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Pemphigus foliaceus (PF) is considered to be caused by the combined effects of susceptibility genes and environmental triggers. The
polymorphisms of Toll-like receptors (TLRs) genes have been associated with the risk of various autoimmune diseases. The aim of
this study was to evaluate the potential association of TLR2-3-4 and 7 gene polymorphisms with Tunisian PF. Fourteen
polymorphisms were analyzed in 93 Tunisian PF patients compared to 193 matched healthy controls: rs5743703-rs5743709 and
(GT)n repeat (TLR2); rs5743305, rs3775294, and rs3775291 (TLR3), rs4986790 and rs4986791 (TLR4); and rs3853839 (TLR7).
Our results showed that the genetic factors varied depending on the epidemiological feature stratification. In fact, in the whole
population, no association with the susceptibility to PF was found. The TLR2 GT repeat seems to be closely associated with PF
risk in patients originated from the endemic localities (group 3); the GT18 allele and the heterozygous genotype GT18/GT19 seem
to confer risk to endemic PF (P = 0:02; OR = 2:3 [1.1-4.9] and P = 0:0002, OR = 20 [2.5-171], respectively). In contrast, the GT23
repeat could be considered as protector allele (P = 0:02, OR = 0:2 [0.06-0.87]). Furthermore, medium GT alleles which induce
high promoter activity were also significantly more frequent in patients versus short or long GT repeats (P = 0:0018 with OR =
3:26 [1.5-7]). On the other hand, the TLR3-rs574305 AA genotype and A allele were significantly more frequent in patients
whose age of the onset was above 35 years (group 2) (P = 0:038, OR = 1:78 and P = 0:009, OR = 3:92, respectively). Besides, the
TLR4>rs3775294 A allele was found to be protector only in patients with sporadic features (groups 2 and 4) (P = 0:03, OR =
0:57 [0.3-0.9] and P = 0:006, OR = 0:24 [0.08-0.74], respectively). No statistically significant difference was observed in the
genotypic and allelic frequencies of TLR-4 and TLR-7 gene polymorphisms. The present data suggest that TLR2and TLR3
polymorphisms are significantly associated with increased susceptibility to PF in the Tunisian population.

1. Introduction

The current body of knowledge in the pemphigus foliaceus
(PF) field points to an evident multistep model of disease
pathogenesis characterized by blister formation and acantho-
lysis which most likely associated with downstream events
following the binding of desmoglein-1- (Dsg1-) specific IgG
pathogenic autoantibodies (-Abs) [1, 2]. The disease occurs
in a genetically susceptible individual who is exposed to a
triggering environmental antigen that finally leads, by molec-
ular mimicry, to anti-Dsg1 Abs triggers [3]. Common genetic

factors contribute to the different varieties of PF, which share
similar immunological characteristics but occur in different
environments. However, little is known regarding the envi-
ronmental trigger. Recent reports provide substantial evi-
dence that the initiation and/or exacerbation of skin lesions
could be triggered by microbial organisms [4, 5]. Infectious
agents are plausible environmental triggers for autoimmu-
nity in genetically susceptible individuals. Ongoing studies
to identify the triggering environmental antigen in PF will
be critically important to make significant progress in the dis-
ease’s therapy [6].
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Recent attention has been focused on the Toll-like recep-
tors (TLR) family. TLRs are important innate immune recep-
tors for (i) the identification of invariant and unique
conserved molecular patterns among the entire microbial
world and (ii) the clearance of invading pathogens [7]. Their
expression is not confined to immune cells and has been
detected in skin cells such as keratinocytes and melanocytes
suggesting that they might be involved in dermatologic disor-
ders [8, 9]. Polymorphic variants of genes implicated in
innate immunity such as the TLR family may affect immune
responses and hence promote autoaggressive reactions [10].
Current knowledge indicates that genetic risk variants in
these receptors alter mRNA expression levels causing distur-
bance in their function [11]. TLR gene polymorphisms have
been studied in the context of various autoimmune diseases
in case-control association studies such as rheumatoid arthri-
tis [12, 13] and systemic lupus erythematosus [14, 15].

