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Abstract
Background—Desmoglein 1 (Dsg1), the pemphigus foliaceus (PF) antigen, is produced as a
precursor (preDsg1) and is transported to the cell surface as the mature form (matDsg1). Recent
studies show that B cells from North American individuals without pemphigus can potentially
produce anti-preDsg1 IgG antibodies, but ELISA screening of large numbers of normal people in
North America and Japan hardly ever shows circulating antibodies against preDsg1 or matDsg1.
In contrast, in Tunisia, where PF is endemic, anti-Dsg1 IgGs are frequently detected in healthy
individuals.

Objective—To characterize these anti-Dsg1 antibodies from normal individuals in Tunisia.

Methods—Sera from 16 healthy individuals and 9 PF patients in the endemic PF area in Tunisia,
and sera from Japanese non-endemic PF patients were analyzed by immunoprecipitation-
immunoblotting using recombinant proteins of preDsg1, matDsg1, and domain-swapped Dsg1/
Dsg2 molecules.

Results—Sera from normal Tunisian individuals reacted to preDsg1 alone (8/16) or more
strongly to preDsg1 than to matDsg1 (7/16), while those from all Tunisian PF patients and
Japanese non-endemic PF patients reacted similarly to preDsg1 and matDsg1, or preferentially to
matDsg1. The epitopes recognized by anti-Dsg1 IgGs from normal Tunisian individuals were
more frequently found in the C-terminal extracellular domains (EC3 to EC5), while those in
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Tunisian endemic PF patients were more widely distributed throughout the extracellular domains,
suggesting IgGs against EC1 and EC2 developed during disease progression.

Conclusions—These findings indicate that IgG autoantibodies against Dsg1 are mostly raised
against preDsg1 and/or C-terminal domains of Dsg1 in healthy Tunisians in the endemic area of
PF.

1. Introduction
Pemphigus foliaceus (PF) is a tissue-specific autoimmune disease characterized by
superficial blisters in the epidermis and circulating autoantibodies against the desmosomal
cadherin desmoglein 1 (Dsg1), which is involved in cell-cell adhesion [1]. PF has two
forms: a sporadic form that occurs throughout the world and an endemic form (fogo
selvagem) first reported in Brazil in 1903 [2, 3]. In 1993, the presence of an endemic form
of PF in southern Tunisia was reported [4, 5]. Both sporadic and endemic forms are
clinically, histologically, and immunologically similar; however, the endemic form has
several unique features, such as geographic and familial clustering and high prevalence
among young adults [5, 6].

Characteristics of the Tunisian endemic form of PF include a significantly higher incidence
in southern regions as compared with northern regions [6, 7]. The observation that the
majority of PF family cases in Tunisia were also located in the southern regions implies the
role of genetic susceptibility or environmental factors, and DRB1*03 was concluded to be
the main susceptibility allele for the Tunisian endemic PF in previous studies [8, 9]. Anti-
Dsg1 antibodies (Abs) have been detected in normal subjects living in an area where PF is
endemic [3]. Furthermore, Abs against Dsg1 were detected in 7.4% of normal subjects
throughout Tunisia. The rate was higher in the south (9.23% vs. 5.71% in the north), where
there are more patients with the endemic form of PF [7].

Dsg1 is synthesized in the endoplasmic reticulum as an inactive precursor protein (preDsg1)
with a propeptide at its amino-terminus. It is then processed by proteases such as furin
during transport to the cell surface, where the mature form of Dsg1 (matDsg1) (without a
propeptide) forms desmosomes, which are involved in cell-cell adhesion [10–12]. A recent
study from North America isolated monoclonal antibodies (mAbs) specific for preDsg1
from individuals without pemphigus using phage display[13]. This type of study indicates
that there may be B cells in individuals without pemphigus capable of producing anti-
preDsg1 antibodies, however they probably do not usually do so because most people in
North America and Japan without PF are negative in anti-Dsg1 ELISA [14]. This ELISA
assay is known to detect both anti-preDsg1 and anti-matDsg1 antibodies [15, 16]. In
contrast, anti-Dsg1 antibodies have been detected from normal individuals by ELISA, in
19% of the population without PF in endemic areas for PF in Brazil, and 9% in Tunisia,
respectively [3, 7]. We hypothesized that in these endemic areas a subset of people that may
be predisposed to developing PF may have activated these preDsg1-specific B cells as the
first step toward developing disease, and in doing so actually produce anti-preDsg1
antibodies that are detected by ELISA.

