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Abstract
Introduction: Pemphigus foliaceus (PF) is endemic in some South American countries, especially in Colombia and Brazil; in Brazil, it is also
known as fogo selvagem (FS). We aimed to study the presence of mast cells and the expression of the mast/stem cell growth factor receptor
(c-kit/CD117) in PF skin biopsies, as well as the role of IgE in the disease pathogenesis.
Methods: Forty-four skin biopsies from patients affected by endemic PF (EPF) (30 patients from El Bagre, Colombia, and 14 from the
northeastern region of São Paulo State, Brazil), 48 control biopsies from Colombian and Brazilian endemic areas, and additional control
biopsies from none endemic areas in Colombia and the USA non were studied. Immunohistochemistry (IHC) was performed to evaluate skin
biopsies with anti-mast cell tryptase (MCT), anti-c-kit and anti-IgE antibodies. We also searched for serum IgE in 30 EPF and 30 non-atopic
controls from the El Bagre region via ELISA. In our El Bagre patients and controls, we also searched for IgE in skin samples by direct
immunofluorescence.
Results: In 100% of the EPF biopsies, MCT, c-kit and IgE were identified with stronger expression relative to control biopsies, especially in
the inflammatory infiltrates around upper dermal blood vessels and dermal eccrine glands. IgE staining was positive along the BMZ in some
EPF skin samples. The DIF results confirmed a linear deposition of IgE at the BMZ. Increased IgE serum levels were also noted in PF patients
relative to controls..
Conclusions: In patients with EPF, the observed increased expression of MCT, c-kit and IgE in lesional skin, associated with higher serum
IgE levels may indicate possible IgE participation in the antigenic response.
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Capsule Summary:
· MCT, c-kit and IgE expression in lesional skin is higher in PF
patients relative to controls.
Introduction
Endemic pemphigus foliaceus (EPF) is an autoimmune
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· Serum IgE is increased in PF patients relative to controls.
· IgE may participate in the PF antigenic response.

blistering skin disease presenting in well-defined geographic
regions [1-7]. The roles of IgG autoantibodies and complement
in lesional EPF skin has been previously documented [1-7].
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Based on the fact that EPF occurs in tropical areas, and that
previous authors have reported high levels of IgE in serum
samples of patients affected by EPF in Brazil and Colombia
[8,9], we attempted to confirm the presence of IgE in lesional
skin with the purpose of confirming a potential role of IgE
in EPF pathogenesis. In addition, we investigated whether
mast cells and mast/stem cell growth factor receptor (c-kit/
CD117) expression in lesional skin could be associated with
EPF autoimmunity. Given previously documented descriptions
of IgE in bullous pemphigoid [10,11], we also included skin
biopsies from patients with other blistering diseases for
comparison. Thus, we tested for 1) mast cell tryptase (MCT)
and c-kit/CD117 expression by using immunohistochemistry
(IHC), and for 2) IgE via IHC and direct immunofluorescence
(DIF) in lesional skin of patients affected by EPF, and in the
control biopsies.
Materials and Methods
We tested 44 paraffinized skin biopsies from patients affected
by EPF (30 patients from El Bagre, Colombia, and 14 from the
northeastern region of São Paulo State, Brazil). All EPF patients
fulfilled the established criteria for PF in Colombia [4,5] and
in Brazil [2,3]. As controls, we utilized 30 skin biopsies from
healthy individuals from the El Bagre endemic area (without any
history of an atopic disorder). In addition, we tested 3 normal
skin biopsies from Brazil, and 15 plastic surgery patients with
abdominal or breast reductions from the USA or Colombian
non-endemic regions.
Our EPF and endemic area control biopsies were taken
predominantly from areas on the chest, arms or face. A
medication history was also taken, and all cases and controls
were required to have had no immunosuppressant medications
for at least 4 weeks. The same criteria were utilized for our
serological studies. From all these patients we obtained written
consents, as well as Institutional Review Board permission.
Immunohistochemistry in paraffinized skin samples
We utilized monoclonal and polyclonal antibodies from Dako
(Carpinteria, California, USA). Specifically, we tested for
monoclonal mouse anti-human MCT, catalogue number M7052,
dilution 1:250; for polyclonal rabbit anti-human CD117/c-kit,
catalogue number A4502, dilution 1:200; and for polyclonal
rabbit anti-human IgE, catalogue number A0094, dilution 1:750
as previously described [13]. For our IHC testing, we utilized
a dual endogenous peroxidase blockage, with the addition of
an Envision dual link (to assist in chromogen adherence). We
further utilized the chromogen 3,3-diaminobenzidine (DAB),
and counterstained with hematoxylin. The samples were run
in a Dako Autostainer Universal Staining System. Positive and
negative controls were consistently performed.
Quantitative digital morphometry of staining intensity to
obtain precise data on IHC parameters
The staining intensity of all antibodies was evaluated qualitatively
by two independent observers, as well as via a semiquantitative
approach by an automated computer image analysis system
designed to quantify IHC staining in hematoxylin counterstained
histologic sections. Slides were scanned with a ScanScope CS
system (Aperio Technologies, Vista, California, USA), utilizing
brightfield imaging at 200× and 400× magnifications. We then
calculated the area of positive signal, divided by the studied
area. The intensity of the staining was then classified on a scale

