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ABSTRACT: Pemphigus is a group of potentially life-threatening diseases characterized by cutaneous and mucosal blistering.
There is a fairly strong genetic background to pemphigus with linkage to HLA class Il alleles. Certain ethnic groups, such as
Ashkenazi Jews and those of Mediterranean origin, are especially liable to pemphigus. Pemphigus vulgaris (PV), the most com-
mon and important variant, is an autoimmune blistering disease characterized by circulating pathogenic IgG antibodies against
desmoglein 3 (Dsg3), about half the patients also having Dsgl autoantibodies. Oral lesions are initially vesiculobullous but read-
ily rupture, new bullae developing as the older ones rupture and ulcerate. Biopsy of perilesional tissue, with histological and
immunostaining examinations, is essential to the diagnosis. Serum autoantibodies to either Dsgl or Dsg3 are best detected by
both normal human skin and monkey esophagus or by enzyme-linked immunosorbent assay (ELISA). Before the introduction
of corticosteroids, pemphigus vulgaris was typically fatal mainly from dehydration or secondary systemic infections. Current
treatment is largely based on systemic immunosuppression using systemic corticosteroids, with azathioprine, dapsone,
methotrexate, cyclophosphamide, and gold as adjuvants or alternatives, but mycophenolate mofetil and intravenous

immunoglobulins also appear promising.
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Introduction

Pemphigus is a group of potentially life-threatening autoim-
mune mucocutaneous diseases characterized by epithelial
blistering affecting cutaneous and/or mucosal surfaces, the
term being derived from the Greek Pemphix (bubble or blister).
Pemphigus affects 0.1-0.5 patients per 100,000 population per
year (Ahmed et al., 1980; Becker and Gaspari 1993).

Oral lesions of pemphigus are seen in up to 18% of
patients at dermatology out-patient clinics (Ramirez-Amador
et al., 2000), but despite the frequency of oral involvement, and
novel therapeutic approaches (Stanley, 2000), there are sur-
prisingly few recent studies of either the oral manifestations of
pemphigus or their management (Mashkilleyson and
Mashkilleyson, 1988; Lamey et al., 1992; Robinson et al., 1997;
Scully et al., 1999; Sirois et al., 2000), and delays in diagnosis are
still common (Sirois et al., 2000).

Pemphigus has been reviewed in the oral literature in the
past decade (Eversole, 1994; Weinberg et al., 1997), but several
advances in the understanding of the etiopathogenesis, pem-
phigus variants, and management warrant an update.

Epithelial Biology
An elementary knowledge of the biology of the oral epitheli-
um is crucial to the understanding of pemphigus. The oral
epithelium is a complex structure consisting of a range of cells,
mainly keratinocytes, adherent to each other by desmosomes,
and via hemidesmosomes, to an epithelial basement mem-
brane and thereby to the underlying lamina propria. Each

component is itself complex and consists of several proteins
with important functions—not least the adherence of cells to
adjacent structures, and cell-cell recognition and signaling.

Cell-basement membrane contact is largely via
hemidesmosomes, which have a complex structure and come
into contact with the superficial part of the basement mem-
brane (the lamina lucida). Cell-cell contact is via occludens
(tight junctions), adherens (desmosomes and adhesion
plaques), and nexus junctions (gap junctions), each having a
complex structure.

DESMOSOMES

Desmosomes guarantee the integrity of the epithelia, by func-
tioning both as an adhesive complex and as a cell-surface
attachment site for the keratin intermediate filaments of the
cytoskeleton. Desmosomes are adhesion proteins that contain
a series of proteins, particularly desmogleins and desmo-
collins—glycoproteins of the cadherin supergene family which
link to cytokeratins via desmoplakins and plakoglobin (Buxton
and Magee, 1992). Cadherins are composed of an extracellular
domain involved in calcium-dependent binding to adjacent
cells, a transmembrane domain, and an intracellular domain
that binds to catenins and thence to actin (Gumbiner and
McCrea, 1993).

ORAL EPITHELIUM

Oral epithelium is similar to skin but differs in several essen-
tials, not least in that desmosomal components differ some-

13(5):397-408 (2002)

Crit Rev Oral Biol Med 397



D= desmoplakin
E= envoplakin
P = plectin
F
Fl

Keratinocyte

e = periplakin
kp = plakophilin

Desmoglea  Karatin intermediate

Desmosomal plague filaments

Figure 1. Epithelial structure.

what; for example, the cadherin-type adhesion molecules
desmoglein 1 (Dsg 1) and Dsg 3 both are expressed in skin but
oral epithelium expresses predominantly only Dsg 3
(Shirakata et al., 1998), the 130-kd molecule. This has conse-
guences in terms of disease manifestations, as discussed
below, as well as in antibody detection.

The epithelium thus has a complex structure (Fig. 1), and
an array of molecules is required for epithelial integrity and
health (Uitto and Pulkkinen, 1996; Lin et al., 1997; Cozzani et
al., 2000). Damage to the intercellular area leads to separation
of the keratinocytes-acantholysis—which, though typical of
pemphigus, may be seen in other conditions (Table 1).

Pemphigus and Variants

Pemphigus affects the skin and may also affect the mucosae of the
mouth, nose, conjunctivae, genitals, esophagus, pharynx, and lar-
ynx; it is found mainly in middle-aged and elderly patients.
Pemphigus is a group of autoimmune disorders in which there is
damage to desmosomes by antibodies directed against the extra-
cellular domains of the cadherin-type epithelial cell adhesion
molecules—the desmogleins (Dsg) (Nishikawa et al., 1996)—with
immune deposits intra-epithelially, and loss of cell-cell contact
(acantholysis), leading to intra-epithelial vesiculation.

TABLE 1
Causes of Acantholysis

VARIANTS

There are several variants of pemphigus described (Table 2),
with different autoantibody profiles and clinical manifestations.

PEMPHIGUS VULGARIS

Pemphigus vulgaris (PV) is the most common form and fre-
quently involves the mouth (Weinberg et al., 1997; Scully et al.,
1999). The main importance of PV is that it typically runs a
chronic course, almost invariably causing blisters, erosions,
and ulcers on the oral mucosae and skin. Before the introduc-
tion of corticosteroids, it was often fatal, mainly from dehydra-
tion or secondary systemic infections (Ahmed and Moy 1982;
Robinson et al., 1997; Scully et al., 1999). The main antigen in
pemphigus vulgaris is Dsg 3 (Amagai et al., 1992), whereas that
in pemphigus foliaceus is Dsg 1 (Amagai et al., 1995). However,
50% of PV patients also have autoantibodies to Dsgl, and the
proportion of Dsgl and Dsg3 antibodies appears to be related
to clinical severity (Harman et al., 2000a). Those PV which are
predominantly oral have only Dsg3 antibodies (Harman et al.,
2001). Typically, an individual patient develops a single variant
of pemphigus, though cases have been described of transition
to another variant (Ishii et al., 2000), presumably through epi-
tope spread, and the clinical manifestations of a single variant
can change over time, as discussed below. This change may be
related to changes in the proportions of Dsgl and Dsg3 autoan-
tibodies (Harman et al., 2001).

PARANEOPLASTIC PEMPHIGUS

Apart from PV, the other important variant affecting the
mouth is paraneoplastic pemphigus (PNP), usually associated
with lymphoproliferative disease (Allen and Camisa, 2000),
though one case with oral squamous carcinoma has been
reported (Wong and Ho, 2000). Oral lesions may be the sole
manifestation (Bialy-Golan et al., 1996) and have also been
seen in all reported cases of paraneoplastic pemphigus
(Laskaris et al., 1980; Anhalt et al., 1990; Camisa et al., 1992;
Fullerton et al., 1992; Perniciaro et al., 1994).

OTHER VARIANTS

Oral lesions have been seen in less common pemphigus vari-
ants, especially in most cases with IgA pemphigus (intra-
epithelial IgA pustulosis [IEAP]), and in some cases of pem-
phigus associated with inflammatory bowel disease (Stone,
1971; Lubach et al., 1984; Delfino et al., 1986; Fabbri et al., 1986;
Schwermann et al., 1988; Prendiville et al., 1994). In contrast,
other types of pemphigus—such as pemphigus foliaceus (PF)
and erythematosus and pemphigus vegetans—only rarely

< Primary affect the oral mucosae (Ahmed et al., 1980; Virgili et al., 1992;
o Pemphigus Mahé et al., 1996).
o Darier’s disease Since PNP has been recently reviewed (Allen and Camisa,
o Transient acantholytic dermatosis 2000), the present review focuses on pemphigus vulgaris.
e} Warty dyskeratoma
- Secondary Etiopathogenesis
O Impetigo Pemphigus vulgaris is caused by autoantibodies against
o Viral infections epithelial intercellular components, especially cadherins, and
o Carcinoma particularly desmogleins (Dsg 3 mainly but also Dsgl in PV,
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TABLE 2
Main Types of Pemphigus Involving the Mouth

Variant Oral Lesions Main Antigens (Ags) Localization of Ags Antibodies References
Pemphigus vulgaris Common Dsg 3 Desmosomes IgG
localized to mucosae Harman et al.,
(Mucosal) 20004, b,
2001

Pemphigus vulgaris Common Dsg 3 Desmosomes lgG
also involving skin/ Dsg 1
other mucosae
(Muco-cutaneous)
Paraneoplastic Common Desmoplakin 1 Desmosomes or lgG Anhalt and Diaz,
pemphigus Desmoplakin 2 hemi-desmosomes or 2001;

BP 230 IgA Anhalt et al., 1990
Periplakin
Drug-induced Common Dsg 3 Desmosomes lgG Korman, 2000;
pemphigus Korman et al.,

1991

Pemphigus Uncommon Dsg 1 Desmosomes IgG
foliaceus
IgA pemphigus Uncommon Desmocollin 1 Desmosomes IgA

Desmocollin 2

Dsg 3

Dsg 1 in PF), and, though the precise initiating environmental
or lifestyle factor is usually unclear, there is a genetic basis to
many cases.

