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Background Genetic factors have an important role in atopic dermatitis (AD) predisposition. Toll like receptor
(TLR) are important mediators between environment and immune system. There are incosnsitent studies about
TLSR polymorphisms in AD. Objective This study examined whether single nucleotide polimorphisms (SNPs) in the
genes for TLR2 and TLR4 could be associated with the AD phenotypes and with its clinical severity in a large group
of Italian children. Methods 187 children with Ad and 150 healthy children were recruited. AD severity was assessed
by SCORAD. TLR2 (A-16934T and R753Q polymorphisms) and TLR4 (D299G and T3991 SNPs) were genotyped
by PCR-RFLP. Results The frequency of the R753Q was significantly higher in AD children (16.0%) compared with
controls (6.0%, P =0.004; 0R2.99, 95%CI 1.39-6.41; RR 1.46, 95%CI 1.14-1.69). AD patients a significantly different
frequency of the D299G SNP (14.9%) in comparison with the controls (6.6%, P = 0.01; OR 2.46, 95%CI 1.17-5.17;
RR 2.24; 95%CI 1.15-4.45). Conclusion Children with AD may have a distinct genotype and the TLR-2 R753Q SNP
was prevalent in a subset of patients with AD characterized by a more severe clinical picture.

Atopic dermatitis (AD) is an inflammatory skin
disease characterized by pruritus and chronic or relapsing
eczematous lesions that commonly presents during early
infancy and affect up to 16% of children (l). AD is
thought to represent an interaction between both genetic
and environmental influences with trigger factors,
including irritants, allergens and microorganisms. There
is substantial 'evidence to suppose that genetic factors
have an important role in AD predisposition (2). The risk
of having atopic disease (such as AD, asthma, allergic
rhinitis, etc.) for a child is 50% if one parent is allergic,
rising to 75% if both parents are allergic. In addition, the
concordance in monozygotic twins is 72%, whereas it is
23% in dizygotic twins (3). In industrialized countries,
AD prevalence has increased during the past decades
(4), and it has been postulated by the so-called "hygiene
hypothesis" that the lack ofexposure to microbial products
in early infancy might, at least in part, be responsible for

this increase (5). Prospective studies supported an inverse
relationship between AD occurrence and exposure to
endotoxin, a cell membrane component of Gram negative
bacteria, early day-care attendance, and pet ownership
(6).

Recognition of microbial products, such as endotoxin,
is mediated by the innate immune system in which Toll-like
receptors (TLRs) are directly involved. TLRs are known
to function as mediators between innate and adaptive
immunity via induction of dendritic cell (DC) maturation
and activation of naive T cells primarily skewing the
adaptive immune response towards Thl polarization (7).
Indeed, TLRs recognize various pathogen-associated
molecular patterns (PAMPs) of microorganisms, such
as lipopeptide, lipopolysaccharide (LPS),' RNA and
methylated CpG DNA (8), leading to an inflammatory
response by inducing a cascade of interleukins and other
pro-inflammatory mediators (9).
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In the skin, keratinocytes are the first responders to
external invaders and serve as initiators in innate immunity
to produce cytokines, chemokines, and antimicrobial
peptides (10-12). Keratinocytes have been shown to
express TLRs 1,6 and 9, which can help keratinocytes to
act as first-responder against pathogenic microorganisms
(13-15). However, the induction and detection of TLRs
remain unclear or anyway controversial among the
previous reports.

It has been found a constant expression ofTLR2 on the
surface of keratinocytes (16). TLR2, in association with
TLRI and 6, interacts with a series of cell wall components
deriving from Gram-positive bacteria such as lipopeptides
and peptidoglycan (PGN) (7,17). PGN is a major
constituent ofthe cell wall ofGram-positive bacteria which
induces signal transduction via TLR2; NODI (Card4) and
NOD2 (CardI5) receptors, respectively. NOD molecules
are a family of intracellular pattern recognition proteins
involved in bacterial detection (18,19).