from 0 to 4, where 0 represented negative staining and 4 the
strongest staining.
Detection of serum levels of IgE
We tested for serum IgE levels in 30 El Bagre-PF patients and in
30 control individuals from the El Bagre EPF endemic area with
a commercial ELISA kit (AlaSTAT Total IgE kit, Diagnostic
Products Corporation, Los Angeles, California, USA). We
followed the kit instructions, and the positive cutoff level was
138 IU (international units) [8].
Direct immunofluorescence (DIF)
For DIF, 4 µm thick skin cryosections were partially fixed
with paraformaldehyde, rinsed in phosphate-buffered saline
(PBS, pH 6.8), incubated with fluorescein isothiocyanate
(FITC) in a solubilization buffer (PBS with 0.5% Triton X-100
Octylphenolpoly (ethyleneglycolether) and then rinsed again.
After blocking with PBS with 0.01%-Tween 20 (Polysorbate
20) and 0.5% bovine serum albumin (BSA), the sections were
incubated with antiserum for one hour. Goat FITC conjugated
anti-human IgE (Epsilon-chain) antiserum was obtained from
Vector Laboratories (Burlingame, California, USA). The slides
were then counterstained with 4′,6-diamidino-2-phenylindole
(DAPI) (Pierce, Rockford, Illinois, USA), washed, coverslipped
and dried overnight at 4°C.
Statistical methods
Differential serum IgE levels between EPF and control samples
were analyzed by the Mann-Whitney test (GraphPad Software,
San Diego, California, USA). We considered p values ≤0.05 to
be statistically significant.
Result
IHC results
In our study, we found that MCT and c-kit were Overexpressed,
primarily in perivascular infiltrates surrounding the upper dermal
neurovascular plexus, as well as around dermal blood vessels
supplying sebaceous and eccrine glands. As expected, normal
skin demonstrated rare mast cells around these blood vessels.
Interestingly, positive IgE staining was noted along the BMZ in
some EPF biopsies. In eccrine gland cells, deposits of IgE were
predominantly cytoplasmic, and were noted in 70% of the EPF
cases. Four controls from the endemic area also stained positive
for IgE, in a similar pattern as the EPF cases. Significantly, the
EPF cases demonstrated stronger MCT and IgE expression than
controls from the endemic and non-endemic areas.
In our EPF biopsies, we demonstrated positive epidermal
staining in multiple patterns utilizing the anti-IgE antibody.
Some staining was intracytoplasmic, and some nuclear; most
of the cases (75%) exhibited a combination of these patterns.
IgE displayed positive staining within sebaceous gland
sebocytes, within the base and isthmus of hair follicular units
and within hair follicles. In addition to these patterns, positive
staining was also noted between epidermal keratinocytes in
approximately sixty (60) per cent of the EPF cases. The controls
did not demonstrate these epidermal staining patterns. We also
observed strong staining positivity with anti-IgE in several cases
on epidermal supracorneal and subcorneal debris. Further, our
MCT, c-kit and IgE staining displayed similar distributions; in
several cases, the staining was seen subjacent to the basement
membrane zone (BMZ) of the epidermis, as well as under the
BMZs of dermal eccrine and sebaceous glands.
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The MCT, c-kit and IgE deposits were also seen surrounding
dermal eccrine glands, blood vessels and nerves.

with increased levels in the EPF group relative to controls
(p<0.0001).
Table I summarizes our primary results using IHC, and the
patterns of reactivity and intensity of staining of the MCT,
c-kit and IgE expression in EPF and in controls. Again, the
MCT, c-kit and IgE expression in PF patients displayed similar
patterns and intensity.

In Figure 1, we show our IHC staining data for MCT, c-kit
and IgE expression, and DIF with FITC conjugated anti-IgE in
representative skin biopsies from EPF patients.
In Figure 2, we shouw our IgE levels detected by ELISA testing,

Figure 1. IHC staining with anti-human MCT, IgE and c-kit, and DIF staining
with FITC conjugated anti-human IgE in representative skin biopsies from EPF
patients. a. IHC staining showing strong expression of MCT around upper
dermal vessels (brown staining; red arrow). b. DIF showing focal linear staining
at the dermal-epidermal junction with FITC conjugated IgE (green staining; red
arrow). c. IHC staining with anti-IgE displays brown staining in the papillary
dermis (brown staining; red arrows), as well as around the upper dermal blood
vessels (brown staining; black arrow). d. IHC staining with anti-IgE shows
positive staining around a hair follicle unit (brown staining; blue arrows). e. DIF
with FITC conjugated IgE displaying a common pattern seen in most of the EPF
cases; specifically, the presence of individual large cells (green staining; red
arrow) in the dermis. f. IHC staining with c-kit/CD117 positive staining around
eccrine ducts (brown staining; red arrow).

