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Abstract Pemphigus vulgaris (PV) is a severe autoimmune bullous skin disease and is primarily
associated with IgG against desmoglein 3 (dsg3), a desmosomal adhesion protein. In light of the
recent association of autoreactive T helper (Th) 2 cells with active PV, the present study sought
to relate the occurrence of Th2-regulated dsg3-specific autoantibody subtypes, i.e. IgE and IgG4,
in 93 well-characterized PV patients. Patients with acute onset PV (n=37) showed the highest
concentrations of serum IgE and IgG4 autoantibodies, which were significantly lower in PV
patients in remission (n=14). Furthermore, there was a strong correlation between dsg3-reactive
IgE and IgG4 in acute onset, but not in chronic active (n=42) or remittent patients. Additionally,

intercellular IgE deposits were detected in the epidermis of acute onset PV. Thus, dsg3-specific
IgE and IgG4 autoantibodies are related to acute onset disease which provides additional support
to the concept that PV is a Th2-driven autoimmune disorder.
© 2009 Elsevier Inc. All rights reserved.
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Introduction

Pemphigus vulgaris (PV) is a severe, potentially life-
threatening autoimmune disease characterized by painful
non-healing erosions and flaccid blisters of the skin and/or
mucous membranes [1]. Clinical disease is the consequence
of the disruption of intercellular adhesion between kerati-
nocytes, known as acantholysis [2], caused by IgG auto-
antibodies (autoab) against desmosomal components [3].
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Table 1 Demographic and clinical characteristics of patients with pemphigus vulgaris (PV).

PV

All Acute onset Chronic active Remittent

Number of PV patients 93 37 42 14
Age [years; median (range)] 52 (1–82) 52 (21–82) 53 (1–65) 47 (25–67)
% Males 46 52 47 31
% Females 54 48 53 69
Disease duration [months; median (range)] 13 (1–192) 1 (1–3) 53 (4–192) 54 (13–144)

Original disease manifestation
% Skin only 22 27 21 13
% Mucosa only 24 23 18 50
% Skin and mucosa 54 50 61 37

IIF
% Positive 80.5 85 82 64
% Negative 19.5 15 18 36
Titer [range] 0–1:3200 0–1:3200 0–1:3200 0–1:200

Drug therapy at the time of blood withdrawal [number of patients]
Prednisone 52 14 30 8
Mycophenolate mofetil 7 1 5 1
Azathioprine 25 5 14 6
Dapsone 2 – – 2
Methotrexate 2 – 2 –
Cyclophosphamide 3 1 2 –
Cyclosporine 5 1 2 2
IVIg 1 – 1 –
Dexamethasone 1 – 1 –

IVIg — intravenous immunoglobulin, IIF — indirect immunofluorescence.
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The precise mechanisms leading to this autoab-mediated
epidermal loss of cell–cell adhesion are currently not
completely understood. However, autoab-mediated disrup-
tion of cell adhesion by direct inhibition of dsg3 transinter-
action (steric hindrance) as well as cellular signaling events
resulting in reduction of dsg-binding and reorganization
of the cytoskeleton of keratinocytes are hypothetically
discussed [4–6].

Although autoab production in PV is polyclonal and
probably directed against several autoantigens such as
desmogleins [7,8] and additional desmosomal and non-
desmosomal autoantigens [9], desmoglein 3 (dsg3), a
transmembranous adhesion glycoprotein of desmosomes, is
considered as the major pathogenic autoantigen of PV
Table 2 Cutoff values for IgG, IgG1, IgG4, IgA and IgE autoantibo
towards pemphigus vulgaris.

