The autoimmune disease-associated IL2RA locus is involved in the clinical manifestations of systemic sclerosis
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ABSTRACT

Regulatory T cells (Tregs) are crucial in the maintenance of the immune tolerance and seem to play an important role in systemic sclerosis (SSc). The interleukin 2 receptor alpha (IL-2RA) is an important Treg marker, and polymorphisms of IL2RA gene are associated with a number of autoimmune diseases. Therefore, we aimed to investigate for the first time the association of the IL2RA locus in SSc. For this purpose, a total of 2983 SSc patients and 2652 matched healthy controls, from an initial Spanish cohort and five additional replication European cohorts of Caucasian origin, were genotyped for the IL2RA gene variant rs11594656 using the TaqMan® allelic discrimination technology. A significant association of IL2RA rs11594656*T with the presence of anti-centromere antibodies (ACA) was first detected in the Spanish cohort (P=6.30x10-3, OR=0.77). The combined analysis of the replication sets showed a clear association with limited cutaneous SSc (lcSSc, P=5.49x10-3 OR=0.84), and the overall meta-analysis including the six cohorts evidenced that this variant is consistently associated with both lcSSc (P=1.71x10-3 OR=0.85) and ACA production (P=9.31x10-3 OR=0.86). Hence, our data strongly suggest that IL2RA is involved in SSc, specifically with lcSSc and ACA subgroups.
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INTRODUCTION
The interleukin 2 (IL2) signalling is involved in T-cell proliferation, survival and differentiation of effector cells, being essential for the maintenance of the immune tolerance 1. A key component of this pathway is the high-affinity heterotrimeric IL2 receptor (IL2R), which is composed of the IL2 receptor α (IL2RA), β (IL2RB) and γ (IL2RG) subunits. IL2RA (also known as CD25) is an important marker of CD4+CD25+ regulatory T cells (Tregs), which have a central role in protecting an individual from autoimmunity 
 ADDIN EN.CITE 
2; 3
. Several polymorphisms surrounding the IL2RA locus at 10p15.1 have been reported to be associated with different autoimmune diseases, including type I diabetes (T1D), rheumatoid arthritis (RA), multiple sclerosis (MS), Graves’ disease (GD), and systemic lupus erythematosus (SLE) 
 ADDIN EN.CITE 
4-7
.
Autoimmune diseases are complex polygenic disorders in which environmental factors and common and rare genetic variants contribute to their susceptibility, each with generally modest effects independently. There are increasing evidences pointing to a shared underlying immunological mechanism in immune-related pathologies 8. The association of IL2RA with multiple autoimmune disorders clearly supports this idea. In addition, it is known that different autoimmune diseases may sometimes present similar genetic backgrounds. For example, most of the genetic associations of systemic sclerosis (SSc) are shared with SLE 
 ADDIN EN.CITE 
9; 10
. SSc, also called scleroderma, is a chronic multisystem disease of unknown aetiology, characterised by fibrotic events, vasculopathy and production of auto-antibodies against nuclear self-antigens, including anti-centromere antibodies (ACA) and anti-topoisomerase antibodies (ATA) 11. Two main clinical subsets of the disease have been described based on the extent of skin involvement: limited cutaneous scleroderma (lcSSc) and diffuse cutaneous scleroderma (dcSSc) 12. Interestingly, elevated serum levels of soluble IL2RA (sIL2RA) have been associated with the progression of the disease in SSc patients 
 ADDIN EN.CITE 
13; 14
.

Taking into account the above, we aimed to investigate whether the IL2RA locus is involved in the genetic predisposition and clinical manifestations of SSc. For this purpose, we genotyped the single-nucleotide polymorphism (SNP) rs11594656, located at the 5′ flanking region of the IL2RA gene, in a large cohort of European Caucasian origin. This variant was selected for three main reasons: 1) it seems to have an independent effect on risk to autoimmunity; 2) it has been correlated with serum sIL2RA levels; and 3) it has been recently associated with SLE 
 ADDIN EN.CITE 
4; 6
.
RESULTS

The IL2RA genetic variant rs11594656 was in Hardy-Weinberg equilibrium in all analysed control cohorts (significance level = 0.05).
In a first step, we investigated the possible implication of this SNP in SSc susceptibility and clinical manifestations in a large Spanish cohort of Caucasian origin (Table 1, upper rows). Although no significant differences between the IL2RA rs11594656 allele frequencies of SSc cases and controls were observed, the phenotype analysis evidenced a significant association of this IL2RA allele with the ACA presence (P=6.30x10-3, OR=0.77 [0.64-0.93]), as well as a suggestive OR in the lcSSc analysis (P=0.126, OR= 0.88 [0.74-1.04]).