To test this possibility, we characterized autoantibodies against Dsg1 in individuals with and
without PF in endemic areas for PF in Tunisia. We found that anti-Dsg1 Abs from healthy
Tunisian individuals preferentially reacted with preDsg1, unlike those from individuals with
Tunisian PF, which preferably bound to matDsg1. Our findings suggest that Abs against
preDsg1, which are usually not detected by ELISA in normal individuals, can be detected in
individuals without pemphigus who live in or near areas endemic for pemphigus foliaceus.
The production of these anti-preDsg1 Abs, whether due to the environment or the genetics
of the population, may be an initial step in developing anti-matDsg1 antibodies and disease.
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2. Materials & Methods
2.1. Subjects and sera

We examined sera from nine Tunisian patients with endemic PF (TPF) and 16 healthy
subjects found in previous studies by our group to have anti-Dsg1 Abs [6, 9, 13]. Among
these 16 normal subjects, seven were relatives of PF patients (THR) and nine were healthy
controls (THC). We also included sera from nine Japanese patients with sporadic PF (JPF).
All patients showed typical clinical and histological features of PF. All patients and healthy
controls gave written consent to participate in the study.

2.2. Anti-Desmoglein1 antibodies titration
Dsg1 ELISA kits (MBL, Nagoya, Japan) were used for quantitative analysis of serum anti-
Dsg1 Ab levels as previously described [14]. According to the manufacturer’s instructions,
index values >20 were considered positive. In some experiments, to increase the ratio of the
mature form of Dsg1 on ELISA plates, we pretreated the plates with 10 U/well furin (New
England Biolabs, Ipswich, MA, U.S.A.) in 20 mM Tris, 500mM sodium chloride (pH 7.5;
TBS), with 1mM CaCl2 at room temperature overnight.

2.3. Indirect immunofluorescence (IIF)
Each serum sample was subjected to indirect immunofluorescence analysis using normal
human skin cryosections. Briefly, human skin cryosections were incubated with serial
dilutions (1:10, 1:40, and 1:160) of tested sera for an hour at room temperature or overnight
at 4°C. Human IgG Abs were detected with a 1:100 dilution of FITC-labeled polyclonal
rabbit anti-human IgG (Dako, Copenhagen, Denmark) [17].

2.4. Recombinant proteins
Recombinant proteins were produced as previously described [18]. Briefly, plasmids were
cotransfected with Sapphire Baculovirus DNA (Orbigen, San Diego, CA, U.S.A.) into
cultured insect Sf9 cells. Recombinant virus was collected from the supernatant and was
amplified by several rounds of passage in Sf9 cells. High Five Cells (Invitrogen, San Diego,
CA, U.S.A.) cultured in serum-free EX Cell 405 medium (JRH Biosciences, Lenexa, KS,
U.S.A.) were infected with baculovirus and incubated at 27°C for 3–4 days. Baculoproteins
were collected as supernatants and stored at −80°C.

In the plasmid pQE-Dsg1-FacX, which carries the entire extracellular domain of Dsg1 fused
to an E-tag and a His-tag, the putative endoproteolytic cleavage site of Dsg1 (RQKR) is
substituted with the recognition site for blood coagulation factor Xa (IEGR) [16]. The
construct was transiently transfected into CHO cells cultured in Ham’s F-12 medium
(Sigma, St Louis, MO, U.S.A.) and incubated at 37°C for 7 days. PreDsg1 and matDsg1
proteins were collected as supernatants and stored at −80°C.