TLR4 functions as the main receptor for LPS of
Gram-negative bacteria (20). Song et al (21 ) found
that human keratinocytes express functional CD 14 and
TLR4. The binding of the lipopolysaccharide with CD14
and TLR4 expressed on keratinocytes resulted in a rapid
intracellular Ca2+-dependent response, nuclear factor-KB
nuclear translocation, and secretion of pro-inflammatory
cytokines and chemokines. However, the expression of
TLR4 and the response to LPS have been controversially
reported (16,21).

In previous studies, associations of the TLR2
polymorphisms -16934A>T with asthma (22) and R753Q
polymorphisms with severe AD (23), as well as the TLR4
polymorphisms D299G with asthma (24) and T399I ones
with a modified response to endotoxin (25) have been
reported.

Therefore, in a candidate gene approach, the aim
of this study was to examine whether single nucleotide
polimorphisms (SNPs) in the genes for TLR2 and TLR4
could be associated with the AD phenotypes and with its
clinical severity in a large group of Italian children.

PATIENTS AND METHODS

The study was carried out from 2010 to 2011. Globally,
187 Italian children (96 boys and 91 girls; median age 8.0
years, range 0.5-12) with AD were selected and enrolled
(table 1). They were recruited among children attending
the Departments of Paediatrics of 4 Italian University
Hospitals: Catania, Messina, Napoli and Pavia. A written
informed consent was obtained from the children's
parents.

Inclusion criteria were the presence ofAD, diagnosed
according to validated criteria (26), in active status as

defined by SCORing Atopic Dermatitis (SCORAD)
(27). In our study we selected patients suffering from AD
alone, without other types of allergies.

Atopy was defined by the presence ofthese following
criteria: (i) a positive skin prick test (weal diameter ~ 3
rom) to one or more food and/or inhalant allergens; and
(ii) raised circulating total IgE (cut-off> 100 IV/ml).

Skin prick test was performed as stated by the
European Academy of Allergy and Clinical Immunology
(28) and carried out with a standard inhalant allergen
panel (dust mites, Graminacee, Parietaria, Europea olea,
Alternaria, cat epithelium) and against food allergens
(milk, egg, fish, wheat, peanuts, tomato and peach)
(Soluprick ALK, Horsholm, Denmark).

Total and allergen-specific serum IgE concentrations
were measured using a quantitative assay (CAP System;
Phadia, Uppsala, Sweden). The severity of AD was
assessed using the SCORAD) Index (27) for the evaluation
ofextensiveness ofskin disease: head and neck, each arm,
front and back ofeach leg, the four trunk quadrants and the
genitalia. Objective signs (erythema, oedema-papulation,
oozing/crusts, excoriation, lichenification, and xerosis)
and subjective symptoms (pruritus and sleep loss) were
recorded. AD was considered as mild if the SCORAD
Index was < 25, moderate if 25-50, and severe if> 50
(27).

Each child had a steroid-free interval of at least
4 weeks, and no patient received systemic or topical
antibiotic treatment before the examination. Furthermore,
none of the patients had acute bacterial superinfection.

All patients were clinically observed every 4 months
for 1 year by the same supervisor for each center, who was
trained in SCORAD Index evaluation and unaware of the
aims of the study.

The controls were 150 non-allergic unrelated
outpatients (77 boys and 73 girls; median age 9.0 years,
range 1-13) with no history of allergic diseases, such
as asthma, AD or allergic rhinitis (table 1). They had to
have negative responses to inhalant and food allergens on
skin prick tests and serum test. Exclusion criteria for the
control group were a positive family or individual history
ofAD, allergic rhinoconjunctivitis and/or allergic asthma,
and serum total IgE levels >3.5 kIV/1.

Genotype assessment
DNA extraction

Genomic DNA was isolated from 1 ml of peripheral
blood anticoagulated with EDTA as previously described
(29)

Genotyping ofthe TLR2 polymorphisms
To detect the A-16934T and R753Q polymorphisms,

a polymerase chain reaction (PCR) was performed
using 0.5 U of Taq polymerase (Eurotaq, Euroclone Life
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Sciences Division, UK), 400 umol/L dNTPs, and 0.1
umol/L of each primer in a total volume of 25 ul., The
specific primers PCR and the restriction enzymes for each
SNP are given in Table 2.

