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Abstract 
Background: Multiple sclerosis (MS) is a complex 
incurable neurodegenerative disease featuring 
demyelination of neurons, resulting in impairment of 
neuron impulses. Recently, an association of two single 
nucleotide polymorphisms (SNP) (rs2104286 and 
rs12722489) in interleukin 2 receptor subunit alpha 
(IL2RA) gene was found to be a risk factor of MS in white 
European population. Therefore, we performed a study 
to investigate the contribution of these two intronic 
variations in Iranian patients with MS. 
Methods: We determined the genotypes of 
rs2104286 and rs12722489 in patients with MS  
(n = 100) and in the control group (n = 111). The SNPs 
were genotyped using tetra-primer amplification 
refractory mutation system-polymerase chain reaction 
(T-ARMS-PCR) for both of SNPs. Statistical analysis was 
performed by SPSS software. Also, odds ratios (ORs) 
and 95% confidence interval (CI) were calculated. 
Results: Logistic regression revealed that various 

genotypes of rs12722489, regarding sex-adjusted 
effect, yielded meaningful association with MS risk in 
Iranian patients (OR = 2.67, 95% CI: 1.03-6.90). 
However, no association was obtained for rs2104286 
and rs12722489 with MS. 
Conclusion: The results confirmed partially the 
reports in white European population performed 
recently. However, further investigation in larger 
scale is necessary to validate our study. 
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Introduction 
Multiple sclerosis (MS) is a chronic 
neurodegenerative disease characterized with 
neuronal demyelination and leads to impaired 
neuronal impulses consequently affecting the 
patients with limbs numbness, fatigue, visional 
complications, etc.1  

Epidemiological studies have shown that the 
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disease has included approximately 2 million 
people throughout the world, and according to 
Iranian MS Association, only 40000 patients with 
MS have been registered in this country.2 
Etiologically, MS is categorized in autoimmune 
diseases, involving both environmental and 
genetic risk factors in proneness to it.3-5  

From the genetics points of view, human 
leukocyte antigen-DR beta 1 (HLA-DRB1) gene 
which is located in the chromosome 6p21, for 
decades was the merit locus identified in giving 
the risk to MS.6 However, with the development 
of chromatin immunoprecipitation (ChIP)-based 
techniques, several other important genetic 
variations, which were unidentifiable previously, 
have been nominated for the disease. 
Noteworthy, several genomic polymorphisms 
including genetic variation in genes such as 
cytotoxic T-lymphocyte-associated protein 4 
(CTLA4), tumor necrosis factor (TNF), and 
cytochrome P450 family 27 subfamily B member 1 
(CYP27B1) have been recognized so far.7-10 
Furthermore, the recent genome-wide association 
studies (GWASs) in European white population 
harvested other genetic risk factors in 
susceptibility to MS including interleukin  
7 receptor subunit alpha (IL7RA) and interleukin 
2 receptor alpha (IL2RA) (also called CD25) genes.11 

IL2RA gene is located in the chromosome 
10p15. It functions as the IL2 specific receptor, 
assembling the whole IL2R, and plays salient 
roles such as activation of T lymphocytes. Hence, 
it has a central situation in the cellular immune 
system in human body.12 This is the basis of the 
fact that IL2RA gene can be spontaneously a 
candidate for several immune diseases.13 

In this line, IL2RA gene polymorphisms, exonic 
and intronic, were primarily identified to give 
susceptibility to autoimmune diseases including 
type 1 diabetes mellitus (DM) in several studies.14 
IL2RA gene intronic single nucleotide 
polymorphism (SNP), rs2104286, represented an 
association with the risk of type 1 DM in previous 
studies and was founded to correlate with the extent 
of secretory form of IL2RA protein in subjects.15 Its 
minor allele (G) was recognized to hold protective 
role from type 1 DM in the white population. 

Therefore, this study was placed to produce an 
association study among Iranian patients with MS 
to examine whether the two IL2RA intronic 
variations (rs2104286 and rs12722489) that are 
potential risk factors for autoimmune diseases are 
actually associated with MS risk in Iranian 

population. 

