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In discordance with the above, we identified a group of 2 PF patients with positive levels of anti-Dsg3 Abs and also 4 healthy blood
donors with positive levels of both anti-Dsg1 Abs and anti-Dsg3 Abs
(Table 1). Indeed, it has been well documented that autoimmune diseases may coexist in the same patient, either sequentially or concurrently [5-7]. Anti-Dsg3 autoantibodies are detected in the sera of a
small number of PF patients (<7%) [8]. Moreover, it has been reported
that multiple keratinocyte cadherins such as Dsg1, Dsg2, Dsg3, Dsg4,
Dsc1, Dsc2, Dsc3, and E-cadherin, are recognized by healthy controls
in endemic area as well as PF patients [9,10]. Multiple factors, including those of immunological, genetic, endocrine and environmental
origin, contribute to the above condition. The phenomenon of epitope spreading can be used to explain this coexistence or this shift.
Epitope spreading is a phenomenon in which immune responses can
spread over the disease course to recognize epitopes that are different
from the original target [11]. If it occurs in the same molecule, this is
termed “intramolecular epitope spreading” [12,13]. When responses
begin to target epitopes on other proteins, this is termed “intermolecular epitope spreading” [14,15].
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Abstract
Pemphigus Vulgaris (PV), Pemphigus Foliaceus (PF) and Bullous
Pemphigoid (BP) are a group of rare organ-specific diseases that affect skin and mucous membranes. Each subtype of pemphigus has
its own anti-Desmogleins (Dsgs) autoantibodies profile: Dsg1 is the
auto-antigen in PF whereas Dsg3 is the in PV.
We identified 2 PF patients with positive levels of anti-Dsg3 Abs
and also 4 healthy blood donors with high levels of anti-Dsg1 Abs
and anti-Dsg3 Abs.
The purpose of this study was to examine epitopes recognized
by anti-Dsg1/anti-Dsg3 Abs and to identify potential autoreactive
HLAII-restricted helper T cell epitopes shared among Dsg1+/Dsg3+
subjects that could explain the simultaneous occurrence of these
auto-Abs.
On IIF, only one PF patients had antibodies to the keratinocyte
surface. Interestingly, the ELISA for BP180 was also positive in 2
healthy blood donors. IP-IB analysis showed immunoreactivity to
more than one EC domain of Dsg1 and towards the C-terminal EC5
domain of Dsg3. MHC II gene analysis demonstrated that all healthy
blood donors had at least one protective allele associated to PF.
We confirm in this study that the onset and course of this disease
depend on a variable interaction between predisposing and inducing
genetic, environmental, hormonal, and immunological factors.
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Autoimmune mucocutaneous blistering diseases such as Pemphigus Vulgaris (PV), Pemphigus Foliaceus (PF), Bullous Pemphigoid
(BP), and Mucous Membrane Pemphigoid (MMP), are a group of rare
organ-specific diseases that affect skin and multiple mucous membranes [1,3]. There is increasing evidence that the clinical phenotype
is strongly related to the antibody profile. Desmogleins (Dsgs) are the
target antigens in pemphigus [3,4]. Each subtype has its own anti-Dsg
autoantibodies profile: Dsg1 is the auto-antigen in PF whereas Dsg3 is
the autoantigen in PV [1].

The purpose of this study was to examine first the epitopes of
anti-Dsg1 and anti-Dsg3 Abs from patients and healthy subjects in
order to investigate whether there is any difference in Abs binding
sites between groups and secondly to identify potential autoreactive
HLA II-restricted helper T cell epitopes shared among Dsg1+/Dsg3+
subjects that could explain the simultaneous occurrence of these auto-Abs. Indeed, it has been reported that both qualitative and quantitative genetic variation of MHC class II molecules may influence
susceptibility to endemic pemphigus foliaceus [16].

Materials and Methods
Population’s demographics characteristics
In this study, we used sera from 2 Tunisian patients with endemic
PF (PF) and 4 healthy blood donors found in previous studies reported by our group to have anti-Dsg1 and anti-Dsg3 Abs [17] (Table 1).
PF patients were diagnosed on clinical, histological (acantholysis
in the upper epidermis either in the granular layer or immediately below with subcorneal bullous formation) and immunological criteria
(cell surface staining) of PF [18].

Serological analysis
The sera of patients and healthy blood donors was evaluated
by Indirect Immunofluorescence (IIF) using normal human skin
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Serological Studies

Demographics

Subjects

Age

Sex

IIF

MHCII

ELISA
Dsg1

Dsg3

1st Haplotype
BP180

DRB1

DQB1

2nd Haplotype
DRB1

DQB1

Group I: Healthy blood donors
H1

26

H

-

30.5

22.1

43

13

02

03

06

H2

48

H

-

36.3

22

27.5

13

06

13

06

H3

80

F

-

81

25.1

5.7

11

0301

11

301

H4

27

F

-

81.2

63

4.4

03

0301

14

04

P1

45

F

-

37.3

23.4

9

04

0302

14

05

P2

30

F

+

164.5

33.7

6

04

0302

13

06

Group II: PF patients

Table 1: Characterization of healthy blood donors and Pemphigus Foliaceus (PF) patients with antibodies to PF, Pemphigus Vulgaris (PV) and Bullous Pemphigoid
(BP).

cryosections as previously described [19]. 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 48°C.
Human IgG Abs were detected with a 1:100 dilution of FITC-labeled
polyclonal rabbit anti-human IgG (Dako, Copenhagen, Denmark).