Youden index Cutoff
value a

Anti-dsg3 IgG 0.599 0.424
Anti-dsg3 IgG1 0.399 0.192
Anti-dsg3 IgG4 0.501 0.299
Anti-dsg3 IgA 0.082 0.226
Anti-dsg3 IgE 0.054 0.148
a Cutpoints (optical density, OD) and diagnostic properties of autoant

index.
b 95% Exact confidence intervals [CIs] given.
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[2,10,11]. The pathogenic potential of dsg3-specific autoab
is supported by observations, showing that i) disease activity
in PV is mostly correlated with dsg3-specific IgG titers in the
patients' sera, ii) newborns of mothers with active PV exhibit
blisters due to transplacental transmission of maternal dsg3-
specific autoab, predominantly of the IgG4 subtype and iii)
pemphigus-like lesions are induced in neonatal mice after
transfer of purified serum IgG from patients with active PV
[2,12,13]. Tissue-bound and serum dsg3-specific autoab
mainly belong to the IgG1 and IgG4 subclasses [3]. Several
studies provided evidence for a critical role of dsg3-specific
IgG4 in the development of PV [3,4,14–16]. In this regard,
serum titers of dsg3-reactive IgG4, but not IgG1, were found to
correlate with clinical disease activity in PV patients [17,18].
dies against desmoglein 3 (dsg3) and their diagnostic properties

Sensitivity (95% CI) b Specificity (95% CI) b

68.4 (58.2–77.4) 91.5 (82.5–96.8)
93.4 (86.9–97.3) 46.5 (34.6–58.7)
64.2 (54.3–73.2) 85.9 (75.6–93.0)
18.1 (11.3–26.8) 90.1 (80.7–95.9)
65.4 (54.0–75.7) 40.0 (28.5–52.4)

ibody quantification as determined by maximization of the Youden
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In addition, active PV was found to be mainly associated with
dsg3-reactive IgG4, while PV patients in remission preferen-
tially exhibit autoab of the IgG1 subtype [14].

It has been previously shown, that cytokines secreted by T
helper 2 (Th2) cells, i.e. IL-4 and IL-13, induce B lymphocytes
to secrete IgG4 and IgE [19–21]. In line with these findings,
several studies suggested, that dsg3-reactive Th2 cells are
directly associated with clinically active PV [22,23]. More-
over, T cell infiltrates from PV skin lesions show a prevalent
Th2-like pattern [24] and in vitro stimulation of CD4+ T cells
from PV patients with dsg3-derived peptides preferentially
leads to secretion of Th2-like cytokines, including IL-4 and IL-
6 [19]. Therefore, there is strong evidence to consider PV as a
Th2-regulated autoimmune disorder.

Serological analysis of autoab subtypes in bullous pem-
phigoid (BP), a distinct autoimmune bullous skin disease
associated with a Th2-type immune response [2], identified
pathogenetically relevant IgG4 and IgE autoab in the
majority of the patients' sera [25–28]. In BP, these Th2-
regulated autoab subtypes were found to be related to
clinical activity and severity [25,27]. In a previous study with
selected sera from PV patients, IgE autoab reactive with dsg3
were occasionally detected by immunoblot analysis in
clinically active, but not in remittent, PV [29].

It is presently unclear, whether levels of Th2-regulated
dsg3-reactive autoab, i.e. IgE and IgG4, are directly
correlated with disease activity in PV. To address this
issue, serum levels of anti-dsg3 IgE and IgG4 autoab as well
as of dsg3-reactive IgG1 and IgA were analyzed and
correlated with the clinical phenotype and activity in a
cohort of 93 well-characterized PV patients.
Materials and methods

Patients

Serum samples were obtained from a total of 93 PV patients
who were subdivided according to clinical disease activity,
i.e. acute onset PV (n=37), chronic active PV (n=42) and
remittent PV (n=14). “Acute onset” was defined as the de
novo development of blisters/erosions on previously unaf-
fected mucosal±cutaneous surfaces with a disease duration
of ≤3 months. “Chronic active” disease was defined as the
expansion/persistence of existing blisters or erosions on
mucosal±cutaneous surfaces with a disease duration of ≥3
months. PV patients with “remittent” disease had not
experienced mucosal±cutaneous erosions ≥2 months prior
to inclusion in this study. The clinical diagnosis of PV was
confirmed by 1) histopathology (suprabasal acantholytic
blisters), 2) direct immunofluorescence microscopy (epider-
mal intercellular IgG and/or C3 deposits in perilesional skin)
and/or 3) the detection of serum autoab by indirect
immunofluorescence microscopy (intercellular IgG binding
to epithelial cells of monkey esophagus).

