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Abstract: Overexpression of Interleukin-17 (IL-17) family has been shown in a variety of autoimmune diseases. IL-
25 (IL-17E), as a member of this family of cytokines, induces the overexpression of IL-13 and impedes Th17/IL-17
responses. In the present study potential single nucleotide polymorphisms (SNP) of IL-25, its serum level in Multiple
Sclerosis (MS) patients have been surveyed. Blood samples were obtained from 100 Relapsing-Remitting MS cases,
and 100 healthy controls. Serum levels of IL-25 were measured by ELISA. IL-25 exons 1 and 2 were sequenced. IL-25
serum levels investigation showed significant association in cases compared to controls. Molecular analysis of IL-25
exons 1 and 2 depicted significant differences in polymorphisms of exon 2 between two groups of study. However,
no significant differences were found in polymorphisms for IL-25 exon. These results demonstrate that serum levels
of IL-25 are reduced in MS patients compared to controls. This is the first study in Iran that shows polymorphisms
in IL-25 among MS patients. Considering the role of IL-25 in suppression of the effects of IL-17A and active phase
of Experimental Autoimmune Encephalomyelitis (EAE) in vivo, this cytokine seems to have therapeutic potentials for

autoimmune diseases like MS.
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Introduction

Multiple sclerosis (MS) is a chronic disease of
central nervous system (CNS) that causes
severe physical and cognitive disorders [1].
Among different clinical forms, Relapsing-
Remitting type of MS is the most frequent and
accounts for 85% to 90% of cases [2]. Since
after trauma and rheumatic diseases is the
third major cause of disability, MS has been the
subject of extensive studies worldwide [3].
Although the main etiology of this disease is
unknown, different factors such as genetic
background, autoimmune mechanisms, envi-
ronmental factors, and especially viruses have
been demonstrated to play important roles in
the occurrence of MS [4].

Researchers categorize MS into the group of
inflammatory autoimmune diseases with the

patterns of Thl immune responses [5, 6]. One
of the hallmarks in pathology of MS is the pres-
ence of inflammatory areas in white matter of
CNS and surrounding central coronary vessels.
The main cells involved in this process are mac-
rophages and T lymphocytes. B cells and anti-
gen presenting cells are also found in these
areas. Meanwhile, the role of Th17 cells has
also been identified in the immunopathology of
MS [7, 8].

Th47 cells produce IL-17 to induce inflammatory
mediators such as IL-1, IL-6, TNF-&, NOS-2,
metalloprotease, and chemokines, consequent
to activation of fibroblasts, endothelial cells,
macrophages, and epithelial cells. IL-17, there-
fore, promotes inflammation and play pivotal
roles in the pathogenesis of MS [9, 10]. Hence,
most of recent studies have been concentrated
to find the source of increased Th17 cells in MS
patients.
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Table 1. Primers used in PCR, amplicon size, and Tm for each reac-

tion

recruited from the individu-
als referred to the Neuro-

Target Sequence

Amplicon size (bp) Tm (°C)

logy Department of Neuros-

IL25-E1 F 5’-TCACTCCCTAAAAAGACAGTGGA-3’

IL25-E1 R 5’-ACACACAGGGCAGGCATT-3’
IL25-E2 F  5’-CTTTCCAAGGCCTGACAAGT-3’
IL25-E2 R 5-CGAGATGTTCAGGCACCAC-3’

506

705

60 ciences Research Center,

59.8 Imam Reza Hospital, Tabriz
61-7 University of Medical Scien-

' ces, Tabriz, Iran in 2013.
60.2

Patients were diagnosed by

Tm; Melting Temperature.

IL-17 family consists of six known members in
mammals, and plays fundamental roles in the
immunity against chronic infectious diseases
[11]. AImost all members of this family of cyto-
kines play roles in the induction of inflamma-
tion, except for one, which has anti-inflammato-
ry function and shows the least homology to
other members. This cytokine is known as IL-25
or IL-17E [11, 12]. IL-25, as an anti-inflammato-
ry cytokine, has been given intense attention in
the field of autoimmune diseases during the
last decades.

