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Abstract 

Background: Toll-like receptors (TLRs) are a family of 10 pattern recognition receptors (TLR1–TLR10) involved in the 
regulation of inflammatory and immune responses besides their role in the pathogenesis of autoimmune diseases 
including multiple sclerosis (MS). TLR10 is the least studied TLR in MS, and data for single nucleotide polymorphisms 
(SNPs) of the TLR10 gene are limited. Therefore, a case–control study was performed on 85 patients with relapsing–
remitting MS and 86 healthy controls (HC) to explore SNPs in the promoter region of TLR10 gene. A 927-bp region 
was amplified, and Sanger sequencing identified 10 SNPs with a minor allele frequency ≥ 10% (rs200395112 T/A, 
rs201802754 A/T, rs201228097 T/A, rs113588825 G/A, rs10004195 T/A, rs10034903 C/G, rs10012016 G/A/C, rs10012017 
G/T, rs33994884 T/Deletion [Del] and rs28393318 A/G).

Results: Del allele and T/Del genotype of rs33994884, as well as AG genotype of rs28393318, showed significantly 
lower frequencies in MS patients compared to HC. Allele and genotype frequencies of the 10 SNPs showed no signifi-
cant differences between MS patients classified according to the Expanded Disability Status Scale. Haplotype analysis 
revealed that haplotype A-T-A-G-A-G-G-T-A showed a significantly increased frequency in MS patients compared to 
HC (odds ratio [OR] = 9.70; 95% confidence interval [CI] = 1.28–73.31; corrected probability [pc] = 0.03), while fre-
quency of A-T-A-G-T-C-A-T-G haplotype was significantly decreased (OR = 0.10; 95% CI = 0.01–0.85; pc = 0.05).

Conclusions: The study indicated that two SNPs may influence susceptibility to MS (rs33994884 and rs28393318), 
but haplotype analysis of TLR10 gene SNPs was more informative.

Keywords: Relapsing–remitting multiple sclerosis, Toll-like receptor 10, Single nucleotide polymorphism, Expanded 
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Background
Multiple sclerosis (MS) is the most common type of 
neurological disability with a global prevalence of 
35.9/100,000 in 2020 [1]. In Iraq, although a lower preva-
lence was estimated (11.73/100,000), the incidence of 
MS has increased from 0.05 in 2000 to 1.5 in 2017 [2]. 
It is a chronic autoimmune disorder affecting the central 

nervous system (CNS) primarily characterized by inflam-
mation, demyelination, gliosis, and neuronal loss [3]. 
Clinically, multiple sclerosis is primarily classified into 
four phenotypes including relapsing–remitting multi-
ple sclerosis (RRMS), primary progressive MS, second-
ary progressive MS and progressive relapsing MS, with 
RRMS being the most common phenotype accounting 
for 85% of cases [4].

The underlying cause of MS and the pathogenic mech-
anisms involved are still not fully understood, although 
complex interactions between genetic and environmen-
tal factors almost certainly play an important role [5]. 
Viral infections, particularly Epstein–Barr virus (EBV), 
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are among the important environmental risk factors that 
have been linked to the etiology of MS [6]. Immunologi-
cal and epidemiological studies support a causal role of 
EBV in risk of MS and disease progression. In this con-
text, several immune-based mechanisms have been 
proposed to explain the etiological role of EBV in MS 
including molecular mimicry or cross-reactivity between 
EBV epitopes and self-epitopes and bystander damage 
due to aberrant immune response primarily directed to 
EBV [7]. Among the immune components that control 
antiviral responses in infected cells or in effector immune 
cells are Toll-like receptors (TLRs), which are indicated 
to play an important role in mediating immune responses 
against various viruses including EBV [8]. Further, TLRs 
expressed by astrocytes and microglia are important sen-
sors of tissue damage and infection in the CNS and thus 
are involved in the initiation of innate immune response 
and inflammation at these sites [9].

