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Abstract

Autoimmune bullous skin diseases (ABDs) are uncommon, potentially fatal diseases of skin and mucous membranes which are associated
with deposits of autoantibodies and complement against distinct molecules of the epidermis and dermal/epidermal basement membrane zone
(BMZ). These autoantibodies lead to a loss in skin molecular integrity, which manifests clinically as formation of blisters or erosions. In
pemphigus vulgaris, loss of adhesion occurs within the epidermis. The pioneering work of Ernst H. Beutner, Ph.D. and Robert E. Jordon, M.D.
confirmed the autoimmune nature of these diseases. Walter F. Lever, M.D. contributed significantly to our understanding of the histopathologic
features of these diseases. Walter Lever, M.D. and Ken Hashimoto, M.D. contributed electron microscopic studies of these diseases, especially
in pemphigus vulgaris and bullous pemphigoid. In bullous pemphigoid (BP), linear IgA bullous dermatosis, epidermolysis bullosa acquisita
(EBA) and dermatitis herpetiformis (DH), loss of adhesion takes place within or underneath the BMZ. Classic EBA demonstrates extensive
skin fragility; DH is commonly associated with gluten-sensitive enteropathy, and manifests clinically with pruritic papulovesicles on the
extensor surfaces of the extremities and the lumbosacral area. The clinical spectrum of bullous pemphigoid includes tense blisters, urticarial
plaques, and prurigo-like eczematous lesions. Pemphigoid gestationis mostly occurs during the last trimester of pregnancy, and mucous
membrane pemphigoid primarily involves the oral mucosa and conjunctivae and leads to scarring. Linear IgA bullous dermatosis manifests
with tense blisters in a ,,cluster of jewels”-like pattern in childhood (chronic bullous disease of childhood) and is more clinically heterogeneous
in adulthood. Many of the autoantigens in these disorders are known and have been well characterized. ABDs may be influenced by both
genetic and exogenous factors. The diagnoses of ABDs is based on histology of lesional skin and direct immunofluorescence (DIF) of
perilesional skin, as well as by serologic confirmation of autoantibodies by indirect immunofluorescence (I1F) and recombinant autoantigens.
The titers of the autoantibodies may correlate with the disease severity, and can be measured by indirect immunofluorescence and by ELISA
testing. Therapeutically, systemic treatment with glucocorticoids is combined with immunosuppressive adjuvants which allow for fast
reduction of systemic steroids. A prospective clinical trial in pemphigus showed that adjuvant treatment with azathioprine, mycophenolate
mofetil and cyclophosphamide led to a significant reduction of the cumulative dose of systemic steroids until complete clinical remission was
achieved. In bullous pemphigoid, topical treatment with clobetasol can help to accomplish a clinical remission without the major side effects
seen with systemic steroids. Also, therapeutic depletion of B lymphocytes by rituximab has considerably improved the overall prognosis of
pemphigus. Nurses and other paramedical personal caring for patients with these disorders play a critical role in improving the quality of life
of the patients and their families. The patients need to be continuously evaluated to avoid secondary infections, especially if they have long
term immuosupressive treatment.
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Introduction

Autoimmune bullous skin diseases (ABDs) are uncommon,
potentially fatal diseases of skin and mucous membranes which
are associated with deposits of autoantibodies and complement
against distinct molecules of the epidermis and dermal/epidermal
basement membrane zone (BMZ). These autoantibodies lead to
a loss in skin molecular integrity, which manifests clinically as
formation of blisters or erosions. In pemphigus vulgaris, loss of
adhesion occurs within the epidermis. The pioneering work of
Ernst H. Beutner, Ph.D. and Robert E. Jordon, M.D. confirmed
the autoimmune nature of these diseases. Walter F. Lever,
M.D. contributed significantly to our understanding of the
histopathologic features of these diseases. Walter Lever, M.D.
and Ken Hashimoto, M.D. contributed electron microscopic
studies of these diseases, especially in pemphigus vulgaris and
bullous pemphigoid. In bullous pemphigoid (BP), linear IgA
bullous dermatosis, epidermolysis bullosa acquisita (EBA) and
dermatitis herpetiformis (DH), loss of adhesion takes place within
or underneath the BMZ. Classic EBA demonstrates extensive
skin fragility; DH is commonly associated with gluten-sensitive
enteropathy, and manifests clinically with pruritic papulovesicles
on the extensor surfaces of the extremities and the lumbosacral
area. The clinical spectrum of bullous pemphigoid includes
tense blisters, urticarial plaques, and prurigo-like eczematous
lesions. Pemphigoid gestationis mostly occurs during the last
trimester of pregnancy, and mucous membrane pemphigoid
primarily involves the oral mucosa and conjunctivae and leads
to scarring. Linear IgA bullous dermatosis manifests with
tense blisters in a ,,cluster of jewels”-like pattern in childhood
(chronic bullous disease of childhood) and is more clinically
heterogeneous in adulthood. Many of the autoantigens in these
disorders are known and have been well characterized. ABDs
may be influenced by both genetic and exogenous factors.
The diagnoses of ABDs is based on histology of lesional skin
and direct immunofluorescence (DIF) of perilesional skin, as
well as by serologic confirmation of autoantibodies by indirect
immunofluorescence (IIF) and recombinant autoantigens. The
titers of the autoantibodies may correlate with the disease
severity, and can be measured by indirect immunofluorescence
and by ELISA testing. Therapeutically, systemic treatment with
glucocorticoids is combined with immunosuppressive adjuvants
which allow for fast reduction of systemic steroids. A prospective
clinical trial in pemphigus showed that adjuvant treatment with
azathioprine, mycophenolate mofetil and cyclophosphamide led
to a significant reduction of the cumulative dose of systemic
steroids until complete clinical remission was achieved. In
bullous pemphigoid, topical treatment with clobetasol can
help to accomplish a clinical remission without the major side
effects seen with systemic steroids. Also, therapeutic depletion
of B lymphocytes by rituximab has considerably improved the
overall prognosis of pemphigus. Nurses and other paramedical
personal caring for patients with these disorders play a critical
role in improving the quality of life of the patients and their
families. The patients need to be continuously evaluated to
avoid secondary infections, especially if they have long term
immuosupressive treatment.

Skin autoimmune bullous diseases

In 1881, Auspitz coined the term ,,acantholysis”, and claimed
it to be one of the early disease hallmarks of pemphigus.
In 1884, Duhring distinguished dermatitis herpetiformis
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from pemphigus. In 1943, Civatte gave a histologic review
of the process of acantholysis, greatly contributing to
our understanding of cutaneous bullous diseases [1]. He
further observed that acantholysis was absent in dermatitis
herpetiformis and erythema multiforme. In 1949, Tzanck and
Aron Brunetire demonstrated that scrapings from the floor of
pemphigus vulgaris blisters showed typical acantholytic cells
(large round epidermal cells which had no intercellular bridges
remaining) [2]. Their cutaneous cytologic testing was based on
Civatte’s finding of degenerated epidermal cells in the bullae of
pemphigus. In 1953, Lever distinguished bullous pemphigoid
from many other blistering diseases by showing that the bullae
of pemphigoid were subepidermal, and that acantholysis
was absent [3,4]. In 1959, steroids were introduced for the
treatment of pemphigus vulgaris and bullous pemphigoid, with
a significant reduction in morbidity and mortality.

Current concepts of skin autoimmune bullous diseases (ABDs)
also advanced around 1965 by confirmation of the autoimmune
nature of these diseases, precise histologic characterizations
of the level of the blisters and through electron microscopic
analysis [3-21] .

ABDs are uncommon disorders, and may be chronic and/or
lethal. These diseases should be recognized by dermatologists,
pediatricians, general physicians, ophthalmologists,
pathologists, dermatopathologists, otolaryngologists, dentists,
and obstetricians/gynecologists.