GENETIC BACKGROUND

Feel free to make corrections! There is a fairly strong genetic
background to pemphigus vulgaris (PV), certain ethnic groups,
such as Ashkenazi Jews and those of Mediterranean origin,
being especially liable (Eller and Kest, 1941; Gellis and Glass,
1941; Pisanty et al., 1974). PV-1gG subclasses are detectable not
only in patients but also in their first-degree relatives (Kricheli
et al., 2000). Rare familial cases of PV have been reported
(Starzycki et al., 1998).

HLA class Il allele associations in PV are found with HLA-
DR4 (DRB1*0402), DRwl4 (DRB1*1041), and DQB1*0503
(Sinhaet al., 1988; Ahmed et al., 1990, 1991, 1993; Matzner et al.,
1995; Carcassi et al., 1996; Delgado et al., 1996, 1997; Lombardi
et al.,, 1996; Nishikawa et al., 1996; Miyagawa et al., 1997;
Mobini et al., 1997a; Loiseau et al., 2000). Asian alleles of the
HLA-B15 family, including the allele B*1507, are significantly
increased in comparison with normal controls, in Japanese
patients with PV—but HLA class | alleles are not changed
(Miyagawa et al., 2002). These HLA class Il alleles appear crit-
ical to T-lymphocyte recognition of Dsg 3 peptides.

Two kinds of Dsg 3-derived peptides may be presented by
HLA-DR according to the HLA polymorphism (DRB1*0402 or

DRB1*14/0406). The DRB1*14/0406 PV-related molecules may
be able to present Dsg 1 and Dsg 3 peptides, providing one
explanation for cases of PV with combined responses to Dsgl
and to Dsg3 which are typified by a muco-cutaneous clinical
phenotype (Loiseau et al., 2000).

PATHOGENESIS

Inevitably, any one or more of the desomosomal proteins can
be defective or damaged, and this can result in loss of cell-cell
adhesion leading to the clinical result of vesiculation, erosions,
or ulcers which characterize pemphigus. Pemphigus vulgaris
is an autoimmune disorder in which there is deposition of
mainly 1gG class antibodies intercellularly (Fig. 2) as well as
damage to desmosomes by antibodies directed against the
extracellular domains of cadherin-type epithelial cell adhesion
molecules, particularly desmoglein 3 (Nishikawa et al., 1996).
Since oral epithelium expresses largely Dsg 3 but skin express-
es Dsg 1 as well as Dsg 3, damage by antibodies to Dsg 3, as in
PV, results in oral lesions at an early stage, whereas skin
integrity is maintained by Dsg 1; however, if Dsg 1 antibodies
appear, cutaneous lesions appear to result and the disease
tends to be more severe (Harman et al., 2000b) (Table 3).

The Dsg autoantibodies are of the 1gG class and in active
PV are predominantly 1gG4 polyclonal antibodies but I1gG1
while in remission (Bhol et al., 1995; Tremeau-Martinage et al.,
1995). Dsg 1 autoantibodies are found in over 50% of cases of
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Figure 2. Immune deposits in PV.

PV, and the frequency may differ with race, since they are
found in a significantly greater proportion of patients of
Indian origin than in white northern Europeans (Harmanet al.,
2000b).

There is direct evidence that autoantibodies against
desmoglein 3 (Dsg3) are critical in the pathogenesis (reviewed
by Kalish, 2000; Anhalt and Diaz, 2001; Kowalewski et al.,
2001), since the transfer of PV serum IgG antibodies against
Dsg3 into newborn mice induces a bullous skin disease resem-
bling PV (Nishikawa et al., 1996; Ding et al., 1999; Hertl, 2000),
and recombinant Dsg 1 and Dsg 3 absorb the antibodies that
cause PV-like skin blisters in neonatal mice. Loss of tolerance
against Dsg3 in both B- and T-cells appears important for the
development of PV (Tsunoda et al., 2002). Dsg 3 forms from
two types of small clusters on the nondesmosomal plasma
membrane, i.e., either half-desmosome-like clusters with ker-
atin intermediate filament (KIF) attachment or simple clusters
without KIF attachment. PV-IgG-induced internalization of
the nondesmosomal simple clusters of Dsg3 may represent the
primary effects of PV-IgG on keratinocytes (Sato et al., 2000).
Furthermore, there is evidence that the disease activity in gen-
eral correlates with the level of serum autoantibodies, and in
vivo injection produces the disease in monkeys and mice and
human skin (Schiltz and Michel, 1976).

The precise mechanism of the acantholysis after pemphi-
gus IgG binds to Dsg 3 on the cell surface is unknown but may
involve proteinases (reviewed by Kalish, 2000; Anhalt and
Diaz, 2001; Kowalewski et al., 2001). PV- IgG causes a transient
increase in intracellular calcium and inositol 1,4,5-trisphos-
phate concentration, and subsequent activation of protein
kinase C (PKC) in cell lines. The phosphatidylcholine (PC)-spe-

TABLE 3
Antibodies to Desmogleins in PV

PV lesions Dsg 3 Dsg 1
Mucosal mainly + -
Mucocutaneous + +

After Harman et al. (2000).

cific phospholipase C (PLC) pathway plays a major role in P-
IgG-induced transmembrane signaling by causing long-term
activation of PKC (Seishima et al., 1999). Plasminogen activa-
tion and apoptosis may also be involved (reviewed by Kalish,
2000; Anhalt and Diaz, 2001; Kowalewski et al., 2001). Late
development of Dsg 1 antibodies in PV correlates with disease
progression (Miyagawa et al., 1999); the appearance of antibod-
ies against Dsgl heralds involvement of skin and mucosae
other than oral (Ding et al., 1997; Harman et al., 2000b).

ANTIGENS OTHER THAN DESMOGLEIN

Pemphigus autoimmunity may not be limited to anti-
desmoglein antibodies. Nondesmoglein antibodies induce
pemphigus-like lesions in neonatal mice. Non-Dsg PV IgGs
also cause gross skin blisters with PV-like suprabasal acan-
tholysis and staining perilesional epithelium in a fishnet-like
pattern, indicating that the PV phenotype can be induced
without anti-Dsg 3 or anti-Dsg 1 antibody (Nguyen et al.,
2000a,b).

Acantholytic autoantibodies target a novel human alpha 9
acetylcholine receptor regulating keratinocyte adhesion, a
novel keratinocyte annexin-like molecule binding acetyl-
choline and termed pemphaxin (Nguyen et al., 2000b), and
catenin (Mignogna et al., 2001). This is an area of controversy
reviewed elsewhere (Kalish, 2000; Anhalt and Diaz, 2001,
Kowalewski et al., 2001).

