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Abstract

Pemphigus foliaceus (PF) is an autoimmune skin disease in which environmental factors are thought to participate.
Recent studies suggest that microbial components use signaling molecules of the human Toll-like receptor (TLR) family
to transduce signals in keratinocytes. The aim of our research was to investigate the expression of TLRs 2, 3 and 4
by keratinocytes of PF patients compared to normal keratinocytes, in order to characterise the nature of the microbial
factor involved in the etiopathology of PF. Biopsies obtained from 43 PF patients and 20 healthy controls were assessed
by immunohistochemical analysis using specific polyclonal antibodies. The TLR2, TLR3 and TLR4 expression was
significantly upregulated in PF epidermis. The significant increase of those TLRs simultaneously may merely reflect the
complicated environmental conditions of rural women in the southern rural regions of Tunisia. Interestingly, we have
found that the TLR4 diffuse expression was associated with the production of anti-desmoglein 1 Abs (p=0.037). This
could be in line with a potential role of TLR ligand in aethiopathogenesis of Tunisian endemic PF.

TLR over-expression in pemphigus skin indicates that TLRs are involved in the pathogenesis of pemphigus through

stimulation by infectious or endogenous ligands.
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Introduction

The pattern-recognition strategy is based on the detection of
limited set of conserved molecular patterns that are unique to the
microbial world and invariant among entire classes of pathogens.
Pathogen-associated molecular patterns (PAMPs) are detected by
pattern recognition receptors (PRRs) that signal to the host the
presence of infection. Toll-like receptors (TLRs), originally identified
in Drosophila [1], are the best characterized class of PRRs and
comprise at least 12 proteins [2-4]. Among these, TLR2 interacts with
peptidoglycan (PGN), a component of all bacterial cell walls, as well
as additional constituents of Gram-positive bacteria, Mycobacteria
and fungi [5]; TLR3 recognizes double-stranded RNA, a component
of the life cycle of most viruses [6], and initiates immune responses to
specific viral pathogens [7]. While the most important ligand of TLR4
is lipopolysaccharide (LPS), a major component of the Gram negative
bacterial outer membrane [8], the TLR5 and TLR9 ligands, are bacterial
flagellin [9] and bacterial CpG DNA [10], respectively.

Interaction of PAMPs with TLRs expressed by cells of the innate
immune system or epithelia triggers a complex signaling pathway that
leads to the activation of several transcription factors, such as nuclear
factor kB, which then induces the activation of the inflammatory genes,
such as TNF, IL-1, IL-6 and IL-8 [9-11]. Through these activation
processes, TLRs also interact and modulate the adaptive immune
system. In this regard, several experimental and clinical observations

suggest the involvement of TLR in the pathogenesis of autoimmune
diseases, like type 1 diabetes [12] and inflammatory disorders, such as
ulcerative colitis and Crohn disease [13]. Understanding the ‘cross-
talk’ between pathogens and epithelial cells will help to unveil the role
of the environment in the triggering of autoimmune responses and the
development of autoimmune diseases.

Endemic pemphigus foliaceus (PF), originally described as fogo
selvagem in Brazil in 1903, is an organ-specific autoimmune disease
characterized by the production of autoantibodies (auto-Abs) directed
against desmoglein 1 (Dsgl), a protein of the specialized keratinocyte
(KCs) adhesion structure called desmosome. These auto-Abs induce
the loss of adhesion between KCs, leading to the formation of
intraepithelial blisters of the skin [14]. Other endemic foci of PF have
been identified in the rural regions of Colombia [15] and Tunisia [16].
The onset and course of PF depend on both genetic predisposing and
exogenous inducing factors. The involvement of environmental factors
is supported by several arguments (i) normal individuals living in
the endemic areas of Tunisia [17] and Brazil [18] may possess anti-
Dsgl Abs [19] (ii) a significant association between farming and the
presence of these auto-Abs has been reported (iii) epidemiological
study demonstrated that Tunisian endemic PF was significantly
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associated with certain traditional activities [20], and (iv) finally, the
potential effect of parasites such as leishmania and hydatidosis in the
aetiopathogenesis of endemic PF has been suggested [21,22].

Taken together, these reports provide substantial evidence that
the initiation and/or exacerbation of skin lesions could be triggered by
microbial organisms. Since the epidermis constitutes the first barrier
to invasive pathogens and TLR2, 3 and 4 were shown to be a variety
of immune functional receptors on KCs [23], it is thus conceivable
that certain microorganisms could participate in the disease process
through interaction with KC’s TLRs, and the subsequent activation of
antigen-presenting cells and KCs, and the adaptive immune system.

The aim of this study was to investigate and compare the expression
of TLR2, 3 and 4 by KCs in PF and normal skin biopsies, and then to
correlate TLR expression with anti-Dsgl auto-Ab titers a direct marker
of the autoimmune response.