As previously noted, the current classification of ABD blisters,
as well as the precise location of deposits of the autoantibodies
and complement was pioneered by Drs Walter Lever, Ken
Hashimoto, Ernst Beutner and Robert Jordon [12,13]. Those
ABDs that have deposits of autoantibodies and/or complement
located within the epidermis belong largely to the pemphigus
disease group. In contrast, ABDs whose autoantibodies and/
or complement are classically directed sub-epidermally
are classified in the pemphigoid group [9-20]. Most of the
autoantigens in these diseases have been characterized at the
molecular level; however, the precise mechanisms that trigger
production of the disease autoantibodies are not known. The
clinical, immunologic and epidemiologic spectrum of these
diseases is broad [1-20]. In general, therapy is directed at
controlling downstream disease events rather than controlling
initial pathologic processes.

Epidermal autoimmune diseases

Pemphigus

The term pemphigus defines a group of autoimmune
interepithelial blistering diseases that are characterized by loss of
normal cell-cell adhesion (acantholysis), and by the presence of
pathogenic (predominantly IgG) autoantibodies reacting against
epithelial adhesion molecules. Pemphigus is further divided in
two major subtypes: pemphigus vulgaris (PV) and pemphigus
foliaceus (PF). However, several other disorders such as IgA
pemphigus, IgE pemphigus, pemphigus herpetiformis, drug
induced pemphigus, Senear Usher syndrome and endemic
pemphigus foliaceus exist; further, some researchers have
described possible endemic forms of PV [1-2,9-10,12-13,16-
18]. A less common form of pemphigus is the paraneoplastic
form (PNP) [22]. PNP is characterized by autoantibodies
which immuoprecipitate a group of peptides synthesized by
keratinocytes, including BP230, desmoplakin, envoplakin and
other 170 and 190 kDa antigens. (Tabl. I).



Hereditary intraepidermal | Bacterial and viral intraepidermal
blistering diseases blistering diseases

Other intraepidermal Vesicants, sunlight and others
blsitering diseases

Bullous congenital ichthyosiform | Bullous impetigo, staphlococcal scalded

Miliaria crystallina Compounds including pyrimidine, alkyl

(vesicular stage)

erythoderma skin syndrome/SSSS. sulfides, arsenic, organic mercury and
organic isothiocyanates.
Bullous ichthyosis of Siemens Herpesvirus infections, including herpes Friction blisters. Sun and ultraviolet radiation.
viruses 1 and 2, and varicella zoster.
Incontinentia pigmentii Hand foot and mouth disease. Hydroa vacciniforme. Cantharidin, ricin, methoxalem,

podophyllin, toxins from snake and other
animal bites, thermal blisters

Table I. Diseases or conditions with intraepidermal blisters, excluding autoinmune skin diseases.

Pemphigus vulgaris (PV)

(OMIM 169610) PV is a rare vesiculobullous condition which
accounts for a large number of the cases of pemphigus [1,2].
Its incidence is approximately 0.1-1.0 per 100,000/year [1,2,
9-10]. PV is the common form of pemphigus; the prevalence of
PV is high in regions with a predominant Jewish population. PV
is a potentially lethal autoimmune blistering disorder, involving
both skin and mucous membranes [3-10]. A slight female
predominance has been reported in the disease. The mean age
of onset is 50-60 years; however, the range is broad, and disease
onset in older individuals and in children has been documented.
The Nikolsky clinical sign is usually present in patients with
active blistering; specifically, firm, lateral sliding pressure
fractures a normal-appearing epidermis, producing an erosion.
The Nikolsky sign is not specific for pemphigus vulgaris, and
is also found in other active cutaneous blistering diseases. The
PV diagnosis is confirmed by the following criteria: typical
clinical lesions, a histologic demonstration of loss of adhesion
in the epidermis with intraepidermal blister formation and
acantholysis; and demonstration of IgG antibodies bound to
the cell surfaces of affected keratinocytes. As noted, patients
with pemphigus vulgaris commonly suffer from mucosal
involvement; the mucosal involvement may precede cutaneous
manifestations by months, ormay represent the sole manifestation
of the disease. In the mid- to late 1980s, the target antigens of
pemphigus were characterized by immunochemical methods,
including immunoprecipitation (IP) and immunoblotting (IB).
Further characterization occurred in the 1990s, by isolation of
the cDNA for pemphigus antigens; these studies demonstrated
that the target antigens in pemphigus are desmogleins. Patients
with PV possess antibodies directed against desmoglein 3, a
130 kDa transmembrane glycoprotein, and expressed only in
the stratified squamous epithelia; the target protein belongs to
the desmosomal cadherin family of cell adhesion molecules
[23-26]. Further, a heterogeneous autoantibody population
has been encountered in many PV sera, including to Dsgl
[23-30]. Dsgl is a calcium-dependent cell adhesion molecule.
Autoantibodies against plaque related keratiocyte proteins,
including periplakin, envoplakin and desmoplakin dominate in
mucosal PV, and also in dogs [32,33]. New techniques, such
as antibody profiling by proteomic tehniques have been used
for testing additional putative PV antigens. A recent study
tested 264 pemphigus sera and 138 normal control sera on a
multiplexed protein array platform; this platform contained
701 human genes encompassing many known keratinocyte cell
surface molecules and members of protein families targeted
by non-organ specific PV antibodies [34]. The top 10 antigens
recognized by the majority of the test patient’s sera were
proteins encoded by the desmocollin 1 and 3 (DSC1, DSC3),

ATP2C1, PKP3, CHRM3, COL21A1, ANXAS8LI, CD88 and
CHRNE genes. The most common combinations of target
antigens included 1) at least one of the adhesion molecules
DSCI1, DSC3 or PKP3 and/or 2) the acetylcholine receptor
CHRM3 or CHRNE with or without 3) the MHC class II antigen
DRA. The authors sorted the data based on a ratio of patient to
control frequencies of antigen recognition that exceeded 1:10.
The most common antigens were molecules encoded by the
CD33, GP1BA, CHRND, SLC36A4, CD1B, CD32, CDHS,
CDH9, PMP22 and HLA-E genes, as well as mitochondrial
proteins encoded by the NDUFS1, CYBSB, SOD2, PDHALI
and FH genes. The highest specificity combinations for PV were
autoantibodies to the calcium pump encoded by ATP2C1 with
a C5a receptor, plus DSC1, DSC3 or HLA-DRA [34]. A second
group of authors had previously reported similar testing using
protein array technology, and described positivity towards with
16 antigens; most of these were cell-surface proteins such as
CD2, CD31, CD33, CD36, CD37, CD40, CD54, CD66¢ and
CD84 molecules, nicotinamide/nicotinic acid mononucleotide
adenylyltransferase, immunoglobulin heavy chain constant
region gamma 2 and others. [35]. Overall, the sensitivity of
these investigative techniques seems to be high; however, the
specificity needs further evaluation.

PV affects mucosae

In the mouth, extensive painful erosions may result in decreased
food and drink intake. Involvement of the throat can produce
hoarseness, and difficulty swallowing. The esophagus,
conjunctiva, nasal mucosa, vagina, penis, anus and labia may
also be involved. Often the presenting lesions of PV are oral
lesions, which may lead to periodonitis (plaque-induced gum
inflammation); these lesions should be recognized and treated.
The treatment should be coordinated with orthodontists,
periodontists and oral surgeons as warranted. . Disease associated
gum plaque hygiene is critical in preventing periodontal
infection in PV patients. These patients should be informed
about the risk of periodontitis and other oral and laryngeal
esophageal complications, and encouraged to pursue long-term
periodontal follow up. One of the more important differential
diagnoses of oral PV is drug induced oral lesions. Although less
common than those affecting the skin, adverse drug reactions
involving the mouth are quite frequent. A high index of
suspicion assists in the diagnosis of these drug reactions, as they
may mimic other disease states such as oral aphtae, erythema
multiforme, xerostomia, lichen planus and pemphigus [36-39].
Other reactions such as gingival hyperplasia secondary to the
administration of phenytoins, nifedipine or cyclosporine are
well known and clinically characteristic.
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Behcet’s disease may also lie in the diferential diagnosis. ,The
pathogenic mechanisms of oral reactions to drug administration
are similar to those causing adverse drug reactions in the skin.
To diagnose oral adverse drug reactions, a clinical interview is
necessary including a detailed drug history and identification of
any nonprescription and herbal medicines.