TLRs are pattern recognition receptors (PRRs) 
involved in recognizing pathogen-associated molecular 
patterns (PAMPs) in viruses and bacteria. They are essen-
tial components of the innate immune system whose 
activation regulates inflammatory responses and estab-
lishes antigen-specific adaptive immunity. In humans, 
10 functional TLRs (TLR1–TLR10) have been described 
to date [10]. Dysregulated expression of TLRs has been 
shown to correlate with immune imbalances, suggest-
ing an increased risk of inflammatory and autoimmune 
diseases, and similar evidence has been indicated in neu-
roimmune diseases. Besides, the potential of TLRs as 
therapeutic targets in these diseases has been suggested 
[11, 12]. In MS, studies have indicated that TLRs play a 
critical role in pathogenesis of disease; for instance, TLR3 
and TLR4 expression was shown to be significantly up-
regulated in MS lesions, and both TLRs were positively 
correlated with MS pathogenesis, particularly in patients 
with RRMS [13]. Moreover, T helper (h) 17 cells express-
ing TLR2, TLR4 and TLR9 were also positively corre-
lated with neuronal dysfunction, as well as number of 
active brain lesions in MS patients [14]. For TLR10, the 
data available in MS are limited, but it has been indicated 
that interferon-β may regulate the expression of distinct 
TLRs, including TLR3, TLR7, TLR9 and possibly TLR10, 
in plasmablastic dendritic cells of MS patients [15, 16].

TLR10 shows a high level of expression in immune 
cells (eosinophils, dendritic cells, neutrophils and B cells) 
and non-immune cells such as trophoblasts, but func-
tionally, it is considered an orphan receptor with poorly 
understood ligands and functions, which remains an area 
in need of elucidation [17]. However, it has been found 
that TLR10 may function as a broad negative regulator of 
TLR-mediated signaling, and thus, its role in controlling 
immune responses has been suggested [18]. Additional 

data highlighted that TLR10 can be considered as a novel 
regulator of innate immune responses with a role in the 
differentiation of primary monocytes into functional 
dendritic cells [19]. Recently, it has been discussed that 
TLR10 can suppress other TLRs by competing with other 
stimulatory TLRs, while its role in promoting or reducing 
inflammation is subject to speculation [20]. In rheuma-
toid arthritis, an autoimmune disorder, increased expres-
sion of TLR10, has been found in B-cell subsets and was 
positively correlated with disease activity [21]. Based on 
these findings, it is reasonable to hypothesize that TLR10 
may have a role in the pathogenesis of MS.

In humans, the TLR10 gene (ID: 81,793) is located on 
the short arm of chromosome 4 (4p14) and harbors large 
numbers of single nucleotide polymorphisms (SNPs) 
[20]. These SNPs have been associated with the risk of 
autoimmune thyroid disease, tuberculosis and infection-
related gastritis, along with their role in altering the bal-
ance between pro-inflammatory and anti-inflammatory 
responses [22]. In MS, to the researcher’s best knowl-
edge, the TLR10 gene polymorphism was the subject of 
only one study and no association with the disease was 
found [23]. Therefore, this study sought to give a view 
of the association between SNPs located in a noncod-
ing region of TLR10 gene (promoter region) and risk of 
MS, as these polymorphisms may affect the expression of 
TLR10 gene and thus may influence susceptibility to MS. 
In addition, we examined whether these polymorphisms 
are associated with the degree of disability in MS patients 
(Extended Disability Status Scale; EDSS).

Methods
MS patients and controls
During January 2020—June 2021, a case–control study 
was performed on 171 subjects, including 85 patients 
with RRMS and 86 healthy controls (HC). Patients were 
recruited from the MS clinic at the General Hospi-
tal for Neurosciences in Baghdad, and the 2010 revised 
McDonald criteria for RRMS diagnosis were followed 
[24]. Physical disability was assessed using EDSS, and as 
previously recommended, MS patients were divided into 
two groups: < 3.0 (57.6%) and ≥ 3.0 (42.4%) [25]. The HC 
group included blood donors and health service per-
sonnel, who did not have neurological or autoimmune 
disorders.

