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Pemphigus vulgaris is an autoimmune blistering disease of the skin and mucous membranes. Despite the potentially fatal
prognosis, there are currently no FDA-approved treatments specifically for pemphigus. In 2006, the FDA designated orphan
drug status to mycophenolate mofetil for the treatment of pemphigus vulgaris indicating both federal and commercial interest
in developing therapies for this devastating disease. This review focuses on pemphigus therapies that are currently in preclinical
or clinical trials, as well as potential novel therapies based on recent advances in the understanding of the pathophysiology of

this disease.
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Introduction

Pemphigus is a potentially fatal autoimmune disease in
which severe blistering of the skin and mucous membranes
can lead to malnutrition and sepsis. There are different
clinical forms of pemphigus, including pemphigus vulgaris
(PV), pemphigus foliaceus and paraneoplastic pemphigus.
Statistics on disease prevalence are not available; however,
PV is classified as a rare disease by the NIH, indicating a
prevalence of < 200,000 in the US. Estimates of disease
incidence range from 0.76 to 5 new cases per million per
year [1], with rates as high as 32 per million per year
reported in the Ashkenazi Jewish population, in which
> 90% of PV patients possess the HLA-DR4 haplotype
DRB1*0402 [2].

PV is characterized by autoantibodies against desmogleins
(Dsgs), cell surface adhesion proteins. Most current
treatmentsforpemphigusinduce generalimmunosuppression
to reduce circulating autoantibody titers. Corticosteroids are
the mainstay of therapy to achieve rapid disease control;
however, given the chronic course of PV, steroid-sparing
agents such as azathioprine, dapsone, mycophenolate
mofetil (MMF) or cyclophosphamide are typically introduced
to allow a reduction in corticosteroid dose. Some
patients continue to experience severe disease flares
even when treated with maximal therapy that includes
corticosteroids and adjunctive immunosuppressives. For
these refractory patients, more aggressive treatments,
such as plasmapheresis, intravenous Ig and more recently,
rituximab, are used to control the disease. Unfortunately,
most PV therapies are associated with significant
morbidity and even mortality, with osteoporosis, liver and
hematological toxicity, fatal infection, and secondary risk

of cancer among the potential complications of treatment.
With this in consideration, more specific and potentially safer
disease-targeted therapies are desirable.

This review focuses on drugs recently or currently
undergoing clinical trials for PV [3], with a brief discussion
of alternative approaches to therapy based on scientific
advances in the field (previously reviewed in detail in
reference [4e]). Although this review primarily addresses PV,
treatments for pemphigus foliaceus are often identical. One
relevant issue for clinical trials in PV is the lack of disease
definitions, as well as standardized scoring systems for
disease activity [5]. The International Pemphigus Committee
published a consensus statement on disease definitions
and endpoints in 2008 [6¢], and is currently validating an
instrument for scoring disease activity, which should help to
standardize future clinical trials.

Current PV therapies under investigation
The proposed mechanisms of actions of (Table 1), and drug
targets (Figure 1) for pemphigus are shown.

MMF
Several case reports and series have reported that
MMF is an effective steroid-sparing agent used in

pemphigus [7-9]. MMF has been compared with azathioprine
in a clinical trial of pemphigus patients (n = 40) randomized
to receive methylprednisolone (2 mg/kg/day) and either
azathioprine (2 mg/kg/day) or MMF (2 g/day) [10e].
The majority of patients treated with azathioprine (72%)
achieved complete remission (defined as complete
re-epithelialization) in a mean of 74 days, compared with
95% of MMF-treated patients achieving complete remission
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Table 1. Proposed mechanisms of action for pemphigus therapies.

Drug Mechanism Reference

Autoantibody- Specific binding or inhibition of disease-associated anti-Dsg autoantibodies. [66°]

targeted therapy

Azathioprine Prodrug of 6-mercaptopurine, which is metabolized to 6-thioguanine purine analog [68]
and 6-thioinosinic acid, a de novo and salvage purine synthesis inhibitor.