To investigate the relationship between autoab profiles of
PV patients and clinical phenotype, autoab titers in the sera
of patients with acute onset, chronic active and remittent
disease were compared among each other. All the patients
were clinically well-characterized with regard to duration
and manifestation of disease (Table 1). Sera were stored at
−20 °C prior to analysis. The study was conducted according
Please cite this article as: A. Nagel, et al., Clinical activity of pemphigu
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to Declaration of Helsinki Principles. All samples were
obtained following informed consent and approval of the
local ethics committee.

Detection of serum autoab by indirect
immunofluorescence (IIF)

IIF was performed by a standard technique using monkey
esophagus as a substrate according to manufacturer's
instructions (monkey esophagus IFA Kit, FK 208.2, The Binding
Site, Birmingham, UK). For detection of autoreactive IgG,
serum was initially diluted at 1:20 and subsequently titrated
in case of positive reaction. Occurrence of serum IgG1, IgG4
and IgE autoab was examined by a modified technique
utilizing PE-conjugated mouse anti-human IgG1 (1:100, clone
4E3, Southern Biotech, Birmingham, Alabama, USA), mouse
anti-human IgG4 (1:100, clone HP6023, Southern Biotech,
Birmingham, Alabama, USA) and FITC-conjugated goat anti-
human IgE (1:50, Bethyl, Montgomery, Texas, USA), respec-
tively. For identification of IgG1 and IgG4 autoab serum was
diluted at 1:20, whereas IgE autoab were investigated using
undiluted serum. The sections were assessed under a
fluorescence microscope equipped with standard filters.

Detection of tissue-bound autoab by direct
immunofluorescence (DIF)

Experimental proof of tissue-bound IgE was performed by
direct immunofluorescent staining of perilesional skin
biopsies (cryosections) using an FITC-conjugated goat anti-
human IgE antibody (1:50, Bethyl, Montgomery, Texas, USA).
Intercellular IgE deposits in the patients' epidermis were
visualized by fluorescence microscopy.

Expression and purification of recombinant human
dsg3 protein

The recombinant protein PVhis (extracellular domain of
dsg3) is linked to a 6× His tag and was produced in an
eukaryotic baculovirus expression system and purified over
Nickel-NTA agarose as previously described [22,30]. Briefly,
3 days after infection, culture supernatants of 10×106

baculovirus-infected insect cells were collected and dialyzed
against PBS (pH 7.5) with 0.5 mM calcium chloride (PBS-Ca).
Dsg3 protein was purified by affinity chromatography over
Nickel-NTA agarose (Quiagen, Hilden, Germany) according to
the manufacturer's instructions, finally dialyzed against PBS-
Ca at 4 °C for 24 h and aliquots of PVhis were stored at
−80 °C. Protein concentration was determined by a
commercial kit (DC Protein Assay, Bio-Rad, Munich, Ger-
many) according to a modified protocol by Lowry. The
recombinant protein was fractionated by 10% SDS–PAGE and
visualized by Coomassie staining and western blot with
defined patients' sera (dilution 1:100) to verify proper
molecular weight and specific immunoreactivity.

