31033 Hs00291459_m1 hypothetical protein FLJ31033 
FLT3LG Hs00181740_m1 fms-related tyrosine kinase 3 ligand 
GADD45B Hs00169587_m1 growth arrest and DNA-damage-inducible beta 
GAPDH Hs00266705_g1 glyceraldehyde-3-phosphate dehydrogenase 
GBP1 Hs00266717_m1 guanylate binding protein 1, interferon-inducible, 67kDa 
GZMH Hs00277212_m1 granzyme H  
HDAC10 Hs00368899_m1 histone deacetylase 10 
HERC3 Hs00205934_m1 hect domain and RLD 3 
HLA-G Hs00365950_g1 histocompatibility antigen, class I, G 
ID1 Hs00357821_g1 inhibitor of DNA binding 1, dominant negative helix-loop-helix protein 
IFI27 Hs00271467_m1 interferon, alpha-inducible protein 27 
IFI44L Hs00199115_m1 interferon-induced protein 44-like 
IFI6 Hs00242571_m1 interferon, alpha-inducible protein 6 
IFIH1 Hs00223420_m1 interferon induced with helicase C domain 1 
IFIT1 Hs01911452_s1 interferon-induced protein with tetratricopeptide repeats 1 
IFIT2 Hs00533665_m1 interferon-induced protein with tetratricopeptide repeats 2 
IFITM1 Hs00705137_s1 interferon induced transmembrane protein 1 (9-27) 
IFNA2 Hs00265051_s1 interferon, alpha 2 
IFNAR2 Hs01022059_m1 interferon (alpha beta and omega) receptor 2 
IFNB1 Hs01077958_s1 interferon, beta 1, fibroblast 
IFNG Hs00174143_m1 interferon, gamma 
IGKC Hs00415165_m1 immunoglobulin kappa constant, immunoglobulin kappa variable 1-5 
IGLL1 Hs00252263_m1 immunoglobulin lambda-like polypeptide 1 
IL1A Hs00174092_m1 interleukin 1  alpha 
IL32 Hs00170403_m1 interleukin 32 
IL7R Hs00902334_m1 interleukin 7 receptor 
IPO7 Hs00255188_m1 importin 7 
IRF2 Hs00180006_m1 interferon regulatory factor 2 
ISG15 Hs00192713_m1 ISG15 ubiquitin-like modifier 
KDELR3 Hs00423556_m1 KDEL (Lys-Asp-Glu-Leu) endoplasmic reticulum protein retention receptor 3 
KLF1 Hs00610592_m1 Kruppel-like factor 1 (erythroid) 
LGALS3BP Hs00174774_m1 lectin,  galactoside-binding, soluble, 3 binding protein 
LTB Hs00242739_m1 lymphotoxin beta (TNF superfamily, member 3) 
LTF Hs00914330_m1 lactotransferrin 
MAT2B Hs00203231_m1 methionine adenosyltransferase II, beta 
MMP9 Hs00234579_m1 matrix metallopeptidase 9 (gelatinase B,  92kDa) 
MRPL38 Hs00375656_m1 mitochondrial ribosomal protein L38 
MS4A1 Hs00544819_m1 membrane-spanning 4-domains, subfamily A,  member 1 
MX1 Hs00182073_m1 myxovirus (influenza virus) resistance 1, interferon-inducible protein p78 (mouse) 
MYOM2 Hs00187676_m1 myomesin (M-protein) 2, 165kDa 
NKG7 Hs00366585_g1 natural killer cell group 7 sequence 
OAS1 Hs00242943_m1 oligoadenylate synthetase 1, 40/46 kDa 
OAS2 Hs00159719_m1 oligoadenylate synthetase 2, 69/71 kDa 
OAS3 Hs00196324_m1 oligoadenylate synthetase 3, 100 kDa 
PADI2 Hs00247108_m1 peptidyl arginine deiminase, type II 
PARP14 Hs00393814_m1 poly (ADP-ribose) polymerase family, member 14 
PBEF1 Hs00237184_m1 pre-B-cell colony enhancing factor 1 
PDK3 Hs00178440_m1 pyruvate dehydrogenase kinase  isozyme 3 
PLSCR1 Hs00275514_m1 phospholipid scramblase 1 
RBM38 Hs00250139_m1 RNA binding motif protein 38 
REN Hs00166915_m1 renin 
RGS18 Hs00329468_m1 regulator of G-protein signaling 18 
RPL23 Hs00745462_s1 ribosomal protein L23 
RSAD2 Hs00369813_m1 radical S-adenosyl methionine domain containing 2 
RUFY1 Hs00228528_m1 RUN and FYVE domain containing 1 
S100A12 Hs00194525_m1 S100 calcium binding protein A12 
S100A8 Hs00374264_g1 S100 calcium binding protein A8 
SAMD9L Hs00541567_s1 sterile alpha motif domain containing 9-like 
SELENBP1 Hs00187625_m1 selenium binding protein 1 
SELL Hs00174151_m1 selectin L (lymphocyte adhesion molecule 1) 
SERPING1 Hs00163781_m1 serpin peptidase inhibitor, clade G (C1 inhibitor), member 1, (angioedema, hereditary) 
SLC25A1 Hs00761590_sH solute carrier family 25 (mitochondrial carrier; citrate transporter),  member 1 
SPP1 Hs00959010_m1 secreted phosphoprotein 1 (osteopontin) 
STAT1 Hs00234829_m1 signal transducer and activator of transcription 1, 91kDa 
STAT4 Hs00231372_m1 signal transducer and activator of transcription 4 
TESC Hs00215487_m1 tescalcin 
TNFSF10  Hs00234356_m1 tumor necrosis factor (ligand) superfamily, member 10 
TNFSF7 Hs00174297_m1 CD70 molecule 
TPM3 Hs00383595_m1 tropomyosin 3 
TRGV9 Hs00233330_m1 TCR gamma alternate reading frame protein, T cell receptor gamma variable 9 
TRIM22 Hs00232319_m1 tripartite motif-containing 22 
XRCC5 Hs00221707_m1 X-ray repair complementing defective repair in Chinese hamster cells 5 (double-strand-break rejoining; Ku autoantigen 
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