CELLULAR IMMUNITY IN PV

Although the PV autoantibodies are pathogenic, the role of
the cellular immune system in acantholysis is unclear.
Although CD4 T-cells that recognize the extracellular domain
of these desmosomal cadherins are present, any role for these
is as yet undefined. There is only a sparse cellular infiltrate
around the basement membrane zone, but autoreactive T-cell
responses to Dsg 3 may be critical to the pathogenesis, since
antibody production generally requires T-cell help, and the
strong association with distinct HLA class Il alleles (see
above) suggests the involvement of CD4+ T-lymphocytes.
These T-cells recognize epitopes of Dsg 3. Most of the T-cells
are CD45RO0O (Hertl et al., 1998a,b), which help autoreactive B-
lymphocytes to produce autoantibodies (Nishifuji et al.,
2000). CD28-deficient mice (lacking a co-stimulatory signal
for T-lymphocyte activation) are much more sensitive to the
development of PV than are wild-type mice (Toto et al., 2000).
T-cell recognition of epitopes of Dsg 3 may be crucial for the
initiation and perpetuation of the production of Dsg 3-specif-
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ic autoantibodies by B-lymphocytes (Hertl and Riechers,
1999). These autoreactive CD4+ T-cells preferentially pro-
duce TH2 cytokines such as interleukin 4 (IL-4), IL-6, and IL-
10 (Wucherpfennig et al., 1995; Lin et al., 1997), but also TH1
cytokines such as gamma interferon (Hertl et al., 1998a,b;
Hertl and Riechers, 1999). Autoantibodies of the TH2-depen-
dent 1gG4 subtype are preferentially seen in active PV, while
autoantibodies of the TH1-dependent IgG1 subclass predom-
inate upon remission. Healthy individuals who carry HLA
class Il alleles similar or identical to those highly prevalent in
PV also develop autoreactive T-cell responses to Dsg 3.
Autoreactive T-cells from PV patients produce both TH1 and
TH2 cytokines, while autoreactive T-cells from healthy per-
sons produce THO cytokines (Hertl and Riechers, 1999).
Cytokines including interleukin-10 (Toto et al., 2000), inter-
leukin-6, interleukin-15, and tumor necrosis factor-alpha
(Ameglio et al., 1999) are probably involved in PV (Feliciani
et al., 2000).

Possible Etiological Factors
Diet

The role of diet in the etiology of pemphigus is reviewed else-
where (Brenner et al., 1998; Tur and Brenner, 1998), but garlic
in particular may cause occasional cases of pemphigus
(Ruocco et al., 1996a).

DRuGs

Traditionally, drugs that are capable of inducing pemphigus
are divided into two main groups according to their chemical
structure:
drugs containing a sulfhydryl radical (thiol drugs
or SH drugs), such as penicillamine and captopril
(Laskaris et al., 1980; Korman et al., 1991; Wolfet al.,
1991; Laskaris and Satriano, 1993; Ruocco et al.,
1996a; Shapiro et al., 2000);
nonthiol or other drugs, the latter often sharing an
active amide group in their molecule (Wolf and
Brenner, 1994). Phenol drugs (Goldberg et al.,
1999), rifampicin (Gange et al., 1976), diclofenac
(Matz et al., 1997), captopril (Korman et al., 1991),
and other ACE inhibitors (Kaplan et al., 1992; Ong
et al., 2000) are occasionally implicated.
Cosmetics have been implicated in the high preva-
lence of PV in Tunisia (Bastuji-Garin et al., 2002).

VIRUSES

The initiating factor in PV remains enigmatic but particularly in
view of the apparently transmissible nature of some pemphi-
gus variants (fogo selvagem), the role of viruses has been sug-
gested (reviewed by Ruocco et al., 1996b). Most recently, atten-
tion has been directed toward the herpesviruses. Very occa-
sionally, the onset of PV has been reported concurrently with
(Takahashi et al., 1998), or following, herpesvirus infections,
and the possibility of epitope spreading or molecular mimick-
ry has been suggested as the pathogenesis (Goon et al., 2001).
Herpesvirus DNA has been detected, by polymerase chain

Figure 3. Oral lesions in PV.

reaction, in peripheral blood mononuclear cells and skin
lesions of patients with pemphigus (Tufano et al., 1999). Human
herpesvirus 8 (HHV-8) DNA was detected in lesions of patients
with PV, while all specimens of non-pemphigus blistering skin
diseases were negative (Memar et al., 1997; Jang et al., 2000).
When PCR products were sequenced, the sequences were
almost identical to the prototypic sequence for HHV-8, and a
few base-pair substitutions at 1086C-T and 1139A-C were
detected, suggesting that HHV-8 might have trophism for pem-
phigus lesions (Jang et al., 2000). In contrast, others have failed
to detect HHV-8 DNA in lesional skin of pemphigus vulgaris
patients (Cohen et al., 1998; Bezold et al., 2000).

OTHER FACTORS

A recent multicenter study at outpatient services of teaching
hospitals in Bulgaria, Brazil, India, Israel, Italy, Spain, and the
USA revealed lower numbers of smokers among patients with
PV, higher exposure rates to pesticides, and a higher number
of female patients who had been pregnant. These findings sug-
gested that this may point to the contribution of estrogens in
the disease process (Brenner et al., 2001).

ASSOCIATION WITH OTHER DISORDERS

Pemphigus vulgaris may occasionally be associated with other
autoimmune disorders, such as rheumatoid arthritis, myasthe-
nia gravis, lupus erythematosus, or pernicious anemia
(Ahmed et al., 1980).

Oral Lesions

Oral lesions of PV are typically seen in adults, rarely in child-
hood (Laskaris et al., 1980). Oral lesions are common and early
manifestations (Eversole et al., 1972) and typically run a chron-
ic course, causing blisters, erosions, and ulcers (Fig. 3).
However, the prevalence of oral involvement varies: One
recent multicenter study in several countries showed that
Bulgarian patients less frequently had oral mucous membrane
lesions (66%) compared with Italian (83%) and Israeli (92%)
patients (Brenner et al., 2001). Initially vesiculobullous, the oral
lesions readily rupture, new bullae developing as the older
ones rupture and ulcerate (Sciubba, 1996), and thus erosions
and ulcers are the main features and are seen primarily in the
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Figure 4. Oral lesions in PV.

buccal mucosa, palate, and lips (Pisanty et al., 1974; Meurer et
al., 1977; Zegarelli and Zegarelli, 1977; Orlowski et al., 1983;
Shah and Bilimoria, 1983; Sklavounou and Laskaris, 1983;
Lamey et al., 1992; Kanwar and Dhar, 1995; Weinberg and
Abitbol, 1995; Scully et al., 1999; Davenport et al., 2001). Ulcers
heal slowly, but scarring is rare (Zegarelli and Zegarelli, 1977
Shklar et al., 1978). Gingival lesions are less common and usu-
ally comprise severe desquamative or erosive gingivitis,
where bullae have ruptured to leave flaps of peeling tissue
with red erosions or deep ulcerative craters mainly on the
attached gingivae (Shklar et al., 1978; Markitziu and Pisanty,
1983; Orlowski et al., 1983; Barnett 1988). Desquamative gin-
givitis (DG) may be seen, but this is a term that denotes a par-
ticular clinical picture and is not a diagnosis in itself (Scully
and Porter, 1997) (Fig. 4).

Diagnosis

Many disorders damaging epithelial adhesion molecules are
of autoimmune etiology, may have systemic manifestations
(Eversole, 1994; Weinberg et al., 1997), and can be difficult to
differentiate clinically. Therefore, without further investiga-
tion, it can be difficult if not impossible to determine the mol-
ecular basis of vesiculobullous, erosive, or ulcerative disorders
affecting the oral mucosa or gingivae. Something as apparent-
ly homogeneous as desquamative gingivitis is thus a catch-all
term which encompasses a range of disorders, and manage-
ment can be carried out on a firm basis only if an accurate
diagnosis is achieved (Scully and Porter, 1997). Clinical fea-
tures such as a positive Nikolsky sign are not specific.

Therefore, in addition to a full history and examination,
biopsy examination and appropriate histopathological and
immunological investigations are frequently indicated. Biopsy
of perilesional tissue, with histological and immunostaining
examination, is essential to the diagnosis. Assay of serum anti-
body titers by indirect immunofluorescence (IIF) may also
help guide prognostication and therapy. A recent critical eval-
uation of two ELISAs for the detection of antibodies to Dsg 1
and 3 comparing two substrates, normal human skin (HS) and
monkey esophagus (MO), showed that, when PV serum was
used, the sensitivity of IIF was 83% on HS and 90% on MO,
and that this combination of substrates should not only

TABLE 4

Monitoring Protocol for Patients with Pemphigus
on Systemic Corticosteroid Therapy during the
First 3 Months of Therapy

Daily Weekly Monthly
Diet low in sodium clinical oral titer of serum
and carbohydrate ~ examination anti-epithelial
antibodies
Blood pressure body weight
estimation estimation

Recording of
symptomatology

hematological

examination for

first month, then
every 15-30 days

increase the sensitivity of detecting pemphigus antibodies, but
would also aid in the differentiation of PV from PF (Harman et
al., 2000a). This strongly suggests that both substrates should
be used in the diagnosis of PV, since patients with predomi-
nantly oral disease may have only Dsg3 antibodies, which are
not always detectable in human skin.

Management

Oral lesions of pemphigus vulgaris may respond partially to
topical or intralesional corticosteroids or other immunosup-
pressants. The treatment of DG consists of improving the oral
hygiene, minimizing irritation of the lesions (Checchi et al.,
1988), the use of specific therapies for the underlying disease
where available, and often local immunosuppressive treat-
ment (Lozada-Nur et al., 1991), but systemic immunosuppres-
sive therapy, notably corticosteroids (Nisengard and Rogers,
1987), is almost inevitably required in PV.