For A-16934T polymorphism, after an initial
denaturation for 5 min at 94°C, PCR was performed by
35 cycles of denaturing at 94°C for 30 sec, annealing at
58°C for 40 sec, primer extension at noc for 30 sec.
The final extension was performed at noc for 7 min.
PCR reactions were carried out using a GeneAmp PCR
system 2700 (Applied Biosystem, CA, USA). Genotyping
of this SNP was performed by enzymatic digestion with
Hpy188 III (New England Biolabs, Ipswich, MA, USA) at
37°C, overnight. After enzymatic digestion, the fragments
were separated and visualized by gel electrophoresis
(3% NuSieve® GTG agarose gel BMA, Rockland, ME,
USA).

For R753Q polymorphism, the reaction for the
common allele (G), with TLR2-F, TLR2-R and TLR-G,
and then the reaction for the rare allele (A), with TLR2-F,
TLR2-R and TLR2-A were performed in a final volume
of 50 microliter under the following conditions: 4 min at
94°C followed by 30 cycles of denaturing at 94°C for 45
sec, annealing at 62°C for 60 sec, primer extension at noc
for 45 sec. The final extension was performed at noc for
7 min. PCR reactions were carried out using a GeneAmp
PCR system 2700 (Applied Biosystem, CA, USA).

PCR product were subjected to electrophoresis in a 2%
agarose gel and stained with ethidium bromide. The 470­
bp PCR product was amplified using TLR2-F and TLR2­
R, and the 328 bp product using TLR2-A and TLR2-F, or
TLR2-G and TLR2-F.

Wild-type/mutant genotype was confirmed by
automatic sequencing using the ABI-PRISM Big Dye"
Terminator v. 3.0 Cycle sequencing Ready Reaction
Kit (Applied Biosystems, CA, USA). The sequencing
products were purified using DyeEx Spin Kits (Qiagen)
and visualized on an ABI-PRISM 310 Genetic Analyzer
(Applied Biosystems, CA, USA).

Genotyping ofthe TLR4 polymorphisms
The two D299G and T399I SNPs of the TLR4 gene

were determined by PCR-RFLP. The specific primers
PCR and the restriction enzymes for each SNP are given
in Table 2.

PCR was performed using 0.5 U of Taq polymerase
(Eurotaq, Euroclone Life Sciences Division, .uK), 400
umol/L dNTPs, and 0.1 umol/L of each primer in a total
volume of25 ilL.

For D299G SNP, cycle conditions were an initial
denaturation for 5 min at 95°C, followed by 32 cycles
of denaturing at 95°C for 30 s, annealing at 51°C for
30 s, primer extension at noc for 30 s, followed by a

final extension at noc for 7 min. For T399I SNP, cycle
conditions were an initial denaturation for 5 min at 95°C,
followed by 35 cycles of denaturing at 95°C for 45 s,
annealing at 55° C for 30 s, primer extension at nocfor
45 s, followed by a final extension at noc for 7 min.

The amplified samples of TLR4 gene D299G and
T399I SNPs were digested at 37°C, overnight, with
the NcoI and Hinfl restriction enzymes (New England
Biolabs, Ipswich, MA, USA), respectively.

After enzymatic digestion, the fragments were
separated and visualized by gel electrophoresis (3%
NuSieve® GTG agarose gel BMA, Rockland, ME,
USA).

As previously described here, the results ofenzymatic
digestion were confirmed by DNA sequence analysis
of representative samples of each SNP (ABI Prism 310
Genetic Analyzer; Applied Biosystems, Foster City, CA,
USA).

