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Abstract: Background: Multiple Sclerosis (MS) is a chronic inflammatory demyelinating disease of the Central
Nervous System that is immunologically mediated in genetically susceptible individuals. IL-21, a cytokine produced
by TCD4* cells, particularly by Th-17 cells, is believed to play an important role in the MS pathogenesis. Objective:
This study was performed to investigate the impact of genetic polymorphisms in IL-21 gene on MS susceptibility and
clinical profiles. Methods: Seventy Iranian patients with clinically definite relapsing-remitting MS and 110 age, sex
and ethic matched controls were genotyped for IL.-21 gene polymorphisms using PCR-RFLP method. Results: Our
results showed that the IL-21 rs2221903 SNP is not polymorphic in our population. Also, the allelic and genotypic
frequencies of the IL-21 rs2055979 did not differ significantly between the MS patients and controls (P = 0.413
and P = 0.565 respectively, and OR = 1.122, 95% Cl = 0.79-1.87 for T allele). However, our results showed that
IL-21 rs2055979 (G/T) T allele positive (TT+GT) MS patients had lower (Pl < 1.5) disease progression compared
to rs2055979 T allele negative (GG) patients (P = 0.009). Conclusion: Our results showed that no outstanding
association exists between IL-21 alleles and susceptibility to MS. However, our clinical analysis showed significant
association of IL.-21 gene polymorphism with the progression of multiple sclerosis disease. Our results indicate that
the G allele promotes, or the T allele protects against disease progression. To clarify the role of IL-21 rs2055979
in MS pathogenesis, further comprehensive studies with larger sample sizes among different ethnicity populations
are recommended.
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Introduction

Multiple sclerosis (MS) is the most common
neuro-infammatory demyelinating disease of
the central nervous system (CNS) that can
cause severe physical disability and nervous
system defects. MS is characterized by demyel-
ination of nervous cells as well as different
degrees of axonal damages that leads to neur-
al clinical manifestation including visual and
sensory disorders, weakness, spasticity, acute
and chronic pains, tiredness, depression, and
organ paralysis [1-4]. To date, the precise etiol-
ogy of MS is unknown. However, it has been
shown that MS develops in genetically suscep-
tible individuals following exposure to unidenti-

fied environmental triggers [5]. Following activa-
tion of auto-reactive T cells through some infec-
tious agents that are molecular mimicking from
proteins of the myelin sheath, they pass through
the blood brain barrier (BBB) and enter the
CNS. These cells demyelinate the neurons
through the neuro-inflammatory responses
which finally lead to the destruction of myelin
and axons of nervous cells [6-9]. Along with TH1
cells, IL-17-producing CD4+ T cells (TH-17) play
important roles in the pathogenesis of experi-
mental autoimmune encephalomyelitis (EAE),
an animal model of MS which are also found at
high frequency in active MS lesions [10, 11].
IL-21, IL-6 and IL-22 are the other products of
THA7 cells which also may involve in the dis-
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ease process [12-14]. IL-6 is implicated in EAE
as the Deletion of IL-6 gene or blockade of its
receptor by monoclonal antibody leads to the
prevention of EAE [15, 16]. IL-22 knock-out
mice develop severe EAE indicating that this
cytokine is not among the proinflammatory fac-
tors mediating the tissue damage seen in EAE
[12].

IL-21 is a pro-inflammatory cytokine produced
by activated CD4+ T cells and NK cells. It is
expressed at high levels by T follicular helper
cellsand T helper 17 cells [17]. IL-21 is a potent
immunomodulatory cytokine with pleiotropic
effects on both innate and adaptive immune
responses. This cytokine enhances prolifera-
tion of lymphoid cells, increases cytotoxicity of
CD8+ T cells and natural Killer cells, and differ-
entiation of B cells into plasma cells [18]. IL-21
is found to synergize with TGF-B to induce
RORYyt and IL-17 in naive T cells [19] and there-
by augments the differentiation of Th17 cell,
which also secrete IL-21, indicating that IL-21
auto-regulates its own production [17]. In syn-
ergy with IL-15 or IL-18, IL-21 also enhances the
functional maturation of human and murine NK
cells [20]. IL-21R, consisting of a unique
IL-21R-a¢ chain and the common y-chain, is
widely expressed on T cells, B cells, NK cells,
and dendritic cells in all lymphoid tissues as
well as some other cells, such as fibroblasts
and epithelial cells [21]. Involvement of IL-21 in
EAE is controversial; Studies in IL-21 and/or
IL-21 receptor (IL-21R) knock-out mice have
yielded apparently conflicting evidence as to
the role of IL-21 in EAE. Nurieva and colleagues
observed an amelioration of the disease when
EAE was induced in IL-21-deficient mice, com-
pared to EAE induced in wild-type mice. They
also analyzed the CD4+ cells infiltration to the
central nervous system and found that these
cells express IFNy, but not IL-17, while CD4+
cells from wild-type highly express IL-17, sug-
gesting that the lack of IL-21 impaired Th17 dif-
ferentiation in vivo and protected against EAE
[14]. However, in other studies in IL-21-/- and/or
IL-21R-/- mice, IL-21 was not required for dis-
ease promotion and may even have partially
protected against EAE [10]. IL-21 gene along
with IL-2 gene covers a region of approximately
200 kb that maps in the 4927 locus. Previously,
Genetic association of the IL2/1L21 locus with
different autoimmune diseases (AIDs) has been
detected. This association was found in Graves’