The lower urinary tract also seems to be involved in patients
with ABDs. In one study, fourteen patients diagnosed with
ABDs underwent video-recorded urethrocystoscopy: 9 patients
(7 women and 2 men) with PV, 4 patients (2 women and 2
men) with BP and 1 female patient with mucous membrane
pemphigoid. None of the 14 patients complained of lower
urinary tract symptoms. The urethrocystoscopy disclosed
characteristic lower urinary tract lesions in almost every patient
with ABDs (13 of 14 patients; 93%). Two partially overlapping
pathologic patterns prevailed: 1) nonkeratinizing squamous
metaplasia (SM), found in 64% of the patients, including 2 of 4
men; and 2) mucosal inflammation of the bladder base/trigone
that extended-especially among male patients-to the proximal
urethra (64% of the patients). SM prevailed among patients with
pemphigus vulgaris; the inflammatory lesions among patients
with BP, and involvement of proximal urethra among male
patients. The authors presented urethrocystoscopic evidence
that inflammatory urothelial lesions of the bladder and proximal
urethra and/or with nonkeratinizing SM of the trigone area
are almost invariable findings in patients with ABDs. Studies
focusing on the pathophysiology of bladder lesions in these
patients may contribute to a better understanding of both the
pathology of bullous skin diseases, and the pathobiology of
urinary bladder urothelium [40].

Conjuctival lesions have been also associated with PV. Most
commonly, the disease begins in the oral cavity and spreads
to other areas including the conjunctiva and eyelids. True
ocular bulbar involvement is rare, and likely underdiagnosed.
Some of the ocular findings have included conjunctivitis and
marginal eyelid erosion. In addition, a diffuse conjunctival
hyperemia with an area of bulbar conjunctival erosion has been
documented in the anterior segment of the eye. As with the
oral manifestations of systemic PV, ocular findings may imply
severe disease and require a multidisciplinary approach [41,42].
In clinical similarity, rectal lesions and toxic dilatation of the
colon have been also described in patients with PV [43,44].
The histopathologic hallmark of PV is a suprabasilar epidermal
acantholytic blister; the roof is formed by most of the epidermis,
possibly as result of transudative fluids accumulating between
epidermal keratinocytes and the basement membrane zone
(BMZ). These conditions produce a suprabasal epidermal split,
forming a blister. Histopathology demonstrates an intraepidermal
blister. The earliest histologic changes consist of intercellular
edema, with loss of intercellular attachments in the basal layer.
Suprabasal epidermal keratinocytes then separate from the basal
layer cells to form clefts and blisters. Basal cells are separated
from one another and stand like a row of tombstones on the
floor of the blister, but they remain attached to the basement
membrane zone. Blisters contain some acantholytic cells. The
associated dermal infiltrate is found mainly in perivascular areas,
and classically consists of lymphocytes, neutrophils and few
eosinophils. Histopathology can help differentiate pemphigus
vulgaris from pemphigus foliaceus, which demonstrates a more
superficial epidermal cleavage; often the dermal papillae are
edematous, with dilatation of blood vessels and extravasation of
inflamamtory cells including neutrophils; a variable amount of
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serous infiltration of the dermis is noted. A Tzanck preparation
is a smear taken from the base of a blister or oral erosion,
which may contain acantholytic cells. Histologic blistering is
preceded by eosinophilic spongiosis in some patients. In 1952,
Dr. Director reported for the first time the characteristic “row
of tombstones” that represents one the best histopathological
features of this disease [45-46]. The PV diagnosis is then
confirmed by the presence of I1gG deposition on the surfaces
of epidermal keratynocytes by direct immunofluorescence
evaluation. Complement component C3, IgM, and IgA are not
detected as often than IgG, and their staining is less intense.

Genetic factors

Predisposition to pemphigus is linked to genetic factors [47-
54].Certain major histocompatibility complex (MHC) genes
have been associated with PV. These include human leukocyte
antigen (HLA) class I and class Il molecules, in particular alleles
of HLA-DR4 (DRB1*0402) and HLA-DRw6 (DQB1*0503).
Non-classical HLA-E alleles, known to mediate natural killer
cells and CD8 positive T-cell activity have also been also
associated with PV [55].

Besides the genetic predisposing factors that have been
associated with PV, stressful life events have been found to
possibly play a role in triggering and/or worsening of pemphigus
[56,57]. Thus psychological care is included in management of
these patients [57]. One study searched for triggering factors,
including occupational exposures and personal habits in the
etiopathogenesis of PV. The authors found that occupational
exposure to pesticides was significantly higher in patients
with pemphigus (14.8%) than in controls (5.4%); patients
with pemphigus were exposed to pesticides three times more
often than were healthy subjects [58]. Other studies have
shown exposure to chemicals and pesticides and long-term
sun exposure to be possible triggering factors in PV [59].
Sun exposure and high temperatures have been implicated in
increasing the severity of the disease.

Fluorescent antibody technique

Beutner and Jordon provided the earliest data pertinent to this
technique, with the demonstration of antiepithelial autoantibodies
in the sera of patients with pemphigus and bullous pemphigoid.
The basic theory of the fluorescent antibody technique is simple.
Antigenic material present in the tissue (e.g. in the cells, at
cell margins, or at the basement membrane zone) will react
specifically with its related antibody. The immunopathologic
reaction then results in deposits of minute amounts of disease
specific antibodies over the areas of a tissue section where the
antigen is present. When correlating anti-antibody antibodies
have previously been marked with fluorescent markers,
microdeposits of these correlating fluorescent antibodies are
visible under a fluorescent microscope [9-12].

Indirect immunofluorescence testing (I1F)

In indirect immunofluorescence (IIF) testing, is utilized to
obtain titers of disease autoantibodies. The serum autoantibody
itself not labelled; a fluorescent marker is carried by a second
antibody, having specificity for the pathologic autoantibody
immunoglobulin which has been fixed to antigen(s) in a normal
human skin substrate. The indirect immunofluorescent test is
thus more sensitive, and results in a brighter staining than the
direct test, because it is capable of attaching more fluorescent
label per antigenic site.



For testing, sera are serially diluted with isotonic saline, starting
with a 1:10 dilution. The autoantibody titer is considered
the highest dilution of patient serum which gives a positive
immunofluorescent test. A testing dilution of labelled antithuman
gamma globulin is also utilized; this fluorescent labelled antibody
is commercially available. It is usually prepared by injecting
suitable animals with purified human gamma globulins. After
a time interval the hyperimmune animal blood is collected. The
generated animal antibody is then extracted, and chemically
combined with a fluorescent dye. To perform IIF, the substrate is
prepared by quick-freezing in liquid nitrogen, without chemical
fixation which would change the immunologic reactivity of the
substrate antigenic material. Four micron sections are cut in a
cryostat and placed on a glass slide. The tissue section is first
washed thoroughly, and then one or two drops of a dilution of
untreated patient serum are placed on the sections; the sections
are then incubated at room temperature in a moist chamber for
at least 30 minutes. Excess patient serum is removed by washing
with phosphate-buffered saline. The rinsed tissue section is then
covered with one or two drops of fluorescent chromogen-tagged
antihuman testing immunoglobulin, and again incubated and
washed. The sections are then microscopically examined for
fluorescence [9-12].