To confirm this finding, we decided to test for associations in five independent Caucasian cohorts from five different European countries. Despite their different geographical origin, the combinability test according to Breslow-Day method showed no significant heterogeneity in the ORs of the different sets (Breslow-Day P=0.14). Therefore, we conducted a pooled OR analysis using the Mantel-Haenszel test under fixed effects. Interestingly the meta-analysis of the replication sets (Table 1, middle rows) reached statistical significance when comparing the combined lcSSc subgroup with the control population (P=5.49x10-3, OR=0.84 [0.74-0.95]), also in the global SSc/control comparison (P=0.028, OR=0.89 [0.80-0.99]).
In relation to the analysis of each replication cohort independently (Supplementary Table 1), a significant association between IL2RA rs11594656 and SSc was observed in the set from The Netherlands (P=3.07x10-3, OR = 0.70 [0.55-0.89]). Additionally, the analysis on data stratified by subtype and auto-antibody status (Supplementary Tables 2 and 3, respectively) showed evidence of asociation in the Dutch cohort between this IL2RA variant and both lcSSc (P=1.10x10-3, OR=0.63 [0.47-0.84]) and ACA presence (P=0.039 OR=0.64 [0.41-0.99]). 
Finally, since no significant heterogeneity was neither observed when including the Spanish cohort to the pooled European set (Breslow-Day P=0.21), we performed an overall meta-analysis including all 6 independent cohorts (Table 1, lower rows). This analysis showed that IL2RA rs11594656*T was strongly associated with the susceptibility to lcSSc (P=1.71x10-3 OR=0.85 [0.77-0.94]) and ACA production (P=9.31x10-3 OR=0.86 [0.76-0.96]). Although moderate, the combined analysis of the global SSc also evidenced statistically significant differences in the allele frequencies of cases and controls (P=0.017, OR=0.90 [0.83-0.98]). The forest plots of the overall meta-analyses for global SSc, lcSSc and ACA are shown in Figure 1.
DICUSSION
The recent identification of CD4+CD25+ Tregs as important regulators of the self-tolerance maintenance has led to new perspectives in the study of autoimmunity 3. Functional studies have demonstrated that the IL2/IL2R pathway is directly involved in the differentiation and homeostasis of Tregs 
 ADDIN EN.CITE 
2; 3
. Mice lacking IL2RA and IL2RB chains develop autoimmune-like pathologies with age due to Treg misregulation 
 ADDIN EN.CITE 
15; 16
. The present study reports a novel association between IL2RA and SSc, specifically the limited subtype of the disease and the production of ACAs, thus confirming that this Treg marker certainly represents a common genetic factor in autoimmunity.
Although the aetiology of SSc is not yet understood, there are evidences that strongly suggest that misregulation of Tregs may underlie the immune dysfunction in the progression of this disease 
 ADDIN EN.CITE 
17; 18
. Interestingly, it has been proposed that skin-specific Treg anomalies could be crucial in the SSc pathogenesis 18. Since IL2RA plays an important role in Treg regulation 2, genetic alteration of its encoding gene could have serious consequences in the function of this cell type by altering the IL2/IL2R signalling. Our data indicates that IL2RA rs11594656, or any other SNP within its haplotypic block, is involved in the genetic susceptibility to lcSSc and the ACA presence. This particular variant has been also associated with other autoimmune disorders such as T1D, RA, MS and SLE 
 ADDIN EN.CITE 
4-7
. In this regard, the fact that the IL2RA rs11594656 minor allele shows a protective effect in both SLE 
 ADDIN EN.CITE 
6
 and SSc (the current study) should also be noted, because these diseases have a very similar genetic component and most of their shared associations are in the same direction 
 ADDIN EN.CITE 
9; 10
. Moreover, low circulating levels of sIL2RA have been found to be associated with the IL2RA rs11594656 major allele in T1D patients 
 ADDIN EN.CITE 
4
, consistent with the protective effect of the rs11594656 minor allele that we have observed in SSc.
In conclusion, we have identified IL2RA rs11594656 as a novel susceptibility locus for SSc, and have determined that this genetic variant is specifically associated with the limited manifestation of the disease as well as the production of ACAs. Taking into account the key role of IL2RA in the regulatory function of Tregs, which in turn seems to be tightly linked with the progression of SSc, this association may shed light into the complex genetic network underlying SSc aetiopathogenesis.
PATIENTS AND METHODS