Detection of TLR10 gene SNPs
Venous blood (3 mL) was collected from patients (during 
their visit to the clinic) and HC in an ethylene-diamine-
tetra-acetic acid (EDTA) tube. DNA was isolated from 
EDTA blood using a gSYNC DNA extraction kit follow-
ing the manufacturer’s instructions (Geneaid Biotech 
Ltd, Taiwan).
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The complete DNA sequence of the TLR10 gene and 
SNP data was downloaded first (http:// asia. ensem bl. 
org), and then, forward (5’-CCT GTA GTC CCA GAC ATT 
TG-3’) and reverse (5’-GGT TGT TAA CCA TCC TCT 
TCT-3’) primers were designed to amplify a promoter 
region (927  bp) using Geneious software version 11.1.2 
[26]. Primers were tested online using in silico PCR 
analysis (https:// genome. ucsc. edu/ cgi- bin/ hgPcr), which 
confirmed specificity of primers and molecular size of 
amplified region (chr4:38,782,390–38,783,316). The tar-
get region was screened for SNPs with a minor allele 
frequency ≥ 10%, and in view of this, 10 SNPs were iden-
tified (rs200395112 T/A, rs201802754 A/T, rs201228097 
T/A, rs113588825 G/A, rs10004195 T/A, rs10034903 
C/G, rs10012016 G/A/C, rs10012017 G/T, rs33994884 T/
Deletion [Del] and rs28393318 A/G).

The PCR mix included 2 µL template DNA, 1µL of each 
primer (10 pmol),12.5 µL GoTaq Green Master Mix (2X: 
Promega, USA) and 8.5 µL nuclease-free water (total vol-
ume = 25 µL). The thermal cycler (BioRad, USA) was set 
for the following optimized conditions: one cycle of ini-
tial denaturation (95 °C for 5 min), followed by 30 cycles 
of denaturation at 95  °C for 30 s, annealing at 60  °C for 
30 s and extension at 72 °C for 60 s, and a final extension 
cycle at 72  °C for 7 min. Amplified DNA products were 
subjected to forward and reverse sequencing (Sanger 
sequencing, Macrogen Corporation, South Korea) and 
analyzed to identify 10 SNPs of TLR10 gene by align-
ing with reference sequences (http:// asia. ensem bl. org). 
Genotypes of TLR10 gene SNPs were determined using 
Geneious software version 11.1.2 [26]. A representa-
tive chromatogram of DNA sequences of three SNPs 

(rs201228097, rs201802754 and rs200395112) are shown 
in Fig. 1.

Statistical analysis
Alleles and genotypes of TLR10 gene SNPs were pre-
sented by a number and a percentage, and significant 
differences were assessed using Fisher’s exact test or 
Pearson’s Chi-square test. Pearson’s Chi-square good-
ness-of-fit test was used to test for Hardy–Weinberg 
equilibrium (HWE). Logistic regression analysis was 
applied to calculate odds ratio (OR) and 95% confi-
dence interval (CI) after adjusting for age and gender. A 
probability (p) value ≤ 0.05 was considered statistically 
significant. Due to multiple comparisons, Bonferroni 
correction was applied to correct p-value (pc). The sta-
tistical package IBM SPSS Statistics 25.0 (Armonk, NY: 
IBM Corp.) was employed to perform statistical analysis. 
Haploview software version 4.2 was used to assess link-
age disequilibrium (LD) between SNPs and to estimate 
haplotype frequencies. Logarithm of odds (LOD) and LD 
coefficient (D’) were used to define LD.

Results
Age and gender distribution of participants
The mean age of RRMS patients was 35.0 ± 8.8  years 
(age range = 18–59  years), which corresponds to the 
mean age of HC (mean age = 36.4 ± 9.5  years; age 
range = 22–50  years). In addition, males showed simi-
lar frequencies in patients and HC (45.9 and 46.5%, 
respectively).

Fig. 1 DNA sequence chromatogram of three TLR10 gene SNPs (rs201228097, rs201802754 and rs200395112) showing genotypes of four samples 
(S1, S2, S3 and S4). Besides, reference sequence (RS) is also given. The chromatogram was generated by Geneious software analysis (version 11.1.2)

http://asia.ensembl.org
http://asia.ensembl.org
https://genome.ucsc.edu/cgi-bin/hgPcr
http://asia.ensembl.org
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TLR10 gene SNPs
Genotype frequencies of the 10 TLR10 gene SNPs 
(rs200395112 T/A, rs201802754 A/T, rs201228097 T/A, 
rs113588825 G/A, rs10004195 T/A, rs10034903 C/G, 
rs10012016 G/A/C, rs10012017 G/T, rs33994884 T/
Deletion [Del] and rs28393318 A/G) were in good agree-
ment with HWE in HC. Comparisons between MS 
patients and HC revealed that only two SNPs showed 
significant differences (rs33994884 and rs28393318). Del 
allele (21.8 vs. 36.0%; OR = 0.49; 95% CI = 0.30—0.81; 
p = 0.006; pc = 0.018) and T/Del genotype (17.6 vs. 37.3%; 
OR = 0.31; 95% CI = 0.15—0.65; p = 0.003; pc = 0.009) of 
rs33994884 showed significantly lower frequencies in MS 
patients compared to HC. rs28393318 is the second SNP 
that showed a significant difference between MS patients 
and HC. The heterozygous genotype AG of this SNP was 
observed to have a lower frequency in patients compared 
to HC (21.2 vs. 45.3; OR = 0.29; 95% CI = 0.14—0.62; 
p = 0.002; pc = 0.006). Allele and genotype frequencies 
of the remaining eight SNPs showed no significant dif-
ferences between MS patients and HC (Table 1). Further, 
allele and genotype frequencies of the 10 SNPs showed 
no significant differences between the two EDSS groups 
of MS patients (< 3.0 and ≥ 3.0) (Table 2).