Figure 2. IgE levels detected by ELISA in EPF and control
groups. The boxes represent 25 to 75 quartile ranges of values,
and the horizontal lines inside the boxes the respective medians
(p<0.0001).
Skin biopsies

MCT

c-kit/CD117

IgE

Finding conclusions

Brazilian EPF (n=14)

100% (4+) staining around
both the dermal
neurovascular plexus, and
blood vessels feeding dermal
sebaceous and eccrine sweat
glands

80% positive staining

80% (4+) staining around
both the dermal neurovascular
plexus, and blood vessels
feeding dermal sebaceous and
eccrine glands

All samples showed high
expression compared with the
physiological baseline

Colombian/El Bagre EPF
(n=30)

100% positive (4+) staining
around the dermal
neurovascular plexus, and
blood vessels feeding dermal
sebaceous and eccrine glands

80% positive (3+) staining
around the dermal
neurovascular plexus, and
blood vessels feeding
dermal sebaceous and
eccrine glands

80% positive (4+) around the
dermal neurovascular plexus,
and blood vessels feeding
dermal sebaceous and eccrine
glands

All samples showed high
expression compared with the
physiological baseline

Controls from the endemic
area of Colombian/El
Bagre EPF (n=30)

4/30 (3+), 7/30 (2+), and all
others baseline physiological
staining (1+)

4/30 (3+), 6/30 (2+) and all
others baseline
physiological staining (1+)

2/30 (2+), and all others
baseline physiological staining
(1+)

Increased positivity relative to
plastic surgery controls and/or
Brazilian control samples

Normal controls from
Brazil (n=3)

Base line physiological
staining in all samples (1+)

None

None

All samples showed baseline
physiological staining
compared to the patients

Normal controls from
plastic surgery reductions
in Colombia and the USA
(n=15)

Baseline physiological
staining in all samples (1+)

None

None

All samples showed base line
physiological staining
compared to the patients

Table I. Mast cell tryptase, c-kit/CD117 and IgE immunohistochemistry(IHC) staining results in skin biopsies from endemic
pemphigus foliaceus (EPF) patients and controls
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Discussion
IgE plays a central role in Type I hypersensitivity. In response
to an allergen/antigen, binding of IgE to Fcε receptors occurs
on mast cells and basophils, which in turn induces signaling
and leads to mast cell degranulation, immune mediator release
and expression of c-kit (CD117) [14]. Mast cells reside in most
tissues, including the skin, and are occasionally found around
dermal blood vessels. We found stronger MCT expression in
patients with EPF that in our control group. Previous authors
have also demonstrated increased MCT staining in skin biopsies
of patients with bullous pemphigoid [15-17].
Mast cells and basophils have several intramembranous
receptors for the Fc portion of IgE (FC€RI). Aggregation of two
or more of those FC€RI receptors with antigen induces crosslinking between IgE molecules. The resultant IgE-receptor
activation induces complex signal transduction, leading to the
release of mediators from mast cells and basophils. Pre-formed
mediators from mast cell granules are released immediately,
and include histamine, neutral proteases and a small number of
cytokines and proteoglycans. Mast cell responsiveness can be
also increased by complement; in EPF, complement plays an
important role [17].
Based on our findings, we speculate that MCT, c-kit and IgE may
contribute to dermal blood vessel vasodilatation, with increased
permeability and leukocyte extravasation. We also speculate
that in EPF, the aggregation of two or more of those FC€RI
receptors with cross-linking of receptor-bound IgE molecules
leads to receptor activation and complex signal transduction,
thus leading to the release of mediators from mast cells and
basophils. Serum IgE levels were higher in our EPF patients in
comparison with controls, and this also has been shown in other
autoimmune blistering diseases [17-20].
More recently, in 2013 Kalantari-Dehaghi et al. reported
interesting experiments which confirm mitochondrial damage
by autoantibodies in pemphigus vulgaris (PV) [21]. Moreover,
in 2011 Zhang et al. investigated the role of mitochondrial
dynamics in degranulation of human cultured mast cells
during activation by IgE/antigen and substance P, showing that
degranulation is accompanied by mitochondrial translocation
from a perinuclear location to exocytosis sites. Mitochondrial
translocation was also evident in skin mast cells from atopic
dermatitis patients [22]. Since both forms of pemphigus (PF
and PV) are endemic in Brazil [23], we speculate that common
pathogenetic mechanisms may exist for both disorders. Thus,
this important evidence [21,22] leads us to speculate regarding
mast cells and IgE in EPF, and a mitochondrial role in the
pathogenesis of this disorder. Further, it is important to note
that in pemphigus and bullous pemphigoid IgG4 autoantibodies
predominate, and that IgE versus IgG4 production can be
differentially regulated by IL-10.
Finally, timing studies (featuring acute versus chronic cases)
in EPF may help to address the increased antigenic response
evidenced by 1) stronger local immune expression as well as 2)
the stronger seric response relative to controls.
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