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Abstract
Background: Multiple sclerosis (MS) is an organ-speci�c autoimmune disorder with remarkable
heritability. For MS disorder, interleukin 2 receptor α subunit (IL2RA) is regarded as a genetic risk factor.

Results: There was a statistically signi�cant association between alleles and genotypes of rs12722489
SNP and MS risk. The levels of mRNA expression and serum IL-2RA were higher in MS patients than in
healthy controls. mRNA expression and serum concentrations of IL-2RA were higher in MS patients with
CC genotype for rs12722489 compared with the rest of patients.

Conclusion: Our result demonstrate that the rs12722489 SNP within IL2RA gene might be associated with
MS pathogenesis through regulating the levels of IL-2RA (or CD25), which is important in the regulation
of T cells.

Background
Being a chronic disease, multiple sclerosis (MS) causes the central nervous system (CNS) to demyelinate
(1). MS is principally diagnosed in adults who are in their twenties and thirties, and the frequency of the
observation of this pathogenesis in women is higher than in men (2). According to the Multiple Sclerosis
International Federation, MS affects almost 2.5 million people worldwide. Although many studies have
been carried out on the subject, MS etiology has remained unidenti�ed. Epidemiological data not only
suggest that MS is an intricate disease, but they also demonstrate the role of environmental and genetic
risk factors in its onset and progress (3). Hence, the human leukocyte antigen (HLA) locus may not
describe the entire genetic constituent of this disease. Recently, non-HLA genetic risk factors have been
recognized for MS, which have enticed remarkable attention for further investigations (4). Interleukin 2
receptor (IL–2R), especially α subunit (IL–2RA or CD25), is expressed on many immune cells, namely
natural killer cells, activated T cells and monocytes, as well as regulatory T (Treg) cells (5).

Recent studies revealed that the soluble form of IL–2R subunit α (sIL–2RA) aggravated the MS
conditions in an animal model not only by stimulating the differentiation of T helper (Th) 17 periphery
cells, but also through augmenting the in�ltration of both Th17 and Th1 cell subsets into the CNS.
Moreover, the expression of the related orphan receptor gamma (RORγt), the critical transcription factor of
Th17 cells, was induced by sIL–2RA, which also inhibited Signal transducer and activator of transcription
5 (STAT5), leading to the increased secretion of interleukin (IL)–17 (6). In addition, the homeostasis,
proliferation, activation and differentiation of FoxP3+ Treg cells is much related on IL–2R function and
IL–2 signaling (7). Thus, the smallest polymorphism in CD25 gene region can lead to various diseases,
especially autoimmune diseases, namely type 1 diabetes (T1D), multiple sclerosis (MS), Rheumatoid
arthritis (RA), Grave’s disease (GD), and Systemic lupus erythematosus (SLE)(8).

The estimated location of the human IL2RA gene is on chromosome 10 (10p15-p14). In the recent
decade, the association of two common single nucleotide polymorphisms (SNPs) in the IL2RA gene
(rs12722489 and rs2104286) has been widely evaluated with several autoimmune diseases (9). The
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association between MS susceptibility and SNPs in the IL2RA gene has been established in many
countries, including Australia, India, Japan and United States (9–11), yet it has not been assessed in Iran.
In this study, the rs2104286 and rs12722489, as two SNPs in an intron of the IL2RA gene in an Iranian
population were assessed for susceptibility to MS, and the impression and association of these
variations in secretion of sIL–2RA, as well as its transcript level in PBMCs, were estimated.

Study Population And Methods

Patients and control subject
A total of 230 MS patients (66 men and 164 women), who had been examined between 2017 and 2018 at
Emam Reza Hospital, Tabriz, Iran, were enrolled. Utilizing the 2010 revised McDonald criteria for MS, the
determination of MS was performed (12). Similarly, 280 healthy controls (177 men and 103 women) with
no sign of in�ammatory diseases before assessment were enrolled. The baseline characteristics of the
participants is listed in Table 1. While all the subjects took the written informed consent, the Ethics
Committee of Tabriz University of Medical Sciences, Tabriz, Iran, approved the protocol of this study.
Likewise, this experiment was implemented according to The Code of experiments in humans. For
experimenting, 5 ml of peripheral blood was obtained from both patients and healthy control individuals.

