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Abstract

Background—Joint destruction is a hallmark of autoantibody-positive rheumatoid arthritis 

(RA), though the severity is highly variable between patients. The processes underlying these 

interindividual differences are incompletely understood.
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Methods—We performed a genome-wide association study on the radiological progression 

rate in 384 autoantibody-positive patients with RA. In stage-II 1557 X-rays of 301 Dutch 

autoantibody-positive patients with RA were studied and in stage-III 861 X-rays of 742 North 

American autoantibody-positive patients with RA. Sperm-Associated Antigen 16 (SPAG16) 

expression in RA synovium and fibroblast-like synoviocytes (FLS) was examined using Real-Time 

Quantitative Polymerase Chain Reaction (RT-qPCR) and immunohistochemistry. FLS secrete 

metalloproteinases that degrade cartilage and bone. SPAG16 genotypes were related to matrix 

metalloproteinase (MMP)-3 and MMP-1 expression by FLS in vitro and MMP-3 production ex 

vivo.

Results—A cluster of single nucleotide polymorphisms (SNPs) at 2q34, located at SPAG16, 

associated with the radiological progression rate; rs7607479 reached genome-wide significance. A 

protective role of rs7607479 was replicated in European and North American patients with RA. 

Per minor allele, patients had a 0.78-fold (95% CI 0.67 to 0.91) progression rate over 7 years. 

mRNA and protein expression of SPAG16 in RA synovium and FLS was verified. FLS carrying 

the minor allele secreted less MMP-3 (p=1.60×10−2). Furthermore, patients with RA carrying 

the minor allele had lower serum levels of MMP-3 (p=4.28×10−2). In a multivariate analysis on 

rs7607479 and MMP-3, only MMP-3 associated with progression (p=2.77×10−4), suggesting that 

the association between SPAG16-rs7607479 and joint damage is mediated via an effect on MMP-3 

secretion.

Conclusions—Genetic and functional analyses indicate that SPAG16 influences MMP-3 

regulation and protects against joint destruction in autoantibody-positive RA. These findings could 

enhance risk stratification in autoantibody-positive RA.

Rheumatoid arthritis (RA) is characterised by persistent joint inflammation and joint 

destruction. The severity of radiographic destruction can be measured objectively and 

reflects the cumulative burden of inflammation. Up-to-date treatment strategies have 

improved the outcome of patients with RA, though the chronic and destructive character 

of the disease is not prevented. Anticitrullinated peptide antibody (ACPA)-positive patients 

with RA in particular are characterised by progressive joint destruction.1 The severity is 

highly variable between ACPA-positive patients, some develop almost no joint destruction, 

whereas others have a severely progressive disease (see online supplementary figure 1). 

Current treatment is not individualised; we are neither able to identify the patients that will 

have the most severe disease course nor do we understand the processes underlying these 

interindividual differences. To improve this, risk factor studies are required.

A genome-wide association analysis (GWAs) is a hypothesis-free approach to identify 

common genetic risk factors. Performed GWAs in RA consisted of a case-control design, 

mainly yielding genetic variants involved in disease susceptibility. However, therapeutic 

strategies are targeted to affect pathways of disease progression. For drug discovery and 

to achieve personalised medicine, interrogation of the genome with disease progression is 

attractive. As it requires high-quality longitudinal outcome data of a considerable number 

of patients, such GWAs are scarce. We present the first GWAs on long-term disease 

progression. The notion that the severity of joint destruction in RA is influenced by genetic 

factors is supported by our previous work on twins and the Icelandic RA-population, 

estimating the heritability of joint destruction at 45–58%.2 3 We evaluated high-quality 
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radiological data of cross-sectional and longitudinal studies (2812 X-rays in total) of 1427 

ACPA-positive patients with RA.