In any event, in the absence of systemic treatment, oral
lesions of PV are almost invariably followed by involvement
of the skin or occasionally other epithelia such as the esopha-
gus (Mignogna et al., 1997), when systemic immunosuppres-
sion will almost invariably be required.

Global immunosuppression is still largely used, though
recently there have been attempts at more specific modulation
of the autoimmune response which requires autoreactive
helper T-cells that regulate immunoglobulin isotype switch-
ing. Systemic corticosteroids remain the mainstay of therapy
of patients with oral lesions, transforming an invariably fatal
disease into one whose mortality is now below 10% (Scully et
al., 1999; Mignogna et al., 2000).

Current treatment, therefore, is largely based on systemic
immunosuppression by systemic corticosteroids, with azathio-
prine, dapsone, methotrexate, cyclophosphamide, gold, and
cyclosporin as adjuvants or alternatives, and this has significant-
ly reduced the mortality (Mourellou et al., 1995; Bystryn and
Steinman, 1996; Carson et al., 1996; Mobini et al., 1997b; Korman,
2000). The recognition that the severity of the disease is related to
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the proportions of Dsg3 and Dsgl antibodies (Harman et al.,
2000a) and to the titer of each (Harman et al., 2001b) suggests that
sequential assays to monitor the specificity and titer of antibod-
ies, along with the clinical features, may be useful in determining
the degree of immunosuppression needed.

Hence, topical corticosteroids may suffice for a time if
there are only localized oral lesions, with low-titer serum
antibodies, but otherwise systemic immunosuppressants
(e.g., prednisolone) are essential (Muller and Stanley, 1990;
Lamey et al., 1992; Chrysomallis et al., 1994; Scully et al.,
1999), and patients should be closely monitored (Table 4).
Some use corticosteroids intravenously (Chrysomallis et al.,
1995; Werth, 1996; Femiano et al., 2001) or use steroids with
perhaps fewer adverse effects such as deflazocort (Mignogna
et al., 2000). Once the disease is under clinical control, the
dose of corticosteroid can be tapered (Rosenberg et al., 1976)
or adjuncts added.

Thus, treatment is still largely with systemic corticosteroids,
with steroid-sparing agents, and it remains to be seen whether
newer therapies discussed below, such as mycophenolate mofetil
or intravenous immunoglobulin therapy, prove in the longer term
to offer significant advantages over the systemic corticosteroids.

ALTERNATIVE TREATMENTS TO CORTICOSTEROIDS

Adjuncts or alternatives to corticosteroids in the treatment of
PV include several other immunosuppressive therapies.
Chlorambucil (Shah et al., 2000), azathioprine (Roenigk and
Deodhar, 1973), or cyclophosphamide (Lever and
Schaumburg-Lever, 1977, 1984; Fellner et al., 1978; Piamphong-
sant, 1979; Ruocco, 1988; Pasricha et al., 1988, 1995) may be
effective, the latter sometimes being effective when azathio-
prine is not (Ahmed and Hombal, 1987). Immunoablative
high-dose cyclophosphamide without stem cell rescue has
been successful in one patient (Hayag et al., 2000). Cyclosporin
has proved effective in some hands (Balda and Rosenzweig,
1986; Cunliffe, 1987; Barthelemy et al., 1988; Mobini et al.,
1997b) but not in others as an adjuvant to corticosteroids
(loannides et al., 2000). However, methotrexate is not recom-
mended (Carson et al., 1996). Adverse effects of these drugs are
common (Scully and Cawson, 1998), but mycophenolate
mofetil offers the hope of relatively safe immunosuppression
with no nephrotoxicity or hepatotoxicity (Enk and Knop, 1997,
1999; Bredlich et al., 1999), and tacrolimus may have a place
(Wu et al., 2002).

OTHER DRUGS

Other agents used with variable benefit include gold (Penneys et
al., 1976; Salomon and Saurat, 1986), dapsone (Piamphongsant,
1979; Basset et al., 1987), etretinate (Orfanos and Bauer, 1983),
prostaglandin E, (Morita et al., 1995), and minocycline (Gaspar
et al., 1996).

PLASMAPHERESIS
Plasmapheresis (Cotterill et al., 1978; Blaszczyk et al., 1981;
Swanson and Dahl, 1981; Roujeau et al., 1982; Bystryn, 1988;
Roujeau, 1993; Turner et al., 2000) sometimes with cyclosporin
(Ruocco, 1988) or cyclophosphamide (Kiel synchronization

protocol) and extracorporeal photophoresis (Edelson, 1984)
have also been reported to be of benefit.

INTRAVENOUS IMMUNOGLOBULINS

Intravenous immunoglobulins have proved successful and
safe in steroid-resistant PV (Mobini et al., 1995; Bewley and
Keefe, 1996; Bystryn and Steinman, 1996; Engineer et al., 2000;
Sibaud et al., 2000).

REMISSION

The incidence of remissions in pemphigus is unclear, because
these are usually reported at a single point in the evolution of the
disease. Thus, it is uncertain whether treatment simply suppress-
es the manifestations of the disease and consequently must be
continuously administered, or induces complete and long-lasting
remissions that permit therapy to be discontinued. However, a
recent long-term longitudinal study examined the induction of
complete and long-lasting remissions (defined as “lesion-free with
no systemic therapy for at least 6 months™) in 40 patients with PV
treated conventionally and followed up for an average of 7.7 yrs,
and showed that five (5%) of the patients died of the disease but
that complete and long-lasting remissions were induced in 25%,
50%, and 75% of patients 2, 5, and 10 yrs, respectively, after diag-
nosis (Herbst and Bystryn, 2000). Most of the remaining patients
were in partial remission or had mild disease controlled with a
small dose of corticosteroids. The course of the disease followed
different patterns, with some patients rapidly entering complete
and long-lasting remissions, whereas others never entered into a
complete remission. The induction of complete remission was
related to the initial severity and extent of disease and to early
response to treatment (Herbst and Bystryn, 2000).

Itis thus possible, eventually, to induce complete and durable
remissions in most patients, permitting systemic therapy to be
safely discontinued without a flare in disease activity. The propor-
tion of patients in whom this can be achieved increases steadily
with time, and therapy can be discontinued in approximately 75%
of patients after 10 years (Herbst and Bystryn, 2000).

Future Directions

The pathogenesis of PV is rapidly being unraveled, and the
search for etiological factors may soon bear fruit. New, more
effective, more specific, and safer treatments are emerging,
over and above the recent newer immunosuppressive agents
such as mycophenolate and tacrolimus, and include:
. proteinase inhibitors (Dobrev et al., 1996),
chimeric molecules for specific recognition and
elimination of the autoimmune B-cells (Proby et al.,
2000),
suggestions for targeting Dsg 3-specific T-cells for
the eventual modulation of the T-cell-dependent
production of pathogenic autoantibodies in PV
(Hertl and Riechers, 1999), and
suggestions for a novel avenue for the develop-
ment of a non-steroidal treatment for PV using the
anti-acantholytic activity of cholinergic agonists
(Grando, 2000).

13(5):397-408 (2002)

Crit Rev Oral Biol Med 403



REFERENCES

Ahmed AR, Hombal S (1987). Use of cyclophosphamide in
azathioprine failures in pemphigus. J Am Acad Dermatol
17:437-442.

Ahmed AR, Moy R (1982). Death in pemphigus. J Am Acad
Dermatol 7:221-228.

Ahmed AR, Graham J, Jordon RE, Provost TT (1980).
Pemphigus: current concepts. Ann Intern Med 92:396-405.

Ahmed AR, Yunis EJ, Khatri K, Wagner R, Notani G, Awdeh Z,
et al. (1990). Major histocompatability

Author: should be histocompatibility. Please check. complex
haplotype studies in Ashkenazi Jewish patients with pem-
phigus vulgaris. Proc Natl Acad Sci USA 87:7658-7662.

Ahmed AR, Wagner R, Khatri K, Notani G, Awdeh Z, Alper
CA, et al. (1991). Major histocompatibility complex haplo-
types and class Il genes in non-Jewish patients with pem-
phigus vulgaris. Proc Natl Acad Sci USA 88:5056-5060.

Ahmed RA, Mohimen A, Yunis EJ, Mirza NM, Kumar V,
Beutner EH, et al. (1993). Linkage of pemphigus vulgaris
antibody to the major histocompatibility complex in
healthy relatives of patients. J Exp Med 177:419-424.

Allen CM, Camisa C (2000). Paraneoplastic pemphigus: a
review of the literature. Oral Dis 6:208-214.

Amagai M, Karpati S, Prussick R, Klaus-Kovtun V, Stanley JR
(1992). Autoantibodies against the amino-terminal cad-
herin-like binding domain of pemphigus vulgaris antigen
are pathogenic. J Clin Investig 90:919-926.

Amagai M, Hashimoto T, Green KJ, Shimizu N, Nishikawa T
(1995). Antigen-specific immunoadsorption of pathogenic
autoantibodies in pemphigus foliaceus. J Invest Dermatol
104:895-901.

