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Abstract

Background: Multiple sclerosis (MS) is an autoimmune disease of the central nervous system (CNS) caused by auto-
reactive T cells against myelin antigens. T-cell immunoglobulin mucin -3 (TIM-3) is a negative regulator glycoprotein
expressed by a range of immune cells, including, Th1 cells, activated CD8+ T cells and in a lower level on Th17 cells.
A defect in TIM-3 regulation has been shown in multiple sclerosis patients. In humans, several single nucleotide po-
lymorphisms (SNPs) have been identified in the TIM-3 gene and are associated with inflammatory diseases. The aim
of this study was to analyze the association between TIM-3 -574A>C and -1516 C>A SNPs in the promoter region,
and susceptibility to MS.

Methods: DNA samples from 102 patients and 102 healthy controls were genotyped using RELP-PCR method.
Results: In this case-control study, analysis of the alleles and genotypes tevealed a significant higher frequency of C/C
and lower frequency of A/C genotypes for -574 locus of TIM-3 gene in MS patients (P=0.0002). We also found that
C/C genotype for locus of -1516 incteased in MS patients, while A/C genotype decteased (P=0.012). Allele C of -
574C/C and -1516 C>A SNPs wete also more frequent in MS patients (P=0.036 and 0.0027 tespectively).
Conclusion: -574 A>C and -1516 C>A SNPs in the promoter region of TIM3 gene may affect the disease suscepti-
bility.
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Introduction

Multiple sclerosis (MS) is an inflammatory disease
of the central nervous system (CNS) caused by au-
toreactive T cells directed against myelin antigens.
Th1 and Th17 cells are believed to contribute to
the pathogenesis of MS (1).

The family of T-cell immunoglobulin and mucin
domain (TIM) proteins including TIM-1, TIM-3,
and TIM-4 is expressed on T cells and some other
immune cells (2). TIM-3 is a negative regulator of
immune responses that specially expressed on ac-
tivated Th1 cells, CD8+ T cells and at a lower lev-

644

el on Th17 cells but not on Th2 cells (3-5). TIM-3
expressing regulatory T cells are able to do a high-
er level of Thl and Th17 cells suppression com-
pared to TIM3 negative counterparts (6). Dysre-
gulated expression of TIM-3 on T-cells resulted in
enhanced T-cell proliferation and IFN-y secretion
following T-cell stimulation (7). TIM-3 interacts
with its ligand (Galectin-9) to regulate T cells re-
sponses. Blocking of Tim-3/Gal-9 interaction
with specific monoclonal antibody reduced T-
lymphocyte apoptosis and augmented production
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of IFNy and IL.-17 in the relapsing-remitting MS
(RRMS), and Healthy controls (HC), but not in
the primary progressive (PPMS) group (8).
Preventing of Tim-3 signaling in CD4+ T cells in-
fluenced the localization of inflammation in the
brain and spinal cord via alteration in the
Th17:Th1 ratio and exacerbated experimental au-
toimmune encephalomyelitis (EAE) mediated by
CD8+ T cells (9). Moreover, CD4+ T cell clones
from the cerebrospinal fluid (CSF) of MS patients
secreted significantly higher levels of IFN-y than
those from controls, but expressed lower levels of
TIM3 mRNA(7). Blocking of TIM-3 during T-cell
stimulation increased IFNy- production in healthy
controls but had no effect in untreated MS pa-
tients. However, treatment with glatiramer acetate
ot IFN-{ could recover this functional defect (10).
Collectively, these data indicate a dysfunction of
TIM-3 immunoregulation in MS disease. These
observations suggest that variation in the expres-
sion of TIM-3 may influence the susceptibility to
MS and genetic polymorphism in its gene could
be the reason behind such variations.

A number of single nucleotide polymorphisms
(SNPs) in the promoter and coding region of hu-
man TIM-3 gene have been shown in previous
studies (11). Additionally, associations of TIM-3
SNPs with disease susceptibility in different auto-

immune diseases, such as rheumatoid arthritis (12),
type 1 diabetes (13) and Ankylosing Spondylitis
(AS) (14) have been reported.

In this study, we analyzed TIM-3 rs10053538
(C/A) and 1510515746 (A/C) SNPs located in the
promoter region at positions -1516 and -574, re-
spectively, in patients with MS.