In fact, mutations that affect the tlr2 receptor expressions
may impair the host response. The most commonly dis-
cussed polymorphisms in the TLR2 (4q31.3), the R677W
(rs5743704), and the R753Q (rs5743708) have been shown
to be associated to several diseases (Tsui et al., 2008; Zhang
et al., 2019). The TLR2/G2477A/R753Q has been shown to
lead to a decreased cellular activation in the presence of
theTLR2 ligand lipopeptide [16]. Furthermore, the presence
of a functional intronic polymorphism consisting of
guanine-thymine repeats (approximately 100 bp upstream
of the translational start site) in the TLR2 gene was reported
as a risk factor in rheumatoid arthritis [17]. Indeed, subjects
with shorter GT repeats differ from those with longer repeats,
and the TLR2 promotor activity positively correlates with the
intron II GT repeat length [13].

On the other hand, variations within the TLR3 locus
(4q35.1) are associated with the predisposition to viral infec-
tions and to autoimmune diseases such as in systemic lupus
erythematosus [14]. Indeed, in the TLR3 gene: rs5743305
(T/A) is located within the promoter region and might affect
the transcriptional activity, rs3775291 (C/T) is a nonsynon-
ymous single nucleotide polymorphism (SNP) located within
exon 4, and the variant receptor has been shown to be func-
tionally impaired. A study of cell cultures indicated that the
TLR3 SNP rs3775296 (in the promoter) and rs3775291
affected the tlr3’s cell surface expression and localization
and subsequently influenced the NF-κB’s cascade induction
[18].

In this regard, several studies have examined the associa-
tions with TLR4+896A/G (Asp299Gly/rs4986790) and
+1196C/T (Thr399Ile/rs4986791) polymorphisms and auto-
immune disease course like rheumatoid arthritis and chronic
psoriasis [12, 19]. Previous findings concluded that these
mutations in TLR4 (9q33.1) are associated with the differ-
ences in the LPS’s responsiveness in humans [20] and dem-
onstrated that the gene sequence changes can alter the
ability of the host to respond to environmental stress. TLR4’s
SNPs might alter disease severity in rheumatoid arthritis by
modifying the TLR4 function and/or its gene expression [12].

Furthermore, TLR7 which is critical to the induction of
antiviral immunity is also a key pathogenic factor in systemic
lupus erythematosus [21]. The gene encoding TLR7mapped

in Xp22.2.The rs3853839>G/CSNP of TLR7 located in the
3′untranslated region of the mRNA conferred the elevated
tlr7 expression at both mRNA and protein levels [15].

Based on these findings and reports, a possible role of
TLRs in PF could be suspected, but is yet to be clearly estab-
lished. Therefore, our study was designed to investigate the
association of fourteen TLR genes’ polymorphisms (8 in
TLR2, 3 in TLR3, 2 in TLR4, and 1 in TLR7) with Tunisian
endemic PF using a case–control approach.

2. Material and Methods

2.1. Study Populations. This genetic retrospective study is a
case-control study performed in the Tunisian population
since 2003. Patients have been recruited at the Department
of Dermatology in the Hedi Chaker University Hospital of
Sfax, Tunisia (Figure 1). The diagnosis of PF was confirmed
by the clinical presentation, histopathology (acantholysis in
the upper epidermis either in the granular layer or immedi-
ately below with subcorneal bullous formation), direct
immunofluorescence (IgG and C3 deposits most often
located on the whole epidermis and less frequently predom-
inant in the upper layers of the epidermis), indirect immuno-
fluorescence (IgG Abs directed against the epithelial cell
surface), and ELISA test for circulatory anti-Dsg1 Abs that
was positive for all patients [22, 23].

Ninety-three (93) PF patients were matched by age (± 5
years), gender, and geographical origin to one hundred
ninety-three (193) healthy controls (HC). Control subjects
have no signs of autoimmune or inflammatory disorders.
All patients and controls were originated from the southern
regions of Tunisia.

The local ethical board of the Habib Bourguiba Univer-
sity Hospital of Sfax approved the study (protocol number
of ethical committee, 4/12), and informed consent was
obtained from all participants.