Materials and Methods
Subjects

This study was performed on paraffin-embedded skin biopsies
obtained from 43 PF patients recruited from endemic southern
Tunisian areas and attending the Dermatology Department of Hedi
Chaker University Hospital (Sfax, Tunisia). The diagnosis of PF
was established according to the standard clinical, histological and
immunological criteria of the disease [24]. All specimens were taken
from PF patients with active disease and before treatment (T0).

Twenty skin specimens were obtained from normal individuals that
underwent plastic surgery. None of them suffered from autoimmune
or inflammatory diseases. All patients and controls were recruited
from southern Tunisian areas, belonging to the same socioeconomic
population stratum and exposed to similar environmental conditions.
Informed consent was obtained from both patients and controls. This
study was approved by the Ethical Committee of the Habib Bourguiba
University-Hospital of Sfax, Tunisia (protocol number of ethical
committee: 4/12).

Immunohistochemistry

For immunohistological analysis, tissue specimens were fixed in
10% formalin buffered at pH 70 for 24 h and paraffin-embedded.
TLR2, TLR3 and TLR4 expression was detected using anti-TLR specific
rabbit polyclonal IgG (Santa Cruz Biothechnology Inc®, Santa Cruz,
CA, USA), diluted 1:100 in phosphate-buffered saline (PBS) containing
5% skim milk. For immunohistochemical staining, tissue sections were
treated with microwave. Nonspecific binding of Abs was blocked
by incubating sections with buffered casein solution for 1 h at room
temperature (Power Block Universal Blocking Reagent, Bio Genex”,
San Ramon, CA, USA). Sections were then incubated with the TLR
specific anti-sera for 1 h at room temperature. As second step reagent,
a Biotin/Streptavidin-peroxidase detection system (HRP Detection
System, Lab vision®, Fremont, CA, USA) was used according to the
instructions of the manufacturer with 3-amino-9 ethylkarbazole (AEC)
(K346911, Dako Cytomation®, EnVision) as substrate. Finally, sections
were lightly counterstained with hematoxylin and analyzed under an
Olympus BX 40 microscope equipped with an Olympus DP 70 camera
(Olympus®; Tokyo, Japan).

Expression of TLR2, TLR3 and TLR4 in the specimens was blindly
evaluated by a pathologist, independently confirmed by a second
examiner and graded microscopically as follows: 0 when it was the
same as background (-); 0.5, when close to background (+/-); 1, focally

enhanced (+); 1.5, well-marked positivity (++); 2, strong positivity
(+++); 2.5, very strong positivity (++++). Data were expressed as mean
+ SD of the total of about gained values.

Statistical analysis

The statistical program, “Statistical Purchase for Social Sciences”
(SPSS) v13 (SPSS Inc®, Chicago; USA), was used for description and
inferential statistics. Statistical analyses were performed using Mann-
Whitney tests. Differences were considered significant when p<0.05.
All calculations were carried out with a 95% confidence interval (95%
CI).

Pearson’s correlation coefficients were assessed in normally
distributed data to describe the relationship between TLR expression
scores and anti-Dsg 1 Abs levels.

Results
Subjects

The patients groups consisted of 43 PF patients (39 women and 3
men; 34.5 * 8 years). The 20 healthy controls consisted of 11 women
and 9 men were 38 + 8 years of age.

TLR 2

Immunohistochemical analysis of sections from paraffin embedded
normal human skin biopsies showed that only 5 out of the 20 normal
skin barely expressed TLR2 (+/-). This weak immunoreactivity, close to
the background, was limited to the suprabasal layers of the epidermis
(Figure 1A), with a mean score value of 0.1 + 0.2 (Tablel).

In PF patients, the basal expression of the TLR2 was barely detected
(+/-) in 2 out of the 43 biopsies, focally enhanced (+) in 3, well-marked
positive (++) in 1 patient and negative in the others. However, a diffuse
expression of TLR2 involving the different layers of the epidermis was
detected and scored as (+) in 10 PF specimens (Figure 1D), or close
to background (+/-) in 23 out of the 43. No staining was observed in
10 PF skins. Thus, in PF patients, TLR2 was predominantly expressed
throughout the entire epidermis with a slight labeling in the basal
layers. These results are depicted in Table 1. When TLR2 expression
in PF patients was scored and compared to that of normal controls, a
significant increased was observed (p<0.0001).

Interestingly, when the location of the immunostaining was
possible, it was found to be consistently localized not on the cell surface
but into the cytoplasm (Figure 1A and 1D).

TLR3

TLR3 expression in control subject specimens and lesional skin
biopsies of PF patients was shown in Figure 1B and 1E.