Materials and Methods 
This was a pilot case-control study which was 
approved by the Ethics Committee of Shahid 
Beheshti University, Tehran, Iran. A total number 
of 211 Iranian subjects, including 100 patients 
with MS referred to Sina Hospital, Tehran and  
111 healthy people from blood donors in Tehran 
Blood Transfusion Center as controls, were 
enrolled (from 2013 to 2014). MS diagnosis was 
performed according to McDonald criteria. All 
participants in the investigation primarily gave 
the informed consents. Data regarding the age of 
onset of disease at diagnosis and clinical course of 
the patients were obtained [data regarding 
patients’ Expanded Disability Status Scale (EDSS) 
record was not accessible]. Also, in the control 
group, the individuals who had any background 
of autoimmune diseases in their families 
including thyroiditis, diabetes, psoriasis, etc., 
were excluded of our study.  

Peripheral blood samples of all the 
participants were obtained, of which, 
deoxyribonucleic acid (DNA) contents were 
extracted using salting out method.16 To 
determine the genotype of samples, we used 
tetra-primer amplification refractory mutation 
system-polymerase chain reaction (T-ARMS-
PCR). Thus, primers for rs2104286 and rs12722489 
were designed by Lasergene software (version 7.1, 
DNASTAR, Madison, WI, USA). The sequence of 
primers for rs2104286 is as follows: Outer Forward 
ATCTATCCAATATCTCTCATGCCCCTTT; Inner 
Forward AAAATTCCTACACAAGCAAACAAACAGC; 
Inner Reverse GCATAGATATAGTCATGGTAACACAAGGCA; 
Outer Reverse CCCATGCTCAGTAGATCTTACCACAGAC. 
As for rs12722489 primers, it is: Outer Forward 
CAGGGTCTTTGCTAACTCAGTCTAAGCC; Inner 
Forward TTTCTAGCTATTGGTGACTTATCCAATGA; 
Inner Reverse CCTGCTCCCTCCAAGACCACTCATAC; 
Outer Reverse TTCTCCTCCTCACCAGGTTATAAGTTGC. 
T-ARMS-PCR was done using Gene Fanavaran 
Company (Tehran, Iran) Taq DNA Pol 2x Master 
Mix Red (Ampliqon Denmark) in a total volume 
of 25 μl. This process was accomplished for the 
polymorphisms under conditions, consisting of 
primary denaturation for 3 minutes at 95 °C, 
followed by 35 cycles of 95 °C for 20 seconds, 
annealing temperature (62.5 °C for rs2104286,  
60 °C for rs12722489) for 45 seconds, following a 
5-minute extension time at 72 °C in Labcycler  
48 Gradient (SensoQuest Gottingen, Germany). 
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To proceed, PCR products were detected on the 
3% agarose with red green stain for 1 hour in 
Tris/Borate/EDTA (TBE) 1X buffer in voltage of 
90 V in electrophoresis instrument (Lab FAQS 
Roche, Germany). Furthermore, to confirm the 
genotyping task, 10 percent of the subjects’ 
samples, randomly, were sequenced in Applied 
Biosystems (ABI) sequencer 3130 equipment.   

All statistical analysis was done in SPSS 
software (version 20, IBM Corporation, Armonk, 
NY, USA) and Excel 2010 software while 
performing Hardy-Weinberg equilibrium by 
online Hardy-Weinberg calculator software. The 
association of different alleles of rs2104286 with 
MS was examined by SNP STATS Analyzer online 
program, as done for rs12722489. Fisher’s exact 
test also was applied for evaluating the relation of 
status of patients’ clinical course at the age of 
onset with the different genotypes of alleles. 
Finally, logistic regression was used, since it was 
to evaluate the actual effect of sex-adjusted status 
in subjects on interaction between the categorical 
variables, regarding different distribution of 
genotypes of the SNPs studied. 

Results 
In the present study, both the SNPs examined 
obeyed Hardy-Weinberg equilibrium (no P-value 
below 0.05). Demographic data, corresponding 
the subjects studied (Table 1) showed that the 
means of the variables of height and weight 
between case and control groups were not 
statistically significant with P-value greater than 
0.05, but regarding the age, it was significant  
(P = 0.04). Also, age of onset at diagnosis was  
27.5 ± 8.0 years in participating patients. 

Data regarding clinical course of the patients 
showed that the highest percent of patients with 
MS were put into the relapsing remitting MS 
(RRMS) (87%) category and the remaining fell 

into the other categories [Secondary Progressive 
MS (SPMS) = 10% and Primary Progressive MS 
(PPMS) = 3%]. The results are shown in table 1. 

As for the genotyping task, the allele typing of 
sample was performed which was revealed in 
figures 1 and 2.  
 

 
Figure 1. Agarose gel electrophoresis of tetra-primer 
amplification refractory mutation system-polymerase 
chain reaction (T-ARMS-PCR) products, 
corresponding to different genotypes of rs2104286 in 
the subjects. The lane 1 shows an individual of A/A 
genotype, the lane 2 denotes A/G genotype. 