Direct immunofluorescence testing (DIF)

In contradistinction to the above, in the direct immunofluorescent
test, the labelled testing antibody reacts directly with patient
skin tissue as substrate. The labelled testing antibody may be
derived from the patient or from other sources. To perform DIF,
the patient’s skin section is overlaid with one or two drops of
a dilution of labelled testing antiserum directed against any
disease antibodies attached in the patient skin substrate. Thus, the
distinguishing difference between IIF and DIF is the position of
the labelled testing antibody during the test. In DIF, the labelled
testing antibody is attached to the patient disease autoantibodies,
located on the patient skin. In IIF, the labelled testing antibody
is attached to patient disease antibodies which have been bound
to a normal human skin substrate [9-12]. For the best methods
of handling the biopsies, deciding the sites of the biopsies and
processing the serum, please consult Immunopathology of the
skin. E.H.Beuter, T.P. Chozelski, S.F. Bean and R.E Dowden,
Editors.

Immunoblotting

The Western blot, or protein immunoblot (IB) is a widely
accepted analytic technique used to detect specific proteins
in a sample of tissue homogenate or extract. The method was
used to discover many of the pemphigus antigens. It utilizes
gel electrophoresis to separate native proteins by their three
dimensional structures, or denatured proteins by the length
of their polypeptides. The proteins are then transferred onto a
membrane (typically nitrocellulose or PVDF), where they are
stained with antibodies specific to the target protein. Initially,
the samples can be obtained from whole tissue, or from cell
culture. In pemphigus investigations, bovine snouts, skin and
tongue have been common antigen sources. In brief, the solid
tissues are first broken down mechanically using a blender
(for larger volumes), a homogenizer (smaller volumes) or by
sonication (sound). Cells may also be broken open by one
of these mechanical methods. Detergents, salts, and buffers
are also used to improve cell lysis, and to solubilize proteins.
Protease and phosphatase inhibitors are often added to prevent

the digestion of the sample by its own enzymes. The proteins
of the samples are then separated via gel electrophoresis. The
separation of proteins may occur utilizing their isoelectric
points, their electric charges, their molecular weights, or by a
combination of these methods. Thus, gel electrophoresis is a
very useful way to identify proteins and is a common technique
used in research laboratories where cutaneous blistering diseases
are studied. The most common type of gel electrophoresis uses
polyacrylamide gels and buffers including sodium dodecyl
sulfate (SDS-PAGE; SDS polyacrylamide gel electrophoresis).
The samples are loaded into wells in the gel with one or more
lanes to add molecular weight standards. When voltage is
applied along the gel, the proteins migrate within the gel and
separate into bands within each lane. The separated proteins
are then transferred from the gel onto a membrane made of
nitrocellulose or polyvinylidene difluoride (PVDF). PVDF is
technically better for protein sequencing studies. The transfer
onto the membranes is termed electroblotting, and uses an
electric current to pull proteins from the gel onto the PVDF or
nitrocellulose. The transfer of the proteins from the gel onto
the membrane can be confirmed by staining the membrane
with Coomassie Brilliant Blue or Ponceau S dyes. Next, the
membranes are blocked and test antibodies (ie, the patient’s
serum) are added to the membranes. Additionally, IB antibody
detection methods require the usage of secondary antibodies
directed against human antigens linked to biotin, or to a reporter
enzyme such as alkaline phosphatase or horseradish peroxidase.
Most commonly, a horseradish peroxidase-linked secondary
antibody is used to cleave a chemiluminescent agent, and the
reaction product produces luminescence in proportion to the
amount of protein. Finally, a sensitive sheet of photographic
film is placed against the membrane, and exposure to the light
from the reaction creates an image of the antibodies bound
to the IB. Alternatively, a radioactive signal may be utilized
to quantify the amount of protein. Finally, a cheaper but less
sensitive approach utilizes a 4-chloronaphthol staining with
1% hydrogen peroxide; reaction of the peroxide radicals with
4-chloronaphthol then produces a dark purple stain that can be
photographed without using sensitive photographic film, and/or
submitted to colorimetric analysis [24,26-30].

Enzyme linked immunosorbent assay (ELISA)

Detecting autoantibodies in PV and PF sera is possible using
ELISA testing. ELISA testing may utilize recombinant forms
of Dsg3 and Dsgl, and conformational and linear epitopes
obtained from bovine snout tissue as an antigen source.
Notably, disease activity correlates with ELISA antibody
titers in most patients [60-63]. Multiple ELISA assays are
commercially available; however, the initial ELISAs did
have some problems with grey zone positivity and with non-
pathogenic anti-desmoglein 3 antibodies found in selected PV
patient’s sera [64]. ELISA improvements have thus been made;
an ethylenediaminetetraacetic acid (EDTA)-treated ELISA
was found to detect only non-pathogenic anti-Dsg3 antibodies
directed against non-calcium (Ca++)-dependent PV epitopes
[62]. Also, meta-analyses have been performed to estimate the
diagnostic accuracy of ELISA to detect anti-BP180 and anti-
Dsg3 autoantibodies in the diagnosis of autoimmune blistering
skin diseases. A large review was conducted of Medline English
written articles published between 1994 and 2011, reporting
data on the sensitivity and specificity of ELISA diagnostic tests.
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Reviewed articles were then evaluated according to the quality
of the statistical methods used to calculate diagnostic accuracy
(ie, definitions of cutoff value, use of ROC curves, and selection
of control cases). The meta-analysis was performed using a
summary ROC (SROC) curve and a random-effect model
to independently combine sensitivity and specificity across
studies. The results of the meta-analysis demonstrated that
ELISA tests for anti-BP180 and anti-Dsg3 autoantibodies have
high sensitivity and specificity for BP and PV respectively, and
can be confidently used in daily laboratory practice for the initial
diagnosis of autoimmune blistering skin diseases [63] (Fig. 1).
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Figure 1. Comparison for the presence of autoantibodies against

pemphigus foliaceus antigens (s), detected by this ELISA.

Experimental animal studies

Experimental animal studies on pemphigus were published years
ago in non-English languages; thus, many were not indexed in
Medline. The investigators injected antibodies with or without
adjuvants into multiple animals, including mice and rabbits; these
studies demonstrated temporary generation of autoantibodies
and blisters, resembling the human disease in selected clinical,
histopathologic and immunopathologic features. In the late
1980s and early 1990s, pemphigus autoantibodies were shown
to have pathogenic activity in the blister induction in skin organ
culture systems. The first reported studies in the English medical
literature improved the animal model data, including findings of
intercellular antibodies in all forms of pemphigus, and further
studies on antigen isolation and animal immunization [60-64].
These advanced animal models confirmed pathogenic activity in
the induction of blister formation in skin organ culture systems,
as well as via passive transfer of patient IgG into neonatal
animals. Further, multiple animal models have been created
from these initial models; most of them use neonatal animals
with thin skin, and none of these models have successfully
demonstrated the chronicity of human pemphigus [65]. Finally,
many animal models have been reported with null or transgenic
mice that include complex immunological manipulations; in
some cases, it is then difficult to distinguish pathologic findings,
and what data is genuinely of scientific value [66-67].

636 © Our Dermatol Online. Suppl. 3.2013

Differential diagnosis of acantholysis. Multiple acantholytic
cutaneous blistering diseases may resemble pemphigus. In
brief, our differential includes Darier’s disease, familial benign
pemphigus/Grover’s disease, Hailey-Hailey disease, viral
vesicles and D-penicillamine associated related pemphigus-like
lesions. Acantholysis may also be observed in actinic keratoses,
squamous cell carcinomas, warty dyskeratomas and in focal
areas of other tumors [7].

