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Abstract OBJECTIVES: Multiple sclerosis (MS) is a chronic demyelinating disease of the central ner-
vous system (CNS), which develops mainly due to autoimmune inflammation. Regulatory 
T (Treg) cells play a key role in the control of autoimmunity, and their development and 
function depend on proper expression and action of transcription factor forkhead box 
P3 (FoxP3). The aim of the current study was to analyze the association between FOXP3 
rs3761548 and rs37615487 polymorphisms and MS risk, including their possible gender-
specific effects.
METHODS: Polymerase chain reaction with restriction fragment length polymorphism 
(PCR-RFLP) was used to genotype both FOXP3 single nucleotide polymorphisms in 536 
unrelated MS patients and 667 healthy controls. Their association with MS was evaluated 
by logistic regression analysis.
RESULTS: Comparison of FOXP3 allele frequencies did not show any significant differ-
ences between female MS patients and female controls (p=0.68 for rs3761548; p=0.80 
for rs3761547). Furthermore, no association with MS could be detected in females when 
FOXP3 rs3761548 and rs3761547 genotypes were analyzed by logistic regression analysis 
adjusted for HLA-DRB1*15:01 carrier status and age. Similarly, no association between 
MS and studied FOXP3 polymorphisms was observed in males when the differences in 
allele frequencies between the patients and controls were analyzed (p=0.61 for rs3761548; 
p=0.17 for rs3761547).
CONCLUSION: The results of our study suggest that FOXP3 polymorphisms are not associ-
ated with increased risk of multiple sclerosis. However, further studies are required to fully 
understand the role of various FOXP3 gene variations in the genetic predisposition to MS.
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Introduction
Multiple sclerosis (MS) is a  chronic autoimmune 
disease of the central nervous system (CNS), affect-
ing approximately 2.5 million people worldwide and 
resulting in chronic progressive disability for the 
majority of patients with the disorder (Sawcer et al 
2014; Dendrou et al 2015). The disease typically starts 
between 20 and 40 years of age, and affects women 3 
times more frequently than men (Sawcer et al 2014). 
Recent studies have indicated a key role for immune 
dysregulation and aberrant lymphocyte responses 
in the pathogenesis of multiple sclerosis (Yadav et 
al 2015). The activation of both innate and adaptive 
arms of an immune response leads to the formation of 
typical inflammatory infiltrates, breakdown of myelin 
sheaths, activation and proliferation of astrocytes and 
microglia, and development of axonal degeneration 
(Dendrou et al 2015; Hollenbach & Oksenberg 2015; 
Yadav et al 2015).

MS is a complex multifactorial disease, with numer-
ous genetic and enviromental factors playing an essen-
tial role in its immunopathogenesis (Weissert 2013). 
The major histocompatibility complex (MHC) class II 
genes are by far the most important determinants of 
MS genetic susceptibility, with HLA-DRB1*15:01 allele 
conferring the highest risk in Caucasians (Schmidt et 
al 2007; International Multiple Sclerosis Genetics Con-
sortium et al 2011). Recent advent of genome-wide 
association studies (GWAS) and follow-up Immuno-
chip-based studies has led to discovery of 110 addi-
tional novel MS risk polymorphisms in 103 discrete 
loci outside of the MHC region (International Multiple 
Sclerosis Genetics Consortium et al 2013; Sawcer et al 
2014; Hollenbach & Oksenberg 2015). The majority of 
identified MS risk variants are located within immu-
nologically related genes, including those which are 
linked to lymphocyte activation, differentiation, and 
proliferation, thus emphasizing the prominent role of 
the immune system in disease development (Dendrou 
et al 2015; Bos et al 2016). However, together they 
explain only roughly 30% of the genetic component of 
the disease. Multiple explanations of this missing heri-
tability in MS have been proposed, including neglect-
ing the analysis of sex chromosomes (Chang et al 2014; 
Hollenbach & Oksenberg 2015). Indeed, while success-
ful for the autosomes, the vast majority of GWAS have 
either incorrectly analyzed or ignored the X chromo-
some, thus leaving its role largely unknown (Chang et 
al 2014; Gao et al 2015). As multiple sclerosis shows 
sexual dimorphism in disease prevalence and course 
(Bearoff et al 2015), the need for analysing X-linked 
variants as potential contributors to disease suscepti-
bility becomes more obvious.

FOXP3 gene localized on chromosome Xp11.23 
appears as one of several potential candidates for genetic 
susceptibility to MS. It encodes transcription factor 
forkhead box P3 (FoxP3), which plays a pivotal role in 

the development and function of FoxP3+ regulatory T 
(Treg) cells. Tregs represent an important mechanism 
for the control of autoreactive T cells and the maintain-
ance of peripheral tolerance to self and foreign anti-
gens through various immunosuppressive mechanisms 
(Hori et al 2003; He et al 2013). It is well established 
that the development of various autoimmune diseases 
(AD) is associated with changes in the proportion and/
or function of FoxP3+ Tregs (Pesenacker et al 2016). 
Tregs have also emerged as key players in the pathoge-
netic scenario of CNS autoimmune inflammation, as 
altered Treg function and homeostasis was shown to 
be detrimental to the pathogenesis of multiple sclerosis 
(Viglietta et al 2004; Yadav et al 2015).