Materials and Methods

Subjects

One hundred-two patients referred to Shariati
Hospital, Tehran, Iran from March to Dec 2013
with clinically defined MS according to the Mc
Donald criteria; 82 patients with relapsing-remit-
ting MS (RRMS) or secondary progressive MS,
and 20 patients with primary progressive MS
(PPMS) were included in this study. The control
group consisted of 102 ethnically matched, and
with no past medical or family history of MS or
other autoimmune diseases. All patients and con-
trols were Iranian white origin.

Informed consent was obtained from all patients
and controls. The ethical clearance was approved
by clinic-based Ethic Committee of Tehran Uni-
versity of Medical Sciences. Demographic charac-
teristics of the subjects are shown in Tablel.

Table 1: Demographic characteristic of the patients

Group Sex Age Age of onset  Duration of the Median of Initial No. relapses
(mean t+ SD)  (mean t SD) disease EDSS symptoms  (mean + SD)
(mean + SD) (range)
Patient Women : 68 344+ 9.8 27.3+ 9.7 7.7 + 5.7 5.5 (0-9.5) Visual: 45% 45428
men: 34 Others: 55%
Control Women : 53 311+ 12 e et
men: 49

SD: standard deviation
EDSS: Expanded Disability Status Scale

DNA extraction and Determination of TIM-3
gene polymorphism using RFLP method

To determine the association between the TIM-3
polymorphisms and the susceptibility to MS, we
analyzed the frequency of SNPs rs10515746 (A/C)
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and 75710053538 (C/A) located in the promoter re-
gion of TIM-3 gene.

Genomic DNA was extracted from peripheral
blood cells using the Sina gene DNG-Plus TM
(Iran, Cat. No:DN 8118C) according to the manu-
facturer’s instructions.
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Two polymorphisms within the TIM-3 gene pro-
moter (-574 A>C and -1516 C>A) were deter-
mined by the polymerase chain reaction—
restriction fragment length polymorphism (PCR—
RFLP) method. The sequences of primers are
listed in Table 2. All polymerase chain reactions
were performed with 50 to 150 ng of isolated ge-

nomic DNA. PCR products containing the two
polymorphic sites were then digested with the re-
striction enzymes Bsl I and BCC 1 (New England
Biolabs) according to the manufacturer’s instruc-
tions. Digested fragments were separated on 1%
agarose gels and RFLP bands were visualized by
ethidium bromide staining under UV light gel doc.

Table 2: PCR primer and restriction enzyme for SNP assays

Position Primers PCR Restriction Fragment sizes
Product enzyme
-574 A>C F:AGTACAGATGCATCATCCATG
444bp BCC1 279,165
7510515746 R:GTATGCATGAGATGAAACAGG
(A0
-1516 C>A F:GCCTTGACCAAGTTCATGCT 404 bp Bsl 1
rs10053538 R:ACCACCCCGGATAATTTTGT 66;338 ;404
(C_A)
F=forward; R=reverse
Statistical analysis Result

Genotypes and alleles frequencies were analyzed
by the y2 test or Fisher’s exact test. Each poly-
morphism was tested in the controls and patients.
Odds ratios (OR) and 95% confidence interval
(CI) were calculated. P values <0.05 were consi-
dered statistically significant.

Genotype and allele frequencies of the TIM-3 -
574 A>C and -1516 C>A polymorphisms in MS
patients and controls are shown in Table 3.

Table 3: Genotype and allele frequencies of two Tim-3 gene promoter SNPs in cases and controls

Position Genotype/ Controls MS patient Odd Ratio» P-valueP
Allele n (%) n (%) (95% CI)
-574 A>C AA 7(6.9) 6(59) 6.067 (1.421-25.9) 0.00024
CC 54.9) 26(25.5) 1:00 (reference)c
AC 90(88.2) 70(68.6) 6.686 (2.442-18.30)
A 104 (50.9) 82 (40.19) 1.547 (1.045-2.290) 0.0367
C 100 (49.01) 122 (59.8) 1:00 (reference)
-1516 C>A AA 84(82.4) 73(71.6) 5.753 (1.601-20.67) 0.0122
CC 3(2.9) 15(14.7) 1:00 (reference)
AC 15(14.7) 14(13.7) 5.367 (1.272-22.57)
A 183 (89.7) 160 (78.4) 2.396 (1.367-4.202) 0.0027
C 21 (10.29) 44 (21.506) 1:00 (reference)