In controls, only 1 out of the 20 skin samples showed a basal and
focally enhanced staining (+), whereas 10 and 9 out of those 20 controls
showed a slight (+/-) (Figure 1B), or a well-marked (++) diffuse
expression, respectively. The average score of this diffuse expression
was 0.7 £ 0.3.

In the PF group, there was a stronger diffuse expression of TLR3
throughout all layers of KCs (average score: 1.094 + 0.49), with a slight
labeling of the basal layers that was scored 0.058 + 0.27. Indeed, only 2
patient biopsies exhibited a weak (+) and 2 a well-marked (++) TLR3
basal expression, respectively, whereas the diffuse expression was
well-marked (++) in 12 out of 43 (Figure 1E), focally enhanced (+) in
27 and barely (+/-) detected in 4. As observed for TLR2 expression,
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TRL2
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Figure 1: Immunohistochemical analysis of TLR2, TLR3 and TLR4 in nor-
mal human skin and in PF specimens.

Representative sections from skin biopsy specimens were analyzed by
means of immunohistochemical staining, as described in materials and
methods. Samples of normal skin (N=20) and pemphigus foliaceus speci-
mens (N=43) were obtained. Slides were stained with rabbit polyclonal
anti-human TLR2, TLR3 and TLR4 antibodies targeted to TLR2-, TLR3- and
TLR4-specific epitopes.

The normal human epidermis exhibited limited positive staining for TLR2,
TLR3 and TLR4.

Controls: 1A: staining limited to the basal layer for TLR2; 1B: moderate dif-
fuse staining for TLR3 and 1C: basal limited staining for TLR4.

Intense staining was observed in patients ‘specimens, suggesting a high
level of TLR2, TLR3 and TLR4 expression.

Patients: 1D: diffuse strong staining for TLR2, 1E: well marked diffuse stain-
ing for TLR3 and 1F: strong staining of the basal layer for TLR4.

1G: negative control. Original magnificationx40. Scale bars correspond to
50 ym

immunostaining was principally intra-cytoplasmic (Figure 1E).

Thus, a significant increase in TLR3 diffuse expression was observed
in lesional biopsies of PF patients compared to controls (p<0.0001)
(Table 1).

TLR4

The TLR4 expression in PF patients and control subjects biopsies is
shown in Figure 1C-1F.

In the control group, the immunostaining was weak and limited
to the suprabasal layers (0.62 + 0.49) (Table 1). More precisely, the
expression was slight (+/-) in 8 out of 20, focally enhanced (+) in 7 and
well marked in 1 out of 20 (++) (Figure 1C).

TLR4 expression was predominantly more pronounced in the basal
layer and slightly throughout the PF’s epidermis (Figure 1F). The basal
expression of TLR4 was weakly detected (+) in 21 out of the 43 PF
patients, well marked (++) in 15, and strong (+++) in 2 patients. It was

TLR2 TLR3 TLR4
b Dif b Dif b Dif

Healthysub-| 0.1
jectsN=20 0.20

PF pa- 0.13% 05+ 0.058 1.094+
tientsN=43 0.37 0.34 +0.27 0.49

P NS NS NS <0.001

0.7+0.30 | 0.62+0.42 0

1.104 £0.49 0.28 £ 0.44

<0.001 0.004

b: Expression limited to basal keratinocytes, Dif: Diffuse expression, NS: Differ-
ence are not significant, Data were expressed as mean * SD of the total of about
gained values.

Table 1: Expression of TLR 2, 3 and 4 in PF patients and controls biopsies.

negative in the other 5. A diffuse expression was weak (+) in 8 patients,
well marked (++) in 15, barely detected (+/-) in 5 and negative in the
other 19. Again as for TLR2 and TLR3 expression, immunostaining
was principally intra-cytoplasmic (Figure 1F).

A significant difference in TLR4 expression in the basal KCs
(p<0.0001), as well as in the entire epidermis (p=0.004) in PF’s patients
biopsies than in controls biopsies was observed (Table 1).

Correlation between expression of the different TLR in PF
skin biopsies

Binary logistic regression was used to test the association of the
diseases (PF) with TLR expression, even after adjusting for confounding
factors (age, sex). The TLR3 diffuse expression and the focal TLR4
expression in basal KCs seem to be the most correlated with the disease
with p values equal to 0.016 and 0.009, respectively.

We then looked for a correlation between the expression of the
different TLRs in PF skin samples. The Pearson’s correlation study
showed that the focal expression of TLR4 in basal KCs was negatively
correlated with its diffuse expression throughout the epidermis (r=-
0.520; p<0.0001) (Figure 2).

Correlation between TLR expression and autoantibody titers

In patient group, anti-Dsg 1 antibodies were detected by a
commercial enzyme-linked immunosorbent assay kit (MBL, Nagoya,
Japan) as reported previously [17].