Genetic factors are one of several mechanism that 
can lead to the relative lack of functional Treg cells in 
the human body (Pesenacker et al 2016). Several poly-
morphisms with potential impact on gene expression 
or functional protein activity have been identified in 
coding and regulatory regions of the FOXP3 gene (Oda 
et al 2013), and some of them have been implicated in 
the development of various autoimmune diseases (He 
et al 2013; Oda et al 2013). The role of FOXP3 gene 
polymorphisms in the genetic predisposition to MS 
is, however, still unclear as the results of association 
studies have been inconsistent so far (Chang et al 2014; 
Jafarzadeh et al 2015; Eftekharian et al 2016; Gholami 
et al 2016). Therefore, the aim of the current study was 
to examine whether two selected polymorphisms in the 
FOXP3 gene, namely rs3761548 C/A and rs37615487 
A/G, are associated with an increased risk of develop-
ing MS in the Slovak population.

Material and methods
Study subjects
For the purpose of the study, 536 unrelated MS patients 
(375 females and 161 males; mean age 40.9±10.6 years) 
were recruited at neurology departments of university 
hospitals in Bratislava and Martin in Slovakia. The diag-
nosis of MS was based on the revised McDonald criteria 
(Polman et al 2011), and only patients with bout-onset 
MS were included in the study: 472 individuals were 
classified as having relapsing-remitting (RR) MS, and 
64 had secondary-progressive (SP) form. The degree of 
neurological disability at the time of examination was 
quantified using Kurtzke’s  Expanded Disability Status 
Scale (EDSS) (Kurtzke 1983); EDSS score and disease 
duration were subsequently used to determine the 
Progression Index (PI) and Multiple Sclerosis Sever-
ity Score (MSSS) as means to evaluate the rate of dis-
ability accumulation and clinical severity, respectively 
(Roxburgh et al 2005). The control group consisted of 
667 unrelated adults (426 females and 241 males; mean 
age 39.6 ± 15.4 years) without any personal and family 
history of MS and other autoimmune and neurologi-
cal diseases. Basic demographic and clinical data of MS 
patients are summarized in Table 1. 
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DNA extraction and genotyping
Genomic DNA was extracted from whole EDTA-
anticoagulated blood with standart phenol-chloroform 
method (Sambrook & Russell 2001). FOXP3 rs3761547 
A/G and rs3761548 C/A genotyping was performed 
by a restriction fragment length polymorpism analysis 
of PCR-amplified product (PCR-RFLP) according to 
slightly modified protocols of Inoue et al (2010). PCR 
was performed in a  final volume of 10 ul containing 
50–100 ng of genomic DNA, 10 x PCR buffer with KCL, 
1.5 mM of MgCl2, 0.4 uM of  each primer, 0.2 mM of 
dNTPs and 0.5 U of Taq polymerase (Thermo Fisher 
Scientific Biosciences, Germany). The PCR cycling 
conditions for rs3761547 were as follows: initial dena-
turation at 94 °C for 5 min, 30 cycles of denaturation at 
94 °C for 30 s, annealing at 55 °C for 30 s and extension 
at 72 °C for 30 s, and final extension at 72 °C for 7 min. 
The PCR cycling conditions for rs3761548 were as fol-
lows: initial denaturation at 94 °C for 4 min, 32 cycles of 
denaturation at 94 °C for 30 s, annealing at 63.2 °C for 
30 s and extension at 72 °C for 30 s, and final extension 
at 72 °C for 10 min. 

The PCR products were subsequently digested 
overnight with PvuII (for rs3761547) and PstI (for 
rs3761548) restriction enzymes at 37 °C (Thermo 
Fisher Scientific BioSciences, Germany). PCR frag-
ments were separated by electrophoresis in 3% agarose 
gel stained with ethidium bromide and visualized 
under the UV-transilluminator.

The PCR-RFLP method was also used to genotype 
rs3135388 SNP, which serves as a  specific surrogate 
marker for the major MS risk allele HLA-DRB1*15:01 
(de Bakker et al 2006; International Multiple Sclerosis 
Genetics Consortium et al 2007). The primer sequences 
with PCR cycling and restriction conditions were 
described in detail elsewhere (Benešová et al 2013).