Several studies indicate that IL-25 diverges the
immune system towards Th2 responses, and
decreases the inflammation in autoimmune
diseases that are caused by Thl7 activity,
through increased production of IL-5, IL-13 and
IL-4 [11, 13-15]. It has been reported that treat-
ment with IL-25 alleviates or suppresses the
Th1 and Th17 induced inflammation in CNS, by
directly inhibition of the IL-23, IL-1, and IL-6 pro-
duction by active dendritic cells [13]. IL-25 also
plays importantroles in preventing the entrance
of inflammatory cells to the CNS [16]. Studies
have shown that IL-25 defective mice are highly
sensitive to the EAE because of the decreased
production of IL-13 [17]. These findings demon-
strate that IL-25 has important roles in the
maintenance of CNS, and prevention of MS and
EAE. Since mutations and polymorphisms
affect appropriate function or production of a
protein, in this study we have investigated
potential polymorphisms in IL-25 exons 1 and
2, and measured its serum levels in MS patient
population in the East Azerbaijan, Iran.

Materials and methods
Subjects
In this study 100 cases (including 37 men, and

63 women with the mean age of 33.75 + 7.67
years old) with relapsing-remitting MS were
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neurologist according to

the diagnostic criteria of
Poser et al [18]. Patients had not taken any
drug pertaining to treatment of MS and they
were in primary progressive grade of MS.
Disability of patients was measured using the
Expanded Disability Status Scale (EDSS). The
mean EDSS score of patients was 1.3 + 0.7.
Also 100 age and sex matched healthy controls
were selected from individuals without any
autoimmune disease among themselves and
their close relatives, and any history of chronic
inflammatory diseases, migraine, and smoking.
All procedures were performed by the Ethics
Committee of Tabriz University of Medical
Sciences, and all individuals enrolled in the
study declared their informed consent in
writing.

Sample size

In this study the sample size has been calcu-
lated through odds ratio formula. Considering
the probability of increase in IL-25, p = 0.5,d =
0.11, and o = 0.05, the number of at least 28
samples were determined. However, to enhance
the credibility of research we have considered
100 samples for each group of study.

ELISA test

In order to DNA extraction and preparation of
serum, 10 cc peripheral blood was taken from
individuals in EDTA (1 mg/ml) containing tubes.
To measure the serum levels of IL-25 the USCN
Co. commercial kit was used. In brief, 100
microliters (ml) from standard and samples
were added to wells, and incubated for 2 hours
(h) in 37°C. Wells were emptied, then 100 ml of
reagent A were added to wells and incubated
for 1 h in 37°C. After 3 steps of washing, 100
ml of reagent B were added and incubated for
30 min in 37°C. Afterwards, 5 times of washing
were performed and then 90 ml of substrate
were added. Then the wells were covered and
incubated in 37°C. To stop the reactions, the
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Figure 1. Investigating the serum levels of IL-:25 in MS patients and control group. A: Statistical analysis showed a
significant difference in serum levels of IL-25 between cases and controls (p < 0.05). B: Comparison in serum levels
of IL-25 between men/women and controls showed no significant difference (p < 0.1).

Table 2. The frequency of SNPs in exon 1
in MS and control samples. SNPs with the
frequency less than 2 are not reported

Mutation situation MS patients Healthy control
Without mutation 5 (5%) 92 (92%)
1118 G>GC 5 (5%) 2 (2%)

MS; Multiple Sclerosis.

stop solution was added, and then the reac-
tions were read with the ELISA reader.

DNA extraction

PBMCs were isolated through Ficoll-Hypaque
centrifugation from peripheral blood. In order
to DNA extraction Cinnagen Inc. kit was used,
and extraction was performed based on the
protocol. Purity and amount of extracted DNA
were determined using spectrophotometry.

Polymerase chain reaction (PCR)

Two primer pairs were designed for two regions
of IL-25, consisting exons 1 and 2 using
Primer3Plus (http://www.bioinformatics.nl/cgi-
bin/primer3plus/primer3plus.cgi) and were
blasted in NCBI website: http://www.ncbi.nim.
nih.gov/tools/primer-blast/. See Table 1 for the
details of primers used in PCR. Primers were
produced by the custom oligonucleotide syn-
thesis service, Metabion (Martinsried, Germa-
ny).