2.5. Immunoprecipitation-immunoblotting analysis (IP-IB)
Immunoprecipitation was carried out by mixing a 20 μl bed volume of Protein G Sepharose
4 Fast Flow (GE Healthcare®, Uppsala, Sweden), 200 μl of culture supernatant for each
protein, and 2 μl of each serum. In some experiments, the culture supernatant was treated
with ethylenediaminetetraacetic acid (EDTA) at 5mM for 1 hour to chelete calcium. The
mixture was incubated at 4°C overnight with gentle rotation and then washed five times with
Tris-buffered saline containing 1 mM calcium chloride and 0.05% Tween 20.
Immunoprecipitated proteins were then re-suspended in sodium dodecyl sulfate (SDS)
sample buffer, fractionated by SDS polyacrylamide gel electrophoresis (SDS-PAGE), and
labeled using a horseradish peroxidase-conjugated anti-E-tag Ab (GE Healthcare,
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Buckinghamshire, UK). Proteins were visualized using Western Lightning
Chemiluminescence Reagent Plus (PerkinElmer LAS, Shelton, CT, U.S.A.) and by
autoradiography.

2. 6. Statistics
All parameters were compared by Fisher’s exact test, as appropriate, with p<0.05 considered
significant.

3. Results
3.1. Anti-Dsg1 antibodies from healthy individuals in Tunisia do not show intercellular
staining, in contrast to those from PF patients

All sera analyzed in this study reacted with Dsg1 in an ELISA, as shown in Supplemental
Table 1. We compared the ELISA results with those for indirect immunofluorescence (IIF)
using normal human skin as the substrate. Seven of nine TPF sera and all JPF sera showed
cell surface staining throughout the epidermis, as is typically seen in PF (Fig. 1A, D). Two
TPF sera did not exhibit cell surface staining, presumably because of their lower titers
against Dsg1 in the ELISA (their indexes were 36.67 and 37.32). On the other hand, none of
the THR or THC sera showed cell surface staining in IIF (Fig. 1B, C). No fluorescence was
observed even with sera showing high ELISA reactivity (index values >150 index, e.g.,
THR2 and THC8), indicating that low antibody titers are not the reason for the lack of
fluorescence. We repeated the assay with extended incubation time to overnight with sera of
TPF, THR and THC to increase the sensitivity, and no cell surface staining was observed in
THR or THC sera as well (Supplemental Fig. 1).

Based on their different IIF staining patterns, we assumed that Abs against Dsg1 in THRs
and THCs might bind to precursor Dsg1 (preDsg1) and not mature Dsg1 (matDsg1). The
majority of preDsg1 is located in the cytoplasm, which is why Abs against preDsg1 show
undetectable cell surface staining in IIF and do not cause blister formation in the skin [19].

3.2. Anti-Dsg1 antibodies in healthy Tunisian individuals mainly target preDsg1
To further characterize THR and THC sera with positive Dsg1 ELISAs,
immunoprecipitation was performed using recombinant Dsg1 (rDsg1). We produced a
mutated form of rDsg1 named precursor-FacX-Dsg1 (preDsg1), in which the original
endoproteolytic cleavage site of Dsg1 (RQKR) was replaced with the recognition site for
serum coagulation factor Xa (IEGR) (Figure 2A). We also prepared the original construct of
rDsg1 (matDsg1). These proteins were expressed in Chinese hamster ovary (CHO) cells,
which have more efficient posttranslational modification than insect cells (baculovirus
expression system) that have been used for Dsg ELISA [13, 16]. In insect cells, rDsg1 was
produced as a mixture of preDsg1 and matDsg1, while in CHO cells pure preDsg1 and
matDsg1 were prepared from their respective plasmid constructs (Fig. 2B) [13, 19, 20].
Thus, we could use pure recombinant protein that only contains preDsg1 or matDsg1 for
immunoprecipitation.