Statistical analysis
Data are given as mean values ± SD. Allele and

genotypes frequencies in patients and in controls were
compared by X2test or Fisher exact test, when an expected
value was <0.5; P values were considered significant at a
level of<0.05. Odds ratio (OR), RR (Relative Risk) and P
values were calculated using a standard package STATA
90~ .

Allele frequencies were tested for the Hardy-Weinberg
equilibrium (30). Cases and controls were compared using
Pearson's X2test.

RESULTS

Allele frequencies in AD children
TLR2 geneSNPs

In AD patients, the frequency of the homozygous N A
genotype was significantly increased (36.8%) than in
controls (24.0%)(P =0.03) (Table 3; Figure 1).

The frequency of the R753Q was significantly higher
in AD children (16.0%) compared with controls (6.0%,
P =0.004; 0R2.99, 95%CI 1.39-6.41; RR 1.46, 95%CI
1.14-1.69). No homozygous carriers of this TLR2 SNP
were found in the study and control populations (Table
3; Fig. 2).

The TLR2 allele frequencies were in Hardy-Weinberg
equilibrium in all patients and in control subjects.

TLR4 gene SNPs
The results of the genotype analyses in 187 AD

children and in 150 control subjects with regard to the
TLR4 D299Q and T399I SNPs are shown in Table 4.

AD patients a significantly different frequency of the
D299G SNP (14.9%) in comparison with the controls
(6.6%, P = 0.01; OR 2.46, 95%CI 1.17-5.17; RR 2.24;
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95%CI 1.15-4.45) (Fig.3).
The T399I SNP allele frequency was not significantly

different between AD children (7.5%) and control group
(7.3%, P> 0.05; OR 1.02; 95%CI 0.45-2.28; RR 1.01,
95%CI 0.66-1.34). No homozygous carriers of the two
SNPs were found in the study and control populations
(Fig.4).

The TLR4 allele frequencies were in Hardy-Weinberg
equilibrium in all patients and in the control group.

Genotype-phenotype correlations in two subgroups ofAD
children with mild to moderate and severe atopy.

When the contribution of each SNP of the TLR2 gene
was investigated, the major support to the genotype­
phenotype correlation could be ascribed to the R753Q
allele. In particular, in two subgroups of AD children
with mild to moderate and severe AD phenotypes, the
occurrence of one risk allele of R753Q was associated
with severe AD phenotype (P =0.002; OR 3.45; 95%CI
1.56-7.63; RR 2.14; 95%CI 1.35-3.10). The TLR2 A­
16934 allele was not found to be associated with the
severity of AD, as well as TLR4 D299G and T399I
SNPs.

DISCUSSION

This study investigated the prevalence of TLR2
and TLR4 genetic variants in a large group of Italian
children affected by atopic dermatitis and resident in
different Italian regions. Moreover, it has been evaluated
the eventual association of TLR2 and TLR4 SNPs with
severity/phenotype of the disease.

TLR2 and TLR4 SNPs were extensively studied in the
context of atopy and allergic disorders, including AD, but
the data are very conflicting (22,23, 31-36).

To our knowledge, this is the first analysis of TLR2
and TLR4 SNPs in Italian AD children. This study
identified the common TLR2 -16934A>T variant as
the most frequent in children affected by AD, using a
candidate gene approach in a well-characterized cohort
of 187 AD children and 150 healthy controls. This
study also demonstrated that the TLR2 R753Q SNP was
more prevalent in AD children than in control subjects.
However, the major contribute to AD was made by TLR2
R753Q SNP.

The TLR2 -16934 SNP is located near to an
evolutionary conserved sequence and to several
transcription factor binding sites, including retinoid x­
receptors (RXRs), AP4, NF-KB, and Interferon regulating
factor (31). Interestingly, for the 'A' allele in position
TLR2 gene -16934, no additional binding sites for AP4
and neuro 'D' were predicted. The presence of several
transcription factor binding sites in an evolutionary

conserved sequence indicates that this region is
transcriptionally relevant, and potentially genetically or
transcriptionally imprinted.