PCR reactions were performed by Amplicon Inc.

Master mix (Cat No: E245) in the final volume of
50 ml (25 ml Master mix: 13 ml sterile distilled
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water, 5 ml primer, and 7 ml sample). PCR reac-
tions were performed in standard condition
including: denaturation phase for 40 sec in
95°C, annealing phase for 40 sec in 64°C,
elongation phases for 1 min in 72°C. These
steps were repeated for 35 cycles, and the last
cycle finished with an extension phase for 7
min in 72°C. To assess the quality of PCR prod-
ucts, gel electrophoresis was performed. Then,
PCR products were sequenced (Macrogene,
Korea) to reveal possible polymorphisms.

Statistical analysis

Data were shown in Mean + SD. For compari-
son of the IL-25 level between case and control
groups and sex ANOVA (Post-Hoc: Tukey, P <
0.05) test, and for the polymorphism analysis
in cases and controls chai-square test were
performed. Obtained data was analyzed by
SPSS 20 software. P-values of less than 0.05
were considered significant.

Results
Serum level of I-25

ELISA results for detection of IL-25 levels in MS
patients and healthy controls showed that
serum levels of IL-25 are significantly lower in
MS patients compared to controls. However,
serum level difference of IL-25 between
women/men and healthy control was not sig-
nificant. Figure 1 displays the results of IL-25
serum levels comparison between two groups
of study.
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Table 3. The frequency of SNPs in exon 2 in MS
and control samples

Mutation situation

MS patients Healthy control

Without mutation 28 (28%) 86 (86%)

SNP 3728G>GA 31 (31%) 11 (11%)
4076A>AG ¢.1347 11 (11%) -
3672T>TA ¢.943 9 (9%) -
3712G>GA ¢.983 7 (7%) -
3730G>GCc.1001 5 (5%) -
3463C>CA 9 (9%) 3 (3%)

MS; Multiple Sclerosis.

Table 4. The frequency of mutual SNPs in exon 2

in MS patients and controls

SNP MS patients Healthy controls

4076A>AG, 3728G>GA 13 (13%) 0 (0%)
3712G>GA, 3728G>GA 10 (10%) 0 (0%
3730G>GC, 4076A>AG 6 (6%) (0%
3730G>GC, 3728G>GA 6 (6%) (o
20 ( (
(

X X

3463C>CA, 3728G>GA 20%) 3
3463C>CA, 3730G>GC 3(3) 0%

o w O O

)
)
)
)
)

MS; Multiple Sclerosis.

IL-25 polymorphisms

Sequencing results for investigation of the poly-
morphisms of IL-25 exons 1 and 2 depicted
that although sequence analysis unmasked a
number of SNPs in IL-25 exon 1 of cases and
controls, no significant differences in favor of
association between SNPs and MS were
proved. Table 2 shows the frequency of SNPs in
exon 1 among MS patients and controls.
Analysis of SNPs in exon 2, however, showed a
significant association to MS compared to con-
trols. Among detected SNPs of exon 2, 4076A>
A, 3672T>TA, 3712G>GA, and 3463C>CA have
shown to be more frequent. Among observed
alterations 4076A>AG, 3672T>TA, and 3712G>
GA were the most frequent in patients, and
3463C>CA was seen to be more frequent in
healthy individuals compared to patients. In
addition, some of these polymorphisms were
observed to exist in a simultaneous pattern
among patients, including 4076A>AG-3728G>
GA and 3730G>GC-3728G>GA (Tables 3, 4).
Analysis of these polymorphisms showed no
significant association to the individual’'s age.
Table 3 illustrates the comparison of SNP fre-
qguencies in exon2 among MS patients and
controls.
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Discussion

The purpose of the current study was to inves-
tigate the polymorphisms in IL-25 exons 1 and
2, and serum levels of IL-25 in MS patients, in
comparison to control group. MS is an inflam-
matory autoimmune disease that affects
more than 2 million individuals around the
world [19]. A variety of cells play roles in the
induction of inflammation in MS. Among them
Th17/Th1l and Treg/Th2 cells play roles in
either induction or inhibition of the inflamma-
tion, through inflammatory and anti-inflamma-
tory cytokines respectively [20]. Although
studies have focused on IL-17A, it has been
shown that IL-17F also has pre-inflammatory
features like IL-17A, however, with reduced
activity [21].