disease, celiac diseases, rheumatoid arthritis,
inflammatory bowel diseases, giant cell arthri-
tis and psoriasis [18, 22-25]. Moreover, it was
reported that IL21 gene polymorphisms are
associated with systemic lupus erythematosus
(SLE) [26] On the other hand, in recent genetic
study it was also reported that the polymor-
phisms in IL-21R gene are associated with EAE
and MS [27], suggesting that IL-21 is a suscep-
tibility locus for immune disorders. Based on
these data we aimed to investigate the possi-
ble relevance of IL21 gene polymorphisms to
the disease susceptibility and immunopatho-
genesis of MS.

In this study, we determined the genotype of
two IL-21 SNPs (rs2221903A/Gand rs2055979
G/T) located within the second intron of IL-21 in
Iranian patients with MS and healthy control
group. We analyzed the plausible association of
any genotype or allele with susceptibility to MS
and also analyzed whether these SNPs have an
impact on clinical profiles of disease.

Patients and methods
Patients and control subjects

Seventy (28 male and 42 female) Iranian
patients aged between 14-51 years with clini-
cally definite RRMS were enrolled in this study.
Patients were diagnosed by experienced neu-
rologists at Neurosciences Research Center of
Tabriz University of Medical Sciences according
to the revised 2010 McDonald criteria [28]. All
the patients were evaluated for their current
and past medical histories such as neurology
exams and paraclinical data (laboratory and
imaging). Only patients with relapsing-remitting
multiple sclerosis of duration > 2 years and
who had no exacerbations in the previous 3
months were included in the study. Their dis-
ability status was quantified by Kurtzke’s
Expanded Disability Status Scale (EDSS) [29].
The progression index was defined as the ratio
of the EDSS score and disease duration [30].
We collected EDSS scores at blood sampling.
Also, we determined other clinical variables
such as age, sex, onset age of the disease and
disease duration. Mean age of patients and
controls were 33.23 and 30.77, respectively.

Healthy volunteers consisted of 110 subjects
from the same region of Iran without any histo-
ry of autoimmune, asthma, allergy and chronic
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Table 1. The primer sequences used to amplify flanking regions

of two IL-:21 SNPs

rose gel and visualized by DNA
Safe Stain (CinnaGen, Tehran,

Reference SNP ID PCR primers

Iran). The fragments were digest-

rs2221903 A/G  Forward primer: 5-GGTACCTGGACACTGACGCCCA-3
Reverse primer: 5-AAGGCAGTTTAGTGGCGACAGCC-3

rs2055979 G/T  Forward primer: 5-GCTCTGAACCCAAACACTCTC-3
Reverse primer: 5-ACAGCCAGGAAACTCTGGAA-3

ed wusing MBoll and NLalll
enzymes (New England Biolabs)
for 1L21 rs2221903 and IL-21
rs2055979 polymorphisms resp-

Table 2. Demographic and clinical characteris-
tics of the Iranian patients with relapsing-remit-
ting multiple sclerosis at study entry

Characteristic MS Patients
Gender (M/F), n/n 42/28
Age (years), mean + SD 34.2+8.3

Age at disease onset (years), mean + SD  28.3+7.7

Disease duration (years), mean + SD 5.8+4.6
EDSS score, mean + SD 3.29+1.6
Progression index, mean + SD 0.94+0.82

EDSS, Kurtzke’s Expanded Disability Status Scale; Progres-
sion index = EDSS score/disease duration in years.

infectious diseases and matched for ethnicity
and gender that were recruited from the Tabriz
Blood Transfusion Center. Informed consent
was obtained from all the participants or their
legal guardians. A questionnaire was complet-
ed for each person and a blood sample was
taken from each individual for DNA extraction.
This study was approved by The Ethic Committee
of Tabriz University of Medical Sciences.

