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Single nucleotide polymorphisms in the promoter regions
of Foxp3 and ICOSLG genes are associated with Alopecia Areata
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Abstract Alopecia areata (AA), an autoimmune disease
affecting anagen stage hair follicles, is associated with
polymorphisms in immune-related genes and with
decreased number of CD4+4 CD25+ T regulatory cells
(Treg). Treg function is modulated by the forkhead box
protein 3 (FOXP3) transcription factor and by inducible
costimulator (ICOS), through interaction with the relative
ligand, ICOSLG, whose genes are polymorphic. The aim of
the study was to investigate whether specific single nucle-
otide polymorphisms (SNPs) of the rs2294020 FOXP3 and/
or 1s378299 ICOSLG genes may be associated with AA. A
case—control study was performed in 120 AA patients and
84 controls. SNPs were analyzed by gene sequencing.
FOXP3 and ICOSLG gene expressions were analyzed by
real-time PCR. Increased frequencies of the genotype car-
rying the FOXP3 rs2294020-3675(A) [P = 0.002, OR
(95 % CI): 2.55 (1.2-2.7)] or the ICOSLG rs378299-
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509(C) [P = 0.01, OR (95 % CI): 2.21 (1.1-2.6)] allelic
variants were observed in AA patients than in controls.
The genotype carrying the combination of the FOXP3
1s2294020-3675(A) and ICOSLG rs378299-509(C) allelic
variants with the HLA DQB1*03 allele was more fre-
quently present in AA patients than in controls (P = 0.04).
The presence of the FOXP3 rs2294020-3675(A) or the I-
COSLG 1s378299-509(C) allelic variant was associated
with reduced relative gene expression in AA patients. These
data suggest that rs2294020 SNP of FOXP3 gene and
rs378299 SNP of ICOSLG gene are associated with AA and
with a reduced expression of the FOXP3 and ICOSLG
genes in alopecia patients.

Keywords FOXP3 - ICOSL - Alopecia Areata - Single
nucleotide polymorphisms - Autoimmunity - T regulatory
cells

Introduction

Alopecia Areata (AA) is a common skin disease, present-
ing with patchy hair loss, that affects approximately 1-2 %
of the general population [1-3]. AA is thought to be a
tissue-specific autoimmune disease in which the mecha-
nism of hair follicle destruction is immunologically med-
iated and controlled by activated T cells. Indeed, focal T
lymphocytes infiltration [4] and deposition of hair follicle-
specific autoantibodies [5] are present in anagen stage
(growing) hair follicles. Susceptibility to AA has been
referred to a polygenic complex [6, 7] comprising immune
system genes coding for the human leukocyte antigens
(HLA) or other immune-related gene products [8, 9].
Regulatory T lymphocytes (Treg) are involved in the
control of immune homeostasis by preventing autoimmune
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diseases [10]. Accordingly, in the C3H/HeJ mouse model
for AA, Treg alterations have been observed in the skin and
in draining lymph nodes [11]. Treg are commonly identi-
fied by the intracellular expression of forkhead box P3
transcription factor (FOXP3) that controls their develop-
ment and function [12-15]. Mutations in human FOXP3
gene cause the IPEX syndrome [16], while its polymor-
phisms are associated with immune-mediated diseases
[17-20].

Upon activation, Treg also express the inducible costi-
mulator (ICOS) [21], a receptor that modulates their
function [22]. ICOS binds to a unique ligand, ICOS ligand
(ICOSLG) [23, 24]. In mouse models of autoimmunity,
Treg expressing ICOS were shown to produce IL-10 and to
control autoreactive T cells in the invaded organ [25].

In this study, we explored the possibility that one spe-
cific single nucleotide polymorphism (SNP) in the pro-
moter regions of FOXP3 (rs2294020) and ICOSLG
(rs378299) genes could be associated with AA develop-
ment. These SNPs were selected because they are the only
non-intronic SNPs present with high frequency in the
European population as reported in HapMap SNPs data-
base (by UCSC and NCBI). Hence, these SNPs, being
located in the promoter regions of FOXP3 and ICOSLG
genes, may have a functional role directly correlated with
the level of gene transcription and mRNA expression.
Moreover, the presence and frequency of these polymor-
phisms were correlated with those of the DQB1*03(DQ7)
allele, which was recently recognized as a predisposing
allele for the disease in the Italian population of AA
patients [8]. The results show the strong association
between AA and both FOXP3 and ICOSLG gene SNPs,
whose presence also correlated with the DQB1*03(DQ7)
allele. Moreover, they demonstrate that FOXP3 and
ICOSLG gene expression is lower in AA patients than in
healthy controls.