LD and haplotype analysis
Haploview software was used to determine LD 
between 9 SNPs of TLR10 gene (rs200395112, 
rs201802754, rs201228097, rs113588825, rs10004195, 
rs10034903, rs10012016, rs10012017 and rs28393318). 
SNPrs33994884 was excluded due to the presence of 
Del allele. These SNPs showed different profiles of LD; 
strong LD (LOD > 2 and D’ = 1), weak LD (LOD > 2 and 
0.21 < D’ < 1) or no LD (LOD < 2 and D’ < 1). For instance, 
rs201228097, rs201802754 and rs200395112 SNPs were 
in a strong LD (Figs. 1 and 2).

Haplotype analysis revealed two important find-
ings. The haplotype A-T-A-G-A-G-G-T-A (in the order: 
rs200395112, rs201802754, rs201228097, rs113588825, 
rs10004195, rs10034903, rs10012016, rs10012017 
and rs28393318) showed a significantly increased fre-
quency in MS patients compared to HC (0.102 vs. 0.003; 
OR = 9.70; 95% CI = 1.28—73.31; p = 0.003; pc = 0.03), 
while frequency of A-T-A-G-T-C-A-T-G haplotype was 
significantly decreased (0.003 vs. 0.058; OR = 0.10; 95% 
CI = 0.01—0.85; p = 0.005; pc = 0.05) (Table 3).

Discussion
Although the etiology of MS is not well known and the 
pathogenesis is not fully understood, recent compel-
ling epidemiological and molecular data have indicated 
the significance of the combined effects of multiple risk 
factors in determining an individual’s susceptibility to 

disease progression [3]. It is notably recognized that 
the initiation of MS involves a chronic dysregulation 
of immune homeostasis resulting from complex inter-
actions between infectious exposures, genetic pre-
dispositions and factors associated with increased 
pro-inflammatory conditions, including obesity, low sun 
exposure/low vitamin D levels and smoking [6]. This is 
reinforced by epigenetic alteration studies suggesting that 
epigenetic alternations may be involved in the initiation 
and progression of MS, possibly by correlating the effects 
of environmental risk factors and host genetics [27]. 
Accordingly, genetic predisposition is the cornerstone of 
MS etiology, and in fact, genome-wide association stud-
ies (GWAS) revealed more than 200 loci implicated in 
susceptibility to disease [28]. GWAS also uncovered that 
up to 10.5% of the genetic variance underlying MS risk is 
linked to human leukocyte antigen (HLA) class II alleles 
among all ethnic groups studied [29]. However, studies 
have also revealed that non-HLA loci and their SNPs may 
influence susceptibility to MS, especially those involved 
in controlling components involved in innate and adap-
tive immune responses; for instance, cytokines and TLRs 
[12, 16, 30, 31].