All THR and THC sera immunoprecipitated preDsg1, while three THR sera and five THC
sera reacted with preDsg1 alone, indicating that 50% (8/16) of Tunisian non-pemphigus sera
in this study targeted only preDsg1. Four THR sera and four THC sera immunoprecipitated
both preDsg1 and matDsg1; however, all of the sera except one serum that reacted to both
equally, reacted more strongly with preDsg1 than with matDsg1 (Fig. 2C). In contrast, all
TPF sera showed binding to both preDsg1 and matDsg1, and three TPF sera (33.3%)
showed preferential binding to matDsg1. The other six TPF sera (66.7%) bound equally to
matDsg1 and preDsg1. Similarly, six out of nine JPF sera (66.7%) showed preferential
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binding to matDsg1, including one case of exclusive binding to matDsg1, while three JPF
sera (33.3%) bound to both preDsg1 and matDsg1 at equal levels (Table 1, Fig. 2C). The
major finding is that anti-Dsg1 IgG autoantibodies in the THR and THC groups bound more
strongly to preDsg1 than to matDsg1, while this preferential binding to preDsg1 was not
found after disease onset (i.e., in the TPF and JPF groups) (P<0.0001).

We also performed ELISA with furin-treated plates to determine whether THR and THC
sera were binding to preDsg1 specifically. The proprotein convertase furin cleaves the
precursor forms of Dsg1 on the ELISA plate and converts them into the mature form [15].
The average of titer against Dsg1 after furin treatment decreased to 23.9% in THR and THC
(n=13), while they were 107.7% in TPF (n=7) and 104.3% in JPF (n=9), respectively (Fig.
2D, supplement Table 1). These results suggest that THR and THC sera bind specifically to
preDsg1.

The immunoreactivity of THR and THC sera to preDsg1 was calcium-dependent, as
indicated by the fact that EDTA treatment abolished binding in all THR and THC sera (Fig.
2E). This result showed that anti-Dsg1 antibodies from healthy Tunisians bind
conformational epitopes on preDsg1.

We speculate that the conformational epitopes recognized by these THR and THC anti-Dsg1
antibodies are only expressed intracellularly and are lost with processing to the mature form.
Therefore, these Abs do not detect cell surface matDsg1 by IIF, but only bind intracellular
preDsg1, similar to mAbs that have been cloned from other individuals without pemphigus
[13]. We assume that Abs from these normal Tunisian individuals that bind both preDsg1
and less to matDsg1 are not high enough titer or avidity against the latter to be positive for
cell surface staining by IIF.

3.3 Autoantibodies from healthy Tunisian individuals react with the C-terminal
extracellular domains of Dsg1, while PF patients have antibodies against the N-terminal
extracellular domains

We examined the epitopes of anti-Dsg1 Abs from each group to investigate whether there is
any difference in Ab-binding sites between the THR, THC, TPF, and JPF groups. To
analyze autoantibody epitopes in each group, we used the previously constructed swapping
molecules containing extracellular (EC) domains 1 to 5 of Dsg1 on the backbone of Dsg2
(Fig. 3A) [18].

Epitope mapping revealed that all sera from clinically healthy subjects from Tunisia (THR
and THC) showed immunoreactivity to more than one EC domain and tended to react with
the C-terminal domains of Dsg1, such as EC4 and EC5 (Fig. 3B). The proportions of THR
and THC sera that reacted with each EC domain were 28.6% and 11.1% (average 18.8%) for
EC1, 42.2% and 55.6% (50.0%) for EC2, 71.4% and 88.9% (81.3%) for EC3, 71.4% and
88.9% (81.3%) for EC4, and 85.7% and 88.9% (87.5%) for EC5, respectively (Fig. 3C). We
could not completely exclude a possibility that the swapping molecules used in this study
may contain the precursor forms because they were produced by baculovirus expression
system. However, the results of the epitope mapping will not be obscured because the
domain swapping molecules for EC2 to EC5 have the propeptide of Dsg2 and the sera did
not show any binding to Dsg2 (Fig. 3C).

All TPF sera were immunoreactive to more than one EC domain of Dsg1 (Supplemental
Table 1), and reacted to sites throughout the entire extracellular portion of Dsg1, from EC1
to EC5 (Fig. 3B). The proportions of TPF sera that recognized each Dsg1 EC domain were
100% for EC1, 77.8% for EC2, 100% for EC3, 55.6% for EC4, and 66.7% for EC5 (Fig.
3C). Comparing the results for endemic TPF with those for sporadic JPF, JPF sera mainly
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bound to EC1 and showed much less frequent reactivity to C-terminal extracellular domains
of Dsg1 (Fig. 3B). The proportions of JPF sera that recognized each Dsg1 EC domain were
100% for EC1, 55.6% for EC2, 22.2% for EC3, 11.1% for EC4, and 0% for EC5 (Fig. 3C).