METHODS

Patients

All patients with RA fulfilled the 1987-ACR criteria4 and were ACPA positive. Approval 

was given by the ethics committees of all cohorts. Written informed consent was obtained 

from all participants. First, 396 ACPA-positive patients with RA from the North American 

Rheumatoid Arthritis Consortium (only one of the sib-pair) with hand X-rays, information 

on disease onset and genomewide single nucleotide polymorphism (SNP) data5 were 

assessed; after quality control 384 patients were studied (figure 1). These patients, diagnosed 

between 1953–2002, were treated conservatively; the mean follow-up was 13.9±10.5 

years. Stage-II included 301 ACPA-positive patients with RA included in the Leiden 

Early Arthritis Clinic between 1993–2006.6 Hands and feet X-rays were made with 

yearly intervals during 7 years of follow-up. Treatment regimes changed over time as 

described elsewhere.6–8 In short, patients diagnosed in 1993–1995 were initially treated with 

NSAIDs, patients diagnosed in 1996–1998 were mainly treated with hydroxychloroquine or 

sulphasalazine and patients included from 1999 onwards were treated with methotrexate. In 

stage-III, 742 North American and Canadian ACPA-positive patients with RA were studied. 

In the National Databank for Rheumatic diseases (NDB)9 629 patients were included and 

113 patients with RA in the Wichita cohort (Kansas, USA) in 1973–1993.10 The NDB-

patients had one hand X-ray per person; the Wichita-patients had serial X-rays. Also these 

patients were recruited and followed in eras when biological therapies were uncommon.

Radiological joint destruction

All X-rays were scored by trained readers at the Leiden University Medical Centre 

(JABvN in stage-I, MPMvdL in stage-II and DPCdR in stage-III) using the Sharp–van 

der Heijde method (SHS)11 blinded to clinical and genetic data. Serial X-rays were 

scored chronologically. In every stage ≥10% randomly selected X-rays were rescored. The 

intraobserver reliability (ICC) was 0.99, 0.91 and 0.98 in the three stages.

Genotyping

In stage-I GWAs genotyping was conducted with Illumina BeadChips (HumanHap 550 

k).5 The dataset was filtered for SNPs on genotyping success rate>98%, minor allele 

frequency>0.1 and Hardy-Weinberg equilibrium (HWE) p<1×10−5. From chromosome 

1–22, 391 733 SNPs passed quality control. Patients were excluded based on success 

rates<10% (n=2), evidence of identity-by-decent (n=0) or population substructures (n=10). 

Since after quality control the genomic inflation factor was 1.009 (see online supplementary 

figure 2), we did not further adjust for substructures. In total 384 patients were studied. In 

stage-II, a set of SNPs in SPAG16 were chosen based on the strongest association in stage-1 

(p<9.5×10−5) and a pairwise R2 <0.8 were typed using Sequenom iPLEX. Doubtful calls 

were manually checked. Error and success rates (percentage of incorrect duplicates and of 

successful calls per SNP respectively) were <1% and >97%. None of the SNPs was out of 
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HWE (p<0.001). In stage-III and functional studies, rs7607479 was typed using TaqMan 

platforms. The error rate and genotyping success rate were respectively <1% and >98%.

RA synovial tissue and fibroblast-like synoviocytes

Presence of SPAG16 protein in synovial tissue from ACPA-positive patients with RA 

that underwent joint replacement surgery (Hasselt University, Belgium) was studied using 

immunohistochemistry (see online supplementary methods). Fibroblast-like synoviocytes 

(FLS) were derived from synovial tissue specimens obtained from 26 patients with RA 

during joint replacement surgery (Department of Orthopaedic Surgery, Schulthess Clinic 

Zurich, Switzerland). Cells were cultured as described elsewhere12 and used between 

passages 4–8 for all experiments.

To isolate DNA 5×104 cells were cultured in 6-well plates 24 h after splitting cells were 

lysed in tissue lysis buffer and DNA was isolated using the QIAamp DNA Blood Mini Kit 

(Qiagen, Hombrechtikon, Switzerland).