 
The genotype distribution and allele 

frequencies of the SNPs in patients with MS and 
the control group are presented in table 2. 
Pertaining data revealed that for rs2104286, 
genotype A/A had the highest frequency  
(n = 144) and the genotype G/G was in the lowest 
frequency (n = 2) in our subjects (Table 2). Also, 
similar calculus for rs12722489 showed the highest 
frequency for genotype G/G (n = 190), while not 
observing genotype A/A among the subjects (Table 
2). Observing distribution of rs2104286 alleles in 
subjects revealed neither relation to MS risk nor 
different genotypes of rs12722489, as shown in table 
2 for supposed modes of inheritance (P > 0.05). 
Moreover, the confirmation of the genotyping 
performed in the current study for both rs2104286 
and rs12722489 was a validation to the results and 
was carried out by Sanger sequencing.  

 
Table 1. Demographic characteristics of the patients and control groups according to sex 

Variable Case (n = 100) Control (n = 111) P 
Age (year) (mean ± SD) 33.12 ± 16.61 54.51 ± 9.84 0.04 
Age of onset (year) (mean ± SD) 27.51 ± 8.38 ND ND 
Sex [n (%)] Male 41 (41.0) 41 (36.9) NS 

Female 59 (59.0) 70 (63.1) NS 
Weight (kg) (mean ± SD) Male 72.37 ± 16.35 80.16 ± 18.27 NS 

Female 67.41 ± 9.79 74.32 ± 10.38 NS 
Height (cm) (mean ± SD) Male 171.91 ± 14.24 172.63 ± 6.97 NS 

Female 166.40 ± 9.52 165.73 ± 7.45 NS 
SD: Standard deviation; ND: Not determined; NS: Not specified 

500 bp 

200 bp 349 bp 

242 bp 164bp 
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Table 2. Frequencies of interleukin 2 receptor subunit alpha (IL2RA) genotypes and alleles in patients with 
multiple sclerosis (MS) and controls 

OR (95% CI) Controls (n = 111) Patients with MS (n = 100) Genotype Model 
n (%) n (%) 

 rs2104286 
1.00 74 (66.7) 70 (70.0) AA Codominant 

1.17 (0.65-2.11) 36 (32.4) 29 (29.0) AG 
0.95 (0.06-15.42) 1 (0.9) 1 (1.0) GG 

1.00 74 (66.7) 70 (70.0) AA Dominant 
1.17 (0.65-2.09) 37 (33.3) 30 (30.0) AG-GG 

1.00 110 (99.1) 99 (99.0) AA-AG Recessive 
0.90 (0.06-14.58) 1 (0.9) 1 (1.0) GG 

1.00 75 (67.6) 71 (71.0) AA-GG Overdominant 
1.18 (0.65-2.11) 36 (32.4) 29 (29.0) AG 
1.15 (0.66-1.99) - - - Log-additive 

 184 (82.9) 169 (84.5) A allele  
 38 (17.1) 31 (15.5) G allele  

 rs12722489 
1.00 103 (92.8) 85 (85.0) GG  

0.44 (0.18-1.09) 8 (7.2) 15 (15.0) AG 
 214 (96.4) 185 (92.5) G allele  
 8 (3.6) 15 (7.5) A allele  

MS: Multiple sclerosis; OR: Odds ratio; CI: Confidence interval 

 

 
Figure 2. Agarose gel electrophoresis of tetra-primer 
amplification refractory mutation system-polymerase 
chain reaction (T-ARMS-PCR) products, 
corresponding to rs2104286 in the subjects. The lane 1 
shows an individual of G/G genotype; the lane 4 shows 
an individual of A/G genotype. 

 
To analyze any probable interaction of 

rs2104286 and rs12722489 and any likely role of 
the patients’ status including sex status in our 
subjects which might affect the results, we 
exploited logistic regression test. The results 
obtained showed that the rs2104286 A/G 
genotype vs. A/A genotype decreased the chance 

of the disease by 8%; nevertheless, it was not 
statistically meaningful. In contrast, there was a 
significant association for rs12722489 allele 
distribution, regarding sex-adjusted variable, and 
rs2104286 different genotypes with MS risk [odds 
ratio (OR) = 2.67, 95% confidence interval (CI): 
1.03-6.90, P = 0.043]. 