CD40/CD154 blockade | Blocks a critical co-stimulatory signal for initiation of the T-cell dependent humoral [56°]
immune response.

Cholinergic agonists Unknown, but may modulate overall keratinocyte cell adhesion. [61]

Corticosteroids Multiple proposed mechanisms for immunosuppression, including inhibition of NFkB. [69,70]
May upregulate keratinocyte adhesion molecules.

Cyclophosphamide Prodrug metabolized by tissue oxidases to the alkylating agent phosphoramide [71]
mustard.

Dapsone Inhibits leukocytes through multiple proposed mechanisms, including reversible [72]
inhibition of myeloperoxidase; mechanism in PV unclear.

Etanercept Soluble TNFa. receptor fusion protein; TNFa may play a role in the pathogenesis of PV. [38]

Infliximab Anti-TNFa chimeric mAb; TNFa. may play a role in the pathogenesis of PV. [38]

IVig May saturate serum neonatal Fc receptors, allowing more rapid catabolism of serum [25,26,27¢]
IgG; may also prevent keratinocyte apoptosis.

MMF Noncompetitive inhibitor of inosine monophosphate dehydrogenase (de novo [13]
nucleotide synthesis inhibitors preferentially target lymphocytes).

p38 MAPK inhibitors First generation competitive and second generation allosteric inhibitors regulate TNFa [47]
production and may have direct effects on keratinocytes.

PI-0824 vaccine Synthetic Dsg3 186-204 peptide intended to induce anergy of disease-associated [46]

(Peptimmune Inc/ T-cells.

Orphan Europe SARL)

Rituximab Anti-CD20 chimeric mAb; may deplete autoreactive B-cells, as well as Dsg3-specific [M Hertl, personal
CD4+ Th cells. communication]

Dsg desmoglein, IVIg Intravenous Ig, MMF mycophenolate mofetil, PV pemphigus vulgaris.

within a mean of 91 days. The average cumulative
methylprednisolone doses were 8916 and 9334 mg in the
azathioprine and MMF groups, respectively. A population
of patients receiving azathioprine (33%) and MMF (19%)
experienced grade three or higher adverse effects. None
of these differences in results were statistically significant,
leading to the conclusion that these two agents demonstrate
comparable efficacy and safety in the treatment of
pemphigus.

In 2004, a three-year, multicenter, prospective, randomized,
double-blind, placebo-controlled phase III trial of PV
patients (n = 77) was initiated to assess the safety and
efficacy of MMF in achieving remission with reduced
corticosteroids [11]. At the time of publication, no results
were available for this study. In 2006, the FDA granted
orphan drug status to MMF for the treatment of PV, thereby
increasing the feasibility of a new drug approval for MMF for
the treatment of PV [12].

Despite these promising developments, MMF must be
used with caution. Fatal infection and sepsis occurred in
2 to 5% of transplant patients receiving MMF, and pre- and
post-marketing surveillance indicates that MMF is associated
with an increased risk of infection or reactivation of
CMV, herpes zoster, atypical mycobacteria and tuberculosis
[13].

Azathioprine

As discussed above, azathioprine (2 mg/kg/day) was reported
to demonstrate similar efficacy and safety compared with
MMF (2 g/day) [10e]. Another randomized, controlled trial of
PV patients (n = 120) compared the efficacy of four different
treatment regimens: prednisolone alone or prednisolone
plus either azathioprine (2.5 mg/kg/day), MMF (2 g/day)
or pulse intravenous cyclophosphamide [14e]. All three
immunosuppressives demonstrated comparable safety,
although the mean total dose of prednisolone was lower in
the group treated with azathioprine compared with MMF,
suggesting greater efficacy for azathioprine. Notably, this
study used a higher daily dose of azathioprine than the
previously mentioned study, and neither study used the
maximal dose of MMF (3 g/day). Another phase II clinical trial
of prednisone plus azathioprine (2.5 mg/kg/day) has been
planned by Tehran University Medical Center to evaluate the
efficacy and safety of adjuvant azathioprine therapy in new
cases of PV [15]. The study was expected to begin in April
2008.

