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Abstract
Objective

The present paper aims to investigate whether polymorphisms in the vascular endothelial growth factor A (VEGFA) gene 
and the loci of matrix metalloproteinase (MMP) 1 and 3 genes are associated with age at onset of RA.

Methods
A sample of 413 hospital-based RA patients of Caucasian origin was studied. Common single-nucleotide polymorphisms 

(SNP) with likely importance were typed, including rs699947, rs833061, rs2010963 and rs3025039 in VEGFA, and 
rs1799750 in the MMP1 gene, rs3025058, rs679620 in the MMP3 gene and rs495366 located within the region between 

the MMP1 and MMP3 genes. Age at onset of RA was obtained on each patient. Demographic variables, smoking 
information, and a core set of clinical characteristics measured at recruitment were recorded. Hazard ratios (HR) that 

measured the effect size of genetic risk on age at RA onset were computed using Cox regression models. 

Results
The T allele at rs3025039 was associated with an increased risk of early onset (HR=1.25 [95% CI 1.0–1.58] for the 

risk over time; HR=1.84 [95% CI 1.20–2.83] for the risk of onset <40 years old). The AA genotype at rs495366 was also 
associated with an increased risk (HR=1.92 [95% CI 1.27–2.89] over time; HR=2.54 [95% CI 1.30–4.95] for onset <40 

years old). These associations were independent of other risk factors such as sex, smoking and anti-CCP status. 

Conclusion
Polymorphisms in the VEGFA gene and the MMP1-3 intergenic locus may influence age at onset of RA. 
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Introduction
Age at onset of rheumatoid arthritis 
(RA) has been reported to be influenced 
by genetic factors. These include poly-
morphisms in several cytokine genes 
(1-5), and the major genetic risk factors 
for RA, the HLA-DRB1 shared epitope 
(SE), and the R620W allele in the pro-
tein tyrosine phosphatase, non-receptor 
type 22 (PTPN22) gene (5-7). 
The initial development of RA is associ-
ated with active tissue neovascularisa-
tion and remodelling. Genes, important 
in these physiological processes, may 
therefore have an impact, possibly on 
the alteration (advance/delay) of disease 
onset. Vascular endothelial growth fac-
tor-A (VEGF-A) plays a fundamental 
role in the regulation of angiogenesis. 
It induces angiogenesis by acting on 
vascular endothelial cells, and promot-
ing cell mitogenesis, cell migration and 
lumen formation. Matrix metalloprotei-
nases (MMPs), a group of zinc- and cal-
cium-dependent proteases, contribute to 
tissue remodelling and angiogenesis by 
degrading the components of the extra-
cellular matrix (ECM), which serves as 
a scaffold for tissue formation. MMP-1 
(collagenase-1) and MMP-3 (strome-
lysin-1) are among the most important 
members, since MMP-1 is specifically 
responsible for the degradation of the 
interstitial collagens (types I, II and III), 
while MMP-3 has a very broad substrate 
and is able to proteolytically activate 
other MMPs (e.g. MMP-1, -2, -9, -13). 
The objective of this study was to in-
vestigate the effects of common single-
nucleotide polymorphisms (SNP) in the 
VEGFA gene and the loci of MMP1 and 
3 genes on age at onset of RA. Polymor-
phisms in these genes have been shown 
to be associated with susceptibility and/
or disease activity in RA (8, 9), so they 
were considered good candidates for an 
effect on age of disease onset. 

Materials and methods
Patients
This study was carried out on a popula-
tion (n=413) of RA patients (1987 ACR 
criteria) of Caucasian background, resi-
dent in North Staffordshire and attend-
ing the Clinical Rheumatology Unit 
at the Haywood Hospital. Written in-
formed consent was provided by each 

patient according to the Declaration of 
Helsinki. The study was approved by 
the North Staffordshire local research 
ethics committee. 
Age at onset of RA, based on age of diag-
nosis, was obtained on each patient. De-
mographic and clinical variables (Table 
I) were recorded, and peripheral bloods 
(for DNA isolation and serum prepara-
tion) were collected at recruitment. 

SNP typing
Four SNPs in the VEGFA gene 
(rs699947, rs833061, rs2010963 and 
rs3025039), one SNP in the MMP1 
gene (rs1799750), two SNPs in the 
MMP3 gene (rs3025058, rs679620) 
and one SNP located within the re-
gion between MMP1 and MMP3 genes 
(rs495366) were selected (Table II). 
All genotypes were determined by the 
PCR-RFLP method as described previ-
ously (9, 10).  