2.2. Selection of Polymorphisms. To select the most represen-
tative genetic variations, tag polymorphisms were selected
using the genotyping data from the CEU available from the
International Hapmap project and according to their associ-
ation with the susceptibility to other autoimmune diseases
and for their potentially functional relevance. Thus, SNPs
could influence the gene expression through changes in the
promoter activity, stability of messenger RNA, protein
functioning, and/or pathogenic clinical significance.
rs5743703/04/05/06/07/08/09 (TLR2): rs5743305,
rs3775294, and rs3775291 (F412L)(TLR3) and rs4986790
(Asp299Gly), rs4986791 (Thr399Ile) (TLR4), and
rs3853839 (TLR7) were selected by these means (Table 1).
Additionally, a functional intronic polymorphism consisting
of guanine-thymine repeats in TLR2 was also selected.

2.3. TLR Genotyping. Genomic DNA was extracted from
whole blood samples using a standard proteinase K digestion
and phenol/chloroform extraction procedure. Genotyping was
performed using the PCR-RFLP method for all SNPs except
the TLR2 exon1 polymorphisms (rs5743703/04/05/06/07 and
09) and the (GT)n microsatellite which were genotyped using
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the sequencing and the automatic genotyping methods,
respectively.

The PCR amplification was carried out in a volume of
25μl including 1x buffer, 2mMMgCl2, 0.2–0.4μmol of each
primer (Invitrogen®, CA, USA), 0.12mM dNTP (Invitro-
gen®, CA, USA),1U Taq polymerase (Invitrogen®, CA,
USA), and 50 ηg of DNA template.

Enzymatic digestion was performed in a total of 10μl
mixture reaction containing 1x buffer, 0.1x BSA, and 2U
restriction enzyme (Thermo Fisher®, MA, USA). Primers
were designed using primer3 software (http://primer3.ut.ee/).
Restriction enzymes were selected using the NEBcutter soft-
ware (http://nc2.neb.com/NEBcutter2/).

The microsatellite locus was amplified with primer
labeled with hexachloro-6-carboxyfluoresceine (HEX)
(Table 1) according to published data [24]. The PCR amplifi-
cation was carried out in a volume of 10μl including 1x
buffer, 2.5 pmol of each primer (Invitrogen®, CA, USA),
10mM dNTP (Invitrogen®, CA, USA), 1U AmpliTaq Gold™
DNA Polymerase (Applied Biosystems™, CA, USA), and 1 ηg
of DNA template. Amplified products were run on an ABI
prism DNA sequencer (PerkinElmer®, CT, USA), and output
file was analyzed using GeneScan softwares analysis.

2.4. Statistical Analysis. A case-control analysis was per-
formed using SHESIS software (http://analysis.bio-x.cn) for

each SNP and haplotype. Hardy–Weinberg equilibrium
(HWE) was assessed in controls using a χ2 test with one
degree of freedom. A threshold P < 0:05 was regarded to
indicate deviation from HWE. Odds ratios (OR) and 95%
confidence intervals (CI) were calculated for each allele using
2 × 2 contingency tables to estimate the magnitude of associ-
ation. Fisher’s exact test was used for rare allele/genotype.
The linkage disequilibrium (LD) coefficients D′ =D/Dmax
and r2 values for the pair of the most common alleles at each
site were also estimated, and high values of LD were defined
as r2 > 0:33 and D′ > 0:7. The significance level of P < 0:05
and odds ratios (OR) with 95% confidence intervals (95%
CI) was chosen for all sets.

3. Results

3.1. Study Population. This case-control study enrolled93PF
patients with a mean age of 35 years (range, 18–60) and a
sex-ratio F/M of 15/1 whose were matched by age (±5 years),
gender, and geographical origin to 193HCwith a mean age of
38 years (range, 14–73).

According to our previous data [25], Tunisian endemic
PF constitutes a distinct variety of the disease with particular
and unique epidemiological characteristics as the disease
occurs mainly in young women at a mean age of 35 years.
Later, we have showed that this characteristic endemic form

Clinical history
Clinical and dermatological examination

Differential diagnosis between Pemphigus

High epidermis acantholysis
IgG/C3 intercellular deposits

Positive intercellular fluorescence
Circulating anti-Dsg1Abs

Anti-Dsg3 Abs are not detected
(n = 93)

Histopathology
DIF
IIF

ELISA anti-Dsg1/Dsg3 Abs

Excluded (n = 7)
First degree parented patients 

Excluded (n = 15)
Pemphigus vulgaris patients (i)

(i)

Figure 1: Flowchart for the inclusion and exclusion of the studied patients. DIF: direct immunofluorescence; Dsg: desmoglein, IIF: indirect
immunofluorescence.
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occurs in the rural regions of the south and predominantly in
the three localities of Moknessy (Sidi Bouzid), Jebenièna
(Sfax), and Mereth (Gabès) [26].