Statistical analyses
Differences in categorical variables (gender, MS course, 
HLA-DRB1*15:01 positivity, FOXP3 allele frequencies) 
between the study groups were compared using the 
chi-square test, whereas differences in continuous vari-
ables (age, age of onset, disease duration, EDSS, MSSS 
and PI) were assessed by Welch’s corrected t test. The 
analyses were performed with InStat statistical soft-
ware (GraphPad Software, Inc. San Diego, USA). Gen-
otypes of both FOXP3 polymorphisms were tested for 
departure from Hardy-Weinberg equilibrium (HWE) 
using the χ2 goodness-of-fit test with 1 degree of free-
dom. The association between FOXP3 polymorphisms 
and susceptibility to MS was examined separately in 
males and females by logistic regression analysis with 
adjustment for age and HLA-DRB1*15:01 carriage 
status as possible confouding variables. The P, odds 
ratio (OR) and 95% confidence interval (CI) values 
were computed for the effects of genotypes in co-dom-
inat, dominant and recessive inheritance models. The 
analyses were performed with SNPStats web software 
available at http://bioinfo.iconcologia.net/snpstats/
start.htm (Solé et al 2006). Correction for multiple 
testing was performed by a matrix spectral decomposi-
tion method (http://neurogenetics.qimrberghofer.edu.
au/matSpD/), which employes linkage disequilibrium 
(LD) data to set a new significance threshold adjusted 
for number of independent test performed (Nyholt 
2004).

Results
The presence of HLA-DRB1*15:01 allele as the single 
strongest known genetic risk factor for MS was deter-
mined by genotyping the specific tag polymorphism 
rs3135388 C/T. Carriers of rs3135388 T allele that 

Tab. 1. Demographic and clinical data of MS patients and controls.

Parameter
MS patients total

(n=536)
MS females

(n=375)
MS males

(n=161)
Controls
(n=667)

Age, mean ± SD (years) 40.9±10.6 41.4±10.5 40.0±10.9 39.6±15.4

Sex, female/male 375/161a 375 161 426/241

Age at onset, mean ± SD (years) 29.4±9.8 29.4±9.6 29.4±10.2 –

MS form, RR/SP 472/64 331/44 141/20 –

Disease duration, mean ± SD (years) 11.6±5.9 11.9±5.9 10.9±5.8 –

EDSS, mean ± SD 3.49±1.50 3.47±1.43 3.53±1.66 –

MSSS, mean ± SD 4.28±2.07 4.19±1.96 4.51±2.31 –

PI, mean ± SD 0.37±0.25 0.36±0.23 0.41±0.29 –

HLA-DRB1*15:01 positivity, yes/no 277/259b 200/175 77/84 132/535

EDSS, Expanded Disability Status Scale; MS, multiple sclerosis; MSSS, Multiple Sclerosis Severity Score; PI, progression index; RR, relapsing-
remitting; SD, standard deviation; SP, secondary progressive; aMS patients total vs. controls: p=0.026; bMS patients total vs. controls: 
p<0.0001
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corresponds with HLA-DRB1*15:01 were significantly 
more frequent among MS patients than in healthy con-
trols (51.68% vs. 19.79%, p<0.0001), and the carriage of 
at least one copy of HLA-DRB1*15:01 allele was associ-
ated with significantly increased risk of MS (OR=4.34, 
95% CI=3.36–5.59). The HLA-DRB1*15:01 carriage 
status was therefore used as a  possible confounding 
variable in subsequent association analyses of FOXP3 
polymorphisms.

The comparison of clinical parameters between male 
and female MS patients revealed no significant differ-
ences in age at disease onset, MS form, EDSS, MSSS and 
PI scores, although a  tendency towards higher rate of 
disability accumulation (p=0.10 for PI) and higher MS 
severity (p=0.17 for MSSS) could be seen in male MS 
subgroup (Table 1).

As males carry only one copy of the X-chromosome, 
the deviation of genotype distribution from Hardy-
Weinberg equilibrium was tested in females only. 
Both rs3761547 and rs3761548 showed no significant 
departure from HWE neither in patients (p=0.975 for 
rs3761547, p=0.552 for rs3761548) nor in the control 
group (p=0.127 for rs3761547, p=0.450 for rs3761548). 
Matrix spectral decomposition method was used to 

correct for multiple comparisons, utilizing the LD cor-
relation matrix value r for the calculation of effective 
number of independent variables (Veff). The new sig-
nificance threshold was then determined by dividing 
the nominal significance value 0.05 by Veff. As Veff 
computed for the two FOXP3 polymorphisms was 
1.914, only p-values ≤0.026 were further considered 
statistically significant. Comparison of allele frequen-
cies showed no significant differences between female 
patient and control groups neither in FOXP3 rs3761548 
polymorphism (minor allele A  frequency 43.87% in 
patients vs. 42.84% in controls; p=0.68; OR=1.04) nor in 
rs3761547 (minor allele G frequency 10.40% vs. 10.80%; 
p=0.80; OR=0.96). In accordance, logistic regression 
analysis adjusted for HLA-DRB1*15:01 carrier status 
and age revealed no significant association between MS 
and studied FOXP3 polymorphisms in female subjects 
(Table 2). Similarly to females, the regression analysis of 
both FOXP3 polymorphisms in males found no signifi-
cant association with the disease neither in rs3761548 
(allele A  frequency 45.34% in patients vs. 44.40% in 
controls; p=0.61; OR=1.11) nor in rs3761547 (minor 
allele G frequency 8.70% vs. 12.03%; p=0.17; OR=0.61) 
(Table 3).