These findings imply the existence of differences in disease development between endemic
PF in Tunisia and sporadic PF in Japan. The THR and THC results suggest that individuals
in this particular region initially have Abs against preDsg1, which mainly react with C-
terminal extracellular domains such as EC4 and EC5. Individuals who develop the endemic
form of PF (TPF) produce Abs that recognize epitopes in the N-terminal EC1 domain. This
is why Tunisian patients with endemic PF have Abs against EC1 in addition to the other C-
terminal domains of Dsg1. In Japanese patients with sporadic PF, however, anti-matDsg1
Abs targeting N-terminal domains of Dsg1 are apparently produced at disease onset because
patients with sporadic PF rarely have Abs against the C-terminal domains.

4. Discussion
Our findings provide the first evidence that individuals without pemphigus produced Abs
against the precursor form of Dsg1 in the peripheral blood. Previous reports that monoclonal
Abs against preDsg1 were isolated from individuals without PF using a phage display
technique, suggested that preDsg1-specific B cells could survive in healthy people [13, 19].
In other words, B cell tolerance is specific for matDsg1 on the cell surface and not for
preDsg1 inside the cells, which is not exposed to the immune system. However, retaining
preDsg1-specific B cells does not mean that PF will develop. In fact, Abs against preDsg1
are usually not detected in people without pemphigus because preDsg1-specific B cells are
never activated to produce Abs even if they survive by escaping tolerance. Our results
support the existence of preDsg1-specific B cells in individuals without PF and Abs against
preDsg1 could be detected in certain situations, such as the preclinical stage of endemic PF.

The role of anti-preDsg1 Abs in healthy people remains unclear. Ab production against
preDsg1 might precede disease development because some individuals without PF, in whose
sera we detected anti-preDsg1 Abs in the current study, may develop endemic PF in the
future. Anti-preDsg1 monoclonal Abs cloned from individuals without PF in a previous
study showed many characteristics of so-called natural autoantibodies (NAAs), which have
long been recognized as self-reactive Abs in healthy people [13, 21, 22]. NAAs are often
directed against nuclear or cytoplasmic antigens, and their specificity is mostly carried by
the heavy chain, which has few somatic mutations [13, 23]. One theory of autoimmunity is
that B cells with NAA receptors become stimulated by continuous exposure to antigen
through molecular mimicry or tissue injury, with resulting somatic mutations causing
pathologic autoantibody production [13, 24, 25]. This could not be the case for anti-preDsg1
mAbs in previous studies because anti-preDsg1 and anti-matDsg1 mAbs from sporadic PF
patients were derived from different B cell clones [13, 19]. However, it would be interesting
to analyze the situation in the area where PF is endemic because the disease onset
mechanism might be different. Of course, pemphigus does not develop immediately after
breakdown of B cell tolerance, because activation of Dsg-specific autoreactive T cells is also
presumably necessary for autoantibody production [13, 26, 27].

From our epitope mapping experiments, the epitopes recognized by anti-Dsg1 Abs expanded
to include the N-terminal domains (EC1 and EC2) when TPF developed. In autoimmune
blistering diseases, this epitope shift phenomenon is an important pathogenic mechanism in
which autoimmunity extends to new epitopes in the same or different molecules [28, 29]. In
fact, a previous study using sera from patients in Brazil with fogo selvagem showed that
shifting of epitopes from C-terminal domains (EC5) to N-terminal domains was associated
with the development of endemic PF [13, 30]. Our results suggest that the endemic forms of
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PF in Tunisia and Brazil may share similar epitope shift mechanisms of disease onset.
Interestingly, the proportion of Abs against N-terminal domains of Dsg increased as the
proportion of Abs against C-terminal domains decreased during disease development in a
previous study performed using a mouse model of pemphigus vulgaris [31]. Based on these
studies, it appears that, in certain circumstances, specific recognition of Dsg most likely
occurs through Abs against C-terminal extracellular domains, which contain more isoform-
specific residues, and then spreads to N-terminal domains, which are more conserved among
the Dsg isoforms. On the contrary, Abs in patients with sporadic pemphigus mainly target
N-terminal domains of Dsg without binding to C-terminal domains, suggesting there must
be at least two ways of developing pemphigus, i.e., through epitope spreading from C-
terminal domains (as occurs in endemic PF) and by the direct emergence of antibodies
specific for N-terminal domains (sporadic pemphigus).