Genotyping of IL2RA gene polymorphisms
Study participants were genotyped for the IL2RA gene rs2104286 and rs12722489 polymorphisms using
Real-time allelic discrimination TaqMan technique (Applied Biosystems, Foster City, USA). The
ampli�cation mixture included 5 µl TaqMan Master Mix which itself contained Taq DNA polymerase and
dNTPs (Applied Biosystems, Foster City, USA), 0.25 µl TaqMan Genotyping Assay mix which contained
primers as well as FAM or VIC labeled probes (Applied Biosystems, Foster City, USA), a total of 4.5 μl of
genomic DNA (20–30 ng/μl), and 0.25 μl of H2O in the ultimate volume of 10 μl. Additionally, Real-time
allelic discrimination PCR was performed utilizing Step One plus Real-time PCR system (Applied
Biosystems, Foster City, USA). Furthermore, the thermocyclic considerations were the following: initial 60
°C for 30 seconds, and then 95 °C for 10 minutes, then 40 ampli�cation cycles (95 °C for 15 seconds and
60 °C for 1 minutes), and eventually 60°C for 30 seconds.

RNA extraction and complementary DNA (cDNA) synthesis
Total RNA extraction was accomplished through utilizing RNX‐PLUS Solution on the cultured PBMCs
(SinaClon, Tehran, Iran). Taking advantage of ratios of absorbance at 260/280 and 260/230, RNA quality
and quantity were measured and assessed. In order to measure IL–2RA’s expression levels, cDNA
synthesis was implemented with oligo(dT) and random hexamer primers utilizing M‐MLV (H‐) Revert Aid
Reverse Transcriptase kit (Thermo Fisher, Waltham, MA).
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Real‐time quantitativePCR of IL2RA gene expression
Quantitative RT- PCR was performed using SYBER Green Master mix (Takara Biotechnology [Dalian]
Co. Ltd) in the Light Cycler 2.0 Real‐Time PCR System machine (Roche Applied Science, Germany). To
normalize the expression of mRNA and miRNA, internal controls, RNU6 in particular, were included.
Primers Sequences are summarized in Table 1.

sIL–2RA concentration
Enzyme-linked immunosorbent assay (ELISA) measurement of sIL–2RA was accomplished in
accordance with the manufacturer’s recommendations (BD Biosciences). Samples of serum origin were
diluted 1:20 through consuming phosphate buffer saline (PBS). Reading Microtiter plates was performed
utilizing a Biorad Benchmark microplate reader. Providing an outcome with a normal distribution was
carried out via utilizing a log10 transformation of total sIL–2RA concentration.

Statistical analysis
To determine the association of alleles, genotypes, dominant and recessive inheritance models with the
disorder risk, the chi-square test was exerted. Odds ratios (ORs) with 95% con�dence intervals (95% CI)
were also measured for each comparison. The Hardy–Weinberg Equilibrium (HWE) was calculated for the
control group in each SNP. For all analysis, SHEsis online tool (http://shesis.bio-x.cn/SHEsis.html) and
STATA software were used. The group comparisons for mRNA expression level as well as serum
concentrations were performed by independent sample t-test or ANOVA. Pearson’s correlation coe�cient
was conducted to perform correlation analysis. P values less than 0.05 were considered as statistically
signi�cant level.

Results

Allele and genotype frequencies
Genotype frequencies for both rs2104286 and rs12722489 SNPs in control group did not diverge from
HWE (P = 0.478 and 0.514, respectively).

Genotypic results revealed that the C allele of rs12722489 was proportionally related with a higher risk of
MS (Table 2). Likewise, the analysis suggested a notable result in the C vs. T, CC vs. TT, CT vs. TT, CC+CT
vs. TT, and CC vs. CT+TT comparison in the overall population (OR = 1.85, 95% CI: 1.34–2.56. P< 0.0002),
(OR = 4.87, 95% CI: 1.55–15.26 P< 0.0065), (OR = 1.71, 95% CI: 1.16–2.53. P< 0.0063), (OR = 1.89, 95% CI:
1.29–2.75. P< 0.0009), and (OR = 4.13, 95% CI: 1.32–12.85. P< 0.014), respectively (Table 2).

Similarly, the results of genotyping showed that the A allele of rs2104286 was proportional to an elevated
risk of MS (Table 3). In the same way, the analysis suggested a notable result in the AA vs. GG
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comparison in the overall population (OR = 1.60, 95% CI: 0.91–2.81, P< 0.097) (Table 3).