So far, little efforts were made to examine the
functional consequences of the TLR2 -16934A>T and
R753Q mutations. Eder et al (22) reported an association
between TLR2 gene -16934A>T SNPand asthma, current
asthma symptoms,atopy or currenthay fever symptoms in
farmers' children. The 'T' allele in the promoter region of
the TLR2 gene was proposed protective of these diseases.
No such association was found in non farmers'. A recent
study reported an increased representation of the A-allele
in position -16934 of the TLR2 gene among German AD
adult patients with severe AD genotype (SCOAD>50)
when compared with those with mild-to-moderate
(SCORAD~50) (31). Weidinger et al (35) examined a
large cohort of 275 German white parent-offspring trios
affected by asthma, atopic eczema, or extrinsic atopic
eczema. Their data showed that TLR2 and TLR4 gene
SNPs do not confer atopic eczema susceptibility to the
patient group.

To our knowledge, this is the first multicenter study
performed in a group of AD Italian children

In our patients, we found an increased frequency
of the homozygous N A genotype than in controls.
However, no significant difference was found between
the two subgroups of mild-to-moderate AD and severe
AD phenotype. The discrepancies between the results
obtained in adults (oh et al) and those obtained in parent­
offspring trios, and currently by us, might result from
different study designs.

Our data suggest that TLR2 gene -16934 A allele
could be a genetic factor of susceptibility to AD. The
immediate molecular mechanism underlying the clinical
observation remain unknown. Carriers of the -16934T
allele were speculated to have increased expression of
TLR2 on the surface of antigen-presenting cells because
of putative regulatory molecular effect of -16934A>T
polymorphism, resulting in a reduced risk of asthma or
allergic disease (22). Indeed, Potaczek et al (32) found
that reporter constructs carrying the -16934T allele
shown higher transcriptionally activity than those having
the -16934A allele. Probably, the T allele binds nuclear
proteins corresponding to some unknown activating
transcription factor. It could to hypothesize that other
TLR2 SNPs in linkage disequilibrium with the -16934T
allele may contribute to development of AD.

Moreover, a high frequency (12%) of adultAD, whose
skin is known to be colonized with S. aureus who carried
the TLR2 R753Q SNP,was found (35). The TLR2 R753Q
mutation was also associated with more severe phenotype
than inAD patients without this mutation (23). It has been
shown that TLR2 expression was most severely impaired
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Table 1. Demographic characteristics ofItalian atopic dermatitis (AD) patients andAD negative healthy control subjects

ADnerative
Number(%)

37 (S)

Total

Gender
Male
Female

Age*

SCORADO

TotallgE (kU/I)

AD stage
Mild to moderate
Severe

*median age in years
°mean (+1- SEM, standard error ofthe mean)

187

96 (51.3)
91 (48.7)

8.0 (0.5-12)

34(+/-18)

782((+/-30)

132 (70,6%)
55 (29,4%)

150

77 (51.3)
73 (48.7)

9.0 (1.0-13)

n.d.

~3.5

n.a.

Table 2 Primers sequences and restriction enzymes used for genotyping TLR2 and TRL4 genes

Gene locus SNPs Sequence

TLRl
-16934A>T

For TLR2-F 5' AACAGAAATTTATCCATTCATGGTT 3'
Rev TLR2-R 5' AGCAGTTTATTGTGAGAATGAGTTT 3'

R753Q
For TLR2-F 5' TATGGTCCAGGAGCTGGAGA 3'

Rev TLR2-R 5' TGACATAAAGATCCCAACTAGACAA 3'

For TLR2-G 5' GGTCTTGGTGTTCATTATCTTCC 3'

Rev TLR2-A 5' GGTCTTGGTGTTCATTATCTTCT 3'

TLR4

Restriction Enzyme

Hpy188 III

D299G

T3991

For
Rev

For

TLR4-F 5' GATTAGCATACTTAGACTACTACCTCCATG3'

TLR4-R 5' GTTAACTAATTCTAAATGTTGCCATCC 3'
TLR4-F 5' GGTTGCTGTTCTCAAAGTGATTTTGGGAGAA 3'

Ncol

Hinfl

Rev TLR4-R 5' CCTGAAGACTGGAGAGTGAGTTAAATGCT 3'

in patients carrying the R753Q missense mutation. In this
study, the TLR2 R753Q SNP was significantly associated
to severe phenotype of AD. Our data are similar to that
reported by other studies ( 23 ), but are in contrast with
a previous large family-based study (35). However,
because there is a substantial variation in frequencies
of both genetic and non-genetic risk factors among

different populations, the findings of this study cannot be
generalized to other populations.