Since TLR activation has been shown to modulate auto-Abs levels
in certain autoimmune diseases [25], we asked whether a correlation
could be observed between anti-Dsgl Abs titers at the time of biopsy
and TLR expression scores determined in PF sample biopsy. While
no correlation was observed between Abs titers and TLR2 or TLR3
expression, anti-Dsgl auto-Abs titers were positively correlated with
the TLR4 diffuse expression (r=0.419; p=0.037) (Figure 2).

Discussion

This study showed that the expression of TLR2, TLR3 and TLR4
was significantly increased in KCs of Tunisian endemic PF patients
compared to those of normal skins.

In normal skin specimens, TLR2 and TLR4 were found to be focally
and weakly expressed by basal layer KCs, while TLR3 was weakly
expressed throughout the epidermis. Our results are in agreement with
those previously reported by immunohistochemistry [26,27]. On the
other hand, it was shown that the mRNA expression of TLRs 3 and
4 was consistently detected at high intensity in cultured human KC,
whereas TLR2 signal was lower and found inconsistently [28]. TLR
expression is already known to be very low on cell surface [29], and,
in addition, the preferential intra-cytoplasmic localization of TLR
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Figure 2: Signifiant ccorrelation between TLRs expression and anti-Dsg1
Abs.

The red line showed that the focally TLR4 expression in basal KCs is
negatively associated with the diffuse expression of the same recep-

tor (r=-0.520; p<0.0001). The blue line indicate that the TLR4 diffuse
expression was significantly correlated with anti-Dsg1 auto-Abs (r=0.419;
p=0.037).

Dsg: desmoglein, B4: TLR4 expression in basal keratinocytes, DIF4.
Diffuse expression of TLR4, r: Pearson correlation coefficient and p:
significance.

observed in the present study has also been described in a previous
report [28], and might contribute to the poor response of KCs to
microbial stimulation. Interestingly, a preferential intra-cytoplasmic
TLR expression has also been observed in intestinal epithelial cells
during the course of inflammatory bowel diseases [30].

In contrast to the low TLR expression observed in normal human
KCs, an increase expression was observed throughout the epidermis
in PF patients. It provides evidence that in PF, in which KCs are
hyperproliferative, there is more diffuse expression of the three TLR,
which seems, therefore, to be dynamical process during inflammation.

As far as we know, this is the first report on TLRs expression in
PF. We showed that TLR 2, 3 and 4 receptors were simultaneously and
strongly up-regulated in lesional skin biopsies compared to controls
biopsies, and that the TLR3 diffuse expression and the focal TLR4
expression in basal KCs were the most correlated to the disease (p=0.016
and 0.009, respectively). These observations could provide valuable
insights into the role of TLRs in the development and progression of PF.
Indeed the significant increase of those TLRs may reflect the complex
environment of women living in the southern rural regions of Tunisia,
who encounter a multitude of pathogenic microorganisms during
their lifetime [20], In this regard, the potential role of viral [31,32]
and bacterial [33] infections in the ethiopathogenesis of Tunisian PF
has been previously suggested. However, the specific link between
exposure to an environmental trigger and induction of a restricted
of the autoimmune response has not yet been established. Herewith,
the demonstration that anti-Dsgl auto-Ab titers were significantly
correlated to the TLR4 diffuse expression, argued for the potential role
of a specific TLR4 ligand in the ethiopathogenesis of Tunisian endemic
PF.

TLR4 upregulation could also result from the effects of endogenous
ligands like the heat shock protein 60 (HSP60) [34,35]. Recently, it
has been shown that HSPs play an important role in inflammatory
and immunological responses of the skin by enhancing the signalling
pathway of PF-antibody-mediated cellular responses, causing KCs
adhesion inhibition [36]. Thus, TLR4 ligands might participate
in pemphigus, both at the initial and the final lesional steps of the
physiopathological process.

In conclusion, a modulation of TLR expression was demonstrated
in skin lesions of PF patients. Those changes suggest that the activation
of the innate immune system could represent an important event in
this disorder. Most probably, microorganisms could trigger TLR3/
TLR4, which expression is increased in KCs of PF patients leading to
NEF-kB activation [37]. The activation of TLR pathways leads to pro-
inflammatory cytokine secretion, which could maintain the chronic
activation of the CD4+ T-cell in PF [38,39]. Thus, after stimulation
by bacterial products, TLRs mediate a variety of signals not only for
inducing pro-inflammatory cytokines, such as TNF-a, IL-6, INF-y,
and IL-12, but also for up-regulated co-stimulatory molecules, such as
CD80 and CD86 to activate immune responses [40]. However, it have
been reported that the expression of several TLRs is also specifically
up-regulated by cytokines, such as TNF-a and INF-y [41]. More
investigation is needed to substantiate this theory.
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