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Polymorphisms in the IL2, IL2RA and IL2RB genes

in multiple sclerosis risk
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Interleukin (IL)-2/IL-2R signalling promotes proliferation and survival of activated T cells and has an essential non-redundant
role in the production of regulatory T cells. Associations with different autoimmune diseases of polymorphisms in a linkage
disequilibrium block in which the IL2/IL21 genes map (4g27), and also in genes encoding the IL2RA and IL2RB subunits
(located in 10p15 and 22q13, respectively), were identified through genome-wide studies. Polymorphisms in these three genes
were studied in 430 multiple sclerosis (MS) patients and in 550 ethnically matched controls from Madrid (Spain). Replication
and meta-analysis with results from an independent cohort of 771 MS patients and 759 controls from Andalucia (Spain)
confirmed the association of polymorphisms in the /L2RA gene (Pwantel-Haenszel, 0dds ratio (OR)y_y (95% confidence interval, CI)
for rs2104286: 0.0001, 0.75 (0.65-0.87); for rs11594656/rs35285258: 0.004, 1.19 (1.06-1.34); for rs41295061:

0.03, 0.77 (0.60-0.98)); showed a trend for association of the /IL2/IL21 rs6822844 (Py_4=0.07, ORy_y (95% CI)=0.86
(0.73-1.01)), but did not corroborate the association for IL2RB. Regression analyses of the combined Spanish cohort revealed
the independence of two /L2RA association signals: rs2104286 and rs11594656/rs35285258. The relevant role of the
IL2RA gene on MS susceptibility adds support to its common effect on autoimmune risk and the suggestive association of

IL2/IL21 warrants further investigation.
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INTRODUCTION

Genome-wide association studies have recently identified risk variants
in 4q27 that increased susceptibility towards several autoimmune
diseases such as coeliac disease,! type I diabetes? or psoriasis.3 Those
polymorphisms are located in a 480kb linkage disequilibrium block
that harbours interleukin 2 (IL2) and IL2I genes, among others.
Therefore, this locus is emerging as a shared susceptibility factor for
diseases with an immune aetiology. Owing to the correction threshold
imposed on these pangenomic studies, some associations do not reach
significance on a first-hit level, but they are evidenced in follow-up
studies, as has been demonstrated for the role of the IL2—IL21 locus
on rheumatoid arthritis (RA).*

Interleukin 2 was initially identified as an autocrine secretory
product from activated T cells with growth factor properties. Later,
it was found that IL-2 elicits T-cell proliferation, survival and
differentiation of effectors (Th1/Th2). However, the main non-redun-
dant function of IL-2 consists of maintaining peripheral T-cell
tolerance, and the impairment of regulatory T cells is thought to be
the underlying cause of autoimmunity in the absence of IL-2. This
cytokine is also able to sensitize activated T cells to undergo apoptosis
or activation-induced cell death, limiting the immune response.” The
binding of IL-2 to IL-2Ra drives the association of this subunit with

the IL-2Rp- and y-chain to form the high-affinity heterotrimeric
IL-2 receptor.® Polymorphisms within the genes encoding two
different subunits of the receptor, IL2RA and IL2RB, have also been
associated with greater predisposition to type I diabetes,” RA® or
multiple sclerosis (MS).%10

Multiple sclerosis is a complex disease presumed to be autoimmune
in nature and with a clear inflammatory and demyelinating outcome.
A genome-wide association scan pointed to the role of the IL2RA gene
in MS predisposition,” and that association was recently confirmed
in a large multicentre study.!! The IL2RA gene had previously shown
its relevance in the development of MS.!% Moreover, a polymorphism
in the IL2 promoter was found to influence MS risk in a classical
candidate-gene approach,'? although in genome-wide studies, the
associations of either IL2 or IL2RB polymorphisms with MS did not
exceed the significance threshold.>!3