Therefore, One may hypothesize that arginine in
position 753 might support TLR2 delivery to cell surface
(38).

For TLR4, two clinically relevant polymorphisms,
D299G and T399I, have been described (39).
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Table 3 Genotype and allele frequencies ofTLR2 -16934A> T and R753Q SNPs in 187 Italian AD children and controls.

SNP AD allele controls allele P

TLR2 (n=187)
frequency

(n.l50) frequency (%)(%)

-16934A>T

NA 69 18.4 36 12.0 0.03
(36.8%) (24.0%)

NT 80 75
(42.7%) (50.0%)

TIT 38 39
(20.5%) (26.0%)

R753Q

RIR 157 8.0 141 (91.2%) 3.0 0.004
(84.0%)

RlQ 30 9
(16.0%) (6.0%)

Q/Q
0 0

No patients homozygous for TLR2 R753Q SNPs were found in this study population. P, AD patients vs control group.

Table 4 Genotype and allele frequencies ofTLR4 D299G and T399I SNPs in 187 Italian AD children and controls

SNP AD allele controls allele P

TLR4 (n=187)
frequency

(n.150) frequency (%)(%)

D299G

Wild-type 159 7.5 .140 3.3% 0.01
(85.1%) (93.4%)

Heterozygous 28
10

(14.9%)
(6.6%)

~utanthon1ozygous 0 0

T3991

Wild-type 173 3.7 139 3.6 n.s.
(92.5%) (92.7%)

Heterozygous
14 (7.5%)

11
(7.3%)

~utanthon1ozygous 0 0

No patients homozygous for TLR4 D299G and T399I SNPs were found in this study population. P, AD patients vs control group.
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They were located within the extracellular domain
and were found in patients with septic shock, particularly
when such shock was due to gram-negative infection (40).
Furthermore, these common co-segregating TLR4 RFLPs
were linked to LPS hypo-responsiveness (41).

In the present AD children, the TLR4 D299G RFLP
had a prevalence of 14.9%, whereas in the control group
the genotype frequency ofthis RFLP was 6.6%. Therefore,
the TLR4 D299G polymorphism was significantly
associated to AD in these children. In contrast, in patients
with AD the genotype frequency of the TLR4 T399I SNP
did not differ from the control subjects.

Both TLR4 SNPs were not associated with the different
score of the AD severity. Similar results have been shown
by Ahmad-Nejad et al (23).

This study complements and extends the knowledge on
the association of TLR2 and TLR4 SNPs with AD. Even
though several case/control studies have examined TLR2
and TLR4 SNPs in other atopic diseases like allergic
asthma or rhinoconjunctivitis, data on their association
with AD is still scarce. In particular, future studies will
be directed at further analyzing the molecular effects of
TLR2 SNPs and assessing whether these SNPS might
be a useful predictive markers for a severe phenotype in
at least a subgroup of patients with AD. In addition, this
study provided an interesting finding that may be relevant
from a clinical point of view: the occurrence of one risk
allele ofR753Q was associated with severe AD phenotype
(OR 3.45 and RR 2.14).

In conclusion this study provided evidence that
children with AD may have a distinct genotype and the
TLR-2 R753Q SNP was prevalent in a subset of patients
with AD characterized by a more severe clinical picture.
Analysis of the effect of this variation on disease severity
and potential gene/environment interactions might be a
promising approach since gene/environment interactions
have been described for other TLR genes.
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