Methods
Patients and controls

One hundred and twenty patients affected with AA (27
males and 93 females, age ranging from 7 to 60 years, 43
with patchy AA, 48 with universalis AA and 28 with totalis
AA) and 84 healthy controls (24 males and 60 females, age
ranging from 15 to 75 years) from the same ethnic area
were analyzed in a case—control study. Patients were
recruited from the Department of Internal Medicine and
Medical Specialities, ‘Sapienza’ University of Rome and
from Associazione Nazionale Alopecia Areata. In Megi-
orni et al. [8] study, 96 of these patients had been already
genotyped for HLA-DQB1*03(DQ7) polymorphism. The
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diagnosis of AA was performed according to specific cri-
teria [26]. As controls, we enrolled healthy individuals who
had not been affected by any autoimmune disease. The
study was approved by the local ethics committee and has
been performed in accordance with the 1964 Declaration of
Helsinki and its later amendments. Informed consent was
obtained from each participant.

Power calculation

We estimated that a sample size of 120 patients and 84
unmatched controls gives a power of 80 % in detecting a
difference of allelic frequency between cases and controls
from 5 to 15 % at a significance level of 5 %.

Gene sequencing

DNA was extracted from the peripheral blood cells by the
DNA blood extraction kit (Qiagen, Valencia, CA.). The
promoter regions of the FOXP3 and ICOSLG genes, con-
taining the rs2294020 (A-3675G) and rs378299 (C-509T)
SNPs, respectively, were PCR amplified using primers
specifically designed to cover the —3925 to —3605 gene
region for FOXP3 and the —566 to —229 gene region for
ICOSLG gene. PCR conditions were optimized using
various magnesium concentrations and annealing temper-
atures. Genomic DNA (100 ng) was run in each PCR. PCR
products were purified from primers by the UltraClean
PCR Clean-up Sample Kit (CABRU, Milan, Italy), auto-
matically sequenced using the ABI BigDye Terminator
Ready Reaction Mix (Applied Biosystems, Foster City,
CA), and analyzed by an ABI 3130XL Genetic Analyzer
(Applied Biosystems, Foster City, CA) according to the
manufacturer’s protocol.

Expression analysis of FOXP3 and ICOSLG genes

Twenty-five patients and 20 healthy controls were recruited
for gene expression analysis. Peripheral blood mononu-
clear cells (PBMC) were isolated from heparinized venous
blood by a standard Ficoll-Hypaque density centrifugation
(Biochrom, Berlin, Germany).

FOXP3 (GenBank accession no. AF277993) and
ICOSLG (GenBank accession no. AF289028) gene
expression were analyzed by PCR and real-time PCR as
follows. Forty-eight microliters of total RNA, isolated
using the OMNIZOL RNA Isolation kit (EuroClone, Pero-
Milan, IT), was treated with 6 U DNase I and reverse
transcribed into cDNA using Oligo(dT) 20Primer and
Superscript II Reverse Transcriptase (Invitrogen, Carlsbad,
CA), followed by RNase H digestion. The amplification
was performed in a Thermalcycler (Eppendorf, Ham-
burg, Germany) under following conditions: a single
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denaturation step at 94 °C for 3 min followed by either 35
(for ICOSLG) or 30 (for FOXP3 and GAPDH) cycles at
94 °C for 1 min, then 62 °C for 1 min and 72 °C for
2 min, followed by a final extension step at 72 °C for
10 min. The following oligonucleotide pairs were used
(sense and antisense, respectively): FOXP3, 5'-TGACTTG
TCTGTATACTCTTG-3'and 5-TTTGCATGGTTCCCAC
CTATCC-3’; ICOSLG, 5'-GCTCCGATGATCTCCAGGA
CTT-3’ and 5GTGCAGCCTTTCCCAAACCAGC-3’; GA
PDH, 5'-GAGCAACAGGAAGTGGCTGTG-3' and 5'-TA
ATGCTTCCAGTTTACAAGTGGT-3'.

Quantitative real-time PCR was performed using the
LightCycler thermocycler, the SYBR Green Master Mix
(Roche Diagnostics, Ltd, Lewes, UK) and the above
described primers. Reaction products were separated on a
1.2 % agarose gel in TAE (40 mM Tris—acetate, 1 mM
EDTA) containing SYBR Safe DNA gel stain (Invitrogen,
Carlsbad, CA). FOXP3 and ICOSLG PCR products were
confirmed by sequence analysis. cDNA expression was
normalized to glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) expression.