Tab. 2. Allele and genotype frequencies of FOXP3 rs3761548 and rs3761547 polymorphisms in female patients with multiple sclerosis and 
control subjects.

Allele / genotype Model
MS patients

(n=375)
Controls
(n=426) p-value OR (95% CI)

rs3761548

C allelic 421 (56.13%) 487 (57.16%) reference

A 329 (43.87%) 365 (42.84%) 0.68 1.04 (0.86–1.27)

CC co-dominant 121 (32.27%) 143 (33.57%) reference

AC 179 (47.73%) 201 (47.18%) 0.86 1.08 (0.77–1.51)

AA 75 (20.00%) 82 (19.25%) 1.12 (0.73–1.71)

CC dominant 121 (32.27%) 143 (33.57%) reference

AC + AA 254 (67.73%) 283 (66.43%) 0.60 1.09 (0.79–1.49)

CC + AC recessive 300 (80.00%) 344 (80.75%) reference

AA 75 (20.00%) 82 (19.25%) 0.71 1.07 (0.74–1.56)

rs3761547

A allelic 672 (89.60%) 760 (89.20%) reference

G 78 (10.40%) 92 (10.80%) 0.80 0.96 (0.70–1.32)

AA co-dominant 301 (80.27%) 342 (80.28%) reference

AG 70 (18.67%) 76 (17.84%) 0.47 1.04 (0.71–1.54)

GG 4 (1.07%) 8 (1.88%) 0.47 (0.13–1.70)

AA dominant 301 (80.27%) 342 (80.28%) reference

AG + GG 74 (19.73%) 84 (19.72%) 0.93 0.98 (0.68–1.43)

AA + AG recessive 371 (98.93%) 418 (98.12%) reference

GG 4 (1.07%) 8 (1.88%) 0.23 0.46 (0.13–1.68)

Allele and genotype frequencies are presented as absolute numbers with percentage in parentheses. OR – odds ratio; CI – confidence 
interval; P, OR and 95% CI values adjusted for age and HLA-DRB1*15:01 positivity
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Discussion
Forkhead box P3 (Foxp3) is a member of the forkhead 
winged-helix transcription-factor family that acts as a 
transcriptional regulator required for the development 
and inhibitory function of thymus-derived natural 
(nTreg), peripheral (pTreg) and induced regulatory T 
cells (iTreg). FoxP3 occupies the promoter for various 
genes involved in T cell function and T cell receptor 
(TCR) signalling, and can act either as a transcrip-
tional repressor or a transcriptional activator (Wu et al 
2006; Bacchetta et al 2016). FoxP3+ Treg lineages play 
a critical role in immune regulation and maintaining 
immunological unresponsiveness to self-antigens, and 
quantitative and functional abnormalities of Treg cells 
may lead to defects of immune tolerance and abnor-
mal immune responses to self-antigens, thus result-
ing in various autoimmune diseases (Oda et al 2013; 
Pesenacker et al 2016; Tao et al 2016). The essential role 
of FoxP3 and Tregs in the control of autoimmunity can 
be illustrated by an example of immune dysregulation, 
polyendocrinopathy, enteropathy, X-linked (IPEX) 
syndrome, a  rare fatal disorer caused by monogenic 
mutations in FOXP3 causing absent or poorly func-
tional FoxP3 protein, a lack of normal Tregs, and the 
consequent development of aggressive multi-system 
autoimmune features (Bennet et al 2001; Gambineri et 
al 2003).