Pemphigus vegetans/pyostomatitis vegetans

In most of the current dermatologic lietarure, pemphigus
vegetans is characterized as a variant of PV, with lesional
predilection of the axillae, groin, pubis, umbilical, submammary
and perianal regions (ie, intertriginous areas) Dr Hallopeau
initially described pemphigus vegetans in 1889 as pyodermitis
vegetante, and believed it to represent a new clinicopathologic
entity. In the same year, he changed his opinion to state that
his, pyodermite vegetante’ was in fact a suppurative variant
of pemphigus vegetans [68,69]. Some of the contemporary
dermatologists believed that these lesions described by
Hallopeau (and subsequently by Hatzell, Jamieson, Fordyce
and Gottheil) should be titled dermatitis vegetants or dermatitis
herpetiformis. The lesions can present with or without oral
compromise, and with or without abdomial sequelae such as
ulcerative colitis, abdomial pain, diarrhea or proctitis. Some
authors have highlighted the chronic nature of the disease, and
the presence of diarrhea and other bowel involvement; these
signs often precede the oral and skin manifestations. Primary oral
presentations of pemphigus vegetans should also be recognized;
two types are clinically documented: (a) The Neumann form,
where flaccid blisters soon lead to areas of denudation, and then
papillomatosis and hyperkeratosis. The buccal cavity is not often
affected, but the vermilion borders of the lips often demonstrating
vegetations and fissures, with secondary infections resulting in
a characteristic appearance and odor. Some of the oral lesions
show soft hyperplastic folds of mucosa, characterized by small
miliary abscesses within superficial erosions (b). The less
common clinical form, described by Hallopeau as pyodermite
vegetante seems to affects younger patients and seems to have a
better prognosis [68-76].

When oral lesions are present, there may be extensive areas of
buccal denudation and the oral surface may become granular.
Lesions are initially vesicles and pustules rather than bullae.
In the oral cavity, these lesions may present as an erosive
stomatitis. The vermilion borders of the lips often show a
vegetating hyperplasia, with hypertrophic, fissured plaques
exhibiting oozing and crusting; occasionally, the lesions can
extend onto the nasal alae. Further, some cases of pemphigus
vegetans classified as “pyostomatitis vegetans” have primarily
involved the oral cavity. Since many of these patients have not
been characterized with immunopathological testing, properly
characterizing cases of pemphigus vegetans of Newman
or Hallopeau may be difficult. Thus, upon analysis of their
complete clinical, histologic, and immunofluorescent findings,
some cases of pyostomatitis vegetans may need to be re-
classified as oral manifestations of either pyoderma vegetans
of Hallopeau, pemphigus vegetans of Hallopeau, or pemphigus
vegetans of Neumann, although exact nosologic definitions of
these diseases as separate entities are still controversial [68-76].
Histopathologic examination of patient’s intertriginous area
lesions has revealed papillomatosis and acantholysis, as well as
suprabasilar clefting with acantholytic cells.



The presence of microabscesses containing eosinophils can
occasionally be seen. By direct immunofluorescence (DIF)
examination, deposits of immunoglobulin IgG and complement/
C3 have been documented in some cases in the intercellular
spaces of the epidermis. In the few cases has have been describe
with finger nail lesions, histologic onycholysis and sterile
pustules were noted with or without subungual bullous lesions.
Selected patients have been treated with oral prednisone (80
mg/day); after twelve months of follow-up care the vegetating
lesions disappeared completely, leaving hyperpigmentation.
Rapid recurrence of lesions has also been observed when
corticosteroids were discontinued; reinstitution of this therapy
was followed by their regression.

As noted, the current literature highlights some differences
between pemphigus vegetans of Hallopeau and pemphigus
vegetans of Neumann. The differences between the two subsets
center on their clinical presentation and course. Patients with
the Hallopeau type often have a relatively benign disease
requiring lower doses of systemic corticosteroids, and usually
have a prolonged remission. Patients with the Neumann type
have a course similar to pemphigus vulgaris; they need higher
doses of systemic corticosteroids, and often have relapses and
remissions. The histologic findings in the vegetating lesions are
similar in both types [68-76]. The immunopathologic features
of both types are indistinguishable, and similar to pemphigus
vulgaris.

H&E staining usually confirms acantholysis, papillomatosis,
a few dysplastic keratinocytes and intraepidermal clefting
with luminal acantholytic cells; in addition, neutrophils
and eosinophils are often found in the epidermis. A dermal
perivascular, mixed inflammatory cell infiltrate of eosinophils,
plasma cells, lymphocytes, and histiocytes is often confirmed.
DIF studies classically reveals deposits of IgG and C3 in
the intercellular spaces of the epidermis, and IIF reveals
circulating anti-epithelial IgG antibodies. The skin lesions
classically completely clear following treatment with systemic
corticosteroids and azathioprine. Some authors have also
reported the presence of intercellular deposits of IgA or IgM
[77,78]. Other clinical differential diagnoses are plaques of
tuberculosis, deep fungal infections, skin carcinomas or tertiary
syphilis.

Pemphigus foliaceus (PF)

The clinical features of PF were originally described by Dr
Pierre Louis Alphée Cazenave in 1844, as a disease producing
superficial cutaneous blisters and erosions. Dr. Cazanave
described this non-endemic disease that occurs worldwide, with
a low incidence [79]. PF is a rare skin disease, highlighted by
the formation of flaccid bullae which then rupture, resulting
in an inflamed, excoriated and fissured skin surface. It was
originally thought that this disease does not affect the mucosae,
but microscopic and immunopathological investigations
have indeed demonstrated mucosal changes. PF is caused
by autoantibodies directed against cell surface antigens on
keratinocytes; these cells then lose their cellular adhesion
properties, and separate from one another to form vesicles and
bullae within the epidermis. Differences in the particular antigens
targeted by the antibodies, and the distribution of these antigens
in the different regions of the body and in differential layers of
the epidermis then result in variable clinical manifestations of
the disease. PF is diagnosed based on its clinical manifestations
(flaccid blisters and erosions on skin), histologic findings

(epidermal acantholysis), and immunologic abnormalities
(circulating and tissue-fixed antibodies against keratinocytic
cell surface antigens) [80-87]. Clinical PF lesions predominate
in seborrheic areas (e.g, head, middle chest and umbilicus).
The more common clinical lesions of PF are erythematous,
confluent erosions with greasy crusts and peripheral collarette
scales. The histopathology of early pemphigus foliaceus lesions
demonstrates early vacuoles in the upper epidermal spinous and
granular cell layers. Coalescence of these vacuoles results in the
formation of acantholytic focio, which then progress to blister
formation. Occasionally, epidermal lyperplasia is noted. Eroded
lesions lacking the epidermal upper layers are commonly seen
beause the blisters are so delicate that they rupture, either as
a consequence of the skin biopsy itself or due to other mild
trauma. Acantholytic keratinocytes are also frequently seen.
A superficial dermal, perivascular and interstitial infiltrate of
lymphocytes, eosinophils and lymphohisticyts is also commonly
noted. Epidermal spongiosis and papillary dermal edema are
often seen. In rare cases, neutrophilic spongiosis can be seen.
An epidermal serum scale crust is often visualized. Similar
to PV, the clinical and histologic features are not sufficient to
make a certain diagnosis of PF. It is thus necessary to perform
DIF and/or IIF, and/or ELISA testing to Dsgl/Dsg3. DIF
classically confirms intercellular staining between epidermal
keratynocytes (ICS), with deposits of IgG(mainly IgG4) and
complement/C3; however, additional studies are confirming
that as in PV, the immunoglobulins and complement deposits
may be more polyclonal than previously believed. Since the
blisters are superficial and easy to rupture, sporadic clinical
lesions are similar of those seen in endemic pemphigus foliaceus
(EPF) [45]. PF affects equally both sexes, and commonly
presents in the fourth and fifth decades; desmoglein 1 (Dsgl)
has been confirmed as one of the primary disease antigens;
however, desmoplakin, periplakin and envoplakin have been
also confirmed as disease antigens. PF may be exacerbated by
sunlight and other ultraviolet radiation exposure, as described for
PV [88, 89]. Another immunologic phenomenon that has been
described is antigen switching between PV and PF; however,
many of these reports have not been confirmed. Burns should to
be considered in the clinical differential diagnosis of PF; burns
may further produce an immunologic epidermal intercellular
staining between keratinocytes(ICS) [90]. Desmoglein 1 is also
a major autoantigen in cases of PH, suggesting that cases of
both pemphigus erythematosus and pemphigus herpetiformis
may be clinical variants of PF. The mechanism of induction of
acantholysis by autoantibodies may involve phosphorylation of
intracellular proteins associated with desmosomes. Complement
activation does not appear to play a pathogenic role in PV.
Finally, PF seems to have multiple variants: 1). Senear-Usher, or
seborrheic; 2) Cazanave, or sporadic; and 3) endemic pemphigus
foliaceus (EPF). Some authorities have also considered adding
4) pemphigus herpetiformis as a subvariant (Fig. 2).