Discussion 
The current study aimed to examine the 
association of two intronic polymorphisms of 
IL2RA gene (rs2104286 and rs12722489) with MS. 
IL2RA gene has a pivotal role in gearing up 
cellular immune system. Results taken by this 
investigation revealed moderate effects of the 
SNPs of IL2RA gene in susceptibility to MS for 
Iranian people. However, readily remarkable 
impacts of the IL2RA gene polymorphisms in 
several studies previously done in western 
Caucasians highlighted this gene as a responsible 
one for MS risk. In this study, it was observed that 
there was no sign of direct association of different 
alleles of the SNPs with MS.  

The association of the two SNPs of IL2RA first 
intron, rs2104286 and rs12722489, accomplished 
recently by Consortium of MS Centers in 2008 
while performing an association study on 
American and British cohorts, gave a hint into 
susceptibility causes to MS. Ongoing studies in a 
few cohorts concerning again western white 
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populations in a large number of samples 
confirmed the results obtained by the consortium 
for both polymorphisms as well. In addition, an 
association between rs2104286 and MS was 
reported in previous studies. 

Remarkably, the investigations performed in 
western Caucasians nominated the SNPs 
rs2104286 and rs12722489 as the most substantial 
ones for the populations. In the present study, no 
association was identified between rs2104286 
polymorphism and MS risk. Alsahebfosoul et al. 
found no relation between the SNP and the MS in 
Iranian population.17 In contradiction to it, a 
previous functional study proved a relation 
between its different alleles and soluble secretary 
form of IL2RA protein.15 However, this intronic 
polymorphism interrupts neither is a regulatory 
element in IL2RA gene, nor presents in any 
protein product of the gene. If looked deeply into 
it, IL2RA paradoxically acts as a receptor for 
regulatory T (Treg) cells, which function as 
repressor cells of immune system. On the other 
hand, according to Hinks et al. rs791589 which is 
located in the first intron of the putative gene is 
the most significant variation, thus presenting 
other substantial variants in the gene. So, it seems 
that several variations in this region could 
contribute to different levels of IL2RA protein 
resulting in susceptibility to MS in patients.13 But, 
lack of relation in our study simply could be due 
to limited sample size as opposed to GWASs of 
Europeans. Moreover, selecting the participants 
randomly in our investigation from different 
ethnicities of Iranian population, contrary to the 
European studies, may be the other culprit.  

In this study, an association, not much 
significant as ones detected in European studies, 
was identified between different genotypes of 
rs12722489 and risk of MS. On the other hand, 
rs12722489 had been considered a haplotype of 
rs2104286, the actual putative responsible 
polymorphism in donating proneness to MS in at 
least western ancestors. Therefore, more 
investigations could be done to evaluate these 
results for determining actual haplotype in 
Iranian population.  

What emphasizes more on the importance of 
studying the IL2RA gene polymorphisms is the 
matter of the implication of some new drugs, 
specifically those targeted for blocking the gene 
product. Daclizumab, a monoclonal antibody 
synthesized to target IL2RA on lymphocytes, 
promised a good treatment approach for patients 
with MS in the clinical trials recently performed, 
for instance a current successful one in Iranian MS 
patients. In this way, it may be of value to imbed 
studies in the future based on the relation of 
IL2RA SNPs and outcomes of these types of 
clinical trials in patients with MS.  

Meanwhile, the heterogeneity of MS makes an 
obstacle in interpretation of results in studies with 
small sample size. It is from the literature that there 
is only a 2.5% likelihood of having been affected by 
MS in the siblings of the patients with MS.18 

Conclusion 
One cannot insist on results of genetic association 
studies on MS risk without sobering. 
Furthermore, different results which are obtained 
by different studies could be attributable to the 
probable various genes of pathogenicity in 
different populations and different environments. 
For example, temperature changes or nutritional 
habits and distress conditions can pose people to 
autoimmune disease risk. Therefore, it seems that 
many other studies in whole genome scale are to 
be performed to recognize all genes responsible 
for MS pathogenesis. 

Conflict of Interests 
The authors declare no conflict of interest in this 
study. 

Acknowledgments 
We wish to thank Dr. Mohammad Ali Sahraeian 
for his kind contribution to the project. Also, we 
are very thankful and dedicated to all patients 
with MS who kindly participated in this study. 
Moreover, we are very thankful to Sina Hospital 
personnel, especially those of MS Research 
Center, for their great help in this study. 

 
References 
1. Gholami M, Darvish H, Ahmadi H, 

Rahimi Aliabadi S, Emamalizadeh B, 
Eslami Eslami Amirabadi MR, et al. 
Functional genetic variants of FOXP3 
and risk of multiple sclerosis. Iran Red 
Crescent Med J 2017; 19(1): e34597. 