The human FOXP3 gene is located at the small arm 
of the X chromosome (Xp11.23) and contains 11 coding 
exons and 3 non-coding exons in the 5’ upstream region. 
More than a hundred single nucleotide polymorphisms 
(SNP) have been described in various regions of the 
FOXP3 gene, such as the promoter, introns and exons, 
with possible effects on gene expression, expression 
of micro-RNA (miRNA), gene splicing or encoded 
protein structure and activity (Marques et al 2015). In 
this manner, some polymorphisms may change FoxP3 
functionally or quantitatively, thus leading to the rela-
tive lack of functional CD4+CD25+FoxP3+Tregs and 
insufficient control of activated effector CD4+ T cells, 
what eventually facilitates the development of autoim-

mune diseases (Oda et al 2013). Indeed, various genetic 
polymorphisms of FOXP3 have been widely studied in 
the context of autoimmune diseases, and their associa-
tion was observed with vitiligo (Birlea et al 2011; Jahan 
et al 2013; Song et al 2013; Chang et al 2014), psoriasis 
(Gao et al 2010; Song et al 2012), type 1 diabetes (Bas-
suny et al 2003; Iwase et al 2009), systemic sclerosis 
(D’Amico et al 2013), primary biliary cirrhosis (Park 
et al 2005), Behçet’s disease (Hosseini et al 2015), and 
autoimmune thyroid diseases (Ban et al 2007; Inoue et 
al 2010; Bossowski et al 2014).

In this study, we have focused on two selected poly-
morphisms, namely rs3761547 and rs3761548, and 
their role in genetic susceptibility to MS. They are both 
located in the 5’ upstream intron between non-coding 
exons -2b and -1, in the proximity of conserved non-
coding sequences CNS1 and CNS2 that contain his-
tone acetylation domains and CpG methylation sites 
for epigenetic regulation of gene expression (Marques 
et al 2015; Tao et al 2016). The functional impact of the 
two polymorphisms is unclear, but it can be hypoth-
esized that they may potentially alter gene expression 
by affecting RNA splicing, epigenetic modification, 
cis-regulatory elements or binding of transcription 
factors to their binding sites (Cooper 2010). Recently, 
in silico transcriptional-factor binding site analysis 
suggested that rs3761548 SNP occurs within the puta-
tive binding site for the transcription factor specificity 
protein 1 (Sp1). It is possible that C to A substitution 
interferes with the interaction of Sp1 with its binding 
site, thereby affecting FoxP3 expression (Song et al 
2013). In line with this hypothesis, several studies sug-
gested that rs3761548 is associated with an increased 
risk of vitiligo (Jahan et al 2013; Song et al 2013); pso-
riasis (Gao et al 2010), Behçet’s disease (Hosseini et al 
2015), and development and intractability of Graves’ 
disease (Inoue et al 2010). In support of these findings, 
a recent meta-analysis of various autoimmune diseases 
(Graves’ disease, Hashimoto’s disease, Crohn’s disease, 
primary biliary cirrhosis, myasthenia gravis, alopecia 
areata, psoriasis, and vitiligo) demonstrated that FoxP3 
rs3761548 polymorphism might contribute to AD sus-

Tab. 3. Allele frequencies of FOXP3 rs3761548 and rs3761547 polymorphisms in male patients with multiple sclerosis and control subjects 

Allele
MS patients

(n=161)
Controls
(n=241) p-value OR (95% CI)

rs3761548

C 88 (54.66%) 134 (55.60%) reference

A 73 (45.34%) 107 (44.40%) 0.61 1.11 (0.73–1.70)

rs3761547

A 147 (91.30%) 212 (87.97%) reference

G 14 (8.70%) 29 (12.03%) 0.17 0.61 (0.30–1.24)

Allele and frequencies are presented as absolute numbers with percentage in parentheses. OR – odds ratio; CI – confidence interval
P, OR and 95% CI values adjusted for age and HLA-DRB1*15:01 positivity
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ceptibility (He et al 2013). The role of rs3761547 in 
the genetic susceptibility to autoimmunity is less well 
known, although some studies reported its association 
with vitiligo (Birlea et al 2011) and psoriasis (Song et 
al 2012). 

In this case–control study, we have demonstrated 
that none of the two FOXP3 gene polymorphisms 
rs3761547 and rs3761548 contributes to the genetic 
predisposition to MS in the Slovak population. To the 
best of our knowledge, this is the first study to investi-
gate the relationship between FOXP3 polymorphisms 
and the risk of developing MS in Slovaks. Our findings 
are in agreement with the results of recent study which 
reanalyzed data from 16 GWAS of different autoim-
mune and related diseases, including two GWAS of MS 
(Baranzini et al 2009; International Multiple Sclerosis 
Genetics Consortium et al 2011), and found no evi-
dence of association of FOXP3 gene polymorphisms 
with MS in Caucasian populations of European origin 
(Chang et al 2014). In contrast to these studies, Jafarza-
deh et al (2015) found an association between FOXP3 
rs3761548 and MS in the Iranian population, with allele 
A being the risk allele. This result was further supported 
by another Iranian study, which also observed the asso-
ciation between MS and rs3761548 A allele (Eftekhar-
ian et al 2016). Interestingly, no such association was 
found in the third Iranian study (Gholami et al 2016). 
Moreover, two of these studies also reported that other 
FOXP3 polymorphism, namely rs2232365, may also 
contribute to MS susceptibility (Eftekharian et al 2016; 
Gholami et al 2016). Several factors may account for 
these observed discrepancies, most notably inter-ethnic 
genetic differences; other possible explanations include 
smaller sample sizes in some of the studies resulting in 
insufficient statistical power and increased risk of false 
positive results, differences in inclusion criteria, study 
design and statistical approach, etc.