Results

Simultaneously, in both groups, antibodies to Dsg 1, Dsg 3 and
BP180 (also known as BP antigen 2, the target antigen in bullous pemphigoid) were measured by an ELISA kits (MBL, Nagoya, Japan) for
quantitative analysis as previously described [20].

The ELISA for Dsg1 and Dsg3 was positive for all patients and
healthy blood donors. Interestingly, the ELISA for BP180 was also
positive in 2 healthy blood donors.

According to the manufacturer’s instructions, index values >20
were considered positive for anti-Dsg1, anti-Dsg3 and anti-BP180.

Recombinant proteins and Immunoprecipitation-Immunoblotting analysis (IP-IB)
Recombinant proteins were produced as previously described using Dsg3 (or Dsg1)/Dsg2 domain-swapped molecules [21]. Immunoprecipitation- immunoblotting analysis was performed to examine
the epitopes of anti-Dsg1 and anti-Dsg3 Abs from each group according to previously described [19].
Immunoprecipitation was carried out by mixing a 20 ml bed volume of Protein G Sepharose 4 Fast Flow (GE Healthcare®, Uppsala,
Sweden), 200 ml of culture supernatant for each protein, and 2 ml of
each serum. In some experiments, the culture supernatant was treated
with Ethylene Diamine Tetraacetic Acid (EDTA) at 5 mM for 1 h to
chelete calcium. The mixture was incubated at 48°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, Buckinghamshire,
UK). Proteins were visualized using Western Lightning Chemiluminescence Reagent Plus (PerkinElmer LAS, Shelton, CT, USA) and by
autoradiography.

HLA class II genes
Genomic DNA, from peripheral blood lymphocytes collected on
ethylenediamine tetra-acetic acid, was extracted using Qiagen kits
(Qiagen Inc®, Valencia, CA, USA).
HLA II genes encoded by the DRB1 and DQB1 loci were identified
by Polymerase Chain Reaction (PCR) with Sequence-Specific Primers
(PCR-SSP), as described previously [22].
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Serological analysis (Table 1)
On IIF, only one PF patients had antibodies to the keratinocyte
surface.

Epitope mapping analysis (Figure 1)
First, we examined the epitopes of anti-Dsg1 Abs from each group
to investigate whether there is any difference in Ab-binding sites between the healthy blood donors and PF patients. Epitope mapping
revealed that all sera from clinically healthy subjects tended to react
with the C-terminal domains of Dsg1 (Figure 1a). The proportions of
sera that reacted with each EC domain were 0% for EC1, 25% for EC2,
75% for EC3 and for EC4, and 100% for EC5, respectively. Sera for
the 2 PF patients reacted to sites throughout the entire extracellular
portion of Dsg1, mainly against EC1 and EC3 domains (Figure 1a).
This result; reported by our previous study; suggests that anti-Dsg1
auto-Abs in normal subjects or PF patients do not bind to human
epidermis, as assayed by IIF analysis, although they are detectable by
IP-IB or ELISA if these auto-Abs do not react with pathogenic EC1
domain of Dsg1[19].
We also analyzed the epitope profile against Dsg3 autoantigen for
all sera. Interestingly, IP-IB analysis of epitopes of all sera showed a
profile skewed towards the C-terminal EC5 domain of Dsg3 (Figure
1b). It should be noted that the reaction of the healthy blood donors
sera was weaker than the reaction of the PF patients sera.

Immunogenetics analysis (Table 1)
The results are expressed as presumed haplotypes because of their
known associations based upon linkage disequilibrium.
According to previous study, HLA-DRB1*04 and DQB1*0302 are
the risk alleles and HLA-DRB1*11/13 and DQB1*0301/06 are the protective alleles associated to endemic PF in Tunisia [22]. For PV disease,
HLA-DRB1*04/08/14 and DQB1*0302 are statistically significant susceptibility factors where HLA-DRB1*03/07/13 and DRB1*15 may be
protective alleles [23,24]. Similarly, genetic factors are also reported
involved in the occurrence of BP; HLA-DRB1*04/11 and DQB1*03
alleles are suggestive to be two major BP susceptibility factors where
HLA-DQB1*06 may be protective allele [7,25,26].
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disorders have been characterized. Pemphigus and pemphigoid are an
autoimmune blistering disorder with a complex etiology involving an
interplay of genetic as well as environmental factors, most of which
remain unknown. Pemphigus and pemphigoid are considered to be
prototypic bullous disorders based on their well-defined immune
response-mediated pathogenesis [27-29]. In PF, PV and BP, autoreactive CD4+T lymphocytes that are probably essential in initiating
the autoimmune response recognize different epitopes of the extracellular portions of Dsg1, Dsg3 and BP180, respectively. Activation
of autoreactive T cells in PF, PV and BP is restricted by distinct HLA
class II alleles that are prevalent in individuals with these disorders.
Autoreactive T cells are not only found in patients but have also been
detected in healthy individuals [30]. In healthy individuals, a subset
of autoreactive T cells with high regulatory function was also identified suggesting that the occurrence of autoimmune bullous disorders
may be linked to a dysfunction of Tregs. Dsg3- and BP180-reactive T
cells produce Th2 cytokines such as IL-4, IL-5, and IL-13 and facilitating immunoglobulin class switching from non-pathogenic (IgG1) to
pathogenic (IgG4) autoantibodies, which are specially seen in active
stages of these disorders.