Total RNA was isolated using the miRneasy Kit (Qiagen, Hombrechtikon, Switzerland) 

including on-column DNaseI (Qiagen) digest, reversed transcribed and used for 

relative quantification of mRNA expression using human glyceraldehyde-3-phosphate 

dehydrogenase for internal standard sample normalisation as described previously (see 

online supplementary table 1 for primer sequences).12 Relative mRNA expression levels 

were calculated by the comparative threshold cycle method (ΔCt). The specificity of the 

SPAG16 transcript was also confirmed by loading the Real-Time Quantitative Polymerase 

Chain Reaction-products on a 1.5% agarose gel.

Matrix metalloproteinase (MMP)-1 and MMP-3 were measured using the human total 

MMP-1 ELISA-kit and the human total MMP-3 ELISA-kit (BD Biosciences, Allschwil, 

Switzerland) in cell culture supernatants from unstimulated cells according to the 

manufacturer’s instructions.

Subsequently, the MMP-3 mRNA and protein expression studies were repeated in tumor 

necrosis factorα and interleukin (IL)-1β stimulated FLS as described in the online 

supplementary methods.

Serum MMP-3 levels

Serum samples of patients with RA included in the replication cohort used in stage-II 

were studied. Samples were taken at mean disease duration of 4.2±2.2 years (range 1–9 

years) and before 2000, an era when the antirheumatic drugs were mild and tight control 

strategies not implemented. Standard sandwich ELISA for mature MMP-3 was performed 

(BD Biosciences).

Statistical analysis

In all genetic analyses an additive model (1-df. test) was used. Since SHS are non-normally 

distributed, all radiological data were log transformed before analyses. The residuals of the 

regression analysis were randomly distributed around the zero-line, indicating a good fit 

of the model. Obtained effect sizes were back transformed to the original scale, indicating 
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how many fold the joint destruction increased per year in the presence of the minor allele 

compared with the reference common genotype. The difference in joint damage increases 

per follow-up year by the power of the years of follow-up.

For datasets with one X-ray per patient (North American Rheumatoid Arthritis Consortium 

and NDB), the estimated yearly progression rate was calculated (total SHS/disease years at 

time of X-ray).13 This method assumes a linear progression rate over time and the absence 

of joint damage at disease onset. Here a linear regression with loge(estimated progression+1) 

as outcome variable performed. For the analyses in datasets with multiple measurements 

per patient (Leiden Early Arthritis Clinic and Wichita) a multivariate normal regression 

analysis was used to model loge(SHS+1) over time.14 15 This method takes advantage of 

within-patient correlation between the measurements. All genetic analyses were adjusted 

for age and sex. In stage-I and stage-III no influence of treatment on joint destruction was 

observed. In stage-II an effect of treatment on the radiographic progression was observed 

and analyses were adjusted for the applied treatment strategy as described previously.8 

An inverse variance weighting meta-analysis testing for random effects16 was done on the 

Wichita and NDB data and on stage-II and stage-III.

In stage-I, 545K SNPs were genotyped, after quality control 391.733 SNPs were analysed. 

For GWA-studies the family wise error rate depends on linkage disequilibrium, the SNP 

density, the chosen test statistic, the population and the sample size.17 Large sample 

sizes decrease the per test significance level, because increased sample sizes change the 

distribution of the test statistic at rare variants to allow smaller p values. Hoggart et al 
showed that for the European population, an additive model, 660K SNPs and a sample size 

of 100 cases and 100 controls the per test significance level is 2.9×10−7, while for 1000 

cases and 1000 controls the level decreases to 1.5×10−7.17 Interpolating these results to a 

sample size of 400 subjects resulted in a threshold for genome-wide significance for the 

present study of p≤2.7×10−7, with 2.7×10−7 <p<9.5×10−5 considered as highly suggestive. 

These cut-offs served to find variants of interest, which were proceeded to stage-II. In 

stage-II, stage-III and the functional analyses, p values <0.05 were considered statistically 

significant.