Endemic pemphigus foliaceus (EPF)

In Brazil, this disorder was historically called fogo selvagem
(FS), which in Portuguese means “wild fire”. Later, Beutner, et.
al., demonstrated that patients with PF exhibit anti-epidermal
autoantibodies, which may be detected by DIF as well as IIF
[19]. In PF, the most common immune response is directed
against Dsgl [91]. The predominant pathogenically relevant
autoantibodies belong to the IgG subclass, and are more
specifically IgG4 antibodies [80-110].
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Figure 2. A typical reporting diagram of positivity for pemphigus
foliaceus autoantigens in different groups and controls. a. A case
of PF, using immunohistochemical staining (IHC) and
Complement/C3c antibodies; shows suprabasilar staining
(brown staining; black arrow), as well as deposits around the
upper dermal blood vessels (brown staining; red arrow) and in
subcorneal areas (brown staining;green arrow). b. A case of PF,
with positive IHC using anti-human IgG antibodies; note the
epidermal ICS(brown staining; black arrow). c. A case of PV, and
DIF using monkey esophagus substrate. Note the typical ICS
staining with FITC conjugated IgG antibodies (green staining;
white arrow). d. A representative example of a Western
immunoblot, using bovine snout tissue as the antigen source.
The red arrow highlights positive staining to a 160kDa band,
representing Dsg1.

Studies conducted in Brazil with FS patients have shown that
serum titers of disease specific antibodies correlate well with
clinical disease extent and activity. Interestingly, healthy relatives
of FS patients may exhibit the presence of similar autoantibodies
that seem to be non-pathogenic [80-110]. EPF has been described
in other countries of South and central America, and may occur
in high frequencies in families. For an extensive, recent review
of EPF, please note references 94, 95 and 111. EPF has also
been also described in Tunisia; however, this variant more
closely resembles clinical pemphigus herpetiformis and affects
predominantly young females with primary autoantibodies to
Dsgl [107-92]. In Colombia, both the fogo selvagem and El
Bagre-EPF variants exist; the latter resembles Senear-Usher
syndrome with systemic compromise and multiple autoantigens
including desmogleins 1 and 3, desmoplakins, envoplakins,
periplakins and additional, uncharacterized antigens [94-
97,99,101,112,113]. Some epidemiologic evidence suggests that

EPF may be precipitated by environmental factors, including
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sunlight, other ultraviolet radiation, bed bugs, Trypanosoma
cruzi, mercury, sand flies and others [89-110]. Some human
leukocyte antigens (HLAs) have also been associated with
presentation of this disease. Compared to PV, EPF is a more
benign disease and can usually be treated with less aggressive
therapy; however, in our experience, the generalized cases may
be difficult to treat and result in high morbidity and mortality
[94-97,99,101,112,113].

Antimalarials such as hydroxychloroquine (200 mg/d) may be
useful as steroid-sparing agents in EPF. Finally, in patients with
EPF, exposure to UVB may induce acantholysis in uninvolved
skin. Epidermal exposure to UV light may enhance autoantibody
epidermal binding and preferential neutrophil adhesion, which
can contribute to acantholysis. The diagnostic workup for PF
and EPF is similar to that described for PV.

Senear Usher syndrome (SUS), also known as pemphigus
erythematosus.

SUS represents a variant of PF, with some features of systemic
lupus erythematosus present simultaneously in the same
patient. It was originally described by Senear and Usher in
1926 [114]. Generally, SUS is characterizated by deposition
of immunoglobulins (mainly IgG) and complement in the
intercellular spaces of epidermal keratynocytes; similar staining
is noted in patches along the BMZ. Dsgl has been shown as
the primary autoantigen. SUS autoantibodies have also been
noted against deoxiribonucleic acid (DNA) in about one third
of the patients. SUS is rare; as in PF, the majority of the lesions
are in seborrheic areas. SUS usually develops insidiously with
erythematous, scaly, crusted plaques in a butterfly distribution
over the nose and malar areas. It may also involve the scalp,
pectoral, and interscapular regions. SUS lesions may persist
for long periods; as in PF, sunlight sometimes adversely
affects its course [114-120]. SUS is very rare in children. SUS
is occasionally found in association with other autoimmune
diseases, especially myasthenia gravis with an accompanying
thymoma. The SUS diagnostic workup and treatment is similar
to PF.

Pemphigus herpetiformis (PH)/pemphigus serpiginosus of
Hebra.

PH represents a variant of PF that presents with circiform and/
or herpetiform clinical lesions, and histologic subepidermal/
suprabasal blisters with strong eosinophilia. The first cases were
reported by Drs. Hebra, Unna, Brocq and Leredde [120]. At the
time of the original clinical and histopathologic descriptions,
DIF was not available for workup. Later, Jablonska, et. al. were
able better characterize immunologic features of this disease
[122]. Further, over time more cases were documented, and
some authors were able to follow these patients for long periods.
Dsgl was eventually confirmed as the disease autoantigen [123-
126]. Other authors reported additional antigens; however, due
to the low number of cases available for study, some controversy
exists in precisely correlating the clinical, histopathologic,
immunologic and molecular diagnostic findings in this disorder
[127]. In our combined experience, we have followed patients
with endemic pemphigus and noted that they can drift over
time form one clinical presentation to another, and also exhibit
immunologic drift. The early Brazilian researchers had the
opportunity to closely follow fogo selvagem patients, and had
also described the clinical drift phenomenon.



In PH, itching is common; some initial histopathologic changes
we have noted in our PH patients include eczema-like epidermal
spongiosis with eosinophilia, and possible subepidermal and/
or subcorneal bullae. DIF in our cases showed consistent
intercellular IgG staining; IIF on monkey esophagus substrate
confirmed this finding in several cases. About half of our
patients responded to therapy with sulfones and prednisone,
and only one patient responded to sulfones alone. Half of our
patients required either combined therapy with prednisone and
cyclophosphamide, or with higher doses of prednisone. In our
consecutive relapse patients, nine patients retained the pattern
of pemphigus herpetiformis; in the others, lesions mostly
resembled pemphigus foliaceus. Our most common clinical
differential diagnoses included diseases with grouped vesicles
such as dyshidrosis, nummular dermatitis, herpes simplex,
and herpes zoster; diseases with grouped vesicobullae such as
dermatitis herpetiformis, herpes gestationis, subacute lupus
erythematosus(bullous variant); and diseases with grouped
pustules such as pustular psoriasis, dermatitis continua of
Hallopeau, and impetigo herpetiformis.

IgA pemphigus/subcorneal pustular dermatosis (Sneddon-
Wilkinson disease).