In summary, the results of the current study sug-
gest that common FOXP3 polymorphisms rs3761548 
and rs3761547 do not confer susceptibility to multiple 
sclerosis in the Slovak population. Although our results 
support the outcome of recent large GWAS of MS, the 
role of FOXP3 variations in the genetic architecture of 
MS cannot be fully ruled out yet. It is possible that their 
actual impact on disease susceptibility and course will 
be significantly affected by ethnic and geographical dif-
ferences, various environmental modifiers and mutual 
complex interactions between numerous gene varia-
tions. Therefore further independent studies with larger 
cohorts and including other polymorphisms within and 
outside the FOXP3 gene are warranted to fully disclose 
its role in the genetic predisposition and pathogenesis 
of MS.

Acknowledgement
This work was supported by Comenius University 
Grant UK/336/2015. 

Disclosure: The authors declare that they have no con-
flict of interest.

REFERENCES

1  Bacchetta R, Barzaghi F, Roncarolo MG (2016). From IPEX syn-
drome to FOXP3 mutation: a lesson on immune dysregulation. 
Ann N Y Acad Sci. doi: 10.1111/nyas.13011. Epub ahead of print.

2  Ban Y, Tozaki T, Tobe T, Jacobson EM, Concepcion ES, Tomer Y 
(2007). The regulatory T cell gene FOXP3 and genetic susceptibil-
ity to thyroid autoimmunity: an association analysis in Caucasian 
and Japanese cohorts. J Autoimmun. 28: 201–207.

3  Baranzini SE, Wang J, Gibson RA, Galwey N, Naegelin Y, Barkhof 
F, et al (2009). Genome-wide association analysis of susceptibility 
and clinical phenotype in multiple sclerosis. Hum Mol Genet. 18: 
767–778.

4  Bassuny WM, Ihara K, Sasaki Y, Kuromaru R, Kohno H, Matsuura 
N, Hara T (2003). A functional polymorphism in the promoter/
enhancer region of the FOXP3/Scurfin gene associated with type 
1 diabetes. Immunogenetics. 55: 149–156.

5  Bearoff F, Case LK, Krementsov DN, Wall EH, Saligrama N, Blan-
kenhorn EP, Teuscher C (2015). Identification of genetic determi-
nants of the sexual dimorphism in CNS autoimmunity. PLoS One. 
10: e0117993.

6  Benešová Y, Vašků A, Štourač P, Hladíková M, Fiala A, Bednařík J 
(2013) Association of HLA-DRB1*1501 tagging rs3135388 gene 
polymorphism with multiple sclerosis. J Neuroimmunol. 255: 
92–96.

7  Bennett CL, Christie J, Ramsdell F, Brunkow ME, Ferguson PJ, 
Whitesell L, et al (2001). The immune dysregulation, polyendo-
crinopathy, enteropathy, X-linked syndrome (IPEX) is caused by 
mutations of FOXP3. Nat Genet. 27: 20–21.

8  Birlea SA, Jin Y, Bennett DC, Herbstman DM, Wallace MR, McCor-
mack WT, et al (2011). Comprehensive association analysis of 
candidate genes for generalized vitiligo supports XBP1, FOXP3, 
and TSLP. J Invest Dermatol. 131: 371–381.

9  Bos SD, Berge T, Celius EG, Harbo HF (2016). From genetic asso-
ciations to functional studies in multiple sclerosis. Eur J Neurol. 
23: 847–853.

10  Bossowski A, Borysewicz-Sańczyk H, Wawrusiewicz-Kurylonek 
N, Zasim A, Szalecki M, Wikiera B, et al (2014). Analysis of chosen 
polymorphisms in FoxP3 gene in children and adolescents with 
autoimmune thyroid diseases. Autoimmunity. 47: 395–400.

11  Chang D, Gao F, Slavney A, Ma L, Waldman YY, Sams AJ, et al 
(2014). Accounting for eXentricities: analysis of the X chromo-
some in GWAS reveals X-linked genes implicated in autoimmune 
diseases. PLoS One. 9: e113684.

12  Cooper DN (2010). Functional intronic polymorphisms: Buried 
treasure awaiting discovery within our genes. Hum Genomics. 4: 
284–288.

13  D’Amico F, Skarmoutsou E, Marchinib M, Malaponte G, Caronni 
M, Scorza R, Mazzarino MC (2013). Genetic polymorphisms of 
FOXP3 in Italian patients with systemic sclerosis. Immunol Lett. 
152: 109–113.