ELISA analysis utilizing baculovirus-derived dsg3

Optimal conditions for the ELISA were established by various
chessboard titrations following published guidelines [31].
s vulgaris relates to IgE autoantibodies against desmoglein 3, Clin.
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Affinity-purified recombinant human dsg3 protein was
immobilized on 96 well polystyrene plates (Maxisorb Immu-
noplate, Nunc, Wiesbaden, Germany) by coating each well
with 1 μg PVhis in 100 μl PBS-Ca at 4 °C overnight. After
washing with PBS-Ca containing 0.05% Tween-20 (Merck,
Nürnberg, Germany) plates were blocked for 2 h with PBS-
Ca/T containing 5% skimmed milk powder at room temper-
ature and incubated with patients' sera diluted at 1:50 in
blocking-buffer overnight at 4 °C. Each sample was run in
duplicate. After consecutive washes as mentioned above,
wells were incubated with 6000-fold-diluted alkaline phos-
phatase (AP)-labeled rabbit anti-human IgG (Dako, Glostrup,
Denmark), monoclonal biotinylated mouse anti-human IgG1
(1:800, clone HP6069, Zymed, San Francisco, California,
USA), monoclonal biotinylated mouse anti-human IgG4
(1:500, clone HP6025, Zymed, San Francisco, California,
USA), biotinylated mouse anti-human IgE (1:500, Zymed, San
Francisco, California, USA) or peroxidase-conjugated sheep
anti-human IgA (1:5000, The Binding Site, Birmingham, UK)
for 1–2 h at room temperature. Incubation with biotinylated
antibodies for 1 h was followed by addition of streptavidin-AP
(ZyMAX, Zymed, San Francisco, California, USA) diluted at
1:2000 in PBS for 1 h at room temperature. Color develop-
ment was achieved using 100 μl p-nitrophenylphosphate
(pNPP, Kirkegaard and Perry, Gaithersburg, Maryland, USA)
or the peroxidase substrate 2,2′-azinobis(3-ethylbenzthiazo-
line-6-sulfonic acid) (ABTS, Sigma, Deisenhofen, Germany).
Optical density (OD) was measured at 405 nm by ELISA reader
(Wallac 1420 microplate reader, Wallac, Freiburg, Germany)
when a defined patient serum (positive reference control for
IgG) reached an OD of 1.0.
Table 3 Gender-specific characteristics of pemphigus
vulgaris (PV) patients.

PV patients p a

Males Females

Age [years, median] 53 51 0.476
Anti-dsg3 IgG [OD, median] 0.619 0.572 0.836
Anti-dsg3 IgG1 [OD, median] 0.336 0.325 0.953
Anti-dsg3 IgG4 [OD, median] 0.346 0.333 0.447
Anti-dsg3 IgA [OD, median] 0.156 0.157 0.563
Anti-dsg3 IgE [OD, median] 0.199 0.180 0.450
IIF IgG [log 10 titer, median] 2.00 1.70 0.253
Disease duration [months, median] 13 15 0.994

OD — optical density; dsg — desmoglein; IIF — indirect
immunofluorescence.
a Statistical comparison of the groups (male and female PV

patients) was evaluated using two-sided Mann–Whitney-U-test.
Statistical analysis

In view of the non-normal distribution of OD values,
continuous variables are shown as median with quartiles
and range, illustrated as box-whisker-plots and non-para-
metric tests were used. The box contains 50% of the data (1st
and 3rd quartile), in which the center line represents the
median. The whiskers restrict minimum and maximum of the
data set. Outliers (distance from 1st or 3rd quartile N1.5×
length of the box) are illustrated as points and extreme
values (distance from 1st and 3rd quartile N3× length of the
box) as asterisks, respectively. Titers of IIF were log-
transformed for further analyses.

For comparison of the three different patient groups
(acute onset, chronic active, remittent) the Kruskal–Wallis-
test was performed at first. In the case of pb0.05,
differences between two groups (acute onset/chronic
active, acute onset/remittent and chronic active/remittent)
were compared using the two-sided Mann–Whitney-U-test in
terms of a closing test procedure. Correlation was quantified
with the Spearman rank correlation coefficient.

Level of significance α was defined as less than 0.05
(pb0.05). The reported p-values were not adjusted for
multiple testing. Statistical analysiswas performedusing SPSS.

Receiver operating characteristic (ROC) curves were
compiled in consideration of PV patients and healthy controls
by additionally using SAS (version 9.1, SAS Institute, Cary,
NC) to evaluate the diagnostic properties of different dsg3
antibodies with respect to correctly classifying cases of PV.
Please cite this article as: A. Nagel, et al., Clinical activity of pemphigu
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As there are no “natural” cutpoints for dsg3 antibody levels,
and as there are no previous studies which could have
contributed evidence concerning an appropriate diagnostic
threshold, an “optimum” cutpoint was determined data-
adaptively by choosing the OD values with the largest Youden
index (YI= sensitivity+ specificity−1). The corresponding
sensitivity and specificity were estimated including exact
95% confidence intervals calculated with the Blyth–Still–
Casella method. Seroreactivity determined by ELISA was
considered positive, if the OD value was above the respective
cutpoint (Table 2).