Ameglio F, D’Auria L, Cordiali-Fei P, Trento E, D’Agosto G,
Mastroianni A, et al. (1999). Anti-intercellular substance
antibody log titres are correlated with serum concentra-
tions of interleukin-6, interleukin-15 and tumor necrosis
factor-alpha in patients with pemphigus vulgaris relation-
ships with peripheral blood neutrophil counts, disease
severity and duration and patients’ age. J Biol Regul
Homeost Agents 13:220-224.

Anhalt GJ, Diaz LA (2001). Prospects for autoimmune dis-
ease: research advances in pemphigus. J Am Med Assoc
285:652-654.

Anhalt GJ, Kim SC, Stanley JR, Korman NJ, Jabs DA, Kory M,
et al. (1990). Paraneoplastic pemphigus. An autoimmune
mucocutaneous disease associated with neoplasia. N Engl J
Med 323:1729-1735.

Balda BR, Rosenzweig D (1986). Cyclosporin A in the treat-
ment of pemphigus foliaceus and pemphigus erythemato-
sus. Hautarzt 37:454-457.

Barnett M (1988). Pemphigus vulgaris presenting as a gingival
lesion. A case report. J Periodontol 59:611-614.

Barthelemy H, Frappaz A, Cambazard F, Manduit G,
Rouchouse B (1988). Treatment of nine cases of pem-
phigus vulgaris with cyclosporin. J Am Acad Dermatol
18:1262-1266.

Basset N, Guillot B, Michel B, Maynadier J, Guihou JJ (1987).
Dapsone as initial treatment in superficial pemphigus.
Report of 9 cases. Arch Dermatol 123:783-785.

Bastuji-Garin S, Turki H, Mokhtar I, Nouira R, Fazaa B, Jomaa
B, et al. (2002). Possible relation of Tunisian pemphigus
with traditional cosmetics: a multicenter case-control
study. Am J Epidemiol 155:249-256.

Becker BA, Gaspari AA (1993). Pemphigus vulgaris and vege-
tans. Dermatol Clin 11:429-453.

Bewley AP, Keefe M (1996). Successful treatment of pemphi-
gus vulgaris by pulsed intravenous immunoglobulin ther-
apy. Br J Dermatol 135:128-129.

Bezold G, Sander CA, Flaig MJ, Peter RU, Messer G (2000).
Lack of detection of human herpesvirus (HHV)-8 DNA in
lesional skin of German pemphigus vulgaris and pemphi-
gus foliaceus patients. J Invest Dermatol 114:739-741.

Bhol K, Natarajan K, Nagarwalla N, Mohimen A, Aoki V,
Ahmed AR (1995). Correlation of peptide specificity and
1gG subclass with pathogenic and nonpathogenic autoanti-
bodies in pemphigus vulgaris: a model for autoimmunity.
Proc Natl Acad Sci USA 92:5239-5243.

Bialy-Golan A, Brenner S, Anhalt GJ (1996). Paraneoplastic
pemphigus: oral involvement as the sole manifestation.
Acta Derm Venereol 76:253-254.

Blaszczyk M, Chorzelski TP, Daszynski J, Gaczkowski A,
Jablouska S, Beutner EH (1981). Plasmapheresis as a sup-
plementary treatment in pemphigus. Arch Immunol Ther
Exp 29:763-767.

Bredlich RO, Grundmann-Kollmann M, Behrens S, Kerscher
M, Peter RU (1999). Mycophenolate mofetil monotherapy
for pemphigus vulgaris. Br J Dermatol 141:934.

Brenner S, Bialy-Golan A, Ruocco V (1998). Drug-induced
pemphigus. Clin Dermatol 16:393-397.

Brenner S, Tur E, Shapiro J, Ruocco V, D’Avino M, Ruocco E, et
al. (2001). Pemphigus vulgaris: environmental factors.
Occupational, behavioral, medical, and qualitative food
frequency questionnaire. Int J Dermatol 40:562-569.

Buxton RS, Magee Al (1992). Structure and interactions of
desmosomal and other cadherins. Semin Cell Biol 3:157-167.

Bystryn JC (1988). Plasmapheresis therapy of pemphigus. Arch
Dermatol 124:1702-1704.

Bystryn JC, Steinman NM (1996). The adjuvant therapy of
pemphigus; an update. Arch Dermatol 132:203-212.

Camisa C, Helm TN, Liu YC, Valenzuela R, Allen C, Bona S, et
al. (1992). Paraneoplastic pemphigus: a report of three cases
including one long-term survivor. J Am Acad Dermatol
27:547-553.

Carcassi C, Cottoni F, Floris L, Vacca A, Mulargia M, Arras M,
et al. (1996). HLA haplotypes and class Il molecular alleles
in Sardinian and Italian patients with pemphigus vulgaris.
Tissue Antigens 48:662-667.

Carson PJ, Hameed A, Ahmed AR (1996). Influence of treat-
ment on the clinical course of pemphigus vulgaris. J Am
Acad Dermatol 34:645-652.

Checchi L, D’Achille C, Zelent M (1988). Desquamative gin-
givitis and chlorhexidine. Prev Assist Dent 14:33-40.

Chrysomallis F, loannides D, Teknetzis A, Panagiotidou D,
Minas A (1994). Treatment of oral pemphigus vulgaris. Int
J Dermatol 33:803-807.

Chrysomallis F, Dimitriades A, Chaidemenos GC,
Panagiotides D, Karakatsanis G (1995). Steroid-pulse ther-
apy in pemphigus vulgaris long term follow-up. Int J
Dermatol 34:438-442.

Cohen SS, Weinstein MD, Herndier BG, Anhalt GJ, Blauvelt A
(1998). No evidence of human herpesvirus 8 infection in
patients with paraneoplastic pemphigus, pemphigus vul-
garis, or pemphigus foliaceus. J Invest Dermatol 111:781-783.

Cotterill JA, Barker DJ, Millard LG (1978). Plasma exchange in
the treatment of pemphigus vulgaris. Br J Dermatol 98:2

Cozzani E, Cacciapuoti M, Parodi A, Ghohestani R, Rebora A
(2000). Desmosomes and their autoimmune pathologies.
Eur J Dermatol 10;255-261.

Cunliffe WJ (1987). Pemphigus foliaceus and response to
cyclosporin. Br J Dermatol 117(Suppl 32):114-116.

404 Crit Rev Oral Biol Med

13(5):397-408 (2002)



Davenport S, Chen SY, Miller AS (2001). Pemphigus vulgaris:
clinicopathologic review of 33 cases in the oral cavity. IntJ
Periodont Rest Dent 21:85-90.

Delgado JC, Yunis DE, Bozon MV, Salazar M, Deulofeut R,
Turbay D, et al. (1996). MHC class 1l alleles and haplotypes
in patients with pemphigus vulgaris from India. Tissue
Antigens 48:668-672.

Delgado JC, Hameed A, Yunis JJ, Bhol K, Rojas Al, Rehman SB,
et al. (1997). Pemphigus vulgaris autoantibody response is
linked to HLA-DQB1*0503 in Pakistani patients. Hum
Immunol 57:110-119.

Delfino M, Suppa F, Piccirillo A (1986). Pemphigus vulgaris
and ulcerative colitis. Dermatologica 172:230.

Ding X, Aoki V, Mascaro JM, Lopez-Swiderski A, Diaz LA,
Fairley JA (1997). Mucosal and mucocutaneous (general-
ized) pemphigus vulgaris show distinct autoantibody pro-
files. J Invest Dermatol 109:592-596.

Ding X, Diaz LA, Fairley JA, Giudice GJ, Liu Z (1999). The anti-
desmoglein 1 auto-antibodies in pemphigus vulgaris sera
are pathogenic. J Invest Dermatol 112:739-743.

Dobrev H, Popova L, Vlashev D (1996). Proteinase inhibitors
and pemphigus vulgaris. An in vitro and in vivo study.
Arch Dermatol Res 288:648-655.

Edelson RL (1984). Extra
Photodermatology 1:209-210.

Eller J, Kest L (1941). Pemphigus: report of seventy-seven
cases. Arch Dermatol 44:337-334.

Engineer L, Bhol KC, Ahmed AR (2000). Analysis of current
data on the use of intravenous immunoglobulins in man-
agement of pemphigus vulgaris. J Am Acad Dermatol
43:1049-1057.

Enk AH, Knop J (1997). Treatment of pemphigus vulgaris with
mycophenolate mofetil. Lancet 350:494.

Enk AH, Knop J (1999). Mycophenolate is effective in the treat-
ment of pemphigus vulgaris. Arch Dermatol 135:54-56.

Eversole LR (1994). Immunopathology of oral mucosal ulcera-
tive, desquamative and bullous diseases. Selective review
of the literature. Oral Surg Oral Med Oral Pathol 77:555-571.