14  de Bakker PI, McVean G, Sabeti PC, Miretti MM, Green T, Marchini 
J, et al (2006). A high-resolution HLA and SNP haplotype map for 
disease association studies in the extended human MHC. Nat 
Genet. 38: 1166–1172.

15  Dendrou CA, Fugger L, Friese MA (2015). Immunopathology of 
multiple sclerosis. Nat Rev Immunol. 15: 545–558.

16  Eftekharian MM, Sayad A, Omrani MD, Ghannad MS, Noroozi R, 
Mazdeh M, et al (2016). Single nucleotide polymorphisms in the 
FOXP3 gene are associated with increased risk of relapsing-
remitting multiple sclerosis. Hum Antibodies. doi: 10.3233/HAB-
160299. Epub ahead of print.

17  Gambineri E, Torgerson TR, Ochs HD (2003). Immune dysregula-
tion, polyendocrinopathy, enteropathy, and X-linked inheritance 
(IPEX), a syndrome of systemic autoimmunity caused by muta-
tions of FOXP3, a critical regulator of T-cell homeostasis. Curr 
Opin Rheumatol. 15: 430–435.



15Act Nerv Super Rediviva Vol. 59 No. 1 2017

FOXP3 polymorphisms in MS susceptibility

18  Gao F, Chang D, Biddanda A, Ma L, Guo Y, Zhou Z, Keinan A 
(2015). XWAS: A Software Toolset for Genetic Data Analysis 
and Association Studies of the X Chromosome. J Hered. 106: 
666–671.

19  Gao L, Li K, Li F, Li H, Liu L, Wang L, et al (2010) Polymorphisms 
in the FOXP3 gene in Han Chinese psoriasis patients. J Dermatol 
Sci. 57: 51–56.

20  Gholami M, Darvish H, Ahmadi H, Rahimi-Aliabadi S, Emamal-
izadeh B, Eslami Amirabadi MR, et al (2016). Functional Genetic 
Variants of FOXP3 and Risk of Multiple Sclerosis. Iran Red Crescent 
Med J. (In Press): e34597.

21  He Y, Na H, Li Y, Qiu Z, Li W (2013). FoxP3 rs3761548 polymor-
phism predicts autoimmune disease susceptibility: a meta-
analysis. Hum Immunol. 74: 1665–1671.

22  Hollenbach JA & Oksenberg JR (2015). The immunogenetics of 
multiple sclerosis: A comprehensive review. J Autoimmun. 64: 
13–25.

23  Hori I, Nomura T, Sakaguchi S (2003). Control of regulatory T cell 
development by the transcription factor Foxp3. Science. 299: 
1057–1061.

24  Hosseini A, Shanehbandi D, Estiar MA, Gholizadeh S, Khabbazi A, 
Khodadadi H, et al (2015). A Single Nucleotide Polymorphism in 
the FOXP3 Gene Associated with Behçet’s Disease in an Iranian 
Population. Clin Lab. 61: 1897–1903.

25  Inoue N, Watanabe M, Morita M, Tomizawa R, Akamizu T, Tatsumi 
K, et al (2010). Association of functional polymorphisms related 
to the transcriptional level of FOXP3 with prognosis of autoim-
mune thyroid diseases. Clin Exp Immunol. 162: 402–406.

26  International Multiple Sclerosis Genetics Consortium (IMSGC), 
Beecham AH, Patsopoulos NA, Xifara DK, Davis MF, Kemppinen 
A,  et al (2013). Analysis of immune-related loci identifies 48 
new susceptibility variants for multiple sclerosis. Nat Genet. 45: 
1353–1360.

27  International Multiple Sclerosis Genetics Consortium, Hafler 
DA, Compston A, Sawcer S, Lander ES, Daly MJ, et al (2007). Risk 
alleles for multiple sclerosis identified by a genomewide study. 
N Engl J Med. 357: 851–862.

28  International Multiple Sclerosis Genetics Consortium, Wellcome 
Trust Case Control Consortium 2, Sawcer S, Hellenthal G, Pirinen 
M, Spencer CHCA, et al (2011). Genetic risk and a primary role for 
cell-mediated immune mechanisms in multiple sclerosis. Nature. 
476: 214–219.

29  Iwase K, Shimada A, Kawai T, Okubo Y, Kanazawa Y, Irie J, et al 
(2009). FOXP3/Scurfin gene polymorphism is associated with 
adult onset type 1 diabetes in Japanese, especially in women 
and slowly progressive-type patients. Autoimmunity. 42: 159–
167.

30  Jafarzadeh A, Jamali M, Mahdavi R, Ebrahimi HA, Hajghani H, 
Khosravimashizi A,  et al (2015). Circulating levels of interleu-
kin-35 in patients with multiple sclerosis: evaluation of the influ-
ences of FOXP3 gene polymorphism and treatment program. J 
Mol Neurosci. 55: 891–897.

