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Abstract
Background: The presence of polymorphisms in IL-12B gene, encoding IL-12 P40 subunit, is associated with a number of autoimmune diseases.
Objectives: The current study aimed at evaluating the association of a single nucleotide polymorphism (SNP; rs3212227) in IL-12B
gene with multiple sclerosis (MS) in patients from Southeast of Iran.
Methods: Blood specimens were collected from140 patients with MS as the case and 140 gender- and age-matched healthy subjects as
the control groups. The genomic DNA was extracted and the genetic variations in SNP rs3212227 were determined using polymerase
chain reaction-restriction fragment length polymorphism (PCR-RFLP) technique.
Results: The frequencies of AA, AC, and CC genotypes in SNP rs3212227 were 55.0%, 17.9%, and 27.1% in patients with MS, and 61.4%,
29.3%, and 9.3%, in healthy subjects, respectively. The frequency of CC genotype at rs3212227 was significantly higher in patients with
MS as compared with the healthy controls (P < 0.001). However, the AC genotype was less prevalent in patients with MS than the
healthy control ones (P < 0.02). The frequency of A and C alleles at SNP rs3212227 were 63.09% and 36.07% in patients with MS and
76.07% and 23.9% in healthy control subjects, respectively. The frequency of C allele was significantly higher, whereas the frequency
of A allele was lower in patients with MS than the healthy control subjects (P < 0.001). The frequency of CC genotype in SNP rs3212227
was significantly higher in patients with relapsing remitting MS (RRMS), secondary progressive MS (SPMS), and primary progressive
MS (PPMS) patterns in comparison with the healthy control subjects (P < 0.002, P < 0.001 and P < 0.05, respectively). In patients
with RRMS pattern, the frequency of AC genotype (18.6%) was significantly lower than that of the control group (29.3%, P < 0.05).
In patients with RRMS and SPMS patterns the frequency of C allele was significantly higher in comparison with that of the control
group (P < 0.03 and P < 0.001, respectively).
Conclusions: The results represented that the presence of CC genotype and C allele in SNP rs3212227 of IL-12B gene were associated
with susceptibility to MS disease, whereas the presence of AC genotype and A allele may confer protection against the disease.

Keywords: Multiple Sclerosis, IL-12, Gene Polymorphism

1. Background
Multiple sclerosis (MS) is a chronic autoimmunemediated demyelinating disorder of the central nervous
system (CNS), which has four clinical patterns including
relapsing-remitting (RRMS), progressive relapsing (PRMS),
primary progressive (PPMS), and secondary progressive
(SPMS) (1). The autoreactive CD4+ helper T (Th) cells, specifically Th1 and Th17, play prominent roles in the pathogenesis of MS and its corresponding animal model, which is recognized as experimental autoimmune encephalomyelitis

(EAE) (2, 3). However, the activity of regulatory T (Treg)- and
Th2 cells was associated with a reduction in CNS inflammation and improvement of MS and EAE symptoms (4-6), diminished levels of a Th2/Treg-related chemokine (CCL22),
unchanged levels of a Treg-related cytokine (IL-35), and elevated concentrations of a Th17-related chemokine (CCL20)
in patients with MS (5, 7, 8).
Both interferon gamma (IFN-γ )-producing Th1 cells
and interleukin (IL)17-producing Th17 cells contribute in
the MS and EAE development (2, 3). Th1 cells lead to infiltration of macrophages into the spinal cord, whereas Th17
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cells cause neutrophil infiltration, especially in the brain
(9, 10). IL-12 may play a major role in the EAE development
through the induction of differentiation in both Th1 and
Th17 cells (11). IL-12 induces the generation of Th1 cells characterized by the secretion of cytokines such as IFN-γ , IL-2,
and TNF-α (12). IFN-γ is a powerful cytokine for upregulation of inducible nitric oxide synthase (NOS) resulting in
high levels of NO production by dendritic cells (DCs) and
macrophages. Therefore, it is reported that the IL-12/IFNγ /NO axis plays a critical role in the development of EAE,
and the level of NOS expression in CNS correlates with EAE
severity (11, 13). IL-12 also induces the expression of IL-7 in
microglia, macrophages, and astrocytes (14). IL-7 is a key
cytokine for survival and proliferation of Th1 and Th17 cells
in EAE and MS diseases (15).