Results

Age and sex distribution and basic data of studied
PV patients

Among the 93 PV patients, there were 46% males and 54%
females (male to female ratio 1:1.15). Table 1 summarizes
the pattern of clinical involvement, disease duration, range
of IgG autoab titers determined by IIF as well as the
administered therapy including corticosteroids, immunosup-
pressive and immunomodulatory drugs, respectively, of all
the PV patients subdivided according to the disease stage at
the time of blood withdrawal.

Autoab in PV patients in association with sex and
relationship to clinical stage of disease

Investigation of the 93 PV patients did not show any gender-
specific predisposition for disease development. As illustrat-
ed in Table 3, neither autoab titers nor age and disease
duration differed significantly between male and female
patients. In addition, subdividing groups of male and female
patients according to their clinical disease stage (acute
onset, chronic active, remittent) did not reveal statistical
significant differences between both sexes (data not shown).

With regard to the concentrations of dsg3-specific total
IgG including IgG1 and IgG4, IgA and IgE autoab, statistically
significant differences between the patients groups (acute
onset, chronic active, remittent) were observed. Fig. 1
illustrates the markedly lower levels of total IgG (Fig. 1a),
s vulgaris relates to IgE autoantibodies against desmoglein 3, Clin.
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Figure 1 Relationship between autoantibody (autoab) subtypes against desmoglein 3 (dsg3) and the clinical stage of pemphigus
vulgaris (PV). Fig. 1 demonstrates pronounced differences in the concentrations of dsg3-reactive autoab depending on the clinical
stage of PV. Dsg3-specific serum total IgG (a), IgG1 (b) and IgG4 (c) were significantly lower in remittent PV compared to acute onset
and chronic active PV, respectively. Analysis of IgG autoab by indirect immunofluorescence (data are presented as log values)
confirmed these results (d). Dsg3-specific IgE was most prominent in acute onset PV and showed a significant lower level in remittent
PV (e). In contrast, dsg3-reactive serum IgA was not detectable in the majority of the patients independent from the disease stage (f).
Using Mann–Whitney-U-test, statistically significant pair-wise differences between patients groups are shown above the respective
boxplots.
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IgG1 (Fig. 1b) and IgG4 (Fig. 1c) concentrations in PV patients
in clinical remission compared to patients with acute onset
or chronic active PV, respectively. Overall, as shown in
Fig. 1d, levels of IgG autoab, determined by IIF using monkey
esophagus as substrate, were much lower in remittent
patients (titer range=0–1:200, Table 1) compared to acute
onset and chronic active PV, respectively (titer range=
0–1:3200, Table 1).

Noteworthy, the highest concentrations of dsg3-reactive
serum IgE were found in patients with acute onset PV and
were significantly lower in clinical remission (Fig. 1e). In
contrast, IgA autoab were only detected at low concentra-
Please cite this article as: A. Nagel, et al., Clinical activity of pemphigu
Immunol. (2009), doi:10.1016/j.clim.2009.11.006
tions in a minority of patients (15/93) and did not show any
correlation with the clinical course of PV (Fig. 1f).
Importantly, the observed significant decline in the serum
concentrations of dsg3-reactive total IgG (Figs. 1a, d), IgG1
(Fig. 1b), IgG4 (Fig. 1c) and IgE (Fig. 1e) between the groups
of acute onset/chronic active and remittent PV was not
attributed to varying disease duration among the groups. As
shown in Fig. 2 for dsg3-specific IgG, distribution of the 93 PV
patients with regard to their individual disease duration
(independent of clinical stage) did not result in a statistically
significant difference of the aforementioned autoab titers
(Kruskal–Wallis-test, Fig. 2a: p=0.312 (IgG); not shown:
s vulgaris relates to IgE autoantibodies against desmoglein 3, Clin.
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Figure 2 Relationship between desmoglein 3 (dsg3)-reactive IgG and disease duration in patients with pemphigus vulgaris (PV).
Illustrated are the levels of dsg3-specific serum IgG in the 93 PV patients, who were subdivided regarding disease duration (a).
Correlation of dsg3-reactive IgG and disease duration of PV was also evaluated (b). Both analyses did not show statistically significant
differences.
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p=0.837 (IgG1), p=0.541 (IgG4), p=0.938 (IgE)). Moreover,
a correlation between the amount of serum autoab and
disease duration (Fig. 2b: p=0.509 (IgG), not shown:
p=0.832 (IgG1), p=0.234 (IgG4), p=0.695 (IgE)) was not
detected in the investigated patients. Furthermore, lower
amounts of IgG, IgG1, IgG4 and IgE autoab in remittent
patients were apparently not a result of treatment.
Distribution of patients into subgroups based on whether
they were on treatment or not did not reveal statistically
significant differences between patients groups, neither on
examination of all patients nor of patients classified
according to their stage of disease (data not shown).