Fig 1: Epitope mapping using domain-swapped molecules. (A) Schematic
representation of domain-swapped molecules comprising EC domains of
Dsg1 or Dsg3 and the backbone of Dsg2. Domains EC1 to EC5 of human
Dsg1 or Dsg3 were domain-swapped with the corresponding domains of
human Dsg2 to generate five recombinant molecules [18]. (B) Representative results of epitope mapping of patients (P1 and P2) and Healthy donors
(T1, T2, T3 and T4) sera. Each serum sample was immunoprecipitated with
five recombinant domain-swapped molecules of Dsg1 and five recombinant
domain-swapped molecules of Dsg3 (labeled at the top of each panel) and
subjected to immunoblotting using anti-E tag Abs.

Group I: Healthy Blood Donors
High-resolution MHC II gene analysis by PCR-SSP demonstrated
that all healthy blood donors had at least one protective allele associated to PF. Regarding PV, two individuals (H1 and H2) had at least
one protective allele, one had risk allele (this subject H4 had also a
higher level of anti-Dsg3 Abs = 63 mg/ml) and one (H3) did not carry
any gene associated with PV. For BP, the two anti-BP180 Abs positive
subjects had protective alleles.

Group II: PF Patients
We found that the two patients carried PF, PV or BP HLA genes of
susceptibility.

Discussion
Based on the specificity of the targeted antigens, several clinically and immune serologically distinct autoimmune bullous skin
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Zakka et al., studied the relationship between target antigens and
Major Histocompatibility Complex (MHC) class II genes in producing two pathogenic antibodies simultaneously [31]. Using computer models, they present the hypothesis that two autoantibodies are
produced simultaneously due may be to the phenomena of epitope
spreading through four possible scenarios. (i) One antigen molecule
may contain at least two epitopes that have a certain point of similarity or overlapping sequence and can activate two different T cells and
consequently stimulate two different B cells when presented by two
different MHC II genes that may result in the simultaneous presence
of two separate pathogenic autoantibodies. (ii) Antigen Presenting
Cells (APC) may internalize two separate antigens, and then activate
two different T cells that are specific to any one of these antigens. (iii)
Two antigens may cluster in a single macromolecule complex, all of
which are internalized by a single APC. This APC then activates two
different T cells, making each specific for one subset of the macromolecule. The T cells would then solicit B cells and result in the production of two different autoantibodies. (vi) An autoimmune disease may
cause tissue damage and inflammation in the surrounding tissue. This
exposes the immune system to a previously sequestered epitope. This
epitope becomes internalized by an APC, presented to a T cell that
enlists B cells and produces a second antibody.
It has been also suggested that quantitative as well as qualitative
variation of HLA class II molecules have an effect on the risk of an
individual developing PF [16,32].
Flores et al., reported in 2012 that multiple, perhaps cross reactive,
keratinocyte cadherins are recognized by Fogo Selvagem patients; the
Brazilian endemic form of Pemphigus; and endemic controls. Authors
suggested the relevance of the environment surrounding the patients
and the endemic controls as a source of sensitizing antigen(s) that lead
to the production of these autoantibodies through three possible explanations [9]. (i) The putative environmental antigen(s) may share
cross-reactive epitopes with all the keratinocyte cadherins, thus triggering independent populations of autoantibodies with specificities
to each of the keratinocyte cadherin. (ii) One or all of the environmentally-elicited anti-keratinocyte cadherin autoantibodies recognize
crossreactive epitopes due to structural homologies among these keratinocyte cadherins. (iii) Finally, once an initial autoantibody response
is triggered against one of these cadherins (primary response), this
Volume 4 • Issue 1 • 100024
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response may be followed by autoantibody responses against other keratinocyte cadherins by the epitope spreading mechanism.
This study demonstrates that the associations result from the effect
of genetically controlled levels of candidate’s genes such as HLA II and
production of autoantibodies are necessary for developing an autoimmune disease. The HLA DRB1* and DQB1* alleles influence susceptibility to pemphigus or pemphigoid and may contribute to severity
and type of disease but cooperation of environmental, hormonal, and
immunological factors and background are crucial to induce and activate any of these diseases.
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