The association of IL2, IL2RA and IL2RB genes with multiple
autoimmune diseases might suggest a common mechanism in their
pathogenesis and we aimed at studying polymorphisms previously
associated with different autoimmune conditions. Dissecting the
specific variant responsible for the IL2 effect has been hampered by
the tight linkage disequilibrium of the 4q27 locus, and therefore we
genotyped three SNPs: rs6822844 and rs11938795, associated with
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Figure 1 Linkage disequilibrium map of the polymorphisms studied within the /L2, IL2RA and IL2RB genes.

coeliac disease,! and one polymorphism associated with diabetes,
15173885682 Two independent signals of the IL2RA gene were
identified by fine mapping of the region, and their minor alleles
were related to inherited lower circulating levels of the soluble IL-2RA
protein.” We selected tagging SNPs for these signals, rs41295061 and
rs11594656, and one polymorphism (rs2104286) previously associated
with MS.? Polymorphisms within the genes encoding IL-2R subunits o
(rs2104286) and f (rs743777) were both associated with RA and type I
diabetes (T1D) in the genome-wide study performed by the Wellcome
Trust Consortium.? rs9622555, located in the same linkage disequili-
brium block as rs743777 (see Figure 1), was selected to eventually
support the data of the latter.

METHODS

A total of 430 Spanish MS patients and 550 ethnically matched controls, mostly
blood donors and staff, were consecutively recruited from the Hospital Clinico
(Madrid), and an independent Spanish cohort from Andalucia was also studied
including individuals from Hospital Virgen de las Nieves, Hospital Clinico San
Cecilio, Banco de Sangre (Granada), Hospital Carlos Haya (Malaga) and
Hospital Virgen Macarena (Sevilla). The Ethics Committees of these Hospitals
approved the study. Patients were diagnosed on the basis of the Poser criterial4
and were included in the study after informed consent. Clinical features of most
of them have been published previously.!>!¢ In the MS cohort from Madrid
(35% men and 65% women), with a mean age at onset of 29 years and the age
of patients ranging from 16 to 79 years, 208 individuals were carriers of the
major susceptibility factor for MS (HLA-DRB1*1501). The mean Expanded
Disability Status Scale (EDSS) was 3.5 and ~10% of patients had a father,
mother or a sibling with MS. The clinical forms were distributed as follows:
32 primary progressive, 46 secondary progressive and 321 relapsing-remitting
(for the remaining 31 patients, we had no data). The Andalusian cohort
recruited 759 healthy controls (32% men and 68% women) and 771 MS
patients (31% men and 69% women) with a mean age at onset of 29 years and
age ranging from 15 to 71 years. The clinical forms of the MS cohort were
255 secondary progressive and 516 relapsing-remitting.

Genotyping of samples was carried out with TagMan Assays from Applied
Biosystems in a 7900HT Fast Real-Time PCR system, under the conditions
recommended by the manufacturer (Applied Biosystems, Foster City, CA,
USA). Genotyping call-rate success was over 96% in MS cases and controls
for every tested polymorphism.

The statistical analysis to compare allelic and genotypic distributions was
performed using y-test or Fisher’s exact test (when expected values were

below 5) included in a standard statistical package (Epi Info v. 6.02;
World Health Organization, Geneva, Switzerland). Odds ratios (ORs) were
calculated, and their 95% confidence intervals (Cls) were estimated using
the Cornfield method. Haplotypic frequencies were estimated with the
expectation—-maximization algorithm implemented in the Haploview v.4.1
software. A combined analysis of the two cohorts was performed using
the Mantel-Haenszel test (also implemented on Epi Info software). Linkage
disequilibrium was measured by calculating two parameters, # and D/
(Figure 1).