The subcorneal pustular dermatosis of Sneddon and Wilkinson
belongs to the heterogeneous group of neutrophilic dermatoses.
Sneddon Wilkinson disease is a chronic, sterile pustular eruption
and first described by Sneddon and Wilkinson in 1956 [128].
The disease represents a unique disorder, and is characterized
by a superficial pustular eruption. The disease pustules are
flaccid and aseptic. They develop predominantly on the trunk,
groin, axillae and submammary areas. Sneddon Wilkinson
disease is often clinically chronic and benign. However, some
scattered reports had shown associations with other conditions,
including lymphoproliferative and myeloproliferative diseases
(monoclonal gammopathies, such as IgA paraproteinemias)
and other malignancies. Dapsone is the treatment of choice to
control the skin manifestations. The nosologic value of Sneddon
Wilkinson disease is still debated, especially vis-a-vis IgA
pemphigus, which often is successfully treated with the same
dosages of dapsone. Most patients respond well to dapsone,
although in rare instances they require etretinate.

Several studies studied vesiculobullous lesions that resembled
pemphigus foliaceus clinically and histopathologically;
however, some displayed intercellular IgA, but not IgG, in the
epidermis by direct immunofluorescence. Similar histologic
and immunofluorescence findings have been reported in
eight other cases. In our cases, no circulating IgA or IgG
intercellular antibodies could be detected; in four of the eight
previously noted cases, IgA antibodies demonstrated epidermal
intercellular staining, similar to a pemphigus pattern [128-148].
A different classification would suggest that the I[gA pemphigus
cases reported to date fall into one of two groups; specifically,
1) an IgA pemphigus foliaceus group, and 2) an IgA pemphigus
of intraepidermal neutrophilic type (ie, Sneddon-Wilkinson
disease), which seems to be clinically less common. In our
experience, we have encountered three cases of intercellular
IgA dermatosis. Somehow, it seems that the world has often
merged IgA pemphigus and subcorneal pustular dermatosis
(Sneddon-Wilkinson disease) and many confusing reports group
them together. Notably, before immunopathologic studies were
available, dermatologists and dermatopathologists identified
many of these cases as Sneddon-Wilkinson disease. Later,

when the immunopathologic studies become more available it
seems that many authors mixed both diseases [149-153]. Some
cases of PF have autoantibodies to IgA, in addition to IgG, or
IgM (personal experiences). Additionally, a few cases of PF
have IgA ICS, but without characteristic neutrophilic features
of Sneddon-Wilkinson disease. Further, some autoantigens
such as desmocollins and Dsgl have been named as putative
autoantigens by the same groups of authors. Clearly, many of
these cases differ from classic Sneddon-Wilkinson disease.
Indeed, we recently reported a typical case of Sneddon-
Wilkinson disease, in which biopsies for H&E, DIF and
immunohistochemistry (IHC) analysis were performed. The
H&E staining demonstrated typical features of Sneddon-
Wilkinson disease, including some damage to dermal
pilosebaceous units subjacent to the subcorneal blistering
process. By DIF, FITC conjugated IgE, IgA and fibrinogen
were observed in an epidermal pericytoplasmic and perinuclear
pattern, with several additional foci within the epidermal
stratum corneum (++). Other findings included IgM (+,
intercellular epidermal stratum spinosum); IgD (+/-, focal BMZ
cytoid bodies; complement/Clq (-); complement/C3 (+, roof
of subcorneal pustules); albumin (+, intercellular epidermal
stratum spinosum); and fibrinogen (++, focally within papillary
dermal tip areas, focally within the superficial corneal layer,
and surrounding some upper and intermediate dermal blood
vessels). The blister lumens were positive for IgG, IgA, IgM,
IgE and fibrinogen. DIF also revealed strong deposits of the
immunoreactants 1gG, IgM, fibrinogen and complement/C3,
present in a shaggy pattern within the subcorneal disease areas;
in focal, areas of the basement membrane junction and in focal
pericytoplasmic areas of epidermal keratinocytes. IHC revealed
strong positivity to HLA-DPDQDR, mast cell tryptase, CD68,
and ZAP-70 in the subcorneal luminal inflammatory infiltrate,
and surrounding dermal blood vessels. Myeloperoxidase
staining was also positive in these areas [154] (Tabl. II).

Drug induced pemphigus

Drugs and radiotherapy are important causes of pemphigus. The
diagnosis of drug-induced pemphigus may be difficult. Patients
have often been exposed to multiple drugs, and some drugs
may have a prolonged latency period between exposure and
the onset of disease. Some of the most frequently associated
medications include D-penicillamine, captopril, clavulinic
acid, amoxicillin, imiquimoid, lisinopril and rifampin [155-
161]. With patients taking multiple medications, drug-drug
interactions may represent a triggering factor. Food supplements,
non-prescription medications and topical medications should
always be considered. Patients who suffer drug-induced
pemphigus usually present with a clinical picture of PF, and
less frequently PV [155-162]. The DIF and IIF usually show
deposits of predominantly IgG ICS; some reports of antigenicity
against epidermal keratinocyte cytoplasms exist. The disease
is often transient and resolves shortly after the drug has been
discontinued, especially in those patients that lack evidence
of circulating antibodies. Skin biopsies of drug-induced and
idiopathic pemphigus were reviewed by five dermatologists,
with no clinical data available about the patients [158]. The
sections were assessed for the presence of epidermal spongiosis
with eosinophils, vacuolar degeneration, acantholysis and
cleavage level. Using the criteria, the reviewers were unable to
correctly identify a clinical case of drug-induced pemphigus.
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Disease

Variants

DIF

Target antigen/s

Differential diagnoses

Pemphigus foliaceus

Cazanave’s, Senear-Usher and EPF.

ICS with IgG, IgM,

1gG, kappa, lambda and
Complement/C3 and
Clq, mainly in the upper
epidermis.

Dsgl, Dsg3,
envoplakin,
periplakin and
desmoplakins.

Impetigo, dermatophytes, burns,
acantholytic actinic keratosis,
Staphylococcal scalded skin
syndrome/SSSS, acute generalized
exantemous pustulosis/AGEP.

Pemphigus vulgaris

Hallopeau, Neumann, and
pyostomatitis vegetans with or
without bowel involvement.

IgG and Complement/C3
ICS, and fibrinogen
mainly in basilar
epidermis.

Dsg 1 and 3, DSC1,
DSC3, ATP2C1,
acetylcholine.

Viral infections, Hailey- Hailey,
Grover’s, friction, Darier’s, disease,
burns, aphtous stomatitis,
gingivostomatitis, erythema
multiforme, erosive lichen planus,
blastomycosis, candidiasis,
botroymcosis, axillary granular
parakeratosis.

Paraneoplastic
pemphigus

Unknown.

Mainly IgG and
Complement/C3 ICS;
also BMZ.

Envoplakins,
periplakins, Dsgl,
Dsg3, BP180 and
230, desmoplakins
plectins, a2-
macroglobulin-like
protein 1.

Erythema multiforme, erosive lichen
planus, herpetic lesions, staphyloccal
scalded skin syndrome/SSSS.

Drug-induced pemphigus

Pemphigus vulgaris and pemphigus
foliaceus-like.

IgG and Complement/C3
ICS, mainly in the upper

Dsgl, Dsg3 and
other

Halogenoderma, erythema
multiforme,Stevens-Johnson.

cytoplasmic), IgM and
fibrinogen.

desmocollins.

epidermis. uncharacterized
antigens.
IgA Pemphigus Subcorneal and other. IgA (ICS and/or Dsg 3 and Infantile acropustulosis (subcorneal),

erythem toxico neonatorum, miliaria.

IgE Pemphigus

Unknown.

ICS IgE.

Dsgl and Dsg3.

Any of the above

Table II. Descriptions of autoinmune cutaneous epidermal bullous diseases, including blisters, respective target antigens,

and autoimmune disease differential diagnoses.

Thus, it is advisable to consider drug etiology in every case
of newly diagnosed pemphigus, as histologic features cannot
reliably differentiate between drug-associated and idiopathic
disease [158]. Therapy consists of cessation of the target
medication.