Statistical analysis

Statistically significant differences between genotype fre-
quencies were assessed using univariate or multivariate
analyses such as the Fisher’s exact test for binary vari-
ables and the Student’s t test for continuous variables.
Odds ratio (ORs) and 95 % confidence intervals (CIs)
were calculated, and P values lower than 0.05 were con-
sidered statistically significant. Analyses were performed
using SPSS 13.0 and Graphpad Prism 4 softwares. A test
for the Hardy—Weinberg equilibrium was performed by
GenAlEx 6 software. Because multiple pair wise tests are
performed on a single set of data, taking into account
variables such as age, sex and alopecia subtypes, a Bon-
ferroni-adjusted significance level of 0.05 was calculated
to account for the increased possibility of obtaining false-
positive results.

Results

Frequency of rs2294020 FOXP3 and rs378299
ICOSLG SNPs in AA patients compared with controls

Genotypic and allelic frequencies of 1s2294020 and
rs378299 SNPs located in the promoter regions of FOXP3
and ICOSLG genes, respectively, were analyzed in AA
patients and in healthy controls.

The distribution of the rs2294020 and rs378299 geno-
types resulted in a Hardy—Weinberg equilibrium in both
patients and controls (data not shown). Using Bonferroni’s

analysis, the patients and controls subgroups were signifi-
cantly different for sex, age and Alopecia subtype (not
shown). Hence, we could perform our analyses only on the
total patient and control groups.

The possible genotypes for the rs2294020 FOXP3 SNP
are either G/G or A/A for homozygous subjects, and A/G
for heterozygous individuals. Considering together all
genotypes carrying the A allele, the frequency of A/A plus
A/G genotypes was higher in AA patients than in controls
(Fig. 1a; Table 1). In order to calculate the frequency of
the A allele in AA patients and in controls, female and
male subjects were separately analyzed since the FOXP3
gene is located in X-chromosomes. The allelic frequency of
the A allele was significantly higher in AA patients than in
controls (Fig. 1b; Table 2).

The possible genotypes for rs378299 ICOSLG SNP are
either T/T or C/C for homozygous subjects, and T/C for
heterozygous individuals. Considering together all geno-
types carrying the C allele, the frequency of C/C plus C/T
genotypes was higher in AA patients than in controls
(Fig. 1c; Table 1). Moreover, the allelic frequency of the C
allele was significantly higher in AA patients than in
controls (Fig. 1d; Table 2).

Frequency of co-association of 152294020 and rs378299
SNPs in the genome of AA patients and controls

Since each of the two studied SNPs resulted singularly
associated with AA, we questioned whether the co-inheri-
tance of the two SNPs in single genomes could be a more
frequent event in AA patients than in controls. Here, we
define as AC the allelic combination present in subjects
carrying the rs2294020-3675(A) allele of the FOXP3 gene
and the rs378299-509(C) allele of the ICOSLG gene. AC
allelic combination frequency was significantly higher in
subjects with AA than in healthy individuals (Table 3). No
statistically significant differences between patients and
controls were found when all the other possible allelic
combinations were considered (Table 3).

Frequency of co-association of 152294020 and rs378299
SNPs with HLA- DQB1*03 allele in the genome of AA
patients and controls

Since the HLA DQB1*03 allele, coding for DQ7 hetero-
dimers, has been recently recognized as a predisposing
allele to AA8, the existence of an association between the
combination of the rs2294020-3675(A) FOXP3, the
1rs378299-509(C) ICOSLG and the HLA DQB1*03(DQ7)
alleles with AA was analyzed. Here, we define as
AC*03pos the allelic combination that is present in sub-
jects who carry the rs2294020-3675(A), the 1s378299-
509(C) and the HLA-DQBI1*03(DQ7) alleles. The
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Fig. 1 Frequency of genotypes and allelic variants related to FOXP3
1rs2294020 or ICOSLG rs378299 SNPs in AA patients (AA pts) and
healthy controls (Ctrl). a FOXP3 rs2294020 genotypes; b FOXP3

Table 1 Association of AA with the rs2294020 A/A and A/G
FOXP3 genotypes or rs378299 C/C and C/T ICOSLG genotypes

Genotypes Odds ratio 95 % confidence P value
intervals

FOXP3 (A/A + A/G) 2.55 1.2,2.7 0.002

ICOSLG (C/C + C/T) 221 1.1, 2.6 0.01

Table 2 Association of AA with the rs2294020 FOXP3 A allele or
the rs378299 ICOSLG C allele