The associations of SNPs with MMPs’ expression and production were analysed using the 

non-parametric data for linear trend (1-df.) of Cuzick. Linear regression with loge(MMP-3) 

as outcome variable and SNP as test variable was used for analyses on serum levels. 

Similar as the Cuzick test a linear association was assumed (1-df. test). All analyses on the 

serum samples were corrected for sex, age, treatment and disease duration at time of serum 

collection. The relation between loge(MMP3) levels and progression of joint destruction in 

the next year (loge(SHS2-SHS1+1)) was analysed using linear regression.

PLINK V.1.0.6, Stata V.10.1 and SPSS V.18.0 were used.
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RESULTS

Genetic analyses

Evaluating joint damage progression in stage-I revealed the strongest association for a 

cluster of SNPs located at 2q34, in the region of Sperm-Associated AntiGen16 (SPAG16) 

(figure 2, see online supplementary table 2). Of these, rs7607479 reached the predefined 

level of genome-wide significance (p=1.59×10−7). SPAG16 is located 132 kb downstream of 

IKFZ2 and there is no linkage disequilibrium (LD) (R2<0.05) between rs7607479 and any of 

the variants in IKZF2. Compared with the patients with the common genotype, patients with 

one minor rs7607479 allele had a 0.77-fold (95% CI 0.70 to 0.85) progression rate per year 

and patients carrying two minor alleles a 0.59-fold (95% CI 0.49 to 0.72) progression rate 

per year. The interindividual variance in joint destruction explained by rs7607479 was 6.6%.

In stage-II, all five tested SPAG16 SNPs were significantly associated with the rate 

of joint destruction; rs7607479 had the strongest association (see online supplementary 

table 3). However, none remained significant when conditioned on rs7607479 (see online 

supplementary table 4), indicating that the five significant SNPs reflect one signal. Over 

the 7-years studied, patients with one rs7607479 minor allele had a 0.81-fold progression 

rate and patients with two minor alleles a 0.65-fold progression rate compared with patients 

with the common genotype (95% CIs 0.68 to 0.96 and 0.45–0.93, p=2.16×10−2 figure 3A), 

indicating that 19% and 35% less joint destruction was observed.

In stage-III, again a protective effect of the rs7607479 minor allele on progression of joint 

destruction was observed (p=2.29×10−2, 0.71-fold (95% CI 0.53 to 0.95) progression rate 

over 7 years in the presence of one minor allele, figure 3B).

Combining the results of rs7607479 on progression of joint destruction of stage-II and 

stage-III in a meta-analysis testing for random effects (I2=0%) demonstrated a 0.78-fold 

(95% CI 0.67 to 0.91) progression rate over 7 years per minor allele (p=1.65×10−3, figure 

3C). A meta-analysis on all three cohorts is presented in online supplementary figure 3.

SPAG16 expression in the joint

We identified an association with SPAG16, a region with a largely unknown function. 

SPAG16 is expressed in sperm, testis,18–21 and in many other tissues like haematopoietic 

cells in the bone marrow, macrophages in the lung, glandular cells of the tractus digestivus 

and mammae (http://www.proteinatlas.org)). Information on the expression in synovium was 

lacking. Several isoforms are described; isoforms 1 and 2 are the best validated. Considering 

how SPAG16 could influence joint damage progression, we first evaluated whether it 

is expressed in the joint. Presence of SPAG16 protein was observed in synovial tissue 

of patients with RA using immunohistochemical staining (figure 4). Fluorescent double 

staining showed SPAG16 expression in FLS. The presence of SPAG16 transcripts was 

detected by Real-Time Quantitative Polymerase Chain Reaction (RT-qPCR) and subsequent 

agarose gel electrophoresis on cDNA derived from FLS of RA synovium (figure 5).
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SPAG16 expression in vitro in relation to genotypes