Eversole LR, Kenney EB, Sabes WR (1972). Oral lesions as the
initial sign in pemphigus vulgaris. Oral Surg Oral Med Oral
Pathol 33:354-361.

Fabbri P, Emmi L, Vignoli L, Ricci O, Maffia G, Mangia A, et al.
(1986). Chronic pemphigus vulgaris associated with ulcer-
ative rectocolitis. Apropos of a clinical case. G Ital Dermatol
Venereol 121:355-359.

Feliciani C, Toto P, Amerio P, Pour SM, Coscione G, Shivji G,
et al. (2000). In vitro and in vivo expression of interleukin-
lalpha and tumor necrosis factor-alpha mRNA in pemphi-
gus vulgaris: interleukin-lalpha and tumor necrosis fac-
tor-alpha are involved in acantholysis. J Invest Dermatol
114:71-77.

Fellner MJ, Katz JM, McCabe JB (1978). Successful use of
cyclosphosphamide and prednisone for initial treatment of
pemphigus vulgaris. Arch Dermatol 114:889-894.

Femiano F, Gombos F, Scully C (2002). Pemphigus vulgaris
with oral involvement; evaluation of two different systemic
corticosteroid therapeutic protocols. J Eur Acad Dermatol
Venereol 16:353-356.

Fullerton SH, Woodley DT, Smoller BR, Anhalt GJ (1992).
Paraneoplastic pemphigus with autoantibody deposition
in bronchial epithelium after autologous bone marrow
transplantation. J Am Med Assoc 267:1500-1502.

Gange RW, Rhodes EL, Edwards CO, Powell ME (1976).
Pemphigus induced by rifampicin. Br J Dermatol 95:445-448.

Gaspar ZS, Walkden V, Wojnarowska F (1996). Minocycline is

corporeal photopheresis

a useful adjuvant therapy for pemphigus. Australas J
Dermatol 37:93-95.

Gellis S, Glass F (1941). Pemphigus, a survey of one hundred
and seventy patients admitted to Bellevue Hospital from
1911 to 1941. Arch Dermatol 44:321-336.

Goldberg |, Kashman Y, Brenner S (1999). The induction of
pemphigus by phenol drugs. Int J Dermatol 38:888-892.
Goon AT, Tay YK, Tan SH (2001). Pemphigus vulgaris follow-

ing varicella infection. Clin Exp Dermatol 26:661-663.

Grando SA (2000). Autoimmunity to keratinocyte acetyl-
choline receptors in pemphigus. Dermatology 201:290-295.

Gumbiner BM, McCrea PD (1993). Catenins as mediators of
the cytoplasmic functions of cadherins. J Cell Sci Suppl
17:155-158.

Harman KE, Gratian MJ, Seed PT, Bhogal BS, Challacombe SJ,
Black MM (2000a). Diagnosis of pemphigus by ELISA: a
critical evaluation of two ELISAs for the detection of anti-
bodies to the major pemphigus antigens, desmoglein 1 and
3. Clin Exp Dermatol 25:236-240.

Harman KE, Gratian MJ, Bhogal BS, Challacombe SJ, Black
MM (2000b). A study of desmoglein 1 autoantibodies in
pemphigus vulgaris: racial differences in frequency and the
association with a more severe phenotype. Br J Dermatol
143:343-348.

Harman KE, Seed PT, Gratian MJ, Bhogal BS, Challacombe SJ,
Black MM (2001). The severity of cutaneous and oral pem-
phigus is related to desmoglein 1 and 3 antibody levels. Br
J Dermatol 144:775-780.

Hayag MV, Cohen JA, Kerdel FA (2000). Immunoablative high-
dose cyclophosphamide without stem cell rescue in a
patient with pemphigus vulgaris. J Am Acad Dermatol
43:1065-1069.

Herbst A, Bystryn JC (2000). Patterns of remission in pemphi-
gus vulgaris. J Am Acad Dermatol 42:422-427.

Hertl M (2000). Humoral and cellular autoimmunity in
autoimmune bullous skin disorders. Int Arch Allergy
Immunol 122:91-100.

Hertl M, Riechers R (1999). Analysis of the T cells that are
potentially involved in autoantibody production in pem-
phigus vulgaris. J Dermatol 26:748-752.

Hertl M, Amagai M, Sundaram H, Stanley J, Ishii K, Katz SI
(1998a). Recognition of desmoglein 3 by autoreactive T
cells in pemphigus vulgaris patients and normals. J Invest
Dermatol 110:62-66.

Hertl M, Karr RW, Amagai M, Katz SI (1998b). Heterogeneous
MHCL11 restriction pattern of auto-reactive desmoglein 3-
specific T cell responses in pemphigus vulgaris patients
and normals. J Invest Dermatol 110:388-392.

loannides D, Chrysomallis F, Bystryn JC (2000). Ineffectiveness
of cyclosporine as an adjuvant to corticosteroids in the
treatment of pemphigus. Arch Dermatol 136:868-872.

Ishii K, Amagai M, Ohata Y, Shimizu H, Hashimoto T, Ohya K,
et al. (2000). Development of pemphigus vulgaris in a
patient with pemphigus foliaceus: antidesmoglein antibody
profile shift confirmed by enzyme-linked immunosorbent
assay. J Am Acad Dermatol 42(5 Pt 2):859-861.

Jang HS, Oh CK, Lim JY, Jun ES, Kim YS, Kwon KS (2000).
Detection of human herpesvirus 8 DNA in pemphigus and
chronic blistering skin diseases. J Korean Med Sci 15:442-448.

Kalish RS (2000). Pemphigus vulgaris: the other half of the
story. J Clin Invest 106:1433-1435.

Kanwar AJ, Dhar S (1995). Oral pemphigus vulgaris. Pediat
Dermatol 12:195-197.

Kaplan RP, Potter TS, Fox JN (1992). Drug-induced pemphigus
related to angiotensin-converting enzyme inhibitors. J Am

13(5):397-408 (2002)

Crit Rev Oral Biol Med 405



Acad Dermatol 26(2 Pt 2):364-366.

Korman NJ (2000). New and emerging therapies in the treat-
ment of blistering diseases. Dermatol Clin 18:127-137.

Korman NJ, Eyre RW, Zone J, Stanley JR (1991). Drug-induced
pemphigus: autoantibodies directed against the pemphi-
gus antigen complexes are present in penicillamine and
captopril-induced pemphigus. J Invest Dermatol 96:273-276.

Kowalewski C, Mackiewicz W, Schmitt D, Jablonska S, Haftek
M (2001). Cell-cell junctions in acantholytic diseases. Arch
Dermatol Res 293:1-11.

Kricheli D, David M, Frusic-Zlotkin M, Goldsmith D, Rabinov
M, Sulkes J, et al. (2000). The distribution of pemphigus
vulgaris-1gG subclasses and their reactivity with
desmoglein 3 and 1 in pemphigus patients and their first-
degree relatives. Br J Dermatol 143:337-342.

Lamey PJ, Rees TD, Binnie WH, Wright JM, Rankin KV,
Simpson NB (1992). Oral presentation of pemphigus vul-
garis and its response to systemic steroid therapy. Oral Surg
Oral Med Oral Pathol 74:54-57.

Laskaris G, Satriano RA (1993). Drug-induced blistering oral
lesions. Clin Dermatol 11:545-550.

Laskaris GC, Papavasiliou SS, Bovopoulou OD, Nicolis GD
(2980). Association of oral pemphigus with chronic lympho-
cytic leukemia. Oral Surg Oral Med Oral Pathol 50:244-249.

Lever WF, Schaumburg-Lever G (1977). Immunosuppressants
and prednisone in pemphigus vulgaris: therapeutic results
obtained in 63 patients between 1961-1975. Arch Dermatol
113:1236-1241.

Lever WF, Schaumburg-Lever G (1984). Treatment of pemphi-
gus vulgaris. Results obtained in 84 patients between 1961
and 1982. Arch Dermatol 120:44-47.

Lin MS, Mascaro JM Jr, Liu Z, Espana A, Diaz LA (1997). The
desmosome and hemidesmosome in cutaneous autoimmu-
nity. Clin Exp Immunol 107(Suppl 1):9-15.

Loiseau P, Lecleach L, Prost C, Lepage V, Busson M, Bastuji-
Garin S, et al. (2000). HLA class Il polymorphism con-
tributes to specify desmoglein derived peptides in pem-
phigus vulgaris and pemphigus foliaceus. J Autoimmun
15:67-73.

Lombardi ML, Mercuro O, Tecame G, Fusco C, Ruocco V,
Salerno A, et al. (1996). Molecular analysis of HLA DRB1
and DQBL1 in Italian patients with pemphigus vulgaris.
Tissue Antigens 47:228-230.

Lozada-Nur F, Huang MZ, Zhou G (1991). Open preliminary
trial of clobetasol propionate ointment in adhesive paste
for treatment of chronic oral vesiculoerosive diseases. Oral
Surg Oral Med Oral Pathol 71:283-287.