Structurally, IL-12 consists of two covalently linked P35
and P40 subunits, which provide a reciprocal connection
between the innate and adaptive immunity (11, 16). The
main sources of IL-12 are antigen-presenting cells such as
DCs and macrophages (12). IL-12 receptor is composed of
two polypeptide chains, IL-12Rβ 1 and IL-12Rβ 2, which is
expressed on a number of leukocytes, including natural
killer (NK) cells, and T and B lymphocytes (12). The human
IL-12B gene is located on chromosome 5q31-33 and encodes
the P40 subunit of IL-12 and IL-23 cytokines; hence, it is
involved in the induction of IL-12/Th1 cells and IL-23/Th17related immune responses. Based on human gene mutation database (HGMD), 14 SNPs are found in IL-12B gene to
date and many studies were focused mainly on a SNP, 1188A
> C (rs3212227), which is located on the 3’-untranslated region of the IL-12B locus (17).

It is also demonstrated that the cytokine production is
regulated by genetic parameters in such a way that definite
SNPs in cytokine-related genes are associated with high or
low cytokine production, which in turn may influence the
susceptibility to particular diseases (18). The SNP rs3212227
in IL-12B gene also influences IL-12 production and is associated with several immune-mediated diseases (19, 20).
The association of SNP rs3212227 with some autoimmune
and inflammatory diseases such as asthma (21), rheumatoid arthritis (RA) (22), inflammatory bowel disease (23),
psoriasis (24), ankylosing spondylitis (25) and type 1 diabetes (26) are demonstrated. There are also some investigations on the relationship between SNP rs3212227 and MS,
although the results were controversial (27-30). The current study aimed at evaluating the relationship between
SNP rs3212227 in IL-12B gene and MS disease in patients from
Southeast of Iran.
2

2. Methods
2.1. Subjects
Blood samples were collected from 140 patients (46
males and 94 females) with MS referring to Shephah Hospital affiliated to Kerman University of Medical Sciences,
Kerman, Southeast of Iran, from January 2014 to February
2015. The expert neurologists confirmed MS diagnosis in
the patients, based on the McDonald criteria in clinical and
paraclinical evidence (magnetic resonance imaging (MRI)
study, oligoclonal bands in CSF, and evoked potentials) (31).
The control group comprised of 140 healthy subjects
(47 males and 93 females) recruited from blood donors
of Kerman Transfusion Organization. All control subjects
were in good general health conditions without a history
of CNS disease or other relevant disorders. The Ethical
Committee of Kerman University of Medical Sciences evaluated and approved the study protocol. The study objectives and procedure were explained to all participants and
they signed the written consent form prior to enrolment in
the study. A peripheral blood sample was obtained from all
subjects and the genomic DNA was extracted for analysis.
2.2. DNA Extraction
The peripheral blood samples were added to EDTA
(ethylenediaminetetraacetic acid) pre-treated tubes and
then, genomic DNA extraction was performed on the
leukocytes by salting out method as previously described
by Miller et al. (32). Extracted DNAs were kept at -20°C until
use.
2.3. Polymorphism Genotyping
The genetic variations of SNP rs3212227 in IL-12 gene was
determined by the polymerase chain reaction-restriction
length polymorphism (PCR–RFLP) method. The PCR performed in a 25-µL reaction mixture containing 12.5 µL of
PCR master mix (Cinagen, Iran), 1 µL of prepared DNA, 2 µL
of forward primer (5’-TTTGGAGGAAAAGTGGAAGA-3’), 2 µL
of reverse primer (5’-AACATTCCATACATCCTGGC-3’), stock
concentration of 25 ng/µL, and 7.5 µL of sterile doubledistilled water. The PCR reactions were performed under
standard conditions, according to the following program:
One initial phase at 96°C for 10 minutes, followed by
30 cycles including denaturation phase at 96°C for 30 seconds, annealing phase at 61°C for 45 seconds, and elongation phase at 72°C for 45 seconds. The amplified PCR
product was digested with Taq1 restriction enzyme (New
England Biolabs, England), which has an exclusive restriction site at SNP rs3212227. In the homozygous situation
(AA), a 302-bp fragment (without any digestion); in the
heterozygous form (AC), three different fragments of 302, 162-, and 140-bp; and in the homozygous situation (CC),
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two different fragments of 162- and 140-bp were observed.
Electrophoresis of the digested PCR final products was performed on a 2.5% agarose gel, then stained with ethidium
bromide and finally studied on a Chemi-Doc model XRS
(Bio-Rad, USA) (Figure 1).