FLSs are key effector cells in the RA synovium and contribute actively to joint destruction 

by the release of MMPs.22–24 MMP-3 and MMP-1 are involved in the breakdown of 

extracellular matrix during tissue remodelling in normal physiological processes and disease 

processes, such as tumour metastasis and arthritis.25 Rs7607479 is located at an intronic 

region of SPAG16. SPAG16 expression did not correlate with rs7607479 genotypes (see 

online supplementary figure 4). The capacity of FLS to express or secrete MMPs can be 

measured in vitro and we studied this in relation to rs7607479 genotypes. In unstimulated 

FLS a tendency towards a lower mRNA expression of MMP-3 in FLS carrying the minor 

alleles of rs7607479 was observed. Furthermore, MMP-3 protein levels were significantly 

lower in supernatants of FLS carrying the minor allele compared with that of FLS with 

the common genotype (p=1.60×10−2, figure 6A). Since the fold induction after cytokine 

stimulation was similar between genotypes, these data show that even in inflammatory 

conditions rs7607479 genotypes are predictive for MMP-3 expression levels (see online 

supplementary figure 5). Rs7607479 was not associated with MMP-1 expression or 

production.

SPAG16 expression ex vivo in relation to genotypes

Given these in vitro data, we studied whether SPAG16-rs7607479 was associated with 

MMP-3 production in vivo, reflected by the serum level. Patients with the minor rs7607479 

allele had lower MMP-3 serum levels. For each minor allele of rs7607479 patients displayed 

0.83-fold MMP-3 levels compared with patients with the common genotype (95% CI 0.70 

to 0.996, p=4.28×10−2, figure 6B). Additionally, lower MMP-3 levels were associated with 

less radiological progression during the next year (p=1.76×10−4, see online supplementary 

figure 6). When rs7607479 and MMP-3 serum levels were analysed together in one analysis, 

only MMP-3 serum levels were significantly associated with progression of joint destruction 

(p=2.77×10−4, see online supplementary table 5), suggesting that the association between 

SPAG16-rs7607479 and joint destruction is mediated by a mechanism affecting MMP-3 

levels.

DISCUSSION

RA is composed of an ACPA-positive and ACPA-negative subset, which have different 

genetic susceptibility factors.1 26 Although ACPA-positive RA is more severe, the severity 

varies between patients and the mechanisms responsible are unknown. Elucidation of these 

mechanisms allows developing targeted interventions in patients most at risk for a severe 

destructive disease course. We identified a common variant in SPAG16 of which the 

minor allele is predictive for less severe joint damage progression and associated with less 

secretion of the matrix degrading enzyme MMP-3, that is known25 27 and also here observed 

to be associated with radiological progression.

While we describe an association at this locus with RA severity, we do not at this point know 

the exact causal SNP. We mined 1000Genomes pilot1 CEU population to identify proxies 

that could be of functional relevance. We extracted all SNPs in strong LD (R2>0.8) with 

rs7607479. Of the 159 SNPs identified, none were in the protein-coding region (see online 
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supplementary table 6). The regulatory potential was subsequently studied in Haploreg, a 

tool for exploring annotations of the non-coding genome (see online supplementary table 7). 

While there are potential candidates, further fine-mapping studies are needed to investigate 

functional causal alleles at this locus.

Despite the gene name, SPAG16 expression is not confined to sperm and the association 

observed with joint damage was not confined to men and equally present in women (data not 

shown). The gene is located on chromosome 2 and expressed in various tissues. We found 

that SPAG16 is expressed in the synovium and FLS. FLS are key effector cells because 

of their capacity to degrade cartilage and bone.24 25 In severe combined immunodeficiency 

mouse models and in vitro studies this is reflected by the invasiveness of RA FLS.24 We 

have previously shown that the in vitro invasive capacity of FLS is associated with the 

expression of MMP-3.28 Moreover we observed that the invasiveness of FLS is an individual 

characteristic that is associated with the severity of joint damage progression.29 The present 

data revealed that rs7607479 genotypes were associated with MMP-3 production by FLS 

and the multivariate analyses suggested that the effect of SPAG16-rs7607479 was partly 

mediated via an effect on MMP-3. Altogether these data imply that SPAG16-rs7607479 

influences the expression of the matrix degrading enzyme MMP-3, thereby influencing 

joint damage progression. Up to now little is known about the function of SPAG16. Since 

SPAG16 is predicted to have a role in the basal structure of the primary cilium, we excluded 

malformation of the primary cilium in FLS with different genotypes. MicroRNA-4438 is 

the only known miR that is encoded within the SPAG16 gene and is located in the same 

intron as rs7607479. However, this microRNA was not expressed in FLS (data not shown). 