Allele QOdds ratio 95 % confidence intervals P value
FOXP3?* (A) 1.77 1.0, 2.9 0.02
ICOSLG (C) 1.89 1.1, 3.0 0.01

? Female and male subjects were separately analyzed since the
FOXP3 gene is located in X-chromosomes. The number of female
and male controls was 60 and 24, respectively; the number of female
and male AA patients was 93 and 27, respectively

o
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rs2294020 allelic variants; ¢ ICOSLG rs378299 genotypes; d ICOSLG
rs378299 allelic variants

frequency of AC*03pos allelic combination was signifi-
cantly higher in AA subjects than in healthy individuals
(Table 4). No statistically significant differences between
patients and controls were found when all the other pos-
sible allelic combinations were considered (not shown).

rs2294020-3675(A) FOXP3 and rs378299-
509(C) ICOSLG alleles correlate with reduced FOXP3
and ICOSLG expression

Since 152294020 and rs378299 SNPs are located in the
corresponding promoter regions of the FOXP3 and ICOS-
LG genes, it is reasonable to hypothesize that they could
modulate the relative gene expression. Hence, we analyzed
FOXP3 and ICOSLG mRNA levels in PBMC of AA
patients and controls carrying or not the —3675(A) or
—509(C) alleles of FOXP3 and ICOSLG genes, respec-
tively. Comparable levels of FOXP3 gene expression
were observed in controls bearing the FOXP3 A allele

Table 3 Frequencies of rs2294020 and rs378299 allelic combinations in AA patients and controls

Allelic combinations Patients (%) Controls (%) OR (95 % CI) P
1$2294020-3675(G) + rs378299-509(T): GT 31? 56.4 1 Ref. 1 Ref. 1 Ref.
1s2294020-3675(A) + rs378299-509(T): AT 26 19 0.3 0.1, 1.1 0.08
1rs2294020-3675(A) + rs378299-509(C): AC 22 7 2.1 1.0, 1.1 0.05
1$2294020-3675(G) + rs378299-509(C): GC 21 17.6 0.6 0.3, 2.0 0.1

4 Data are expressed as percentages of individuals carrying the indicated allelic combination among the total population of patients or controls
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Table 4 Frequencies of DQB1*03, rs2294020 and rs378299 SNPs
association in genotypes of alopecia patients and controls

Genotype Patients Controls OR 95 %CI) P
combinations (%) (%)

GT B1*03 neg” 52° 774 1 Ref. 1 Ref. 1 Ref.
ATB1#03 pos® 17 11.2 5.1 14,186 05
ACBI1#03 pos® 20 4 1.5 0.3, 8.0 0.04
GCB1*03 pos* 11 7.9 2.3 05,106 0.2

? GTB1*03 neg = rs2294020(G) + rs378299(T) + DQB1*03 negative
> ATB1*03 pos = 1s2294020(A) + 1s378299(T) + DQB1*03 positive
¢ ACB1*#03 pos = rs2294020(A) + rs378299(C) + DQB1*03 positive
4 GCB1*03 pos = 1s2294020(G) + rs378299(C) + DQB1*03 positive

¢ Data are expressed as percentages of individuals carrying the indicated
genotype combination among the total population of patients or controls

(A/JA + A/G) or only the G allele (G/G) (Fig. 2a).
Importantly, AA patients showed lower levels of FOXP3
expression independently from the carried FOXP3 A or G
allele (Fig. 2b, c¢). However, AA patients homozygotes or
heterozygotes for the rs2294020 A allele had lower FOXP3
mRNA levels than G/G homozygous patients (Fig. 2d).
Concerning ICOSLG gene expression, it was significantly
lower in patients carrying the rs378299-509(C) allele
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Fig. 2 Frequency of AA patients (AA pts) and healthy controls (Ctrl)
carrying or not the A allelic variant of the FOXP3 rs2294020 SNP
with high or low FOXP3 gene expression. Analyses were performed
on 24 AA patients and 20 controls. Early and late ranges of cycle
numbers of DNA amplification until threshold value were the
following: 10-16 (black bars) and 17-24 (white bars). Analyses

(C/C + C/T) with respect to those carrying only the reci-
procal —509(T) allele, although the opposite occurred in
healthy controls (Fig. 3a, b, c). Interestingly, the expression
of ICOSLG transcript was lower in patients homozygotes or
heterozygotes for the rs378299-509(C) allele than in T/T
homozygous cases (Fig. 3d).