Study population

An initial discovery cohort of 1,041 SSc patients and 799 healthy controls from Spanish Caucasian origin, and a replication set composed of five independent European Caucasian populations (comprising a total of 2,983 SSc patients and 2,652 healthy controls from Germany, The Netherlands, Belgium, Norway and UK) were included in the study. All the control and case cohorts were recruited in the same geographical regions and matched by age, sex and ethnicity. SSc patients fulfilled the 1980 American College of Rheumatology (ACR) classification criteria for this disease 19. Case sets were further subdivided based on skin involvement and autoantibody status into lcSSc, dcSSc, ACA+ and ATA+ subgroups 12. Clinical characteristics of the patients have been described before 
 ADDIN EN.CITE 
20
. Approval from the local ethical committees and written informed consent from all participants were obtained.
Genotyping methods

Genomic DNA was obtained from peripheral blood cells using standard methods. Samples were genotyped for the IL2RA variant rs11594656 using a TaqMan® 5’ allele discrimination assay (assay ID: C__11646696_10) in a 7900HT Fast Real-Time PCR System (Applied Biosystems, Foster City, California, USA).

Statistical analysis

Power Calculator for Genetic Studies 2006 software (http://www.sph.umich.edu/csg/abecasis/CaTS/reference.html) was used to calculate the overall statistical power of the study, which was 97% to detect associations with OR=1.2 at 5% significant level. All statistical analyses were performed using the Linux software PLINK v1.07 (http://pngu.mgh.harvard.edu/purcell/plink/), and forest plots were obtained with StatsDirect v2.6.6 (StatsDirect Ltd, Cheshire, UK). To test for associations, P values, were obtained by performing 2x2 contingency tables and χ2 test and/or Fisher’s exact test, when appropriate. Odds ratios (OR) and 95% confidence intervals were calculated according to Woolf’s method. In addition, combined P-values and ORs were calculated by Mantel-Haenszel test under fixed effects, and Breslow–Day and Cochran’s Q test methods were used to estimate the homogeneity amongst the different cohorts. A P-value lower than 0.05 was considered significant. 
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TABLES

Table 1. Genotype and allele distribution of IL2RA rs11594656 in SSc patients and controls according to specific manifestations of the disease.
	
	
	Genotype, N (%)
	
	
	

	Population
	Sample size
	AA
	TA
	TT
	MAF (%)*
	P-value
	OR [95% CI]**

	Spain
	Controls (n=799)
	349 (43.68)
	344 (43.05)
	106 (13.27)
	34.79
	 
	 

	
	SSc (n=1041)
	480 (46.11)
	433 (41.59)
	128 (12.30)
	33.09
	0.280
	0.93 [0.81-1.07]

	
	lcSSc (n=543)
	260 (47.88)
	219 (40.33)
	64 (11.79)
	31.95
	0.126
	0.88 [0.74-1.04]

	
	dcSSc (n=263)
	122 (46.39)
	110 (41.82)
	31 (11.79)
	32.70
	0.380
	0.91 [0.74-1.12]

	
	ACA+ (n=397)
	206 (51.89)
	150 (37.78)
	41 (10.33)
	29.22
	6.30E-03
	0.77 [0.64-0.93]

	 
	ATA+ (n=188)
	71 (37.77)
	90 (47.87)
	27 (14.36)
	38.30
	0.201
	1.16 [0.92-1.47]

	Replication meta-analysis***
	Controls (n=1853)
	1041 (56.18)
	678 (36.59)
	134 (7.23)
	25.53
	 
	 

	
	SSc (n=1942)
	1155 (59.48)
	646 (33.26)
	141 (7.26)
	23.89
	0.028
	0.89 [0.80-0.99]

	
	lcSSc (n=1205)
	730 (60.58)
	394 (32.70)
	81 (6.72)
	23.07
	5.49E-03
	0.84 [0.74-0.95]

	
	dcSSc (n=602)
	351 (58.31)
	205 (34.05)
	46 (7.64)
	24.67
	0.339
	0.93 [0.80-1.08]

	
	ACA+ (n=624)
	366 (58.65)
	213 (34.13)
	45 (7.21)
	24.28
	0.272
	0.92 [0.79-1.07]

	 
	ATA+ (n=390)
	233 (59.74)
	121 (31.03)
	36 (9.23)
	24.74
	0.351
	0.92 [0.76-1.10]

	Overall meta-analysis
	Controls (n=2652)
	1390 (52.41)
	1022 (38.54)
	240 (9.05)
	28.32
	
	

	
	SSc (n=2983)
	1635 (54.81)
	1079 (36.17)
	269 (9.02)
	27.10
	0.017
	0.90 [0.83-0.98]

	
	lcSSc (n=1748)
	990 (56.64)
	613 (35.07)
	145 (8.30)
	25.83
	1.71E-03
	0.85 [0.77-0.94]

	
	dcSSc (n=865)
	473 (54.68)
	315 (36.42)
	77 (8.90)
	27.11
	0.197
	0.92 [0.81-1.04]