Even though we assume that anti-Dsg1 antibodies in THR and THC are mostly against the
precursor form from our results, it is still unclear which part of preDsg1 they are binding to.
It is speculated that anti-preDsg1 antibodies reacted with the propeptide themselves or
conformation-dependent epitopes generated by combination of propeptide and some parts of
matDsg1. Unfortunately, we were unable to address this question because we failed to
produce a recombinant protein for the propeptide alone. In addition, some THR and THC
sera (e.g. THR6, THC7) with no or weak reactivity with matDsg1 showed stronger
reactivity with EC3 or EC5 of Dsg1 on the swapping molecules (Supplemental table 1).
Although we could not fully explain the exact reason of this discrepancy, we presume that
the swapping molecules may have higher sensitivity to detect Abs reacting with EC3-5
domains of matDsg1 which may be too low to be detected by IIF. Our results raise questions
regarding the dynamic state of preDsg1 in living keratinocytes and further studies are
needed to clarify the precise conditions of preDsg1 in the epidermis.

Our detection of autoantibodies against a precursor form of Dsg1 in the circulation in
individuals without PF may help to elucidate the pathogenesis of pemphigus. Investigating
the pathophysiological significance of these Abs may lead to a novel approach of treating
the pre-development stage of pemphigus and the prevention of pemphigus development.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Representative results of indirect immunofluorescence using normal human skin. (A) A
patient with Tunisian endemic PF (TPF). (B) A healthy relative of a patient in Tunisia with
endemic PF (THR). (C) A healthy individual from the area in Tunisia affected by endemic
PF (THC). (D) A patient with Japanese sporadic PF (JPF). Scale bars: 50 μm.
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Fig. 2.
Immunoprecipitation analysis using mature and precursor forms of Dsg1.
(A) Recombinant precursor (preDsg1) and mature Dsg1 (matDsg1) proteins were used. (B)
Western blotting of preDsg1 and matDsg1. The bands detected by anti-E tag Abs show the
molecular weight differences between preDsg1 and matDsg1, the latter of which has a
slightly lower molecular weight. Expression levels of preDsg1 and matDsg1 are
approximately same in CHO cell culture supernatant. (C) Representative results of
immunoprecipitation for sera from each group. THR and THC sera showed preferential
binding to preDsg1, while TPF and JPF sera reacted with both preDsg1 and matDsg1, or
preferentially with matDsg1. (D) The average of Dsg1 titer after furin-treated ELISA. THR
and THC sera decreased to 23.9% after furin treatment. (E) Representative results of
immunoprecipitation using preDsg1 before and after EDTA treatment. EDTA treatment
abolished the binding activity to preDsg1.
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Fig. 3.
Epitope mapping using domain-swapped molecules.
(A) Schematic representation of domain-swapped molecules comprising EC domains of
Dsg1 and the backbone of Dsg2. Domains EC1 to EC5 of human Dsg1 were domain-
swapped with the corresponding domains of human Dsg2 to generate five recombinant
molecules. (B) Representative results of epitope mapping of THR, THC, TPF, and JPF sera.
Each serum sample was immunoprecipitated with rDsg1, rDsg2, and five recombinant
domain-swapped molecules (labeled at the top of each panel) and subjected to
immunoblotting using anti-E tag Abs. (C) Immunoreactivity of sera from each group (seven,
nine, nine and nine from the THR, THC, TPF, and JPF groups, respectively) to each
extracellular domain of Dsg1 (EC1 to EC5).
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