It is thus questionable if genetic factors of Tunisian PF
could be varied according to the epidemiological feature
stratification. That is why we subdivided our patient popula-
tion into 4 groups: group 1: females with age of onset under
35 years (age 28 ± 4 [18-35]), group 2: patients with age of
disease onset above 35 years (44 ± 8 [38-60] with 1M/6F),
group 3: patients living in the reported endemic localities
(32 ± 9 [18-60]), and group 4: patients originated from other
southern Tunisian regions (37 ± 10 [18-58] with a sex ratio
9F/1M).

3.2. SNP Analysis. Genotype frequencies of all polymor-
phisms tested in control subjects were consistent with those
expected from the HWE except for the rs3775294 polymor-
phism in the TLR3 gene and the microsatellite GT repeats
in the TLR2 gene (P < 0:001).

Minor allele frequency of all polymorphisms was consis-
tent with that reported in the Hap Map database. All geno-
typed SNPs were polymorphic, excluding the TLR2 and
TLR4 studied SNPs. Thus, TLR2 exon 1 sequencing showed
that all the genotyped SNPs were not polymorphic in the
Tunisian population (rs743703/4/5/6/7/8 and 9), and the
mutant alleles were absent in our population. Furthermore,
The TLR4rs4986790 and rs4986791 showed heterozygote
frequencies about 0.05 and 0.08, respectively.

The genotypic and allelic distributions of the studied
SNPs as well as their association with the risk to PF are
shown in Table 2.Considering the whole population, no sig-
nificant difference was found in the allelic and genotypic dis-
tribution for all the studied SNPs. The patient’s stratification
in the four groups based on the epidemiodemographic fea-
tures of the disease in our country revealed many interesting
results (Table 2).

In group 1, a barely significance in the TLR3-rs574305 A
allele (P = 0:06) was observed in patients, reaching 24.5% in
female patient with age of onset under 35 years compared
with 34.9% in the controls (Table 2). No statistically signifi-
cant difference in the genotype and the allele distributions
of the others studied SNPs were noted.

Contrary to group 1, in patients whose age of disease
onset was above 35 years (group 2), a significant increase of
the TLR3-rs574305 AA genotype and the A allele frequencies
was observed, reaching, respectively, 21% and 39.4% com-
pared with 6.3% and 26.8% in the controls (P = 0:009, OR
= 3:92 [1.3-11.7] and P = 0:038, 1.78 [1.03-3], respectively).
Regarding the TLR3-rs3775294, the allelic distribution
revealed a significant decrease of the C allele in the patient
group compared to HC (32.5% vs 51.9%; P = 0:03, OR =
0:57 [0.3-0.9]); in addition, the CC genotype showed a quiet
protective effect when PF patients (16%) were compared to
HC (30.7%) (P = 0:07). Taking in account the TLR7 gene
localization on the X chromosome, we analyzed sex associa-
tion of the considered SNP and PF. In spite of the increase

Table 1: Primary information of genotyped polymorphisms in TLR2, 3, 4, and 7 genes.