Recently, TLR gene SNPs have been discussed as 
important determinants of susceptibility to several auto-
immune diseases including MS, and TLR genetic varia-
tions may shed light on the role of complex interaction 
between immune and environmental factors in influ-
encing the susceptibility to MS in various populations 
[32]. In this context, several SNPs within TLR genes 
have been linked to altered susceptibility to MS [23, 33, 
34]. The less researched member of TLR genes is TLR10 
gene, and only one study identified five SNPs (rs4129008, 
rs4129009, rs11466657, rs11096955 and rs11096957) 
in Caucasian MS patients from Denmark but no asso-
ciation with the disease has been demonstrated [23]. 
None of these SNPs was located in the promoter region. 
Although promoter SNPs do not alter protein structure, 
they are involved in the regulation of transcription events 
and can alter the affinity for normal transcription fac-
tors [35]. Therefore, the current study was conducted to 
examine SNPs in the promoter region of TLR10 gene. 
Of the 10 SNPs identified, two showed a significant 
association with MS. The first was rs33994884, and the 
Del allele and T/Del genotype of this SNP were associ-
ated with a reduced risk of developing MS (OR = 0.49 
and 0.31, respectively). There is no direct evidence to 
support these findings but indicated that Del alleles of 
some SNPs within TLR genes may have functional effects 
and thus may alter susceptibility to diseases. An exam-
ple is two deletion polymorphisms within TLR2 gene. 
The Del allele of a 22-bp nucleotide deletion polymor-
phism in the promoter region of TLR2 gene has been 
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Table 1 Logistic regression and Hardy–Weinberg analyses of TLR10 gene SNPs in multiple sclerosis patients and healthy controls

SNP Allele/genotype MSa HCa OR 95% CI p-value (pc)

N % N %

rs200395112 T/A T 52 31.3 20 32.3 Reference 0.874 (1.0)

A 114 68.7 42 67.7 1.04 0.56–1.94

TT 11 13.3 1 3.2 Reference

TA 30 36.1 18 58.1 0.15 0.02–1.21 0.082 (0.246)

AA 42 50.6 12 38.7 0.32 0.04–2.51 0.434 (1.0)

HWE-p-value 0.067

rs201802754 A/T A 48 28.9 20 32.3 Reference

T 118 71.1 42 67.7 1.17 0.63–2.19 0.629 (1.0)

AA 9 10.8 1 3.2 Reference

AT 30 36.1 18 58.1 0.19 0.02–1.50 0.142 (0.426)

TT 44 53.0 12 38.7 0.41 0.05–3.28 0.672 (1.0)

HWE-p-value 0.067

rs201228097 T/A T 50 30.1 20 32.3 Reference

A 116 69.9 42 67.7 1.10 0.59–2.06 0.75 (1.0)

TT 9 10.8 1 3.2 Reference

TA 32 38.6 18 58.1 0.20 0.02–1.60 0.148 (0.444)

AA 42 50.6 12 38.7 0.39 0.05–3.13 0.672 (1.0)

HWE-p-value 0.067

rs113588825 G/A G 147 88.5 75 87.2 Reference

A 19 11.5 11 12.8 0.88 0.40–1.94 0.838 (1.0)

GG 67 80.7 32 74.4 Reference

GA 13 15.7 11 25.6 0.56 0.23–1.39 0.238 (0.714)

AA 3 3.6 0 0.0 3.37 0.18–64.40 0.55 (1.0)

HWE-p-value 0.336

rs10004195 T/A T 81 48.2 49 53.3 Reference

A 87 51.8 43 46.7 1.22 0.74–2.03 0.517 (1.0)

TT 24 28.6 12 26.1 Reference

TA 33 39.3 25 54.3 0.66 0.28–1.55 0.391 (1.0)

AA 27 32.1 9 19.6 1.50 0.55–4.09 0.605(1.0)

HWE-p-value 0.534

rs10034903 C/G C 84 50.6 62 53.5 Reference

G 82 49.4 54 46.5 1.12 0.70–1.80 0.717 (1.0)

CC 27 32.5 14 24.1 Reference

CG 30 36.1 34 58.6 0.46 0.20–1.02 0.072 (0.216)

GG 26 31.3 10 17.2 1.35 0.52–3.51 0.626 (1.0)

HWE-p-value 0.175

rs10012016 G/A/C G 143 84.1 132 79.5 Reference

A 27 15.9 34 20.5 0.73 0.42–1.28 0.322 (1.0)

GG 62 72.9 55 66.3 Reference

GA 19 22.4 22 26.5 0.77 0.38–1.56 0.475 (1.0)

AA 4 4.7 6 7.2 0.59 0.16–2.18 0.519 (1.0)

HWE-p-value 0.09

rs10012017 G/T G 89 53.0 91 55.5 Reference

T 79 47.0 73 44.5 1.11 0.72–1.70 0.661 (1.0)

GG 28 33.3 26 31.7 Reference

GT 33 39.3 39 47.6 0.79 0.39–1.58 0.590 (1.0)

TT 23 27.4 17 20.7 1.26 0.56–2.84 0.677 (1.0)