2. Pugliatti M, Rosati G, Carton H, Riise T, 

Drulovic J, Vecsei L, et al. The 
epidemiology of multiple sclerosis in 
Europe. Eur J Neurol 2006; 13(7): 700-22. 

3. Ascherio A, Munger KL. Environmental 
risk factors for multiple sclerosis. Part I: 
The role of infection. Ann Neurol 2007; 
61(4): 288-99. 

4. Gilden DH. Infectious causes of multiple 
sclerosis. Lancet Neurol 2005; 4(3):  
195-202. 

5. Trapp BD, Nave KA. Multiple sclerosis: 
An immune or neurodegenerative 
disorder? Annu Rev Neurosci 2008; 31: 
247-69. 



H. Ahmadi, et al. 

Curr J Neurol, Vol. 19, No. 1 (2020) 31 
 

http://ijnl.tums.ac.ir      05 January 

6. Barcellos LF, Sawcer S, Ramsay PP, 
Baranzini SE, Thomson G, Briggs F, et 
al. Heterogeneity at the HLA-DRB1 locus 
and risk for multiple sclerosis. Hum Mol 
Genet 2006; 15(18): 2813-24. 

7. Gourraud PA, Harbo HF, Hauser SL, 
Baranzini SE. The genetics of multiple 
sclerosis: An up-to-date review. Immunol 
Rev 2012; 248(1): 87-103. 

8. Kantarci OH, Hebrink DD, Achenbach 
SJ, Atkinson EJ, Waliszewska A, Buckle 
G, et al. CTLA4 is associated with 
susceptibility to multiple sclerosis. J 
Neuroimmunol 2003; 134(1-2): 133-41. 

9. Huizinga TW, Westendorp RG, Bollen 
EL, Keijsers V, Brinkman BM, 
Langermans JA, et al. TNF-alpha 
promoter polymorphisms, production and 
susceptibility to multiple sclerosis in 
different groups of patients. J 
Neuroimmunol 1997; 72(2): 149-53. 

10. Ramagopalan SV, Dyment DA, Cader 

MZ, Morrison KM, Disanto G, Morahan 
JM, et al. Rare variants in the CYP27B1 
gene are associated with multiple 
sclerosis. Ann Neurol 2011; 70(6): 881-6. 

11. Weber F, Fontaine B, Cournu-Rebeix I, 
Kroner A, Knop M, Lutz S, et al. IL2RA 
and IL7RA genes confer susceptibility for 
multiple sclerosis in two independent 
European populations. Genes Immun 
2008; 9(3): 259-63. 

12. Fontenot JD, Rasmussen JP, Gavin MA, 
Rudensky AY. A function for interleukin 
2 in Foxp3-expressing regulatory T cells. 
Nat Immunol 2005; 6(11): 1142-51. 

13. Hinks A, Ke X, Barton A, Eyre S, Bowes 
J, Worthington J, et al. Association of the 
IL2RA/CD25 gene with juvenile 
idiopathic arthritis. Arthritis Rheum 
2009; 60(1): 251-7. 

14. Alcina A, Fedetz M, Ndagire D, 
Fernandez O, Leyva L, Guerrero M, et al. 
IL2RA/CD25 gene polymorphisms: 

Uneven association with multiple 
sclerosis (MS) and type 1 diabetes (T1D). 
PLoS One 2009; 4(1): e4137. 

15. Lowe CE, Cooper JD, Brusko T, Walker 
NM, Smyth DJ, Bailey R, et al. Large-scale 
genetic fine mapping and genotype-
phenotype associations implicate 
polymorphism in the IL2RA region in type 
1 diabetes. Nat Genet 2007; 39(9): 1074-82. 

16. Miller SA, Dykes DD, Polesky HF. A 
simple salting out procedure for extracting 
DNA from human nucleated cells. Nucleic 
Acids Res 1988; 16(3): 1215. 

17. Alsahebfosoul F, Salehi R, Ghaffari S, 
Jahanbani-Ardakani H, Etemadifar M, 
Kazemi M, et al. CD25 gene 
polymorphism and multiple sclerosis. 
Mult Scler Relat Disord 2017; 18: 117-8. 

18. Hassan-Smith G, Douglas MR. 
Epidemiology and diagnosis of multiple 
sclerosis. Br J Hosp Med (Lond) 2011; 
72(10): M146-M151. 