Table 1. Demographic Characteristics of Patients With MS
Variable
Age, y, mean ± SD

34.98 ± 8.25

Gender
Male

46 (32.9%)

Female

94 (67.1%)

Disease pattern
RRMS

65

SPMS

37

PPMS

19

PRMS

14

Not recorded

5

Medication
Interferon

55

Methylprednisolone

15

Methylprednisolone + Interferon

10

No treatment

47

Not recorded

13

Disabling symptom

Figure 1. PCR-RFLP shows genetic variation in SNP rs3212227 in IL-12B gene. The column 1 shows the ladder pattern, Column 2 is blank, columns 3, 5, 7, and 8 represent
AA homozygous; the column 4 represents AC heterozygous and the column 6 shows
CC homozygous.

2.4. Statistical Analysis
The χ2 and the Student t tests were used to compare
variables between the groups. The frequency of allele and
genotype were measured in patients with MS and healthy
controls by direct gene counting. The data were analyzed
with SPSS version 18.0 (Chicago, IL, USA); P value < 0.05was
considered statistically significant.

3. Results
The mean age was 34.98 ± 8.25 years in the patients
and 36.07 ± 8.11 years in the control groups. The gender
distribution was 94 (67.1%) females and 46 (32.9%) males in
the patients and 93 (66.4%) females and 47 (33.6%) males
in the control groups. There was no significant difference between patients with MS and the healthy controls
regarding the age and gender distribution (P = 0.26 and
P = 0.89, respectively). Demographic characteristics of patients with MS such as disease pattern, medication, and disabling symptoms are summarized in Table 1.
Arch Neurosci. 2018; 5(2):e63360.

Muscle weakness

88 (62.85%)

Muscle spasm

35 (25.00%)

Visual problems

39 (27.85%)

Urinary incontinence

36 (25.71%)

Fatigue

33 (23.57%)

Lack of balance

41 (29.28%)

Dysarthria

20 (14.28%)

Headache

28 (20.00%)

3.1. MS Patients
3.1.1. The Association of the Genetic Variations in SNP rs3212227
with MS Disease
The frequency of SNP rs3212227 genotypes in IL-12B gene
in patients with MS and controls are summarized in Table
2. The frequency of AA, AC, and CC genotypes were 55.0%,
17.9%, and 27.1% in patients with MS, and 61.4%, 29.3%, and
9.3% in healthy subjects, respectively. The frequency of CC
genotype in SNP rs3212227 was significantly higher in patients with MS compared with the healthy controls (P <
0.001). However, the prevalence of AC genotype was significantly lower in patients with MS than the healthy controls
(P < 0.02). No significant difference was observed between
patients with MS and controls regarding the AA genotype
frequency (Table 2).
The frequency of A and C alleles in SNP rs3212227 were
63.09% and 36.07% in patients with MS, and 76.07% and
23.9% in the healthy control subjects, respectively. The frequency of C allele was significantly higher, whereas the frequency of A allele was lower in patients with MS compared
with those of the healthy controls (P < 0.001) (Table 2).
3
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Table 2. The Frequency of Genotypes and Alleles in SNP rs3212227 in IL-12B Gene in
Patients with and Controls
Genotype