Intercellular IgE pemphigus ("IgE pemphigus”™)

IgG4 and IgE are present in most autoimmune skin diseases.
However, it is not clear that an IgG4 or IgE ICS pemphigus
nosologically exists [163-170]. In many conditions such as
PV, PF, EPF and El-Bagre-EPF, IgE ICS autoantibodies have
been documented. It is further not presently clear if the IgE
antibodies are elevated as result of isotype switching, and/or are
possibly recognizing specific antigen sites. Notably, increased
serum IgE levels are occasionally found in patients with
pemphigus. The IgE elevation is often simultaneously present
with lesional deposition of eosinophils. In fogo selvagem, anti-
Dsgl antibodies have been associated with disease onest; the
same is true with Dsg3-specific IgE and IgG4 autoantibodies in
PV [163-170]. Thus, more cases of IgE pemphigus are needed
to adequately investigate these questions.

Paraneoplastic pemphigus (PNP)

PNP is a recently described blistering disorder that arises
exclusively in the context of a neoplasma (most commonly a non-
Hodgkin’s lymphoma) has polymorphous skin lesions. These
lesions display clinical and histologic features of both erythema
multiforme and PV. Other neoplasms associated with PNP
include cases of CD20-positive follicular lymphomas, chronic
lymphocytic leukemia, thymoma, hepatocellular carcinoma,
malignant fibrous histiocytoma, inflammatory myofibroblastic
tumor, follicular dendritic cell sarcoma, Waldenstrom’s
macroglobulinemia, B-cell lymphocytic leukemia/lymphoma,
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uterine carcinoma and Castleman’s disease. When associated
with a malignancy, the course of the disease is usually fatal.
If the associated neoplasm is benign and it is removed, the
PNP lesions may respond to treatment with corticosteroids
and resolve completely. Rarely, PNP lesions may resemble
BP, or present as a lichenoid tissue reaction. In addition to the
polymorphous skin lesions, patients may develop prominent,
painful mucous membrane ulcerations. Involvement of internal
organs, such as pulmonary and gastrointestinal tracts, may also
be observed. Histologically, skin and mucosal lesions typically
present intraepithelial cleavages with suprabasal acantholysis
and interface changes featuring necrotic and apoptotic
keratinocytes. DIF studies reveal intraepidermal and/or BMZ
deposition of IgG and/or C3 complement component, whereas
by IIF PNP sera contain autoantibodies binding to stratified,
complex and simple epithelia, as well as to the myocardium
of the heart. Gallbladder positivity may also be noted in PNP
[171-186]. Sera of patients with PNP will immunoprecipitate
Dsgl, Dsg3, desmoplakin I (250kD), bullous pemphigoid
antigen I (230kd), desmoplakin II (210kD), envoplakin
(210kD), periplakin (190kD), plectin (500kD) and a 170-kD
protein, that has been reported as alpha-2-macroglobulin-like-
protein 1, a broad range protease inhibitor expressed in stratified
epithelia and other tissue damaged in PNP. PNP is characterized
by the presence of autoantibodies directed against components
of the ICS, as well as against the BMZ [171-180]. In one study,
patients with PNP presented initially with isolated oral erosions
that were undistinguishable from those seen in PV patients, and
27% had histologic findings of only suprabasal acantholysis.
The association with a lymphoproliferative disorder, diagnostic
IIF labeling of rat bladder, and immunoblotting recognition of
envoplakin and/or periplakin represented sensitive and specific
features leading to the diagnosis of PNP.



Recently, it has also been reported that alemtuzumab is effective
against severe chronic lymphocytic leukemia-associated PNP
[187]. In these patients, the presence of blisters with histologic
and immunofluorescence evidence of pemphigus have been
demonstrated [188,189]. Neonatal pemphigus is caused by
transfer of maternal IgG autoantibodies against Dsg3 or Dsgl to
the neonate through the placenta when the mother is affected by
one of the pertinent diseases. Neonatal pemphigus is clinically
characterized by transient, flaccid blisters and erosions on the
skin, and rarely on the mucous membranes [188,189]. Neonatal
pemphigus vulgaris has never been reported to persist beyond
the neonatal period and progress to adult disease. Usually
neonatal pemphigus lesions are self limiting, and resolve within
two weeks. Neonatal pemphigus needs to be differentiated
from the “pemphigus neonatorum” of the distant past medical
literature, referring to babies with Staphylococcal skin disease
[200].

Pemphigus in animals
Animals, especially dogs, cats and horses can develop PF, PV,
and drug induced pemphigus [201-204].

Treatment

Prednisone is the most common therapy for autoinmune
cutaneous blistering diseases, and the initial dose is based
on clinical stage of the patient. Generally, 1-2 mg/kg/day are
utilizad, supplemented with broad range antiparasitic medicines,
calcium supplements, topical corticosteroid cream and sun
protection. Sometimes, antibiotic prophylaxis to prevent wound
infection is recommended. Several immunosuppressive agents
including cyclophosphamide, azathioprine, methotrexate,
cyclosporine and gold have been utilized in therapy; for severe
cases, plasmapheresis, photopheresis and high-dose intravenous
gammmaglobulins have also been used [204-220]. Cloroquine
is also used as a coadjuvant. One initial large study on the
treatment of 84 patients with PV was conducted between 1961
and 1982 by Dr Walter Lever [204]. Over time, the study showed
that 47 of the 84 patients were free of lesions, and not receiving
treatment. Twenty-two of the patients had been without lesions
and treatment for more than five years. There had been no
disease- or treatment-related fatalities since 1976. Since the
Lever study, other therapeutic modalities had been added; these
include combined treatment with small, alternating day doses of
prednisone, plus a daily dose of a different immunosuppressant
agent (usually azathioprine). In mild, relatively stable cases,
the combined form of treatment may be given initially. Thus, in
addition to prednisone monotherapy, prednisone combined with
other immunosupressors (“adjuvants”), ie, azathioprine (2 mg/
kg/d), cyclosporine (2.5-3 mg/kg/d), cyclophosphamide (1.1-
1.5 mg/kg/d), mycophenolate mofetil (2 g/d), mycophenolate
sodium have show good results in pemphigus treatment [204-
220]. Many combinations of prednisone and adjuvants have
been utilized. In many cases, superinfections represent the most
dangerous complications of the therapy. Thus, if the patient
needs to be hospitalized, testing for tuberculosis and parasitic
diseases should be conducted before any treatment. If strong
immunosuppression will be given, the patient needs to be
hospitalized for this reason alone. In these cases, admission tests
such as EKG, chest radiography, kidney and liver electrolytes
and a CBC need to be performed. If the admitting physician is
suspicious of any superinfection on the skin, cultures need to
be taken before initiation of therapy. Biopsies should be taken

for H&E studies and for DIF studies in Michel’s medium. In
addition, serum for IIF, immunoblotting and ELISA testing
should be obtained. The patient needs to be bathing if possible,
cleaning the flexural areas; the mouth needs to be cleaned and
colleagues such as ENT, oral surgery, urology and others may
be consulted to treat the patients. If the patients have severe oral
lesions, a nutritionist should be consulted for appropriate protein
control in the diet. Additional therapies such as high-dose
intravenous immunoglobulin, rituximab and immunoadsorption
are used for refractory patients. Some of these therapies may
require 4 weeks to be effective.

Appropriate  nursing care is also important with
immunosupression therapy. The application of topical steroids
over a wide area is a safe and effective treatment for thesegroup
of diseases, but again the physicians and nurses should monitor
the amount of skin that is affected because these patients can
become toxic easily. Finally, the therapy of pemphigus with
oral corticosteroids has well documented side effects, including
systemic infections, high blood sugar, loss of bone density,
caries, osteoporosis, thromboses and gastrointestinal ulcers.
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