Discussion

The results of this study show that: (a) the —3675(A) allelic
variant of the FOXP3 rs2294020 SNP and the —509(C) of
the ICOSLG rs378299 SNP are significantly more frequent,
singularly considered or in reciprocal combination, in
patients affected with AA than in healthy controls; (b) the
association of  rs2294020-3675(A) and rs378299-
509(C) allelic variants with the HLA DQB1*03(DQ?7) allele
is significantly more frequent in patients affected with AA
than in healthy controls; (c) rs2294020-3675(A) and
rs378299-509(C) allelic variants are associated with a
reduced expression of the relative genes in AA patients.
The discovery in the last decade of the relevant role
played by Treg in the homeostatic control of the immune
system elicited the hypothesis that autoimmune diseases
could be related to altered regulatory functions by Treg

b
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were performed comparing: a healthy controls carrying or not the A
allele; b healthy controls and AA patients both carrying the A allele;
¢ healthy controls and AA patients both carrying the G allele; d AA
patients carrying or not the A allele. Each sample was run in
triplicate, in parallel with no template controls. Normalization of the
expression data for the FOXP3 gene was realized with GAPDH
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Fig. 3 Frequency of AA patients (AA pts) and healthy controls (Ctrl)
carrying or not the C allelic variant of the ICOSLG rs378299 SNP
with high or low ICOSLG gene expression. Analyses were performed
on 24 AA patients and 20 controls. Early and late ranges of cycle
numbers of DNA amplification until threshold value were the
following: 16-20 (black bars) and 21-26 (white bars). Analyses

[10]. In this context, polymorphisms in the promoter region
of genes coding for molecules strictly linked to the function
of Treg may alter gene expression impacting on Treg
activity [27]. Indeed, polymorphisms in the FOXP3 pro-
moter gene sequence appear to confer a significant sus-
ceptibility to type 1 diabetes in the Japanese population
[28] or to be associated with an increased risk of psoriasis
in a Chinese population [29]. Our observation that the
rs2294020 SNP in the promoter region of the FOXP3 gene
is associated with AA is in line with the above consider-
ations. Importantly, the —3675(A) allelic variant of the
rs2294020 SNP was related to a reduced FOXP3 gene
expression than the corresponding —3675(G) allelic vari-
ant, thus suggesting that a reduced FOXP3 expression
predisposes to AA development through mechanisms likely
involving altered Treg cell maturation and function.
Indeed, no differences on FOXP3 expression were detected
between healthy subjects carrying either the —3675(A)
or the —3675(G) allele, while AA patients with the
—3675(A) allelic variant showed diminished gene expres-
sion than those with the corresponding —3675(G) allele.
This likely suggests that the —3675(A) allele, per sé con-
sidered, is not sufficient for determining a decreased gene
expression but that, if associated with other factors as in
AA patients, may induce the alteration.
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were performed comparing: a healthy controls carrying or not the C
allele; b healthy controls and AA patients both carrying the C allele;
¢ healthy controls and AA patients both carrying the T allele; d AA
patients carrying or not the C allele. Each sample was run in triplicate,
in parallel with no template controls. Normalization of the expression
data for the ICOSLG gene was realized with GAPDH

Polymorphisms of both ICOS and ICOSLG genes are
associated with autoimmune diseases [30, 31]. Indeed, our
data indicate an association between the 1s378299-
509(C) allelic variant with AA. Interestingly, in AA
patients, the presence of this allele was related to a reduced
gene expression, event that functionally may determine an
altered activation of Treg.

Interestingly, the association between the —3675(A)
allelic variant of the FOXP3 rs2294020 SNP and the
—509(C) of the ICOSLG rs378299 SNP was more frequent
in AA patients than in healthy controls, and the same
occurred considering also the HLA DQB1*03(DQ7) allele.

In conclusion, the present study suggests that FOXP3
and ICOSL polymorphisms, modulating the activity of
these immune-related genes, may predispose to AA by
decreasing FOXP3 and ICOSLG expression at mRNA
level. These findings need confirmation in a wider patient
population in which it would be also possible to verify
whether the studied FOXP3 and ICOSL polymorphisms
could be also associated with variables such as age and
alopecia subtypes. Our results enrich the available knowl-
edge on genetically determined mechanisms potentially
associated with AA, supporting the usefulness of screening
procedures in the search of the polymorphisms here
described in order to identify subjects with increased
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susceptibility to the disease who could take advantage from
preventive therapeutic intervention.
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