Patients with MS, N
(%)

Healthy Subjects, N
(%)

P-Value

AA

77 (55.0)

86 (61.4)

0.27

AC

25 (17.9)

41 (29.3)

0.02

CC

38 (27.1)

13 (9.3)

0.001

A

179 (63.9)

213 (76.07)

0.001

C

101 (36.07)

67 (23.9)

0.001

3.1.2. The Association of the Genetic Variations in SNP rs3212227
with Patterns of MS Disease
The frequency of the genotypes and alleles in SNP
rs3212227 in patients with MS according to their disease
pattern are summarized in Table 3. There were no significant differences between patients with different types of
MS forms regarding the frequency of genotypes and alleles
in rs3212227. The frequency of CC genotype in SNP rs3212227
was significantly higher in patients with RRMS, SPMS, and
PPMS patterns in comparison with the healthy controls (P
< 0.002, P < 0.001, and P < 0.05, respectively). In patients
with RRMS pattern, the frequency of AC genotype (18.6%)
was significantly lower than the healthy controls (29.3%,
P < 0.05). No significant difference was found between
SPMS/PPMS and the healthy controls with respect to the frequency of AC genotype in rs3212227, although this parameter was less prevalent in patients with SPMS and PPMS patterns. In RRMS and SPMS patterns, the frequency of patients carrying allele C was significantly higher, whereas
the frequency of the ones carrying allele A was significantly
lower compared with the healthy controls (P < 0.03 and P
< 0.001, respectively) (Table 3).
4. Discussion
The results of the present study showed that the frequency of CC genotype and C allele in SNP rs3212227 were
significantly higher, whereas the frequency of AC genotype
and A allele were lower in patients with MS compared with
the healthy controls. The results represent that the presence of CC genotype and C allele in SNP rs3212227 were associated with susceptibility to MS disease, whereas the presence of AC genotype and A allele may confer protection
against the disease.
Similarly, the frequency of CC genotype in SNP
rs3212227 was significantly higher in patients with RRMS,
SPMS, and PPMS patterns in comparison with the healthy
controls. In three subgroups of MS, the frequency of
AC genotype in the patients was lower than that of the
healthy controls, although the parameter was significant
for RRMS pattern. Moreover, in all investigated subgroups
4