Genotyping of IL-21 SNPs

The whole peripheral blood sample was col-
lected in tubes containing Ethylene Diamine
Tetraacetic Acid (EDTA) anticoagulant. Genomic
DNA extracting was carried out by standard
salting-out method and stored at -20°C until
use. Genotyping of the IL21 gene polymor-
phisms (rs2221903 (A/G) and rs2055979
(G/T)) was carried out using polymerase chain
reaction-restriction fragment length polymor-
phism (PCR-RFLP) method. Primers used to
amplify flanking regions of SNPs are shown in
Table 1. PCR reactions were run in a final vol-
ume of 25 ul and in program consisted of initial
denaturation at 94°C for 5 minutes, followed by
35 cycles of denaturation (50 seconds), anneal-
ing temperature (62°C 50 seconds) and exten-
sion (72°C, 30 seconds). The reaction finished
after final extension at 72°C for 5 minutes, and
specific bands were electrophoresis on 1% aga-

ectively, according to the manu-
facturer’s instructions, and ana-
lyzed by separating with 2% agarose gels
stained with DNA Safe Stain. The genotypes of
each polymorphism were determined accord-
ing to the digestion patterns. To confirm the
results of genotyping by the PCR-RFLP, 15 ran-
dom samples were selected to perform a direct
sequencing analysis.

Statistical analysis

Statistical calculations were carried out using
SPSS (version17.0, SPSS Inc, Chicago, USA)
and Epi Info 2002 (Centers for Disease Control
and Prevention, Atlanta, GA USA) statistical
software packages. Genotype and allele fre-
quency of IL-21 (rs2055979 G/T) SNP in pati-
ents and normal groups were compared using
the chi-square test or Fisher’s exact test when
proper. Association of continuous data (onset
age, duration of disease, EDSS and progres-
sion index (Pl)) with different genotypes was
determined by One Way Anova test. Association
of polymorphisms with categorized progression
index was determined using non-parametric
Kruskal-Wallis test. Hardy-Weinberg's propor-
tions were determined by applying the equation
(p2 + 2pq + g2). A p-value less than 0.05 were
considered significant.

Results

We studied 70 patients with MS aged between
14-51 years (mean 34.23+8.33 years) in this
study; 64% of subjects were females and 36%
were males. All patients had Expanded
Disability Status Scale (EDSS) < 6 and mean of
EDSS was 3.2941.6. Patients suffered from
MS about 5.8+4.6 years. Index of Progression
(IP) was 0.94+0.82. The clinical characteristics
of the patient population are shown in Table 2.
The control group aged from 17 to 50 years
(mean 30.77+8.21) of which 40% were males.

We genotyped two SNPs located within the
IL-21 gene in 70 MS patients and 110 matched
controls. Amplification of the flanking regions of
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Table 3. Genotypes and allele frequencies of IL-:21 (rs2055979 G/T) in MS patients and control

groups
121 SNP MnS=pjge(?/:)s; Hia':thi’lcg’?;)o'; X2Pvalue  Pvalue  OR (95% Cl)
(52055979 G/T Genotype G/G  18(25.7)  31(28.2) 1122 (0.79-1.87)
G/T 27(386)  48(43.6)
T 253857  31(282) 114 0565
Alele G 63(45) 110 (50)
T 77(55) 110 (50) 0.67 0413

OR: odds ratio, Cl: confidence intervals.