RESULTS

Polymorphisms in the IL2, IL2RA and IL2RB genes were genotyped
in the samples from Madrid (Table 1). None of the tested polymor-
phisms significantly deviated from Hardy—Weinberg predictions. The
frequency of carriers of the minor allele for rs6822844 was significantly
lower in MS patients compared with controls (P=0.03; OR (95%
CI)=0.72 (0.52-0.98)). No significant differences were found in the
other two IL2 polymorphisms, which only showed low to modest
genetic equivalence with rs6822844 (>=0.06 and 0.37, Figure 1). The
minor allele frequency for rs2104286, located in intron 1 of the
IL2RA gene, was significantly lower in MS patients compared with
controls. Two other polymorphisms located upstream of the IL2RA
gene were studied, and a similar protective trend was found for
rs41295061. The frequency of the mutant genotype for rs11594656
was higher in MS patients (AA vs (TA+TT): P=0.02; OR (95%
CI)=1.61 (1.05-2.48)). In addition, two markers, located within
10kb upstream of the IL2RB transcription origin, were analysed.
The frequency of mutant genotypes for both SNPs in this gene
(?=0.85) was lower in the patient group than in controls
(rs743777, GG vs (GA+AA): P=0.07; OR (95% CI)=0.69 (0.45-1.06)
and rs9622555, TT wvs (TG+GG): P=0.11; OR (95% CI)=0.70
(0.40-1.11)). Minor allele frequencies of these IL2RB polymorphisms
were also lower in patients than in controls (Table 1).

To validate whether these markers were bona fide risk factors,
we decided to analyse the polymorphisms showing any evidence
of association with MS in the Madrid population, in an independent
Spanish cohort from Andalucia. Once the homogeneity of the data
was confirmed (homogeneity P>0.1), we performed a Mantel-
Haenszel analysis of the significant results from the samples from
Madrid pooled with those previously published for the Andalusian
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Table 1 Genotype and allele frequencies of /L2, IL2RA and IL2RB polymorphisms in MS patients and healthy controls recruited from Madrid

and Andalucia, and overall Mantel-Haenszel analyses of the pooled Spanish cohorts

MS Madrid

IL2RA
Controls Madrid

MS Andalucia®

Controls Andalucial®

rs11938795
T
TC
cc
T
C

Allelic P
Allelic OR (95% Cl)

rs17388568
GG
GA
AA
G
A

Allelic P
Allelic OR (95% CI)

rs68228442
GG
GT
T
G
T

Allelic P
Allelic OR (95% CI)

231 (56%)
155 (38%)
26 (6%)
617 (75%)
207 (25%)

0.25

293 (54%)
206 (38%)
47 (9%)
792 (73%)
300 (27%)

0.89 (0.72-1.09)

229 (54%)
162 (38%)
35 (8%)
620 (73%)
232 (27%)

0.78

289 (54%)
214 (40%)
37 (7%)
792 (73%)
288 (27%)

1.03 (0.84-1.27)

334 (80%)

405 (74%)

79 (19%) 136 (25%)
6 (1%) 8 (1%)
747 (89%) 946 (86%)
91 (11%) 152 (14%)
0.05
0.76 (0.57-1.01)
Allelic Puiantel-Haensze!=0.076
Allelic ORmantel-Haenszel (95% CI1)=0.86 (0.72-1.01)

IL2RA

MS Madrid Controls Madrid

598 (78%)
160 (21%)
10 (1%)
1356 (88%)
180 (12%)

MS Andalucia®

0.47

717 (77%)
191 (21%)
21 (2%)
1625 (87%)
233 (13%)

0.93 (0.75-1.15)

Controls Andalucia'®

rs11594656° (rs35285258 in Andalucia)

T
TA
AA
T
A

Allelic P
Allelic OR (95% Cl)

186 (45%)
172 (42%)

56 (14%)
544 (66%)
284 (34%)

0.17

251 (46%)
244 (45%)
48 (9%)
746 (69%)
340 (31%)

1.15 (0.94-1.40)

Allelic Pyantel-Haensze=0.004
Allelic ORmantel-Haenszel (95% Cl)=1.19 (1.05-1.33)

rs41295061
cC
CA
AA
C
A

381 (91%)

479 (88%)

35 (8%) 66 (12%)
1 (0%) 2 (0%)

797 (96%) 1024 (94%)
37 (4%) 70 (6%)

Allelic P
Allelic OR (95% Cl)

0.06
0.68 (0.44-1.04)

Allelic Puantel-Haensze=0.03
Allelic ORpantel-Haenszel (95% C1)=0.77 (0.6-0.97)
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300 (39%)
366(47%)
105 (14%)
966 (63%)
576 (37%)