Gene expression
The mRNA expression level of IL–2RA gene analysis showed that IL–2RA mRNA expression was higher
in MS patient compared to the control group (Figure1.A). Also, the level of expression of a series of alleles
in the two genotypic groups was different in patients compared with normal subjects (1.023±0.015). In
the rs12722489 genotype, the expression level of CC (1.243±0.530 P = 0.0001), CT (1.121±0.143; P =
0.0001), and TT (1.171±0.33; P = 0.0001) was remarkably increased (Figure 1.B). In addition, in the
rs2104286 genotype the expression level of AA (1.202±0.42; P = 0.0001), AG (1.090±0.18; P = 0.0001),
and GG (1.167±0.21; P = 0.0001) was notably increased (Figure 1.C).

sIL–2RA concentration
CD25 secretion level was measured by ELISA in the PBMCs’ supernatant of the MS patients and control
groups. Secretion of IL–2RA signi�cantly increased in MS patients, compare to healthy people (P =
0.0004; Figure 2.A). In addition, in this study, we investigated the level of CD25 secretion in rs12722489
and rs2104286 groups, and the results revealed that: In the rs12722489 genotype, TT vs. CT
(1966.60±843.80, 2334.6±766.30; P = 0.017) had signi�cant differences (Figure 2.B), and in the
rs2104286 genotype, AA vs. AG (1620.5±432.7, 2267.9±870.4; P = 0.01), AA vs. GG (1620.5±432.7,
2354.68±937.8; P = 0.0018), and GG vs. GG (1845.35±875.7, 2354.68±937.8; P = 0.0002) had signi�cant
differences (Figure 2.C).

Correlation analysis
According to Table 4, the expression of IL–2RA mRNA was correlated signi�cantly with EDSS in MS
patients with CC genotype for rs12722489 (r = 0.55, P = 0.0021). Moreover, a signi�cant correlation was
observed in the serum levels of IL–2RA and EDSS in MS patients with CC genotype for rs12722489 (r =
0.61, P = 0.0133).

Discussion
In spite of the notable contribution of HLA in MS disorder, there is a signi�cant percentage of unknown
genetic factors involved in MS pathogenesis. The association of two most common polymorphisms of
the IL2RA gene (rs2104286 and rs12722489) with an elevated risk of MS has been evaluated in plenty of
papers. However, the association of these genotypes with respect to the con�icting data is still unknown.

Being an integral membrane compound, the IL–2 receptor consists of various protein structures, such as
α (CD25), β (CD122), and γ (CD132). As mentioned, the signaling of the IL–2 receptor is of paramount
importance for immune cell activation, especially those involved in the pathogenesis of MS disease, such
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as the T cell subtypes. Consequently, there is an opinion that inhibition of IL–2 signaling can inhibit T
cells (13).

The rs2104286 and rs12722489 SNPs are located inside the primary intron of the IL2RA gene. However,
these SNPs do not directly alter the IL2-RA structure, but rather can change the expression of IL2RA
through in�uencing the utilities of the regulatory components, including messenger RNA (mRNA), and
mRNA half-life (9).

In this study, it was realized that the A allele of rs2104286 was related to a higher risk of MS, which is
similarly shown in previous studies including Japanese, Canadian and Indian patients (14–16). Likewise,
the C allele of rs12722489 was related with an elevated risk of MS. However, the association of this allele
with MS disease in some studies has not been seen yet (17).

In addition, the secretion level of this receptor was also associated with polymorphisms of rs2104286 A
allele and rs12722489 C allele in MS patients compared with healthy subjects in this study. It is not clear
how these polymorphisms can affect the sIL–2RA gene expression. In segregated studies, buhelt and
Maier have demonstrated that the level of sCD25 is affected by the MS-associated SNP rs2104286 in the
IL2RA gene (9, 18).

Recently, in the clinical phase, daclizumab as a human monoclonal antibody that attaches to IL–2RA,
has been tested on MS patients. Furthermore, Clinical studies have revealed that injecting daclizumab
subcutaneously to patients with MS that are in the process of recovery reduces the number of lesions in
the brain’s MRI. Daclizumab could increase the proliferation and improve the utility of regulatory NK cells,
which possess the capability to decrease activated T cells (19).

In addition, Daclizumab causes a blockade to the action of IL–2 presentation via mature dendritic cells to
primed T cells, in consequence, T cells and maybe other immune cells will be signi�cantly reduced (20).
Daclizumab also prevents the meningeal lymphoid agglomeration and correlates to the immune memory
responses through hindering lymphoid tissue inducer (LTi) cells (21).

By investigating the effects of daclizumab, the role of IL–2 in the pathogenesis of multiple sclerosis was
clearly determined, and it is hoped that with further understanding of mutations and polymorphism of
this receptor gene, a de�nite treatment for this autoimmune disease can be found.