of patients with MS, the frequency of C allele was more
prevalent in the patients than the healthy controls, although it was somehow significant for RRMS and SPMS
patterns. It is presumed that using a larger sample size,
similar results are obtained for subgroups of patients.
Accordingly, the results represented that the presence
of CC genotype and C allele in SNP rs3212227 may have
equal influences in the susceptibility to three studied MS
patterns. On the other hand, the presence of A allele in
SNP rs3212227 may confer similar protection against all MS
forms.
There are a few studies on the relationship between
SNP rs3212227 and MS disease. In accordance with the findings of the current study, the results of a study from Russia
showed that the presence of CC genotype in SNP rs3212227
was more prevalent in patients with MS compared with the
healthy controls (28). Wang et al., also reported that the frequency of minor allele (C) in SNP rs3212227 of IL-12B gene
was significantly higher in patients with RA than the control subjects and patients with RA who possess CC genotype or C allele, produced significantly higher levels of RF
compared with those of the controls (22). Similarly, it is
reported that the presence of CC genotype and C allele in
SNP rs3212227 were more prevalent in patients with Behcet
disease as compared with the normal controls (33). Moreover, an association was also reported between the presence of CC genotype in SNP rs3212227 and susceptibility to
ankylosing spondylitis (25). However, the results of a study
showed no association between SNP rs3212227 and MS susceptibility in patients from Southern China (27). No significant association was also reported between SNP rs3212227
and MS in a study from UK (29). The discrepancies may be
largely attributed to differences in the age, gender ratio,
geographical conditions, socioeconomic status, race, and
ethnic background of participants. Furthermore, different
inclusion criteria may be accounted for some differences.
The mechanism (s) by which genetic variations in SNP
rs3212227 may influence the susceptibility to MS disease
remain to be clear in further studies. The SNP rs3212227
may influence the susceptibility to MS through its regulatory effects on IL-12 production. It is demonstrated that
the presence of CC genotype or C allele in SNP rs3212227 is
associated with higher IL-12 plasma levels in normal controls and patients with Mycobacterium tuberculosis infection (19, 20). The SNP rs3212227 may increase the expression of IL-12 P40; therefore, reinforces the differentiation
of naïve T-cells towards Th1/Th17 cells and cause the secretion of a cascade of inflammatory cytokines. However, the
SNP rs3212227 may influence IL-12 expression through the
effects on the cytokine gene promoter activity, enhancer
activity, transcriptional process, and the splicing efficiency.
The presence of C allele in SNP rs3212227 may be functional
Arch Neurosci. 2018; 5(2):e63360.
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Table 3. The Frequency of Genotypes and Alleles in SNP rs3212227 of IL-12B Gene in Patients with MS Based on Their Disease Pattern
Diseases
Type

Genotype Variations in rs3212227, N (%)

Total, N (%)

Allelic Variations in rs3212227, N (%)

AA

AC

CC

A

C

RRMS

59 (57.8)

19 (18.6)

24 (23.5)

102 (100.0)

137 (71.5)

67 (32.84)

SPMS

13 (46.4)

4 (14.3)

11 (39.3)

28 (100.0)

30 (53.57)

26 (46.42)

PPMS

5 (50.0)

2 (20.0)

3 (30.0)

10 (100.0)

12 (60.0)

8 (40.0)

Healthy

86 (61.4)

41 (29.3)

13 (9.3)

140 (100.0)

213 (86.07)

67 (23.92)

and leads to enhanced IL-12 expression through decreasing
the binding of transcriptional repressor, and therefore, increasing the binding affinity of transcription factors. On
the other hand, the presence of A allele in SNP rs3212227
may lead to the reduced IL-12 expression through inducing
the loss of binding of some transcription factors to the cytokine gene promoter. Accordingly, the presence of C allele in SNP rs3212227 may lead to the markedly higher IL-12
expression, and therefore, cause the increased Th1 and/or
Th17-related immune responses, which contribute to the
pathogenesis of MS diseases.
However, several studies found that the presence of C
allele in SNP rs3212227 is associated with lower IL-12 P40
production by PBMC following in vitro stimulation (34).
The presence of CC/AC genotypes in rs3212227 is also associated with considerable low serum IL-12 P40 levels in
osteosarcoma patients (35). There are also other studies, which showed that different genotypes of rs3212227
have no functional effects on IL-12 P40 production (36).
These disagreements between different results may be attributed to the differences in ethnicity, disease type, and
designs of the studies. It should be noted that in the majority of circumstance, however, it is unclear whether such
polymorphisms directly perform the functional effects or
are in linkage disequilibrium with another functional SNP
in their proximity. Whether the SNP rs3212227 is itself a
functional polymorphism that exerts a direct effect on IL-12
expression or whether it is in linkage disequilibrium with
secondary functional SNP remains to be clear.
In conclusion, the results of the present study represented that the presence of CC genotype and C allele in SNP
rs3212227 were associated with susceptibility to MS disease,
whereas the presence of AC genotype and A allele may confer a protection against disease. The CC genotype and C allele in SNP rs3212227 may have equal influences in the susceptibility to three studied MS patterns. On the other hand,
the presence of AC genotype and A allele may confer similar protection against all MS forms.
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