Patients with genetic polymorphisms in thiopurine
methyltransferase (TPMT) that confer low to absent
enzyme activity have an increased risk of azathioprine-
induced myelotoxicity. This has been estimated to affect
approximately 5% of patients [16], although genetic testing
for TPMT is not widely commercially available.
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Figure 1. Drugs and drug targets for PV.
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Intravenous Ig with or without cyclophosphamide

Intravenous Ig (IVIg) and cyclophosphamide are being
investigated in a phase II study to evaluate whether IVIg
treatment plus cyclophosphamide results in a more rapid
decline in circulating PV antibodies than IVIg alone [17].
Both cyclophosphamide and IVIg have been independently
studied in PV. Cyclophosphamide was evaluated in a small
case series using a variety of different regimens, including
daily oral therapy (1.1 to 2.5 mg/kg/day), daily oral
therapy (50 mg) with intermittent high-dose intravenous
dexamethasone and cyclophosphamide, and immunoablative
intravenous cyclophosphamide [18-22]. All methods were
effective in the short-term, although none were curative.
Significant side effects, including hematuria, infection and

transitional cell carcinoma of the bladder, were observed with
higher dose regimens, although one study using a lower daily
dose of cyclophosphamide (1.1 to 1.5 mg/kg/day) did not
report a significantly different safety profile compared with
other immunosuppressive agents. Taken together with the
risk of infertility, cyclophosphamide is not generally
considered a first-line agent in the treatment of PV, although
further studies examining the optimal dosing regimen for
safety and efficacy may be warranted.

IVIg has generated clinical and research interestin its efficacy
and mechanism of action in treating autoantibody-mediated
diseases [23,24], with proposed mechanisms including
protection from keratinocyte apoptosis and induction of
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serum IgG catabolism [25,26]. Studies using a mouse model
of PV have suggested that IVIg may saturate neonatal Fc
receptors that are responsible for the clearance of serum
IgG, providing a molecular mechanism for how circulating
serum IgG may be more rapidly degraded [27e]. The benefit
of IVIg over immunosuppressive regimens is the relative
decrease in disease-causing autoimmune antibodies, since
desirable immunne antibodies are present in pooled donor
preparations [26]. Despite the reported clinical success of
IVIg, patients must be carefully selected given the risk of
thrombotic events, acute renal failure, aseptic meningitis
and bloodborne diseases [28].

Dapsone

Among the adjunctive immunosuppressants discussed,
dapsone is unique in its pregnancy category C designation
(MMF, azathioprine and cyclophosphamide all carry a
pregnancy category D label). Dapsone was reported in an
observational study to be an effective steroid-sparing agent
in the maintenance phase of PV treatment [29]. A subsequent
phase II clinical trial of PV patients (n = 19) supported modest
efficacy for dapsone, with patients receiving dapsone (73%)
and placebo (30%) able to reduce daily prednisone dosage
to 7.5 mg/day or less [30,31].

Rituximab

Several clinical trials have featured the efficacy of rituximab
(an anti-CD20 mAb) in the treatment of PV. One study
investigated patients (n = 11) with severe treatment-resistant
PV who were dosed with two cycles of rituximab weekly for
3 weeks, followed 1 week later by IVIg (2 g/kg) [32ee]. This
was followed by a monthly infusion of rituximab and IVIg
for 4 consecutive months. The majority of patients (n = 9)
responded with clinical remission ranging from 22 to 37
months, with no adverse effects. A second study evaluated the
treatment of PV patients (n = 21) with four weekly infusions
of rituximab, of whom 18 achieved complete remission within
90 days (20 patients within 360 days) [33ee]. Two patients
developed pyelonephritis and fatal septicemia. Other reports
have noted infectious complications of rituximab therapy in
PV, including severe pneumonia and CMV infection [34].
The rationale for concomitant use of IVIg with rituximab is
to maintain the humoral immunity otherwise depleted by
rituximab; however, given the proposed mechanism of IVIg,
concomitant use of IVIg may decrease the therapeutic effect
of rituximab by increasing its catabolism. A comparison of
rituximab monotherapy to rituximab plus IVIg would be of
interest in determining the most effective and safe treatment
regimen.