Considering the role of genetic factors in the

activity and immune response against foreign

antigens, these factors cannot be easily

ignored. Genes that control the expression of

major histocompatibility complex (MHC) and T

cell receptor (TCR) in T cells are well known

examples, which have indispensable roles in

immune function. MHC genes family, in par-
ticular, has been linked to a variety of autoim-
mune diseases like MS [22]. In recent years,
many genes have been under genetic investiga-
tion for possible association to MS; however,
HLA-DRB1 was first identified to be associated
with MS [23]. There are also extensive evidence
of association between mutations in genes
involved in the immune system and MS. Of
those, IL-2Ra , CD58, CD226, EV15, and SH2B3
can be mentioned. Other evidence implies the
association between mutations in IL-1, IL-10,
IL-2, IL-2Ra, IL-2RB, and IFN-y and MS. It has
been indicated that IL-25 modulates the inflam-
matory respond in autoimmune diseases,
through the control of Th17 inflammatory cyto-
Kines production. This function of IL-25 is medi-
ated by IL13, IL-4, and IL-5 [23]. It has been
identified that the treatment with IL-25 protects
mice against EAE, showing the important role
of IL-25 in the suppression of inflammation in
EAE [23]. In the present study, as a first time,
potential polymorphisms for IL.-25 exons 1 and
2 among MS patient population in the East
Azerbaijan of Iran have been investigated.
Notably, based on the already conducted stud-
ies, there has not been a similar research
investigating the polymorphisms for IL-25 in
patients with MS. This gene was chosen
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because of its important role in controlling the
pathogenesis of autoimmune diseases such as
MS. To survey the coding region of the gene,
sequencing has been used. There have not
been many studies to investigate genetic alter-
ations of IL-25 to date. The only research that
has been seen was the study of IL-25 coding
region sequencing in patients with IBD that
reported C424C/A polymorphism in exon 2.
However, this polymorphism did not demon-
strate any significant differences in Crohn’s dis-
ease and ulcerative colitis, from the study of
cases and controls [24]. Despite finding poly-
morphisms in exon 1 of cases and controls in
our study on Relapsing-Remitting MS patients,
no significant differences showing the associa-
tions between these polymorphisms and the
disease were seen. However, analysis of poly-
morphisms in exon 2 demonstrated significant
association to disease, compared to controls.
Since these polymorphisms are located in
exons, their possible effects on the structure
and function of protein should be investigated.
Among the polymorphisms of exon 2, 4076A>
AG, 3672T>TA, 3712G>GA, and 3463C>CA are
the most frequent. Between these alterations
4076A>AG, 3672T>TA, and 3712G>GA are the
most frequent in patients, and 3463C>CA in
healthy controls. Furthermore, some of these
polymorphisms, such as 4076A>AG-3728G>GA
and 3730G>GC-3728G>GA are seen to occur
together. Studying these polymorphisms show-
ed no significant association related to individ-
ual’'s age. Accordingly, the investigation of the
role of these polymorphisms as a predisposing
or preventive factor for MS disease may be use-
ful in future studies with larger sample size.
Current study demonstrated that serum levels
of IL-25 are significantly lower in patients, com-
pared to controls. Today, the importance of
inflammation in CNS in the pathogenesis of MS
is evidently verified through the beneficial clini-
cal effects of Natalizumab in treatment of
Relapsing MS. This drug prevents the entrance
of circulating lymphocytes and monocytes into
the CNS, and reduces the inflammation in CNS
[25]. Since the anti-inflammatory effects of
IL-25 have been shown in a plenty of studies, it
is expected that this cytokine could also be
used to treat MS, or at least reduction of
relapse. However, this issue requires more
detailed studies in different population groups
and different phases of the disease.
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