31  Jahan P, Cheruvu R, Tippisetty S, Komaravalli PL, Valluri V, Ishaq 
M (2013). Association of FOXP3 (rs3761548) promoter polymor-
phism with nondermatomal vitiligo: A study from India. J Am 
Acad Dermatol. 69: 262–266.

32  Kurtzke JF (1983). Rating neurologic impairment in multiple 
sclerosis: an expanded disability status scale (EDSS). Neurology. 
33: 1444–1452.

33  Marques CR, Costa RS, Costa GN, da Silva TM, Teixeira TO, de 
Andrade EM, et al (2015). Genetic and epigenetic studies of 
FOXP3 in asthma and allergy. Asthma Res Pract. 1: 10.

34  McDonald WI, Compston A, Edan G, Goodkin D, Hartung HP, 
Lublin FD, et al (2001). Recommended diagnostic criteria for mul-
tiple sclerosis: guidelines from the International Panel on the 
Diagnosis of Multiple Sclerosis. Ann Neurol. 50: 121–127.

35  Nyholt DR (2004). A  simple correction for multiple testing for 
single-nucleotide polymorphisms in linkage disequilibrium with 
each other. Am J Hum Genet. 74: 765–769.

36  Oda JM, Hirata BK, Guembarovski RL, Watanabe MA (2013). 
Genetic polymorphism in FOXP3 gene: imbalance in regulatory 
T-cell role and development of human diseases. J Genet. 92: 
163–171.

37  Park O, Grishina I, Leung PS, Gershwin ME, Prindiville T (2005). 
Analysis of the Foxp3/scurfin gene in Crohn’s disease. Ann N Y 
Acad Sci. 1051: 218–228.

38  Pesenacker AM, Cook L, Levings MK (2016). The role of FOXP3 in 
autoimmunity. Curr Opin Immunol. 43: 16–23.

39  Polman CH, Reingold SC, Banwell B, Clanet M, Cohen JA, Filippi 
M, et al (2011). Diagnostic criteria for multiple sclerosis: 2010 
revisions to the McDonald criteria. Ann Neurol. 69: 292–302.

40  Roxburgh RH, Seaman SR, Masterman T, Hensiek AE, Sawcer SJ, 
Vukusic S,  et al (2005). Multiple Sclerosis Severity Score: using 
disability and disease duration to rate disease severity. Neurol-
ogy. 64: 1144–1151.

41  Sambrook J & Russel DW (2001). 1957 - & Cold Spring Harbor 
Laboratory. Molecular cloning: a laboratory munual. 3rd ed. Cold 
Spring Harbor, New York: Cold Spring Harbor Laboratory.

42  Sawcer S, Franklin RJ, Ban M (2014). Multiple sclerosis genetics. 
Lancet Neurol. 13: 700–709.

43  Schmidt H, Williamson D, Ashley-Koch A (2007). HLA-DR15 hap-
lotype and multiple sclerosis: a  HuGE review. Am J Epidemiol. 
165: 1097–1109.

44  Solé X, Guinó E, Valls J, Iniesta R, Moreno V (2006). SNPStats: 
a web tool for the analysis of association studies. Bioinformatics. 
22: 1928–1929.

45  Song P, Wang XW, Li HX, Li K, Liu L, Wei C, et al (2013). Association 
between FOXP3 polymorphisms and vitiligo in a Han Chinese 
population. Br J Dermatol. 169: 571–578.

46  Song QH, Shen Z, Xing XJ, Yin R, Wu YZ, You Y, et al (2012). An 
association study of single nucleotide polymorphisms of the 
FOXP3 intron-1 and the risk of Psoriasis vulgaris. Indian J Bio-
chem Biophys. 49: 25–35.

47  Tao JH, Cheng M, Tang JP, Liu Q, Pan F, Li XP (2016). Foxp3, 
Regulatory T Cell, and Autoimmune Diseases. Inflammation. doi: 
10.1007/s10753-016-0470-8. Epub ahead of print.

48  Viglietta V, Baecher-Allan C, Weiner HI, Hafler DA (2004). Loss 
of functional supression by CD4+CD25+ regulatory T cells from 
patients with multiple sclerosis. J Exp Med. 199: 971–979.

49  Weisert R (2013). The immune pathogenesis of multiple sclero-
sis. J Neuroimmune Pharmacol. 8: 857–866.

50  Wu Y, Borde M, Heissmeyer V, Feuerer M, Lapan AD, Stroud JC, 
et al (2006). FOXP3 controls regulatory T cell function through 
cooperation with NFAT. Cell. 126: 375–387.

51  Yadav SK, Mindur JE, Ito K, Dhib-Jalbut S (2015). Advances in the 
immunopathogenesis of multiple sclerosis. Curr Opin Neurol. 28: 
206–219.