Further studies are required to unravel the pathway with which rs7607479 regulates MMP-3 

production. Additionally, rs7607479 may affect pathways in other cell types as well, which 

were not studied here.

Presence of high-quality phenotypic outcome data of populations with RA from different 

continents is a strength of this study. High-quality data were obtained by accurate X-ray 

scoring and by evaluation of cohorts with serial X-rays within patients. Having repeated 

measurements within patients yields more precise estimations of the progression rate than 

single measurements which facilitates differentiating between true effects and noise.30 

Another strength is studying patients treated in an era with less intense treatment strategies 

than today; presumably their natural disease course was relatively less affected.

This study is the first GWAs on radiological progression in ACPA-positive RA. HLA-

DRB1 shared epitopes are known to associate with a severe joint damage; though these 

alleles actually predispose to ACPA-development, that associate with severe RA.31 This 

explains why in this ACPA-positive population the HLA-region was not associated with 

RA severity. Two recent candidate gene studies identified variants (among others in IL-15) 

as risk factors for radiological progression in the total population of ACPA-positive and 

ACPA-negative patients. 8 32 These variants did not appear in the top list of this study 

where a slightly different patient population was evaluated (we confined to ACPA-positive 

RA). Furthermore, the effect size of SPAG16-rs7607479 observed in stage-I (0.77-fold 

progression rate/year) was considerably larger than the effect size of IL-15 observed 
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in stage-I of the present study (1.06-fold progression rate/year, p<0.05) and previously 

published studies (1.03-fold progression rate/year; p<0.01).8 31

Even though our GWA contained relatively low numbers of patients, the power in the 

present study was largely the result of the preciseness of the outcome data. Furthermore, as 

mentioned above, the effect observed was considerable. This is in contrast to the results of 

many GWAs in complex disorders where effect sizes are generally small.

In conclusion, in three data-sets of ACPA-positive patients with RA we identified a common 

genetic risk factor (44% of patients with RA have one allele, 11% two alleles) that is 

associated with less severe joint damage progression and found a connection to a disease-

relevant biological pathway, namely the production of MMP-3. These findings provide 

insight into the processes underlying the interindividual differences in progression of joint 

destruction in RA and could enhance risk stratification in ACPA-positive RA.
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Figure 1. 
Study design. The mean (±SD) ages at disease onset of the patients in the three stages 

were: 40.8±11.9 years, 55.8±14.8 years and 45.8±13.3 years, respectively. The percentage 

of female patients was 73%, 86% and 76%, respectively. The years of diagnosis (min-

max) of the patients were 1953–2002, 1993–2006 and 1963–1999, for the three stages 

respectively. The mean (min-max) follow-up durations were 13.9 (0.5–46) years, 5.8 (1–

7) years and 12.2 (1–56) years. All patients were positive for the 1987-ACR criteria for 

rheumatoid arthritis (RA) and had ACPA. ACPA was measured on stored serum samples 

using second-generation ELISAs (anti-CCP2, Immunoscan RA Mark 2, Euro-Diagnostica, 

Arnhem, the Netherlands). The minor allele frequency of rs7607479 in the different cohorts 

were 0.36 (NARAC), 0.37 (Leiden Early Arthritis Clinic), 0.37 (NDB) and 0.35 (Wichita). 