Gene SNPs Base change Localization Primers Enzyme

TLR2

rs5743703/04/05/06/07/09
G/A-C/A-T/C-T/A-T/G-

G/A
Exon 1

F: 5′-GGCCAGCAAATTACCTGTGT-3′
R: 5′-GATCCCAACTAGACAAAGAC-3′ ┼

rs5743708 +2477G/A (Arg753Gln) Exon 1
F: 5′-GGCCAGCAAATTACCTGTGT-3′
R: 5′-GATCCCAACTAGACAAAGAC-3′ Pst1

(GT)n — Intron 2
F: 5′-TATCCCCATTCATTCGTTCCATT-3′
R:5′Hex-GACCCCCAAGACCCACACC-3′ $

TLR3

rs5743305 -8441T/A Promotor
F: 5′-GGGACAGTCACGTACTCAGGA-3′
R:5′-GTGGGCTCCAGCTTCAACTA-3′ SpeI

rs3775294 T/C Intron 2
F: 5′-CACATGGCTTATCAAACACAC-3′
R:5′-CAAAGGGTGATAAAAACATCCT-3′ Pst1

rs3775291 +1234G/A (Leu412Phe) Exon 4
F: 5′-ATCAGTCGTTGAAGGCTTGG-3′

R: 5′-TGCTCATTCTCCCTTACACAGA-3′ Tfi1

TLR4

rs4986790 +896A/G (Asp299Gly) Exon 4

F: 5′-GATTAGCATACTTAGACTACTACCTC
CATG-3′

R: 5′-GATCAACTTCTGAAAAAGCATTCCCAC-
3′

Nco I

rs4986791 +1196 C/T (Thr399Ile) Exon 4

F: 5′-GGTTGCTGTTC CAAAGTGATTTTGGGA
CAA-3′

R: 5′-GGAAATCCAGATGTTCTAGTTGTTCT
AAGCC-3′

Hinf1

TLR7 rs3853839 C/G 3′UTR F: 5′TTGCTTCCGTGTCATCCAGG3′
R: 5′ACAGTACTTTGCAGTGCAGATAAA3′ StyI

┼: SNPs were genotyped by direct sequencing; $: primers as described previously [24] and was genotyped using the automatic genotyping method.
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of the rs3853839<GG genotype noted in women patients
and the G allele in male ones compared to their relative
healthy control, no statistically significant difference was
revealed.

Inpatients living in endemic localities of the disease
(group 3) and as for group 1, a barely significant decrease
in the TLR3-rs574305A allele distribution in patients com-
pared to HC was observed (24.3% vs 36.2%; P = 0:07). Also,
the rs3775291 AG and the TLR7-rs3853839 GG genotypes
were more frequent in patients compared to their matched
HC (21% and 21.6% vs 14.9% and 16.1%, respectively)
(Table 2).

On the other hand, group 4 allelic and genotypic distribu-
tions were quiet identical to group 2. Statistical analysis indi-
cated a significant difference for the TLR3-rs3775294.
Indeed, the rs3775294>CC homozygous genotype was sig-
nificantly more frequent in controls (23.9% vs 7.2%; P =
0:007, OR = 0:24, 95% CI [0.08-0.74]). Likewise, the
decreased frequency of the C allele observed in the patient
group (26.4%) compared to HC (45.7%) suggests its protec-
tive role against PF (P = 0:006, OR = 0:52, 95% CI [0.32-
0.83]). In spite of absence of significance, the TLR3-
rs574305 AA genotype and A allele were more frequent in
patients compared to HC (19.6% and 34.8% vs 9.6% and
27%, respectively).

3.3. GT Repeat Analysis. Considering the whole population,
fifteen different alleles composed by repeats (GT)12-(GT)26
ranging from 213 to 241 bp were revealed. In both patients
and control groups, the most common alleles were (GT)18
(25% and 18.5%, respectively) and (GT)19 (23.7% and
21.4%, respectively) (Table 3). No significant differences were
found in the allelic and genotypic distributions for the TLR2
(GT)n microsatellite and the disease (Table 3).

The TLR2GT repeat distribution in the different epidemi-
ological stratification disease groups and their respective
matched control groups separately revealed that the TLR2
GT repeat seems to be closely associated with PF’s risk in
patients originated from the endemic localities (group 3)
(Table 3). Thus, in group 3, the GT18 allele was significantly
more prevalent in patients (34.2%) compared to HC
(18.2%) (P = 0:02; OR = 2:3, 95% CI [1.1-4.9]). Furthermore,
the GT19 allele was barely significantly more frequent in
patients (30%) compared to HC (17%) (P = 0:059). To the
contrary, the GT23 repeat could be considered as protector
allele; indeed, it was significantly less frequent in patients
(4.2%) compared to their matched HC (15.8%) (P = 0:02,
OR = 0:2, 95% CI [0.06-0.87]). Besides, the heterozygous
genotype GT18/GT19 seems to confer susceptibility to
endemic PF. Indeed, it was the most frequent genotype in
PF patient’s living in endemic localities (34.2%) compared
to HC (2.4%) (P = 2:3 10−4, OR = 20, 95% CI [2.5-171]). On
the other hand, the division of the microsatellite alleles into
two groups, according to Moore et al. [24], showed that
medium GT alleles (between 18-22 repeats) that induce high
promoter activity were significantly more frequent in PF
patients than short or long GT repeats (≤ 17 and≥ 23) which
induce low promoter activity (P = 0:0018 with OR = 3:26
[1.5-7].