Lubach D, Reichart P, Wellman W (1984). Oral manifestations
during the concurrent appearance of pemphigus and ulcer-
ative colitis. Dtsch Z Mund Kiefer Gesichtschir 8:308-312.

Mahé A, Flageul B, Cissé I, Kéita S, Bobin P (1996). Pemphigus
in Mali: a study of 30 cases. Br J Dermatol 134:114-119.

Markitziu A, Pisanty S (1983). Gingival pemphigus vulgaris.
Report of a case. Oral Surg Oral Med Oral Pathol 55:250-252.

Mashkilleyson N, Mashkilleyson AL (1988). Mucous mem-
brane manifestations of pemphigus vulgaris. A 25-year sur-
vey of 185 patients treated with corticosteroids or with
combination of corticosteroids with methotrexate or
heparin. Acta Derm Venereol 68:413-421.

Matz H, Bialy-Golan A, Brenner S (1997). Diclofenac: a new
trigger of pemphigus vulgaris? Dermatology 195:48-49.

Matzner Y, Erlich HA, Brautbar C, Sanilevitch A, Landau M,
Brenner S, et al. (1995). Identical HLA class Il alleles predis-
pose to drug-triggered and idiopathic pemphigus vulgaris.
Acta Derm Venereol 75:12-14.

Memar OM, Rady PL, Goldblum RM, Yen A, Tyring SK
(1997). Human herpesvirus 8 DNA sequences in blistering
skin from patients with pemphigus. Arch Dermatol
133:1247-1251.

Meurer M, Millns JL, Rogers RS 3rd, Jordon RE (1977). Oral
pemphigus. A report of ten cases. Arch Dermatol 113:1520-
1524.

Mignogna MD, Lo Muzio L, Galloro G, Satriano RA, Ruocco V,
Bucci E (1997). Oral pemphigus; clinical significance of
esophageal involvement: report of eight cases. Oral Surg
Oral Med Oral Pathol Oral Radiol Endod 84:179-184.

Mignogna MD, Lo Muzio L, Mignogna RE, Carbone R,
Ruoppo E, Bucci E (2000). Oral pemphigus: long term
behaviour and clinical response to treatment with deflaza-
cort in sixteen cases. J Oral Pathol Med 29:145-152.

Mignogna MD, Pannone G, Lo Muzio L, Staibano S, Bucci E
(2001). Catenin dislocation in oral pemphigus vulgaris. J
Oral Pathol Med 30:268-274.

Miyagawa S, Higashimine I, lida T, Yamashina Y, Fukumoto T,
Shirai T (1997). HLA-DRB1*04 and DRB1*14 alleles are
associated with susceptibility to pemphigus among
Japanese. J Invest Dermatol 109:615-618.

Miyagawa S, Amagai M, lida T, Yamamoto Y, Nishikawa T,
Shirai T (1999). Late development of antidesmoglein 1 anti-
bodies in pemphigus vulgaris: correlation with disease
progression. Br J Dermatol 141:1084-1087.

Miyagawa S, Niizeki H, Yamashina Y, Kaneshige T (2002).
Genotyping for HLA-A, B and C alleles in Japanese
patients with pemphigus: prevalence of Asian alleles of the
HLA-B15 family. Br J Dermatol 146:52-58.

Mobini N, Sarela A, Ahmed AR (1995). Intravenous
immunoglobulins in the therapy of autoimmune and sys-
temic inflammatory disorders. Ann Allergy Asthma Immunol
74:119-128.

Mobini N, Yunis EJ, Alper CA, Yunis JJ, Delgado JC, Yunis DE,
etal. (1997a). Identical MHC markers in non-Jewish Iranian
and Ashkenazi Jewish patients with pemphigus vulgaris:
possible common Central Asian ancestral origin. Hum
Immunol 57:62-67.

Mobini N, Padilla T, Ahmed AR (1997b). Long-term remission
in selected patients with pemphigus vulgaris treated with
cyclosporine. J Am Acad Dermatol 36:264-266.

Morita H, Morisaki S, Kitano Y (1995). Clinical trial of
prostaglandin E2 on the oral lesions of pemphigus vul-
garis. BrJ Dermatol 132:165-166.

Mourellou O, Chaidemenos GC, Koussidou T, Kapetis E
(1995). The treatment of pemphigus vulgaris. Experience
with 48 patients seen over an 11-year period. Br J Dermatol
133:83-87.

Muller S, Stanley JR (1990). Pemphigus: pemphigus vulgaris
and pemphigus foliaceus. In: Management of blistering
diseases. Wojnarowska F, Briggaman RA, editors. London:
Chapman and Hall Medical, pp. 43-61.

Nguyen VT, Ndoye A, Shultz LD, Pittelkow MR, Grando SA
(2000a). Antibodies against keratinocyte antigens other
than desmogleins 1 and 3 can induce pemphigus vulgaris-
like lesions. J Clin Investig 106:1467-1479.

Nguyen VT, Ndoye A, Grando SA (2000b). Pemphigus vul-
garis antibody identifies pemphaxin. A novel keratinocyte
annexin-like molecule binding acetylcholine. J Biol Chem
275:29466-29476.

Nisengard RJ, Rogers RS 3rd (1987). The treatment of desqua-
mative gingival legions. J Periodontol 58:167-172.

Nishifuji K, Amagai M, Kuwana M, Iwasaki T. Nishukawa T
(2000). Detection of antigen-specific B cells in patients with

406 Crit Rev Oral Biol Med

13(5):397-408 (2002)



pemphigus vulgaris by enzyme-linked immunospot assay:
requirement of T cell collaboration for autoantibody pro-
duction. J Invest Dermatol 114:88-94.

Nishikawa T, Hashimoto T, Shimizu H, Ebihara T, Amagai M
(1996). Pemphigus from immunofluorescence to molecular
biology. J Dermatol Sci 12:1-9.

Ong CS, Cook N, Lee S (2000). Drug-related pemphigus and
angiotensin converting enzyme inhibitors. Australas J
Dermatol 41:242-246.

Orfanos CE, Bauer R (1983). Evidence for anti-inflammatory
activities of oral synthetic retinoids: experimental findings
and clinical experience. Br J Dermatol 109(Suppl 25):55-60.

Orlowski WA, Bressman E, Doyle JL, Chasens Al (1983).
Chronic pemphigus vulgaris of the gingiva. A case report
with a 6-year follow-up. J Periodontol 54:685-689.

Pasricha JS, Thanzama J, Khan UK (1988). Intermittent high-
dose dexamethasone-cyclophosphamide therapy for pem-
phigus. Br J Dermatol 119:73-77.

Pasricha JS, Khaitan BK, Raman RS, Chandra M (1995).
Dexamethasone-cyclophosphamide pulse therapy for
pemphigus. Int ) Dermatol 34:875-882.

Penneys NS, Eaglestein WH, Frost P (1976). Management of
pemphigus with gold compounds: a long-term follow-up
report. Arch Dermatol 112:185-187.

Perniciaro C, Kuechle MK, Colon-Otero G, Raymond MG,
Spear KL, Pittelkow MR, et al. (1994). Paraneoplastic pem-
phigus: a case of prolonged survival. Mayo Clin Proc
69:851-855.

Piamphongsant T (1979). Treatment of pemphigus with corti-
costeroids and cyclosphosphamide. J Dermatol 6:359-363.
Pisanty S, Sharav Y, Kaufman E, Posner LN (1974). Pemphigus
vulgaris:; incidence in Jews of different ethnic groups,
according to age, sex, and initial lesion. Oral Surg Oral Med

Oral Pathol 38:382-387.

Prendiville JS, Israel DM, Wood WS, Dimmick JE (1994). Oral
pemphigus vulgaris associated with inflammatory bowel
disease and herpetic gingivostomatitis in an 11-year old
girl. Pediatr Dermatol 11:145-150.

Proby CM, Ota T, Suzuki H, Koyasu S, Gamou S, Shimizu N,
et al. (2000). Development of chimeric molecules for recog-
nition and targeting of antigen-specific B cells in pemphi-
gus vulgaris. Br J Dermatol 142:321-330.

Ramirez-Amador VA, Esquivel-Pedraza L, Orozco-Topete R
(2000). Frequency of oral conditions in a dermatology clin-
ic. Int J Dermatol 39:501-505.

Robinson JC, Lozada-Nur F, Frieden | (1997). Oral pemphigus
vulgaris: a review of the literature and a report on the man-
agement of 12 cases. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 84:349-355.

Roenigk HH Jr, Deodhar S (1973). Pemphigus treatment with
azathioprine. Clinical and immunologic correlation. Arch
Dermatol 107:353-357.

Rosenberg FR, Sanders S, Nelson CT (1976). Pemphigus; a 20
year review of 107 patients treated with corticosteroids.
Arch Dermatol 112:962-970.