678 (89%)
82 (11%)
1 (0%)
1438 (94%)
84 (6%)

0.01

334 (45%)
320 (43%)

82 (11%)
988 (67%)
484 (33%)

1.22 (1.04-1.42)

0.19
0.82 (0.60-1.12)

650 (87%)
93 (12%)
3 (0%)
1393 (93%)
99 (7%)
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IL2RA
MS Madrid Controls Madrid MS Andalucia'® Controls Andalucia'®

rs2104286

AA 303 (72%) 337 (62%) 508 (67%) 483 (64%)

AG 108 (26%) 183 (34%) 224 (30%) 238 (31%)

GG 8 (2%) 25 (5%) 21 (3%) 38 (5%)

A 714 (85%) 857 (79%) 1240 (82%) 1204 (79%)

G 124 (15%) 233 (21%) 266 (18%) 314 (21%)
Allelic P 0.0002 0.03
Allelic OR (95% CI) 0.64 (0.50-0.82) 0.82 (0.68-0.99)

Allelic Pyantel-Haensze=0.0001
Allelic ORyantel_Haenszel (95% C1)=0.75 (0.65-0.86)
IL2RB
MS Madrid Controls Madrid MS Andalucia Controls Andalucia

1s743777

AA 190 (46%) 242 (45%) — —

GA 183 (44%) 221 (41%) — —

GG 40 (10%) 72 (13%) — —

A 563 (68%) 705 (66%) — —

G 263 (32%) 365 (34%) — —
Allelic P 0.30
Allelic OR (95% CI) 0.90 (0.74-1.10)
1s9622555

GG 225 (54%) 267 (49%) 342 (46%) 344 (51%)

GT 160 (38%) 217 (40%) 335 (45%) 266 (40%)

T 34 (8%) 61 (11%) 69 (9%) 62 (9%)

G 610 (73%) 751 (69%) 1019 (68%) 954 (71%)

T 228 (27%) 339 (31%) 473 (32%) 390 (29%)
Allelic P 0.06 0.12
Allelic OR (95% CI) 0.83 (0.68-1.02) 1.14 (0.96-1.34)

ORs referred to the minor allele.
aCarrier T (Madrid cohort): P=0.03; OR (95% CI)=0.72 (0.52-0.98).
bCarrier T (Madrid cohort): P=0.02; OR (95% C1)=0.62 (0.4-0.95).

cohort!®!7 (Table 1). The IL2 polymorphism, rs6822844, showed a
trend for association (P=0.076) and the three polymorphisms
tested in the IL2RA gene yielded significant associations in the overall
cohort. The IL2RB polymorphism rs9622555 was genotyped in the
Andalusian cohort showing no association with MS. The genotypic
distribution of rs9622555 showed heterogeneity between the cohorts
from Madrid and Andalucia, and therefore the data obtained could
not be merged.

Regression analyses of IL2RA polymorphisms revealed the inde-
pendence of rs2104286 and rs11594656/rs35285258, but rs41295061
did not show an independent effect after adjustment for rs2104286
(see Table 2).

No significant differences were observed after stratification for the
main susceptibility determinant in MS, the HLA-DRBI*1501 allele,'®
or for age/gender in any of the studied polymorphisms (data not
shown). The study of inferred haplotypes did not add any further
information (data not shown).

Table 2 Conditional logistic regression analyses for ILZRA
polymorphisms with single-point allelic P<0.05 in the combined
cohorts from Madrid and Andalucia (1247 MS cases and
1491controls)

(a) Add locus to rs2104286 (b) Add rs2104286 to locus

Locus OR (95% CI) P-value  OR (95% Cl) P-value

rs41295061 C 1.00 (0.76-1.31) 0.98 0.74 (0.63-0.87) 0.0003
rs35285258 T 1.14 (1.01-1.29) 0.03 0.80 (0.69-0.93) 0.0038

Regression analyses (a) adding rs41295061 and rs35285258 to rs2104286 and (b) adding
rs2104286 to rs41295061 and rs35285258. Results for a model assuming multiplicative
effects.