No statistically significant differences in the genotype and
the allele frequencies concerning the TLR 2 microsatellite
were observed after patients’ epidemiological stratification
according to the age of onset (Table 3).

3.4. Linkage Disequilibrium (LD), Haplotype, and Gene
Interaction. The LD analysis among the patient group was
conducted by pairwise comparison of the 3 polymorphisms
studied in the TLR3 gene within chromosome 4. No evidence
for LD was revealed in the four groups of patients and their
related matched HC. However, the rs5743305>T,
rs3775294>C, and rs3775291>G, which contains the
rs3775294>C protector allele, could be considered as protec-
tor haplotype to the disease in group 2 (P = 0:005,OR = 0:37,
95% CI [0.18-0.76]) and in group 4 (P = 0:039, OR = 0:58,
95% CI [0.35-0.97]), respectively. Thus, it was more
expressed in controls (30.2% and 36.6%, respectively) than
in patients (15.6% and 26.5%, respectively).

On the other hand, SHEsis analysis of the gene-gene
interactions which were assessed for the PF patient groups
and their respective controls revealed distinct results. Thus,
patients from endemic localities (group 3) exhibit a barely
interaction between TLR2 GT repeat and TLR3-rs5743305
(P = 0:081), whereas patients from sporadic regions showed
some significant interactions between the GT repeat and
the rs3775294 (P = 0:019) and the rs4986791 (P = 0:06).

On the other hand, female with age of disease onset was
under 35 years, TLR2 GT repeat, and the TLR4-rs4986790
(P = 0:018).

4. Discussion

Considering the plethora of reports on the pattern recogni-
tion receptors, it seems plausible that TLRs might harbour
susceptibility loci for the autoimmune process. A multitude
of studies described the genetic variation in practically all
TLRs [10]. Polymorphisms of TLRs have not been analyzed
in PF disease to date. This study is, to the best of our knowl-
edge, the first to demonstrate an association between TLR
gene polymorphisms and PF in the Tunisian population.

Interestingly, based on the epidemiological-stratification
analysis, discrepant results between endemic (groups 1 and
3) and sporadic patients’ groups (groups 2 and 4) were
observed which confirm that the difference in their genetic
background of susceptibility to the disease can be modulated
by their different epidemiological features of the disease and
confirm our previous ascertainment [27, 28]. Indeed, this
epidemiological-stratification analysis showed that the asso-
ciation between intronic TLR2 GT repeat polymorphism
and PF was pronounced in the patient’s group originated
from endemic localities. In sporadic patient’s groups, the
TLR3-rs5743305 confer risk to PF, whereas the intro-
nicTLR3-rs3775294 was reported to have a protector role.
Furthermore, our genetic analysis revealed the absence of
any association between the others polymorphisms investi-
gated in TLR3 (rs3775291) and in TLR7 (rs3853839) and sus-
ceptibility to PF. The ancestral allele was exclusive in all the
TLR2 studied SNPs (rs743703/04/05/06/07/08 and 09). Het-
erozygous variants for rs4986790 (Gly299Asp) and
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rs4986791 (Ile399Thr) in the TLR4 gene demonstrated lower
levels.