In the end, some of our work restrictions need to be declared. Firstly, absence of accessibility to individual
information restrained the assessment of feasible gene-gene and gene-environment interplay. Secondly,
the relationship between the IL2RA polymorphisms and MS subtype such as Relapsing-remitting MS
(RRMS) or primary progressive MS (PPMS) was not evaluated. Despite all these restrictions, the
milestones of this study were the investigation of the level of gene expression as well as the
measurement of the CD25 secretion with its relations to the aforementioned polymorphisms.
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Tables
Table 1. The demographic features and clinical characteristics of the MS patients and control group

P value Controls MS patients Trait
  280 230 Number

0.26 26-50 (35.13±7.74) 28-51 (34.28±8.43) Age (mean)
0.93 177/103 164/66 Gender (Female/ Male)
0.41 24.2 ± 3.9 25.3 ± 4.6 BMI

  - 1.85 ± 0.92 EDSS
  - 2-6 yrs. Disease duration
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MS; Multiple sclerosis; BMI: Body Mass Index; EDSS: Expanded Disability Status Scale

 

Table 2. Allele and genotype frequencies of IL2RA gene rs2104286 and rs12722489 SNPs in MS patients
and healthy controls and related association analyses.

dbSNP Frequency

MS patients (N=230) Controls (N=280)

rs2104286

A 159 (34 %) 169 (30 %)

G 301 (65 %) 391 (70 %)

AA 34 (14.8 %) 28 (10 %)

AG 91 (39.6 %) 113 (40.4 %)

GG 105 (45.7 %) 139 (49.6 %)

HWE for controls = 0.478

Association Test

Model OR 95 % CI P value

Allele A vs. G 1.22 0.93-1.59 0.135

Codominant AA vs. GG 1.60 0.91-2.81 0.097

Codominant AG vs. TT 1.06 0.73-1.55 0.737

Dominant AA+AG vs. TT 1.17 0.82-1.66 0.369

Recessive AA vs. AG+TT 1.56 0.91-2.66 0.102

rs12722489

C 105 (22.8 %) 77 (13.8 %)

T 355 (77.2 %) 483 (86.3 %)

CC 13 (5.7 %) 4 (1.4 %)

CT 79 (34.3 %) 69 (34.6 %)

TT 138 (60 %) 207 (73.9 %)

HWE for controls = 0.514

Association Test

Model OR 95 % CI P value

Allele C vs. T 1.85 1.34-2.56 0.0002

Codominant CC vs. TT 4.87 1.55-15.26 0.0065

Codominant CT vs. TT 1.71 1.16-2.53 0.0063

Dominant CC+CT vs. TT 1.89 1.29-2.75 0.0009

Recessive CC vs. CT+TT 4.13 1.32-12.85 0.014

           

*SNP; single nucleotide polymorphism, MS; Multiple sclerosis, OR; odds ratio, 95% CI; 95% con�dence interval, HWE; Hardy-

Weinberg equilibrium
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Table 3. Overall haplotype associations of the SNPs according to Haploview.

Block 1 Haplotypes Haplotype Frequencies OR* (95% CI*) χ2 P value

Row rs2104286 rs12722489 MS
N (%)

 (Control)
N (%)

1 A C 91.25 (19.8 %) 70.88 (12.7 %) 1.75 (1.24-2.45) 10.650.0011
2 A T 67.75 (14.7 %) 98.12 (17.5 %) 0.83 (0.59-1.16) 1.47 0.284
3 G C 13.75 (3 %) 6.12 (1.1 %) - - -
4 G T 287.25 (62.4 %) 384.88 (68.7 %) 0.79 (0.60-1.03) 2.93 0.0866

       MS; Multiple sclerosis, OR; odds ratio, 95% CI; 95% con�dence interval

 

Table 4. Correlation analysis of disease severity (EDSS) with mRNA expression and serum levels of IL-
2RA.

  mRNA
r (P value)

Serum level
r (P value)

EDSS (rs12722489 / CC) 0.55 (0.0021) 0.61 (0.0133)
EDSS (rs12722489 / CT) 0.21 (0.086) 0.19 (0.48)
EDSS (rs12722489 / TT) 0.11 (0.44) 0.25 (0.61)
Total patients 0.29 (0.16) 0.31 (0.21)

 

Figures

Figure 1

Comparison ILR-2RA gene expression between MS cases and control group
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Figure 2

sILR-2RA concentration in the serum of MS patient and healthy subjects