The development of neutralizing human anti-chimera
antibodies (HACAs) has been described in a patient with
systemic lupus erythematosus treated with rituximab
[35]. HACAs have also been observed with the use of
other therapeutic chimeric mAbs, such as infliximab,
for which pretreatment or concurrent treatment with
immunosuppressives, such as azathioprine or methotrexate,
has been advocated to avoid HACA development [36]. This
complication has not yet been reported in the treatment of
PV.

Anti-TNF agents

Interest in the use of anti-TNFa agents in PV was initiated
after the finding that TNFa is increased in the blister fluid
of patients with PV [37]. Additionally, TNFa receptor-
deficient mice exhibit a modestly decreased sensitivity to
blister formation after passive transfer of PV serum [38].
Subsequently, several case reports have described the
efficacy of infliximab and etanercept in PV [39-41].

Etanercept, a recombinant human soluble TNFa receptor
fusion protein that is administered intramuscularly, is
being tested in a 16-week, randomized, double-blind,
placebo-controlled, phase II trial to evaluate its efficacy as
a steroid-sparing agent [42]. Infliximab is a chimeric mAb
against TNFa that is administered by intravenous infusion.
A randomized, double-blind, placebo-controlled, phase II
trial is evaluating infliximab in the treatment of PV, with
infusions at weeks 2, 6 and 14 [43]. The primary outcome
measurements of this trial are safety and efficacy at week
18, with a total observation period of 26 weeks. Additionally,
this trial will evaluate a number of secondary outcomes,
including changes in quality-of-life, serum Dsg antibody
levels, TNFa and IL-6 levels in serum and skin, and the
development of HACA.

PI-0824 vaccine

The HLA-DR4 allele DRB1*0402 confers susceptibility to
PV in the Ashkenazi Jewish population [2]. A Dsg3 peptide
consisting of amino-acid residues 190-204 was shown to
bind specifically to residues within the DRB1*0402 peptide
binding pocket, but not to other HLA-DR4 subtypes [44e].
A synthetic Dsg3 peptide consisting of amino-acid residues
186-204 (PI-0824, Peptimmune Inc/Orphan Europe SARL)
was subsequently developed to examine whether binding of
the peptide in the absence of co-stimulatory signals could
selectively suppress the production of anti-Dsg3 antibodies
through inactivation and/or deletion of disease-associated
CD4 T-cells. In a phase I/1I study, patients (n = 17) received
two intravenous infusions of the peptide (0.4, 2.0 or
10.0 mg/kg) at 7-day intervals [45,46]. No serious adverse
events were observed. Two patients experienced a flare
of disease 1 to 5 months post-treatment. There were no
significant changes in the levels of anti-Dsg antibodies
observed [46]. It was suggested that longer-term studies
might be necessary in order to observe changes in antibody
levels. Given the pathophysiology, it might be expected that
HLA restriction (namely DRB1*0402) would influence patient
response, as patients without this haplotype may not present
the infused peptide to induce an immunological response. No
further clinical trials were being conducted for PI-0824 for
PV at the time of publication.

p38 MAPK inhibitors

p38 MAPK was first identified as a potential downstream
target in PV through a phosphoprotein screen of
radiolabeled human keratinocytes after treatment with PV
IgG [47]. Subsequently, activated p38 MAPK was observed
in pemphigus patient skin [48], and p38 MAPK inhibition
prevented blistering in the murine passive transfer model of
PV [49ee].
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p38 MAPK is a key regulator of inflammatory cytokines,
including TNFa. Early clinical studies of p38 MAPK as a
target in inflammatory disorders, such as rheumatoid
arthritis, Crohn's disease and psoriasis, raised significant
safety issues, including liver and CNS effects, infection,
skin disorders, and renal impairment [50e,51]. These
early compounds targeted the p38 kinase domain through
competitive inhibition of ATP binding. Despite sophisticated
design strategies to increase their specificity, many second
generation p38 allosteric inhibitors bind other cellular
kinases, perhaps accounting for their broad toxicity profile
[52].