For the TLR2 (GT)n microsatellite, considering the whole
population, no significant differences were found in the alle-
lic and genotypic distribution. The epidemiodemographic-
stratification analysis showed that the association between
intronic TLR2 GT repeat polymorphism and PF was pro-
nounced only in the patient’s group originated from endemic
localities. In fact, the GT18 allele and the GT18/GT19 genotype
were associated with a significant risk to PF disease (P = 0:02
and 2.3 10-4, respectively), whereas the GT23 allele could be
considered as a protector allele (P = 0:02). Furthermore,
medium GT alleles (between 18-22 repeats) were signifi-
cantly more frequent in endemic PF patients (P = 0:0018,
OR = 3:26). Previously, Moore et al. [24] reported that higher
promoter activity could be induced by medium GT alleles.
So, we can speculate that the TLR2 intronic polymorphisms
could induce the regulation of the tlr2 receptor expression
which might control the disease severity in the Tunisian pop-
ulation and make patients more prone to inflammatory dis-
eases such as PF. This hypothesis is supported with our
recent report that showed a significant increase of the tlr2
receptor expression in the PF lesional tissue compared to that
of normal controls by the immunohistochemistry method
[29]. Taken together, these investigations highlight the
potential role of the TLR2 gene and protein in the pathogen-
esis of PF. tlr2 which interacts with peptidoglycan as well as
additional constituents of Gram-positive bacteria, mycobac-
teria, and fungi [30] is shown to be immune functional recep-
tors on KCs [31].

As to the TLR3 studied SNPs, the epidemiodemographic-
stratification analysis showed that the TLR3-rs574305 AA
genotype and A allele were significantly more frequent in
patients whose age of the onset of disease was above 35 years
(group 2) compared to their matched HC (P = 0:038, OR =
1:79 and P = 0:009, OR = 3:92, respectively). On the other
hand, the TLR3-rs3775294 intronic polymorphism seems to
be a protective factor in the sporadic patient’s groups (groups
2 and 4). Indeed, the distributions of rs3775294>C allele and
the homozygous genotype rs3775294>CC were significantly
more prevalent in control subjects. Considering the fact that
the TLR3 gene: rs5743305 (T/A) is located within the pro-
moter region and rs3775294 (C/T) is a nonsynonymous
SNP located within intron 2 which might affect the transcrip-
tional activity [8, 9], we can hypothesize that the breakdown
of this process giving variant receptor functionally impaired,
and that tlr3 receptor could have a pivotal function in this
pathology. The stronger diffuse expression of the tlr3 recep-
tor throughout all layers of KCs reported in our previous data
could consolidate this hypothesis [29].

For the TLR4 mutations, notably, those situated in the
fourth exon: rs4986790 and rs4986791 which alter the extra-
cellular domain of this receptor seem to be not associated to
PF in the Tunisian population. These findings do not provide
explanation of previous findings that showed the significant
tlr4 expression in lesional PF patient’s biopsies than in con-
trols biopsies. Thus, the tlr4over expression was showed to
be predominantly more pronounced in the basal layer and
slightly throughout the PF’s epidermis, using immunohisto-

chemical analysis [29]. Additionally, a study in a Chinese
cohort in different intraepidermal bullouse diseases showed
a relocalization of tlr4 expression sites with increased expres-
sion in pemphigus and BP lesions [32]. Taken together, these
findings argue for the implication of other particular poly-
morphisms that should enhance TLR4 signaling in PF’s ker-
atinocytes. The direct sequencing of the TLR4 gene seems to
be required to identify eventual missense mutation specific
for the Tunisian population.

Finally, the present study has some limitations that
should be considered. Although the TLR 2, 3, 4, and 7 poly-
morphisms studied were more studied polymorphism in
AID, polymorphisms of TLR have not been analyzed in PF
disease to date; therefore, results should be confirmed in
other ethnicities, while an integrative genomic approach to
infer causal associations between the gene expression and
PF should be elucidated in future experiments.

TLRs were considered as critical genes that may shift the
balance between pro- and anti-inflammatory cytokines and
cause autoimmunity. The inactivation or overexpression of
genes, that encode TLRs and subsequently alter TLR signal-
ing, provide a bridge between the innate and adaptive
immune systems and could constitute an important factor
implicated in the development of AID.

5. Conclusion

In conclusion, the present study revealed a number of genetic
associations between TLR gene polymorphisms and Tunisian
PF susceptibility. The main findings emerged with TLR2 GT
repeat, TLR3-rs574305, and TLR3-rs3777294 which exhibit a
distinct association according to the epidemiodemographic-
stratification analysis, indicating their possible role in certain
subphenotypes. Further, depth experimental studies and
multiple center studies are needed to consolidate the correla-
tion between PF disease and TLR gene polymorphism in the
newly submitted version.
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