Statistical analysis
Hardy-Weinberg equilibrium (HWE) 
for the genotypic distribution was test-
ed by the Chi-Square goodness-of-fit 
test. The relationship between categori-
cal and quantitative variables was as-
sessed using t-test or one-way ANOVA. 
Cox regression models were applied to 
analyse the genetic hazard in relation 
to age at onset of RA, i.e. the disease 
free survival time. No censor was used 
for analysis of the risk over time, while 
for analysis of risk for developing early 
RA, a censor (age at onset <40) was 
used. Difference in disease free surviv-
al curves was compared by the Gehan-
Breslow-Wilcoxon test using GraphPad 
Prism (version 5.0). Multivariate mul-
tiple regression analysis was used to 
assess the independence of the associa-
tions found, and to adjust for potential 
confounding factors. Unless specified 
otherwise, analyses were all carried out 
using the Number Cruncher Statistical 
System for Windows (version NCSS 
2000). Results with p-values <0.05 (af-
ter Bonferroni correction when neces-
sary) were considered significant. 

Results
Characteristics of patients
Table I shows the selected demograph-
ic and clinical variables of 413 subjects 
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from a hospital based population of RA 
patients. At recruitment, the median 
age of these patients was 62.0 (inter-
quartile range [IQR] 54.5–69.0). 

Distributions of SNP
Genotypes of all SNP were distributed 
in accordance with a close fit to HWE. 
The genotypic frequency of each SNP 
is shown in Table II. Linkage disequi-
librium (LD) was detected across the 3 
VEGFA SNP located in the 5’-flanking 
region, and across the 4 MMP1-3 SNP, 
as described previously based on the 
same population (9, 10). 

Association of VEGFA SNP 
with age at onset
The T allele (CT + TT) at rs3025039 

was associated with earlier onset of RA, 
compared to the CC genotype (Table 
II). No association was found with oth-
er VEGFA SNP or with any haplotype. 
Survival curves for rs3025039 (T allele 
vs. CC), where age at onset of RA is the 
disease free survival time, are shown in 
Figure 1a. The hazard ratio (HR) that 
compared the relative risk of RA onset 
in patients with the T allele versus pa-
tients of equal age without the T allele 
was 1.25 (95% CI 1.0–1.58). Thus, at 
any particular age, the risk of RA on-
set for a patient with the T allele was 
higher than that for a patient carrying 
the CC genotype. In terms of the risk 
of onset of early disease (age at onset 
<40), the T allele was associated with 
higher risk (HR 1.84, 95% CI 1.20–

2.83), compared with the CC genotype 
at any particular age before 40. 

Association of MMP1 and MMP3 SNP 
with age at onset
The AA genotype at rs495366 was as-
sociated with earlier onset of RA, com-
pared with the AG and GG genotypes 
combined (Table II). No other MMP1-
3 SNP or any haplotype was associ-
ated. Disease free survival curves for 
rs495366 (AA vs. G allele) are shown 
in Figure 1b. The hazards of RA onset 
over time and before the age of 40 for a 
patient carrying the AA genotype were 
higher (HR 1.92, 95% CI 1.27–2.89 and 
HR 2.54, 95% CI 1.30–4.95, respec-
tively), compared to those for a patient 
carrying the G allele. 

Multivariate associations 
with age at onset
Analysis in multivariate multiple re-
gression indicated that the genetic as-
sociations were significant after adjust-
ment for sex, disease duration, ever 
smoking and anti-CCP status (meas-
ured at recruitment), and were inde-
pendent of each other (Table III). 

Discussion
The present study has demonstrated 
that variation in the VEGFA gene and an 
intergenic locus of the MMP1-3 gene 
region may influence age at onset of 
RA in a UK Caucasian population. As 
far as we are aware this is the first study 

Table I. Demographic and clinical characteristics of patients with rheumatoid arthritis. 
  
Characteristics 

Female gender 278/413 (67.3)
Age at onset 49.9 ± 13.0
Early onset (<40 years old) 86/413 (20.8)
Ever smoking* 273/410 (66.6)
Clinical variables at the time of recruitment: 
  Disease duration, year 9.0 (3.0–17.0)
  Rheumatoid factor (RF) status 232/410 (56.6)
  Anti-cyclic citrullinated peptide (anti-CCP) status 302/400 (75.5)
  Erythrocyte sedimentation rate (ESR), mm/hour 19.0 (10.0–34.0)
  C-reactive protein (CRP) (≥10 mg/l) 220/412 (53.4)
  Disease activity score 28 (DAS28) 4.18 ± 1.37
  Health assessment questionnaire (HAQ) score 1.625 (1.0–2.0)
  Erosive disease 300/407 (73.7)
  Nodular disease 53/413 (12.8)

Values are number (%), or mean ± (standard deviation) when quantitative variables fit normality or 
median (interquartile range) when quantitative variables do not fit normality. *Patients classified as 
ever smokers were those who had smoked at least 1 cigarette per day for at least 1 year. 