Roujeau JC (1993). Drug-induced toxic epidermal necrolysis.
1. Current aspects. Clin Dermatol 11:493-500.

Roujeau JC, Kalis B, Lauret P, Flechet ML, Fabre MJ, Andre C,
et al. (1982). Plasma exchange in corticosteroid resistant
pemphigus. Br J Dermatol 106:103-104.

Ruocco V (1988). Plasmapheresis and pulse cyclophos-
phamide therapy in pemphigus vulgaris: a novelty or a
reappraisal? Arch Dermatol 124:1716-1718.

Ruocco V, Brenner S, Lombardi ML (1996a). A case of diet-
related pemphigus. Dermatology 192:373-374.

Ruocco V, Wolf R, Ruocco E, Baroni A (1996b). Viruses in pem-
phigus: a casual or causal relationship? Int J Dermatol
35:782-784.

Salomon D, Saurat JH (1986). Oral gold therapy (Auranofin) in
pemphigus vulgaris. Dermatologica 172:310-314.

Sato M, Aoyama Y, Kitajima Y (2000). Assembly pathway of
desmoglein 3 to desmosomes and its perturbation by pem-
phigus vulgaris-IgG in cultured keratinocytes, as revealed
by time-lapsed labeling immunoelectron microscopy. Lab
Investig 80:1583-1592.

Schiltz JR, Michel B (1976). Production of epidermal acanthol-
ysis in normal human skin in vitro by the IgG fraction from
pemphigus serum. J Invest Dermatol 67:254-260.

Schwermann M, Lechner W, Elsner C, Kirchner T (1988).
Pemphigus vulgaris involving duodenum and colon. Z
Hautkr 63:101-104.

Sciubba JJ (1996). Autoimmune aspects of pemphigus vulgaris
and mucosal pemphigoid. Adv Dent Res 10:52-56.

Scully C, Cawson RA (1998). Medical problems in dentistry.
4th ed. Oxford: Butterworth-Heinemann.

Scully C, Porter SR (1997). The clinical spectrum of desquama-
tive gingivitis. Semin Cutan Med Surg 16:308-313.

Scully C, Paes De Almeida O, Porter SR, Gilkes JJ (1999).
Pemphigus vulgaris: the manifestations and long-term
management of 55 patients with oral lesions. Br J Dermatol
140:84-89.

Seishima M, lwasaki-Bessho Y, Itoh Y, Nozawa Y, Amagai M,
Kitajima Y (1999). Phosphatidylcholine-specific phospholi-
pase C, but not phospholipase D, is involved in pemphigus
IgG-induced signal transduction. Arch Dermatol Res
291:606-613.

Shah N, Green AR, Elgart GW, Kerdel F (2000). The use of chlo-
rambucil with prednisone in the treatment of pemphigus. J
Am Acad Dermatol 42(1 Pt 1):85-88.

Shah RM, Bilimoria KF (1983). Oral pemphigus vulgaris.
Clinico-pathological follow-up of 34 cases. J Oral Med
38:170-173.

Shapiro M, Jimenez S, Werth VP (2000). Pemphigus vulgaris
induced by D-penicillamine therapy in a patient with sys-
temic sclerosis. J Am Acad Dermatol 42(2 Pt 1):297-299.

Shirakata Y, Amagai M, Hanakawa Y, Nishikawa T, Hashimoto
K (1998). Lack of mucosal involvement in pemphigus foli-
aceus may be due to low expression of desmoglein 1. J
Invest Dermatol 110:76-78.

Shklar G, Frim S, Flynn E (1978). Gingival lesions of pemphi-
gus. J Periodontol 49:428-435.

Sibaud V, Beylot-Barry M, Doutre MS, Beylot C (2000).
Successful treatment of corticoid-resistant pemphigus with
high-dose intravenous immunoglobulins. Ann Dermatol
Venereol 127:408-410.

Sinha AA, Brautbar C, Szafer F, Friedmann A, Tzfoni E, Todd
JA, et al. (1988). A newly characterized HLA-DQR allele
associated with pemphigus vulgaris. Science 239:1026-1029.

Sirois DA, Fatahzadeh M, Roth R, Ettlin D (2000). Diagnostic
patterns and delays in pemphigus vulgaris; experience
with 99 patients. Arch Dermatol 136:1569-1570.

Sklavounou A, Laskaris G (1983). Frequency of desquamative
gingivitis in skin diseases. Oral Surg Oral Med Oral Pathol
56:141-144.

Stanley JR (2000). Understanding of the pathophysiology of
pemphigus suggests innovative therapeutic approaches. Br
J Dermatol 142:208-209.

Starzycki Z, Chorzelski TP, Jablonska S (1998). Familial pem-
phigus vulgaris in mother and daughter. Int J Dermatol
37:211-214.

13(5):397-408 (2002)

Crit Rev Oral Biol Med 407



Stone DD (1971). Rectal lesions and toxic dilatation of the colon
in a case of pemphigus vulgaris. Am J Dig Dis 16:163-166.

Swanson DL, Dahl MV (1981). Pemphigus vulgaris and plas-
ma exchange: clinical and serologic studies. J Am Acad
Dermatol 4:325-328.

Takahashi I, Kobayashi TK, Suzuki H, Nakamura S, Tezuka F
(1998). Coexistence of pemphigus vulgaris and herpes sim-
plex virus infection in oral mucosa diagnosed by cytology,
immunohistochemistry, and polymerase chain reaction.
Diagn Cytopathol 19:446-50.

Toto P, Feliciani C, Amerio P, Suzuki H, Wang B, Shivji GM, et
al. (2000). Immune modulation in pemphigus vulgaris: role
of CD28 and IL-10. J Immunol 164:522-529.

Tremeau-Martinage C, Oksman F, Bazex J (1995).
Immunoglobulin G subclass distribution of anti-intercellu-
lar substance antibodies in pemphigus. Ann Dermatol
Venereol 122:409-411.

Tsunoda K, Ota T, Suzuki H, Ohyama M, Nagai T, Nishikawa
T, et al. (2002). Pathogenic autoantibody production
requires loss of tolerance against desmoglein 3 in both T
and B cells in experimental pemphigus vulgaris. Eur J
Immunol 32:627-633.

Tufano MA, Baroni A, Buommino E, Ruocco E, Lombardi ML,
Ruocco V (1999). Detection of herpesvirus DNA in periph-
eral blood mononuclear cells and skin lesions of patients
with pemphigus by polymerase chain reaction. Br J
Dermatol 141:1033-1039.

Tur E, Brenner S (1998). Diet and pemphigus. In pursuit of
exogenous factors in pemphigus and fogo selvagem. Arch
Dermatol 134:1406-1410.

Turner MS, Sutton D, Sauder DN (2000). The use of plasma-
pheresis and immunosuppression in the treatment of pem-

phigus vulgaris. J Am Acad Dermatol 43:1058-1064.

Uitto J, Pulkkinen L (1996). Molecular complexity of the cuta-
neous basement membrane zone. Mol Biol Rep 23:35-46.
Virgili A, Thrombelli L, Calura G (1992). Sudden vegetation of
the mouth. Pemphigus vegetans of the mouth (Hallopeau

type). Arch Dermatol 128:398-399, 401-402.

Weinberg MA, Abitbol TE (1995). Pemphigus vulgaris; gingi-
val involvement. Ann Dent 54:8-13.

Weinberg MA, Insler MS, Campen RB (1997). Mucocutaneous
features of autoimmune blistering diseases. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 84:517-534.

Werth VP (1996). Treatment of pemphigus vulgaris with brief
high-dose intravenous glucocorticoids. Arch Dermatol
132:1435-1439.

Wolf R, Brenner S (1994). An active amide group in the mole-
cule of drugs that induce pemphigus: a casual or causal
relationship? Dermatology 189:1-4.

Wolf R, Tamir A, Brenner S (1991). Drug-induced versus drug-
triggered pemphigus. Dermatologica 182:207-210.

Wong KC, Ho KK (2000). Pemphigus with pemphigoid-like
presentation, associated with squamous cell carcinoma of
the tongue. Australas J Dermatol 41:178-180.

Wu SJ, Tanphaichitr A, Ly M (2002). Recent advances in der-
matology. Clin Podiatr Med Surg 19:65-78.

Woucherpfennig KW, Yu B, Bhol K, Monos DS, Argyris E, Karr
RW, et al. (1995). Structural basis for major histocompatibil-
ity complex (MHC)-linked susceptibility to autoimmunity:
charged residues of a single MHC binding pocket confer
selective presentation of self-peptides in pemphigus vul-
garis. Proc Natl Acad Sci USA 92:11935-11939.

Zegarelli D, Zegarelli E (1977). Intraoral pemphigus vulgaris.
Oral Surg Oral Med Oral Pathol 44:384-393.

408 Crit Rev Oral Biol Med

13(5):397-408 (2002)