	
	ACA+ (n=1021)
	572 (56.02)
	363 (35.55)
	86 (8.42)
	26.20
	9.31E-03
	0.86 [0.76-0.96]

	 
	ATA+ (n=578)
	304 (52.60)
	211 (36.51)
	63 (10.90)
	29.15
	0.972
	1.00 [0.87-1.16]

	
	
	
	
	
	
	
	

	lcSSc, limited cutaneous scleroderma; dcSSc, diffuse cutaneous scleroderma; ACA, anti-centromere autoantibodies; ATA, anti-topoisomerase autoantibodies.

	Meta-analyses were performed according to Mantel-Haenszel test under fixed effect.
	
	

	*Minor allele frequency.
	
	
	
	
	
	

	**Odds ratio for the minor allele.
	
	
	
	
	
	

	***Including independent cohorts from Germany, The Netherlands, Belgium, Norway and UK. 
	
	


FIGURES

Figure 1. Forest plots for the meta-analysis of IL2RA rs11594656 in global systemic sclerosis (A), limited cutaneous systemic sclerosis (B) and the presence of anti-centromere autoantibodies (C).
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SUPPLEMENTARY MATERIAL

Supplementary Table 1. Analysis of IL2RA rs11594656 in the replication cohorts.

	
	
	Genotype, N (%)
	
	
	

	Population
	Sample size
	AA
	TA
	TT
	MAF (%)*
	P-value
	OR [95% CI]**

	Germany
	SSc (n=427)
	239 (55.97)
	153 (35.83)
	35 (8.20)
	26.11
	0.639
	0.94 [0.74-1.21]

	
	Controls (n=279)
	150 (53.76)
	106 (37.99)
	23 (8.24)
	27.24
	
	

	Netherlands
	SSc (n=323)
	202 (62.54)
	101 (31.27)
	20 (6.19)
	21.83
	3.07E-03
	0.70 [0.55-0.89]

	
	Controls (n=473)
	248 (52.43)
	181 (38.27)
	44 (9.30)
	28.44
	
	

	Belgium
	SSc (n=169)
	89 (52.66)
	70 (41.42)
	10 (5.92)
	26.63
	0.889
	1.02 [0.74-1.41]

	
	Controls (n=271)
	149 (54.98)
	102 (37.64)
	20 (7.38)
	26.20
	
	

	Norway
	SSc (n=103)
	67 (65.05)
	31 (30.10)
	5 (4.85)
	19.90
	0.400
	1.19 [0.77-1.83]

	
	Controls (n=261)
	178 (68.20)
	76 (29.12)
	7 (2.68)
	17.24
	
	

	UK
	SSc (n=920)
	558 (60.65)
	291 (31.63)
	71 (7.72)
	23.53
	0.172
	0.89 [0.75-1.06]

	
	Controls (n=569)
	316 (55.54)
	213 (37.43)
	40 (7.03)
	25.75
	
	

	
	
	
	
	
	
	
	

	*Minor allele frequency
	
	
	
	
	
	

	**Odds ratio for the minor allele
	
	
	
	
	
	

	***Mantel-Haenszel test under fixed effect
	
	
	
	
	


Supplementary Table 2. Analysis of IL2RA rs11594656 in the replication cohorts accordingly with SSc subtype.
	
	
	Genotype, N (%)
	
	
	

	Population
	Sample size
	AA
	TA
	TT
	MAF (%)*
	P-value
	OR [95% CI]**

	Germany
	lcSSc (n=199)
	111 (55.78)
	73 (36.68)
	15 (7.54)
	25.88
	0.639
	0.93 [0.69-1.26]

	
	dcSSc (n=143)
	78 (54.55)
	55 (38.46)
	10 (6.99)
	26.22
	0.753
	0.95 [0.69-1.31]

	
	Controls (n=279)
	150 (53.76)
	106 (37.99)
	23 (8.24)
	27.24
	
	

	Netherlands
	lcSSc (n=203)
	133 (65.52)
	59 (29.06)
	11 (5.42)
	19.95
	1.10E-03
	0.63 [0.47-0.84]

	
	dcSSc (n=102)
	63 (61.76)
	31 (30.39)
	8 (7.84)
	23.04
	0.117
	0.75 [0.53-1.08]

	
	Controls (n=473)
	248 (52.43)
	181 (38.27)
	44 (9.30)
	28.44
	
	