Table II. Age at onset of rheumatoid arthritis stratified by the genotypes of VEGFA or MMP1-3 polymorphism.   
            
 Common SNP in the vascular endothelial growth factor A (VEGFA) gene

rs699947(A/C) Age at onset p-value  rs833061(C/T) Age at onset p-value  rs2010963(G/C) Age at onset p-value  rs3025039(C/T) Age at onset p-value 
AA (110, 26.6%) 50.0 ± 13.4  CC (103, 24.9%) 49.0 ± 13.4  GG (196, 47.5%) 50.3 ± 13.0  CC (296, 71.7%) 51.1 ± 12.1
AC (199, 48.2%) 50.3 ± 12.8  CT (208, 50.4%) 50.7± 12.6  GC (177, 42.9%) 50.0 ± 13.0  CT (103, 24.9%) 46.8 ± 14.8
CC (104, 25.2%) 49.2 ± 13.0 0.80* TT (102, 24.7%) 49.1 ± 13.2 0.42* CC (40, 9.7%) 47.6 ± 12.8 0.49* TT (14, 3.4%) 47.3 ± 11.8 0.011*
         CT + TT 46.9 ± 14.5 0.0026†, ¶

Common SNP in the loci for the matrix metalloproteinase (MMP) 1 and 3 genes

rs3025058(6A/5A) Age at onset p-value  rs679620(G/A) Age at onset p-value  rs495366(A/G) Age at onset p-value rs1799750(2G/1G) Age at onset p-value 
6A6A (85, 20.6%) 47.8 ± 12.4  GG (86, 20.8%) 48.0 ± 12.5  AA (25, 6.1%) 42.2 ± 12.8  2G2G (99, 24.0%) 48.5 ± 14.1
6A5A (220, 53.3%) 50.6 ± 12.6  GA (221, 53.5% 50.2 ± 12.6  AG (177, 42.9%) 51.4 ± 12.4  2G1G (191, 46.3%) 50.2 ± 12.3
5A5A (108, 26.2%) 50.2 ± 14.0 0.24* AA (106, 25.7%) 50.8 ± 14.1 0.30* GG (211, 51.1%) 49.6 ± 13.2 0.0031*¶ 1G1G (123, 29.8%) 50.6 ± 13.1 0.45*
     AG + GG 50.4 + 12.8 0.0020‡¶ 

Selection of SNP was based on the likely importance of these variations in expression/protein level, protein function and/or association with a particular trait according to the current 
literature. Rs699947 (promoter), rs833061 (promoter), rs2010963 (5’-untranslated) and rs3025039 (3’-untranslated) are commonly known as VEGFA-2578, -460, +405 and +936, 
respectively. MMP1 and MMP3 are neighbouring genes, and MMP3 is located upstream of MMP1. Rs3025058 (MMP3 promoter), rs679620 (MMP3 exon 2) and rs1799750 (MMP1 
promoter) are commonly known as MMP3 5A/6A, MMP3 Lys45Glu and MMP1 1G/2G respectively, whereas there is no common name for the intergenic rs495366 (upstream region 
of MMP1). Values are mean ± standard deviation. *One-way ANOVA (any difference between 3 genotype groups); †CT + TT (T allele) vs. CC, Student’s t-test; ‡AA vs. AG + GG (G 
allele), Student’s t-test; ¶remained significant after the Bonferroni correction for multiple testing where the significant level was set at a p-value of 0.00625 (0.05/8). 
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to show that polymorphisms in genes 
associated with angiogenesis and tissue 
remodelling may influence the age at 
onset of RA in a Caucasian population. 
This suggests that the onset of patho-
logical changes in the development of 