ACPA, anticitrullinated peptide antibodies; FLS, fibroblast-like synoviocytes; NARAC, 

North-American Rheumatoid Arthritis Consortium; NDB, National Databank of rheumatic 

Diseases; RA, rheumatoid arthritis.
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Figure 2. 
Results of the discovery stage. (A) Manhattan-plot showing the −log10 (p value) of the 

trend-test. p values are plotted against position on each chromosome. (B) Genomic structure 

(upper) and −log10 of SNPs in the GWAs around SPAG16 and linkage disequilibrium map 

(lower) in NARAC. GWAs, genome-wide association analysis; NARAC, North-American 

Rheumatoid Arthritis Consortium.
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Figure 3. 
Results of the two replication stages and a meta-analysis on stage-II and stage-III. (A) 

rs7607479 and radiological progression rates in stage-II where patients with RA had serial 

measurements over 7 years. (B) rs7607479 and radiological progression rates in stage-III 

where patients with RA from the NDB had single X-rays and from the Wichita cohort serial 

X-rays; data of both cohorts were combined in inverse variance weighted meta-analysis. 

(C) The data of both replication stages were summarised an inverse variance weighted 

meta-analysis testing for random effects. The I2 was 0%. ES=effect size. For reasons of 
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comparability all data were depicted for progression over a similar disease period (7 years). 

An effect size <1 indicated a protective effect. NDB, National Databank of rheumatic 

Diseases; RA, rheumatoid arthritis.
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Figure 4. 
Immunohistochemical expression of SPAG16 in synovial tissue and FLS. (A) 

Immunohistochemistry for the expression of SPAG16 in synovial tissue of a patient with 

RA (B) Isotype control on consecutive synovial tissue section. Staining was performed with 

diaminobenzidine (brown) with haematoxylin counterstaining of nuclei (blue). Scale bars 

represent 10 μm. (C) Fluorescent double staining of SPAG16 (green) and a FLS marker 

prolyl-4-hydroxylase-β (red) in the synovial tissue lining; cell nuclei are stained in blue. 

Representative photos of one of the five ACPA +RA patients tested. (D) Control staining 
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on consecutive synovial tissue section. Scale bars represent 50 μm. ACPA, anticitrullinated 

peptide antibodies; FLS, fibroblast-like synoviocytes; RA, rheumatoid arthritis.
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Figure 5. 
Expression of SPAG16, studied using cDNA derived from FLS of RA tissue and using 

quantitative Real-time PCR and agarose gel electrophoresis for visualisation of bands. (A) 

Location of the primers used to amplify different SPAG16 transcripts are indicated by 

the arrows above the exons. Transcripts in bold have been experimentally validated. (B) 

PCR products were visualised on a 1.5% agarose gel; a 100 bp ladder was used and the 

expected amplicon length is 52 bp as indicated by the arrow. Sample 1 concerns testis 

cDNA as positive control, samples 2–7 are FLS of RA patients with genotypes TC, TC, 

TT (common genotype), CC (homozygous for the minor allele), TT and CC respectively. 

Sample 8 concerns the negative control. FLS, fibroblast-like synoviocytes; RA, rheumatoid 

arthritis.
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Figure 6. 
rs7607479-genotypes in relation to MMP-3 expression and production by FLS (A) and 

MMP-3 serum levels in patients with RA (B). (A) Presented are the mRNA expression 

(RT-qPCR) and protein production levels (ELISA on cell culture supernatants) of MMP-3 in 

relation to SPAG16-rs7607479 genotypes in FLS of 26 patients with RA. In FLS carrying 

the minor alleles of SPAG16-rs7607479 a tendency towards a lower expression of MMP-3 

was observed (p=0.08) and a significantly lower protein production compared with FLS 

with the common genotype (p=1.60×10−2). (B) In patients with RA, presence of the minor 

allele of rs7607479 was associated with lower serum MMP-3 levels (p=4.28×10−2). FLS, 

fibroblast-like synoviocytes; MMP, matrix metalloproteinase; RA, rheumatoid arthritis.
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