HWE-p-value 0.736
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linked to increased susceptibility to breast cancer [36], 
while the heterozygous genotype of this allele has been 
associated with a protection from cerebral malaria [37]. 
Another Del allele of a polymorphism in TLR2 gene (-196 
to -174 Ins/Del; rs111200466) has been associated with 
increased susceptibility to aggressive periodontitis, type 
2 diabetes mellitus and prostate cancer [38–40], while in 
primary gouty arthritis, no association was found with 
this allele [41]. A recent study demonstrated that the het-
erozygous genotype of rs111200466 showed a lower fre-
quency in patients with schizophrenia than in HC, and 
thus, a protective tendency against this psychiatric disor-
der has been suggested, particularly in women [42]. The 
presented studies disclosed interesting findings, which 
indicated that the heterozygous genotype of the Del allele 
may be associated with a protective trend against some 
diseases rather than conferring susceptibility. This view is 
shared by the current study, and therefore, it is possible 
to suggest that the T/Del genotype of rs33994884 may 
have a protective effect against the development of MS.

The study also showed that the rs28393318 AG geno-
type was associated with a lower risk of developing 
MS (OR = 0.29). No previous study could confirm or 
refute these findings, but it has been demonstrated that 
rs28393318 was among 38 variants that showed an asso-
ciation with asthma and allergic diseases [43]. Another 
study showed that rs28393318 was associated with the 
presence of precancerous gastric lesions [44]. Genome-
wide genetic studies also showed that rs28393318 
was among 17 genetic loci that had an effect on the 

abundance of transcripts of immune genes especially 
those related to cytokines [45]. Taken together, these data 
may indicate that rs28393318 can affect innate immune 
signaling and thus may contribute to the inflammatory 
response in MS.

Although single-SNP-based association studies have 
great potential for identifying genetic influences on dis-
eases of complex traits, a haplotype-based analysis that 
incorporates LD information from several SNPs may 
be more powerful and informative than the traditional 
analysis that focuses on individual SNPs [46]. In view 
of this, a multi-locus haplotype analysis that included 
nine TLR10 gene SNPs (in the order: rs200395112, 
rs201802754, rs201228097, rs113588825, rs10004195, 
rs10034903, rs10012016, rs10012017 and rs28393318) 
was performed. The analysis revealed two important 
findings; A-T-A-G-A-G-T-A haplotype was significantly 
associated with a 9.70-fold increased risk of MS, while 
A-T-A-G-T-C-A-T-G haplotype was associated with a 
reduced risk of MS. As these blocks included both risk 
and protective haplotypes, a critical role for the TLR10 
promoter towards MS susceptibility could be envisaged, 
but more studies are certainly warranted to understand 
this role in MS pathogenesis.

Regardless of the significance of this study being the 
first to explore the association between genetic vari-
ants in the TLR10 promoter region and MS in Iraqis, 
some limitations should be noted. First, the sample size 
of patients and HC is relatively small compared to other 
case–control studies. Second, EBV status (prevalence and 

p: Two-tailed Fisher’s exact probability; pc: Bonferroni correction probability(significant p-value is indicated in bold)

SNP single nucleotide polymorphism, Del deletion, HWE Hardy–Weinberg equilibrium, MS multiple sclerosis, HC healthy controls, OR odds ratio adjusted for age and 
gender, CI confidence interval
a The number of patients and controls for each SNP varies due to low-quality reads of some DNA sequences

Table 1 (continued)

SNP Allele/genotype MSa HCa OR 95% CI p-value (pc)

N % N %

rs33994884 T/Del T 133 78.2 96 64.0 Reference

Del 37 21.8 54 36.0 0.49 0.30–0.81 0.006 (0.018)

TT 59 69.4 34 45.3 Reference

T/Del 15 17.6 28 37.3 0.31 0.15–0.65 0.003 (0.009)

Del/Del 11 12.9 13 17.3 0.49 0.20–1.20 0.161 (0.483)

HWE-p-value 0.101

rs28393318 A/G A 102 60.0 80 53.3 Reference

G 68 40.0 70 46.7 0.76 0.49–1.19 0.258 (1.0)

AA 42 49.4 23 30.7 Reference

AG 18 21.2 34 45.3 0.29 0.14–0.62 0.002 (0.006)
GG 25 29.4 18 24.0 0.76 0.35–1.66 0.547 (1.0)