RA may be determined by particular 
polymorphisms involved in these close-
ly related physiological processes.
The association of the T allele at 
rs3025039 with earlier onset is in line 
with the observation of Han et al. who 

found a similar but non-significant trend 
in a Korean RA population (8). In their 
report, the T allele frequency was sig-
nificantly higher in patients compared 
to that in controls, indicating this allele 
as a risk factor for RA susceptibility (8). 
In contrast, no polymorphism in the 5’-
flanking region was found to be related 
to susceptibility or age at onset (8, 11). 
The relationship between VEGFA 
polymorphism and protein level has 
been investigated. A study investigat-
ing disease associated with abnormal 
angiogenesis (epithelial ovarian can-
cer) showed that the 5’-flanking poly-
morphisms (rs699947, rs833061 and 
rs2010963) were associated with se-
rum levels of VEGF-A, whereas the 
3’-flanking polymorphism (rs3025039) 
was not (although an increased trend 
with the T allele was seen) (12). In this 
RA population, preliminary data on sera 
(collected at recruitment) demonstrated 
similar relationships, with only the 5’-
flanking polymorphisms (rs699947 and 
rs833061) showing significant associa-
tions with VEGF-A levels (unpublished 
observations). However, data based 
on a healthy population indicated that 
rs3025039 was associated with altered 
serum levels, with the T allele associ-
ated with higher levels, whereas no 
association was seen with 5’-flanking 
SNP (13). It has been shown that there 
are elements sensitive to hypoxia in the 
upstream region of the VEGFA gene 
(14). Taking these data together, it is 
hypothesised that the 5’-flanking region 
may serve as a hypoxia-induced regu-
lator and provide a predominant effect 
in diseases associated with pathological 
angiogenesis (e.g. cancer, RA), whereas 
in healthy or pre-disease conditions the 
regulatory effect from the 3’-flanking 
region may be more important.
Previous studies did not find an associa-
tion between MMP1 or MMP3 polymor-
phisms and RA susceptibility, although 
we have reported an association of the 
MMP3 polymorphisms (rs3025058 
and rs679620) with disease activity 
(9). The intergenic SNP rs495366 is in 
strong LD (D’>0.93) with these MMP3 
polymorphisms, and in moderate LD 
(D’=0.47) with MMP1 SNP rs1799750 
(9). However, the correlation of the 
rs495366 SNP with the linked SNP is 

Fig. 1. Disease free survival 
curves stratified by the VEGFA 
rs3025039 (CT + TT vs. CC) or 
intergenic MMP1-3 rs495366 
(AA vs. AG + GG) SNP ac-
cording to age at onset of rheu-
matoid arthritis 
p-values are obtained from the 
Gehan-Breslow-Wilcoxon test.

Table III. Multivariate multiple regression analysis of variables associated with age at 
onset of rheumatoid arthritis.
       
 Dependent variable: age at onset of rheumatoid arthritis

Independent variable Regression coefficient (standard error) p-value

Rs3025039 T allele -3.256 (1.139) 0.0045
Rs495366 AA genotype -4.988 (2.157) 0.021
Female  -3.445 (1.119) 0.0022
Ever smoking 2.049 (1.120) 0.068
Anti-CCP † -2.303 (1.210) 0.058
Disease duration*,† -0.765 (0.053) <0.0001

The current model was based on 397 patients whose anti-CCP and smoking data were both available. 
Models based on 410 patients (exclusion of anti-CCP data), on 400 patients (exclusion of smoking 
data) or on 413 patients (exclusion of both variables) showed consistent results in terms of the associa-
tions presented. *Control for potential bias due to disease duration and related factors (e.g. premature 
death) during sample recruitment; †the significance level for the association of anti-CCP+ (measured 
at recruitment) with early onset was largely reduced (from p=0.0013 to 0.058) after adjustment for 
disease duration. 
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only moderate or low (r2 ≤0.38), due 
to very different frequencies of alleles 
within the same haplotype (9). This 
may explain why the association with 
early disease onset was found only with 
the relatively rare rs495366 AA geno-
type and no other MMP SNP. 
Previous observations in a genome-wide 
association study showed rs495366 as 
the strongest genetic marker associated 
with serum levels of MMP-1 in healthy 
subjects, with the AA genotype associat-
ed with the lowest levels (15). In our RA 
population, rs495366 was also shown to 
be associated with lower serum MMP-1 
levels (9). However, other MMP1 and 
3 polymorphisms were also independ-
ently associated with MMP-1 levels (9). 
It therefore remains unclear whether 
the association of rs495366 with age at 
onset is attributable to MMP-1 levels. 
Due to the cross sectional nature of this 
study it was not possible to determine 
whether there was any relationship be-
tween MMP SNP and serum MMP level 
prior to disease onset. Further studies, 
preferably on a population-based pro-
spective cohort will be needed to con-
firm these results.  
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