A newer generation allosteric p38 MAPK inhibitor, KC-706
(Kémia Inc), is being evaluated in a phase II multicenter,
open-label trial in patients with active, stable PV to evaluate
the safety and efficacy of KC-706 (300 mg/day) in achieving
remission while maintaining stable doses of corticosteroids
and/or immunosuppressants over a 3-month period [53]. At
the time of publication, the trial was still recruiting patients.
KC-706 has previously demonstrated effectiveness in the
passive transfer PV mouse model [DS Rubenstein, personal
communication].

Future PV therapies

CD40/CD154 blockade

The interaction of CD40 (expressed by B-cells) and
CD154 (expressed on activated T-cells) is an essential co-
stimulatory signal for initiation of the T-cell-dependent
humoral immune response [54]. An anti-CD154 mAb has
demonstrated promise in the treatment of lupus nephritis
[55]. The mAb was tested in an active disease mouse model
for PV, in which splenocytes from Dsg3-deficient mice were
adoptively transferred to Rag2-deficient mice that express
Dsg3 [57e]. Mice treated with negative control IgG prior
to adoptive transfer developed anti-Dsg3 antibodies, with
patchy hair loss and mucous membrane blistering. In
contrast, mice treated with anti-CD154 mAb demonstrated
no evidence of the PV phenotype or an anti-Dsg3 serum
antibody response through day 70. When anti-CD154
mAbs were infused after adoptive transfer, no protective
effect was observed. Although these studies suggest that
CD40/CD154 blockade will have little effect on established
PV, it is unknown whether treatment would be effective
in PV patients in remission to prevent future relapse.
Additionally, an endemic form of pemphigus foliaceus with
3.4% prevalence has been described in rural Brazil [57].
It would be of interest to determine if anti-CD154 mAb
treatment could prevent disease onset in this susceptible
population.

Cholinergic agonists

Anecdotally, PV has been reported to improve with cigarette
smoking [58], as well as with the cholinergic agonists
pyridostigmine, carbachol and pilocarpine [59¢,60]. Studies
suggest that activation of cholinergic receptors may
regulate signaling pathways modulated by PV IgG, thereby
affecting cell adhesion [61]. These results are intriguing
given the clinical benefit of nicotine noted in other
inflammatory diseases, such as ulcerative colitis [62].

Pathogenic autoantibody-targeted therapy
Pathogenic PV anti-Dsg3 mAbs have been cloned from the
active disease mouse model for PV [63], as well as from
the peripheral blood lymphocytes of PV patients [64,65].
Adsorption of pathogenic PV mAbs from PV serum using
specific anti-idiotypic antibodies depleted serum pathogenic
activity of the PV patient from whom the idiotypic antibodies
were cloned [66e¢], supporting the validity of phage display
to capture relevant pathogenic autoantibody repertoires.
Additionally, genetic analysis of the cloned anti-Dsg3 mAbs
demonstrated restricted heavy chain variable region gene
usage. Antibody gene restriction (described in a number of
immune and autoimmune states) suggests that a limited
number of antibody variable region genes may confer the
ability to bind a target antigen. For example, anti-Rh(D)
antibodies use heavy chain variable gene segments that
encode polypeptides with higher isoelectric points, which
may facilitate binding to the negatively charged red cell
membrane [67]. Due to the conservation of Dsg antigens
among patients, common autoantibody structural features
or gene usage may be identified among PV patients and thus
may serve as a therapeutic target.

Conclusions

Clinically and scientifically, PV represents a model organ-
specific autoimmune disease that is chronic, potentially
fatal, and currently without any FDA-indicated drugs for its
treatment. Despite its rare disease status, PV has gained
increasing interest as a target disease for drug development
(summarized in Table 1 and Figure 1). Ultimately, continued
preclinical research on the immunology and cell biology
of disease, as well as clinical trials to evaluate new PV
treatments, should lead to safe and effective FDA-approved
treatment options for PV patients.
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