	Belgium
	lcSSc (n=110)
	63 (57.27)
	43 (39.09)
	4 (3.64)
	23.18
	0.385
	0.85 [0.58-1.24]

	
	dcSSc (n=51)
	21 (41.18)
	24 (47.06)
	6 (11.76)
	35.29
	0.060
	1.54 [0.98-2.41]

	
	Controls (n=271)
	149 (54.98)
	102 (37.64)
	20 (7.38)
	26.20
	
	

	Norway
	lcSSc (n=51)
	34 (66.67)
	15 (29.41)
	2 (3.92)
	18.63
	0.736
	1.10 [0.60-1.94]

	
	dcSSc (n=31)
	22 (70.97)
	8 (25.81)
	1 (3.23)
	16.13
	0.826
	0.92 [0.45-1.89]

	
	Controls (n=261)
	178 (68.20)
	76 (29.12)
	7 (2.68)
	17.24
	
	

	UK
	lcSSc (n=642)
	389 (60.59)
	204 (31.78)
	49 (7.63)
	23.52
	0.204
	0.89 [0.73-1.07]

	
	dcSSc (n=275)
	167 (60.73)
	87 (31.64)
	21 (7.64)
	23.45
	0.308
	0.88 [0.70-1.12]

	
	Controls (n=569)
	316 (55.54)
	213 (37.43)
	40 (7.03)
	25.75
	 
	 

	
	
	
	
	
	
	
	

	lcSSc, limited cutaneous scleroderma; dcSSc, diffuse cutaneous scleroderma.
	
	
	

	*Minor allele frequency
	
	
	
	
	
	

	**Odds ratio for the minor allele
	
	
	
	
	
	

	***Mantel-Haenszel test under fixed effect
	
	
	
	
	


Supplementary Table 3. Analysis of IL2RA rs11594656 in the replication cohorts accordingly with SSc specific autoantibodies.
	
	
	Genotype, N (%)
	
	
	

	Population
	Sample size
	AA
	TA
	TT
	MAF (%)*
	P-value
	OR [95% CI]**

	Germany
	ACA (n=142)
	76 (53.52)
	54 (38.03)
	12 (8.45)
	27.46
	0.945
	1.01 [0.72-1.41]

	
	ATA (n=107)
	62 (57.94)
	36 (33.65)
	9 (8.41)
	25.23
	0.573
	0.90 [0.63-1.29]

	
	Controls (n=279)
	150 (53.76)
	106 (37.99)
	23 (8.24)
	27.24
	
	

	Netherlands
	ACA (n=76)
	50 (65.79)
	21 (27.63)
	5 (6.58)
	20.39
	0.039
	0.64 [0.41-0.99]

	
	ATA (n=80)
	46 (57.50)
	27 (33.75)
	7 (8.75)
	25.62
	0.464
	0.87 [0.59-1.27]

	
	Controls (n=473)
	248 (52.43)
	181 (38.27)
	44 (9.30)
	28.44
	
	

	Belgium
	ACA (n=38)
	19 (50.00)
	17 (44.74)
	2 (5.26)
	27.63
	0.791
	1.08 [0.60-1.88]

	
	ATA (n=28)
	14 (50.00)
	12 (42.86)
	2 (7.14)
	28.57
	0.702
	1.13 [0.61-2.08]

	
	Controls (n=271)
	149 (54.98)
	102 (37.64)
	20 (7.38)
	26.20
	
	

	Norway
	ACA (n=40)
	24 (60.00)
	13 (32.50)
	3 (7.50)
	23.75
	0.159
	1.50 [0.80-2.68]

	
	ATA (n=14)
	10 (71.43)
	3 (21.43)
	1 (7.14)
	17.86
	0.933
	1.04 [0.39-2.82]

	
	Controls (n=261)
	178 (68.20)
	76 (29.12)
	7 (2.68)
	17.24
	
	

	UK
	ACA (n=328)
	197 (60.06)
	108 (32.93)
	23 (7.01)
	23.48
	0.284
	0.88 [0.70-1.11]

	
	ATA (n=161)
	101 (62.73)
	43 (26.71)
	17 (10.56)
	23.91
	0.504
	0.91 [0.68-1.21]

	
	Controls (n=569)
	316 (55.54)
	213 (37.43)
	40 (7.03)
	25.75
	 
	 

	
	
	
	
	
	
	
	

	ACA, anti-centromere autoantibodies; ATA, anti-topoisomerase autoantibodies.
	
	
	

	*Minor allele frequency
	
	
	
	
	
	

	**Odds ratio for the minor allele
	
	
	
	
	
	

	***Mantel-Haenszel test under fixed effect
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