Table 4. Distribution of different genotypes (and categorized T allele positive and T allele negative
patients) of interleukin 21 rs2055979 G/T according to clinical characteristics of multiple sclerosis

patients

Characteristic Genotype  N¢ Mean +SD  P-Value Genotype N€ Mean + SD P-Value

Age at disease onset GG 18 29.66+8.35 0.70 GG 18  29.66%8.35 0.41
GT 27  28.07+8.08 GT+TT 51 27.9+7.54
1T 24  27.70+7.05

Duration of disease GG 18 6.36+5.34 0.47 GG 18 6.36+5.34 0.587
GT 27 5.00+£3.38 GT+TT 51 5.66+4.37
1T 24 6.41+5.24

EDSS GG 18 3.88+£1.25 0.23 GG 18 3.88+£1.25 0.094
GT 27 3.20£1.80 GT+TT 51 3.13+1.72
1T 24 3.06£1.65

Progression index GG 18 1.22+0.99 0.17 GG 18 1.22+0.99 0.071
GT 27 0.90+0.64 GT+TT 51 0.83+0.66
1T 24 0.75+0.77

EDSS, Kurtzke’s Expanded Disability Status Scale; Progression index = EDSS score/disease duration in years, P-value < 0.05

was regarded as significant. €One sample was considered as not define.

rs2055979 and 2221903 SNPs resulted in
213 bp and 236 bp bands, respectively. For
rs2055979SNP, 213,162/51and 213/162/51
bp bands were interpreted as GG, TT and GT
genotypes respectively. Digestion patterns for
rs2221903 SNP were as 236, 149/87 and
236/149/87 bp for AA, GG and AG genotypes,
respectively. The genotype distributions of the
IL-21 rs2055979 polymorphism among the
controls and the cases were in Hardy-
Weinberg’s equilibrium. The results showed
that the 1L-21 rs2221903 SNP is not polymor-
phic in our population. Table 3 shows the allele
and genotype frequencies of the IL21
rs2055979 polymorphism in patients with MS
and matched controls. There was no statisti-
cally significant difference in the distribution of
the alleles and genotypes of I1L21 rs2055979
among patients and controls (P = 0.413 and P
= 0.565 respectively, and OR = 1.122, 95% Cl
= 0.79-1.87 for rs2055979 T allele).
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Next, we analyzed whether age at disease
onset, duration of disease, EDSS and progres-
sion index (PI) (reflecting the accumulation of
disability over time), are modulated by the
rs2055979 polymorphism in the patient group.
Also, for more analysis, we investigated differ-
entalleles (G/T) impact and gene dosage effect
on mentioned clinical profile. In this way, we
categorized the genotypes in two groups (T
allele Positive (TT and GT) and T allele Negative
(GG) patients). As shown in Table 4 all of the
mentioned clinical characteristics were not sig-
nificantly differed between genotypes. However,
we found that there was a marginally significant
correlation between the Pl values and IL21
rs2055979 T allele positive and negative geno-
types (PI: P = 0.07). Thus, for more analysis, we
investigated whether the categorized progres-
sion index (PIl) (Pl £ 1.5 and PI > 1.5) values
have correlation with IL-21 rs2055979 geno-
types. Our results showed significant differenc-
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Table 5. Impact of different IL-21 rs2055979 genotypes and alleles

on progression index (Pl) of MS

ed CD4+ T cells and natural
killer (NK) cells, is a novel

member of the type | cytokine

Genotypes PI<15N¢=59 (%) PI>1.5N=10 (%) P-Value
GG 12 (20.3) superfamily. There are much
GT 25 (42.4) 0.032" evidences in agreement with
' ' the hypothesis that the
T 22 (37.3 .
T Allel itive (GT+TT 47 ;9 7; 4.(40.0% genetic control of the TH1/
ele positive ( ) (79.7%) (40.0%) TH17 axis is centered on the
T Allele Negative (GG) 12 (20.3%) 6 (60.0%) 0.009"

Progression index = EDSS score/disease duration in years, “P-value < 0.05 was
regarded as significant, €One patient sample was considered as not defined.

es in genotypes distribution (P = 0.03). In addi-
tion, for more clarification we also analyzed if
the T allele positive (TT+GT) and T allele nega-
tive (GG) genotypes frequency have relation
with low (Pl < 1.5) and high (Pl > 1.5) progres-
sion index. We found that the results became
more significant; patients with the T allele posi-
tive (TT and GT) genotypes had a significantly
lower progression index compared with those
with the T allele negative (GG) genotype (p =
0.009 Table 5).