Twenty-four percent of the PV patients had disease
limited to mucosal lesions (mostly oral cavity), 22% of the
patients showed exclusive cutaneous involvement, while the
other 54% of the patients exhibited a more generalized
disease with cutaneous and mucosal lesions (Table 1).
However, division of the PV patients regarding their initial
disease manifestation did not reveal any obvious disparity of
Figure 3 Relationship of desmoglein 3 (dsg3) reactive IgG1, IgG4
vulgaris (PV). Shown are the ratios of dsg3-specific IgG1/IgG4 (a), IgG
ratios of Dsg3-reactive IgG1/IgG4 as well as IgG1/IgE were apparent
show differences in any of the disease stages (c). Thus, the increme
with disease activity. Using the Mann–Whitney-U-test, statistically
shown above the respective boxplots.

Please cite this article as: A. Nagel, et al., Clinical activity of pemphigu
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distinct dsg3-specific autoab subtypes between the three
groups (data not shown). Consistently, statistically signifi-
cant differences in serum autoab levels after classification of
the patients groups (acute onset, chronic active, remittent)
regarding cutaneous, mucosal or mucocutaneous involve-
ment, respectively, were not detectable (data not shown).

Relationship of dsg3-specific IgG1, IgG4 and IgE
autoab in PV patients to clinical stage of disease

IgG1 and IgG4 have been shown to be the major subtypes of
dsg3-specific IgG in PV [3]. In this regard, IgG4 autoab were
found predominantly in active PV, whereas IgG1 was mainly
associated with remittent disease [2,14]. Individual propor-
tions of serum concentrations of the dsg3-specific, Th1-
linked IgG1 subtype and Th2-related IgG4 and IgE autoab
subjected to different disease stages were assessed by
calculating distinct ratios (Fig. 3). The ratio of autoreactive
IgG1/IgG4 was significantly elevated in remittent PV
and IgE autoantibodies in different clinical stages of pemphigus
1/IgE (b) and IgE/IgG4 (c) at different clinical stages of PV. The
ly higher in remittent PV (a, b), while the IgE/IgG4 ratio did not
nt of the IgG1/IgG4 and IgG1/IgE ratio was inversely correlated
significant pair-wise differences between patients groups are
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Figure 4 Correlation between desmoglein 3 (dsg3)-specific IgE and IgG4 in different clinical stages of pemphigus vulgaris (PV).
Shown is the correlation between dsg3-reactive IgE and IgG4 (a) and IgE and IgG1 autoantibodies (b), respectively. Analysis of the PV
patients revealed a statistically significant correlation between dsg3-reactive IgE and IgG4 only in the group of patients with acute
onset disease (a, left row), but not in chronic active or remittent PV, respectively (a, center, right). Dsg3-specific IgE and IgG1
autoantibodies were unrelated in any of the disease stages (b).
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(Fig. 3a). Since both dsg3-reactive IgG1 (Fig. 1b) and IgG4
(Fig. 1c) autoab were significantly diminished in remittent
PV, it is obvious that the decrease of IgG4 exceeded the
decline of IgG1 in these patients resulting in the observed
elevated IgG1/IgG4 ratio. Overall, there were no statistically
significant differences in the ratios of dsg3-specific IgG
subtypes between acute onset versus chronic active PV; this
finding is presumably owing to the active stage of disease in
both groups. Similarly, the ratio of IgG1/IgE autoab showed a
tendency to increase upon clinical remission of the studied
PV patients (Fig. 3b). As expected, the proportion of Th2-
related IgE/IgG4 autoab was not different between PV
patients who were subdivided regarding their clinical disease
stage, reflecting consistent properties of these autoab
independent of disease stage (Fig. 3c).