HWE-p-value 0.439
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Table 2 Allele and genotype frequencies of TLR10 gene SNPs stratified by Expanded Disability Status Scale groups in multiple sclerosis 
patients

SNP Allele/genotype EDSS p-value

 < 3.0  ≥ 3.0

N % N %

rs200395112 T/A T 29 30.8 23 31.9 1.0

A 65 69.2 49 68.0

TT 5 10.6 6 16.7 0.558

TA 19 40.4 11 30.6

AA 23 48.9 19 52.8

rs201802754 A/T A 25 26.6 23 31.9 0.492

T 69 73.4 49 68.1

AA 4 8.5 5 13.9 0.722

AT 17 36.2 13 36.1

TT 26 55.3 18 50.0

rs201228097 T/A T 27 28.7 23 31.9 0.733

A 67 71.3 49 68.1

TT 4 8.5 5 13.9 0.724

TA 19 40.4 13 36.1

AA 24 51.1 18 50.0

rs113588825 G/A G 81 86.2 66 91.7 0.33

A 13 13.8 6 8.3

GG 36 76.6 31 86.1 0.551

GA 9 19.1 4 11.1

AA 2 4.3 1 2.8

rs10004195 T/A T 47 49.0 34 47.2 0.877

A 49 51.0 38 52.8

TT 13 27.1 11 30.6 0.618

TA 21 43.8 12 33.3

AA 14 29.2 13 36.1

rs10034903 C/G C 48 51.1 36 50.0 1.0

G 46 48.9 36 50.0

CC 15 31.9 12 33.3 0.890

CG 18 38.3 12 33.3

GG 14 29.8 12 33.3

rs10012016 G/A/C G 81 82.7 62 86.1 0.672

A 17 17.3 10 13.9

GG 35 71.4 27 75.0 0.767

GA 11 22.4 8 22.2

AA 3 6.1 1 2.8

rs10012017 G/T G 46 47.9 43 59.7 0.160

T 50 52.1 29 40.3

GG 12 25.0 16 44.4 0.158

GT 22 45.8 11 30.6

TT 14 29.2 9 25.0

rs33994884 T/Del T 72 73.5 61 84.7 0.092

Del 26 26.5 11 15.2

TT 32 65.3 27 75.0 0.22

T/Del 8 16.3 7 19.4

Del/Del 9 18.4 2 5.6
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For simplicity, the patients were divided into two groups: < 3.0 [no to moderate disability] and ≥ 3.0 [higher disability]); p: Pearson Chi-square test probability

SNP single nucleotide polymorphism, Del deletion, EDSS Expanded Disability Status Scale (The EDSS scale ranges from 0 [normal neurological exam] to 10 [death due 
to MS] in 0.5 unit increments that represent higher levels of disability

Table 2 (continued)

SNP Allele/genotype EDSS p-value

 < 3.0  ≥ 3.0

N % N %

rs28393318 A/G A 61 62.3 41 56.9 0.142

G 37 37.7 31 43.1

AA 25 51.0 17 47.2 0.788

AG 11 22.4 7 19.4

GG 13 26.5 12 33.3

Fig. 2 Linkage disequilibrium (LD) map of nine SNPs within the TLR10 gene. LD blocks were generated using the default algorithm in Haploview 
software (version 4.2). The coloring of the boxes is based on the scores of two estimates, logarithm of odds (LOD) and LD coefficient (Dʹ). Strong 
LD (LOD > 2 and Dʹ = 1) is indicated in red. A decrease in the intensity of red indicates lower LOD and Dʹ values. Regions with weak LD (LOD > 2 and 
0.21 < Dʹ < 1) are shown in blue. Regions with no LD (LOD < 2 and Dʹ < 1) are shown in white. The number within each box indicates the Dʹ statistic 
value multiplied by 100
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viral load) was not determined and it would be of inter-
est to correlate it with the TLR10 polymorphism. Third, 
the impact of TLR10 polymorphism on serum level and/
or gene expression of TLR10 was not studied.

Conclusions
The study indicated that two SNPs in the promoter 
region of TLR10 gene may influence susceptibility to MS. 
The T/Del genotype of rs33994884 and AG genotype 
of rs28393318 are suggested to have protective effects 
against the development of MS. Haplotype analysis of 
TLR10 gene SNPs was more informative in highlighting 
the association with MS susceptibility.
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