Discussion

Multiple sclerosis (MS) is an autoimmune dis-
ease of the central nervous system destroying
myelin, oligodendrocytes and axons [31]. A
combination of genetic and environmental
factors plays an important role in the induction
of the disease [32]. Full genome scans have
implicated several chromosomal regions for
susceptibility to MS [33]. In a HapMap-CEU
population, a large block (480 kb) of linkage
disequilibrium in chromosome 4q encompass-
ing: testis nuclear RNA-binding protein (TENR)
gene; a gene encoding a protein of unknown
function (KIAA1109); IL2 and IL21 genes
showed genetic associations with multiple
autoimmune diseases including type 1 diabe-
tes mellitus (TADM) [25], RA [25], juvenile idio-
pathic arthritis (JIA) [34], psoriasis and psoriat-
ic arthritis (PA) [35, 36]. It has been also report-
ed that the polymorphisms of the IL2/IL21
gene region are associated with celiac disease
and ulcerative colitis [37, 38]. Furthermore, the
associations of the IL-21 gene or IL-21R gene
polymorphisms with autoimmune diseases
have recently been reported. Following the
analysis of the SNPs in the IL-21 gene, the
significant differences of rs907715 and
rs2221903 allele and genotype frequencies
were found between SLE and controls [26].
IL-21, which is expressed mainly by the activat-
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cytokines (and their recep-
tors) important in TH17 biolo-
gy [39, 40]. IL-21 is required
for differentiation of naive
human CD4+ T cells into TH17 cells which have
pivotal role in the pathogenesis of the MS dis-
ease [14]. Thus, it is reasonable to speculate
that the IL-21 is a candidate gene for autoim-
mune diseases like MS.

In the present study, we examined IL21
rs2055979 and rs2221903 polymorphisms in
MS patients. To the best of our knowledge; this
is the first study to determine whether these
two SNPs in IL-21 gene are associated with the
MS. We found that IL21 rs2221903 is not poly-
morphic in our population. This is in contrast
with other studies in different populations [26,
41]. This controversy may be due to our small
sample size, or genetic trait differences. It also
may be due to the existence of distinct IL-21
genetic polymorphisms amongst specific popu-
lations, ethnicities and geographic regions.
Furthermore, MS is a multi-factorial disease;
Individual exposures to various environmental
factors along with genetic susceptibility may
have contributed to these mixed results.

The distribution of genotype and allele frequen-
cies of IL21 rs2055979 SNP was not differed
between patients and controls. Some studies
have investigated the associations between
genetic variation in the IL-21 gene and MS.
Fedetz and colleagues have investigated the
association of TENR-IL2-IL21 region with Multi-
ple sclerosis in a Spanish population [42]. They
did not find evidence for association with any
single nucleotide polymorphisms (SNPs) test-
ed. Linden and colleagues also found no evi-
dence of IL21 gene polymorphisms association
with multiple sclerosis in a Swedish population
[43]. These findings are consistent with our
results showing no significant association of
the IL-21 gene with susceptibility to MS.

However, we investigated for the first time, the
possible interactions of the IL-21 gene with MS
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clinical profiles; we found an association of the
IL-21 gene polymorphism with the MS disease
progression. Our results showed that IL-21
rs2055979 (G/T) polymorphism have an
impact on the progression index in relapsing-
remitting MS patients. In this regard, as shown
in Table 4, we found that there was a marginally
significant correlation between the Pl values
and IL21 rs2055979 T allele -positive and- neg-
ative genotypes. In additional analysis, we
observed that rs2055979 T allele positive
patients had lower disease progression com-
pared to rs2055979 T allele negative patients.
This may be indicative of the gene dosage
effect. In this regard, it seems that the G allele
promotes, or the T allele protects against dis-
ease progression. However, we did not find any
significant relationship between other clinical
parameters (EDSS, duration of disease, age at
disease onset) and IL-21 rs2055979 gene poly-
morphism. It is likely that such associations
might exist, but our study was underpowered to
detect them. A potential weakness of this
exploratory study is its relatively small sample
Slize.

This is the first study in Iran reporting IL-21 poly-
morphism and MS susceptibility and possible
interactions of the IL-21 gene with clinical pro-
files of MS patients. Our results confirm previ-
ous studies reporting no outstanding associa-
tion between any of the IL-21 alleles and sus-
ceptibility to MS. However, our clinical analysis
showed significant association of IL-21 gene
polymorphism with the progression of multiple
sclerosis disease. The confirmation of these
findings in replicative studies with large cohorts
of MS populations is required. Moreover, the
elucidation of functional effects of these asso-
ciations might improve our understanding of
the MS disease. Since a complex cytokine net-
work determines the fate of any immune
response including autoimmunity, any conclu-
sion on the cytokine functional role in immuno-
pathogenesis of MS disease necessitates fur-
ther investigations
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