Direct correlation of Th2-related IgG4 and IgE
autoab with acute onset PV

Fig. 4 illustrates the correlation of serum IgE and IgG4
(Fig. 4a) or IgG1 (Fig. 4b) autoab concentrations in the three
clinical stages of the studied PV patients. Statistical analysis
disclosed a significant correlation between the concentra-
tions of dsg3-specific IgG4 and IgE autoab only in acute onset
Please cite this article as: A. Nagel, et al., Clinical activity of pemphigu
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(Fig. 4a, left row), but not in chronic active or remittent PV
(Fig. 4a, center/right row), reflecting an exclusive associa-
tion of Th2-related IgG4 and IgE autoab with acute onset
disease. In contrast, dsg3-specific IgG1 autoab were not
significantly related to dsg3-reactive IgE in any of the disease
stages (Fig. 4b).

Detection of circulating and tissue-bound IgE autoab
by immunofluorescence

To confirm the ELISA results, occurrence of circulating and
tissue-bound IgE autoab was assessed by IIF and DIF,
respectively. Shown are the findings of a PV patient with
primarily acute onset disease (Figs. 5 and 6a), fading after
initiation of corticosteroid treatment to a chronic active
disease stage (Fig. 6b) and later on to remission (Fig. 6c).
Fig. 5 illustrates clinical and histological findings of an
untreated, newly diagnosed (acute onset) PV patient showing
flaccid blisters and exudative erosions of the skin (Fig. 5a) and
mucous membranes. Histopathology of perilesional skin
revealed infiltration of lymphocytes including eosinophils
(eosinophilic spongiosis) in the epidermis and superficial
dermis (Fig. 5b). Additionally, acantholysis and binding of IgE
autoab on the surface of epidermal keratinocytes could be
s vulgaris relates to IgE autoantibodies against desmoglein 3, Clin.
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Figure 5 Tissue-bound IgE autoantibodies in acute onset pemphigus vulgaris (PV). Illustrated is a patient with acute onset PV
clinically characterized by blisters and extensive erosions of the skin (a) and mucous membranes (not shown). Histological staining of
perilesional skin biopsy disclosed infiltration of lymphocytes and eosinophils in the epidermis and superficial dermis (b). Acantholysis
and IgE binding on epidermal keratinocytes could be shown by direct immunofluorescent staining of perilesional skin (c). Moreover,
investigation of serum autoantibodies by indirect immunofluorescence using monkey esophagus resulted in detection of IgE
(d, undiluted serum), IgG (e, serum 1:20), IgG1 (f, serum 1:20) and IgG4 (g, serum 1:20) autoantibodies.
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shown by direct immunofluorescent staining of perilesional
skin (Fig. 5c). Detection of serum IgE (Figs. 5d and 6a, right),
IgG (Figs. 5e and 6a, left), IgG1 (Fig. 5f) and IgG4 (Fig. 5g)
autoab by IIF using monkey esophagus disclosed the typical
intercellular staining pattern of PV. Treatment with prednis-
olone and azathioprine over 5 months led to marginal clinical
improvement accompanied by a chronic active disease stage,
in which IgG (Fig. 6b, left), but not IgE (Fig. 6b, right) autoab
were detectable. Similarly, IgG (Fig. 6c, left), but not IgE
(Fig. 6c, right) autoab could be found at time of clinical
remission thirty months after diagnosing PV.