DISCUSSION
Genetic linkage analysis in the mouse model of MS identified an
IL2-containing locus which affected disease severity.!” A decade later,
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treatment with an IL2-caspase3 chimeric protein of experimental
autoimmune encephalitis EAE-induced mice caused a significant
delay in disease onset by controlling lymphocyte reactivity through
targeted apoptosis.?’ Moreover, the cytokine profile of myelin cross-
reactive vs monospecific Epstein—Barr virus nuclear antigen 1-specific
T cells differed in their capability to produce IL-2.2! Among the 27
tagging SNPs that very efficiently captured the common genetic
variation in the IL2/IL21 linkage disequilibrium block, the minor
allele of rs6822844 showed the strongest association with coeliac
disease in three independent populations,! in agreement with results
in type 1 diabetes® and RA,* with a similar protective effect among
these diseases. Our present data from the Madrid cohorts showed a
borderline association of rs6822844 with MS (Table 1), and although
the results from the other Spanish cohort from Andalucia'” did not
reach significance, the combined data seem to follow the same trend of
association of this IL2 polymorphism. Therefore, our data agree with
the aforementioned results suggesting the importance of IL-2 in MS
development, and corroboration of the association with this IL2
polymorphism should be pursued.

IL-2RA-specific humanized monoclonal antibody showed promis-
ing therapeutic effects in MS,22 probably through an immuno-
regulatory pathway involving the expansion of natural killer cells
that are able to lyse activated autologous T cells.?? Strongly associated
IL2RA markers were identified in a MS genome-wide study® and
then validated in independent populations,!* in agreement with the
present data. Maier et al*® showed an independent association of
rs2104286 and rs35285258/rs11594656, and pointed out that the
minor allele of rs2104286 confers susceptibility to both MS and
type I diabetes, whereas the allele for rs35285258/rs11594656 confers
protection towards diabetes,” but susceptibility to MS. Maybe
because of low statistical power, Alcina et al'® did not detect the
independence of these signals; however, analysis of the pooled
Spanish samples from Madrid and Andalucia now corroborate the
independent effect of those polymorphisms originally described by
Maier et al*® (Table 2). Recently, it has been demonstrated that
differences in surface expression of the IL-2RA or CD25 protein
are restricted to particular immune cell types and correlated with
several haplotypes in the IL2RA region, underscoring the gene—
phenotype association between protein levels on specific subsets of
primary human immune cell types and autoimmune disease poly-
morphisms.?®

As previously reported, in vivo administration of anti-IL-2RB mAb
resulted in persistent MS symptoms in the mouse model,?’ arguing in
favour of a role of the IL2RB gene in the disease. Nevertheless, we
could not replicate the association observed in Madrid in the other
Spanish samples. The reason for this discrepancy may be an inter-
species difference or else it could be due to an effect on a yet-
undetermined subgroup of patients, which would explain the
heterogeneous effect obtained in both Spanish cohorts.

The IL2-IL2R genes are attractive candidates as MS susceptibility
factors. Regulatory T cells actively suppress autoreactive T cells in
the periphery,?® and reduced regulatory T function has been detected
in MS patients.?®3® Our data replicate the reported independent
effects of two polymorphisms in the IL2RA locus, but the studied
IL2RB polymorphisms show no signs of an overall effect on MS risk.
The association found in Graves disease,®’ as well as the one
previously reported with T1D7?? and MS,>® suggests that the
IL2RA/CD25 region acts as a general susceptibility locus for auto-
immune diseases. In fact, anti-CD25 daclizumab seems to be a
promising therapy for the inhibition of inflammation and stabilization
of MS progression.® The IL2 region was recently associated with
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several autoimmune diseases. A suggestive signal of association is
now found for rs6822844, which deserves replication to corroborate
the borderline effect observed. Therefore, a similar scenario involving
IL2 in MS risk seems to emerge. These facts are consistent with a
major role for the IL-2/IL-2 receptor pathway in the control of
autoimmunity.
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