2 Logistic regression analyses were used for calculation odds ratios with 95% confidence interval.
b Was determined by x?2test (for genotype) or Fisher exact test (for alleles) from a 2X3 and 2X2 contingency table.
¢ The first allele or genotype is considered as reference
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The frequency of C allele and CC genotype in
TIM-3 -574 A>C SNP is significantly increased in
patients with MS compared with controls, whereas
A allele and AC genotype decreased (P=0.03,
OR=1.54, 95% CI: 1.045-2.290 and P =0.0002,
OR=06.067, 95% CI: 1.421-25.9 respectively).
There was also a significant difference in genotype
and allele distributions between patients and con-
trols in SNP -1516 C>A. Patients showed a higher
frequency of C allele and C/C genotype at posi-
tion -1516 C>A (P=0.002, OR=2.39, 95% CI:
1.036-4.2 and P =0.012, OR=5.75, 95% CI: 1.6-
20.67 respectively).

Discussion

In the present study, we showed a significant
higher frequency of C/C and lower frequency of
A/C genotypes for -574 and -1516 loci of TIM-3
gene in MS patients versus controls. Moreover,
allele C of -574C/C and -1516 C>A SNPs were
more frequent in cases.

TIM-3 is a negative regulatory molecule expressed
on activated Th1, Th17, and CD8+ T cells, regu-
latory T cells, monocytes, dendritic cells, mast
cells, and microglia (4, 6, 15, 16). Engagement of
Tim-3 with its ligand, galectin-9, down-regulate T
cells responses (3, 5). Administration of galectin-9
resulted in decreased IFN-y and IL-17 producing
cells and suppression of Thl and Th17 response
(4, 17, 18). TIM-3 blockade with specific antibo-
dies enhances secretion of IFN-y, IL-17, IL-2, and
IL-6 but not 1L-10, IL-4, or TNF-a by activated
CD4+ T cells (4).

Multiple sclerosis (MS) is a chronic autoimmune,
inflammatory neurological disease of the central
nervous system (CNS), believed to be mediated by
autoreactive T cells directed against myelin anti-
gens (1). It seems that Thl and Th17cells secret-
ing pro-inflammatory cytokines including IFN-y,
TNF-a, and IL-17 enhance MS pathogenicity (19).
A defect in TIM-3 regulation has been shown in
multiple sclerosis patients. TIM-3 blockade by an-
ti-TIM-3 mAbs enhanced IFN-y and IL-17 secre-
tion from CD4+ T cells in control subjects but
not in untreated patients with MS (70). Mononuc-
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lear cells from CSF of MS patients secreted higher
amounts of IFN-y while expressed lower levels of
TIM3 in comparison to controls (7, 20).

Several single nucleotide polymorphisms have
been shown in promoter and coding region of
TIM-3 gene that might control the expression lev-
el of the protein (11, 14). Associations of TIM-3
single nucleotide polymorphisms with disease sus-
ceptibility in autoimmune diseases including
rheumatoid arthritis (12), type 1 diabetes (13) and
Ankylosing Spondylitis (AS) (14) have been inves-
tigated. So far, there is no report investigating the
role of TIM-3 polymorphisms in multiple sclerosis.
However, previous studies regarding the associa-
tion of TIM-3 polymorphism with other chronic
inflaimmatory and autoimmune diseases showed
inconsistent results (12, 21-25). For example,
Wang et al. and other researchers showed that
frequency of the TIM-3 - 574GT genotype and -
574T allele were significantly increased in patients
with Ankylosing spondylitis (AS), rheumatoid
arthritis and HIV+ non-Hodgkin lymphoma (12,
14, 24), while, frequency of -574 GG genotype
and G allele decreased in rheumatoid arthritis,
asthma and allergic rhinitis patients (12, 22). Pa-
tients with AS carrying polymorphic - 574GT ge-
notype has significantly lower TIM-3 mRNA and
protein levels in CD4+ T cells, CD8+ T cells, and
monocytes (14).

TIM-3 -574 A>C and -1516 C>A SNPs might
not contribute to SLE, idiopathic thrombocyto-
penic purpura (ITP) and type-1 diabetes suscepti-
bility (13, 23, 26).

Conclusion

Since TIM-3 has a suppressor role in T-cell re-
sponses, and genetic variations in its gene could
affect the level of TIM-3 production, -574 and -
1516 C>A SNPs could influence the individual
susceptibility to MS.
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