Irrespective of the restricted sensitivity and specificity of
the ELISA system for detection of dsg3-specific IgE (Table 2),
present analyses of a representative PV patient, who was
observed over a long period of time and therefore charac-
terized in all three clinical stages, confirm the ELISA findings
of IgE autoab mainly in acute onset (initial phase) and not in
chronic active or remittent PV.
Discussion

In the present study, we show for the first time that, in
addition to IgG4, IgE autoab reactive with the major
Please cite this article as: A. Nagel, et al., Clinical activity of pemphigu
Immunol. (2009), doi:10.1016/j.clim.2009.11.006
autoantigen of PV, dsg3, are present in a significant number
of patients with acute onset and active PV. Moreover, tissue-
bound and serum IgE autoab were detected in acute onset PV
by direct and indirect immunofluorescence microscopy.
Furthermore, both dsg3-reactive IgG4 and IgE levels were
exclusively correlated with acute onset, but not remittent,
PV. This finding provides additional support for the concept
that autoreactive Th2 cells and Th2-related cytokines are
critically involved in the initiation and perpetuation of the
autoimmune pathogenesis of PV [19].

Several studies identified dsg3-specific Th2 cells in
patients with active PV but not in healthy carriers of PV-
associated HLA class II alleles [19,22–24]. A dichotomy of
pathogenic autoreactive Th2 cells in diseased patients and
Th1 cells in healthy individuals was also noted in pemphigus
foliaceus, a clinical variant of pemphigus caused by IgG
autoab against dsg1 [32]. Moreover, the presence of Th2-
regulated IgG4 autoab by autoreactive B cells and plasma
cells is a hallmark of acute/active PV and presumably a key
event in the development of clinically apparent PV [3,14]. In
contrast, PV patients in remission exhibit strongly elevated
IgG1 autoab [14]. Class switch to IgG1 is usually driven by Th1
cells, which have been found to be increased in PV patients
with less acute disease and in healthy individuals [22]. IL-4
s vulgaris relates to IgE autoantibodies against desmoglein 3, Clin.
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Figure 6 Clinical improvement is accompanied by loss of autoreactive IgE antibodies. Indirect immunofluorescence using monkey
esophagus disclosed both IgG (a, left, serum 1:20) and IgE (a, right, undiluted serum) autoantibodies in serum of an untreated PV
patient with acute onset disease. Analyses of serum autoantibody titers after immunosuppressive treatment of the patient did not
reveal IgE autoantibodies in chronic active (b, right, undiluted serum) and remittent (c, right, undiluted serum) disease stage,
respectively. In contrast, IgG autoantibodies were detectable in both chronic active (b, left, serum 1:20) and remittent (c, left, serum
1:20) PV.
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and IL-13, which are important cytokines released by Th2
cells, are potent inducers not only of IgG4 but also of IgE
switching [20,21]. Consistently, the results of this study
revealed highest titers of dsg3-reactive IgE autoab in acute
onset PV and showed a significant correlation between IgE
and IgG4 autoab in these patients. In contrast, IgE and IgG4
autoab were no longer significantly correlated to each other
in chronic active or remittent PV. Thus, the detection of the
highest serum concentrations of IgE autoab and the close
correlation of Th2-regulated dsg3-specific IgE and IgG4 in
acute onset PV support the central role of autoreactive Th2
cells [19,33].

Recently, elevated numbers of natural killer cells were
detected in patients with active PV, which were found to
release the IgE-promoting cytokine IL-5 [34]. Moreover, it
has been shown, that CD40 is a central player in the
regulation of IgE production [35]. In two independent
mouse models of PV, the interaction between autoreactive
B and T cells using the CD40-CD40L signaling pathway was
shown to be a crucial event for the induction of pathogenic
autoab production [36,37]. Thus, the detection of dsg3-
specific IgE in active PV, as shown by ELISA, DIF and IIF, may
Please cite this article as: A. Nagel, et al., Clinical activity of pemphigu
Immunol. (2009), doi:10.1016/j.clim.2009.11.006
be linked to the CD40–CD40L-mediated interaction of
autoreactive T and B cells. Importantly, the reduction of
Th2-regulated IgG4 and IgE autoab in remittent PV is not due
to longer disease duration and, consequently, the need for
longer treatment periods, since significant differences in
autoab titers were not found to be correlated with disease
duration (Fig. 2).

With regard to the overall pathogenetic relevance of Th2-
regulated autoab in PV, recent studies identified dsg3-
specific IgG4 as the main pathogenic IgG subclass in PV
[14,15]. A monoclonal dsg3-reactive IgG4 antibody, isolated
from a patient with active PV, caused intraepidermal
suprabasal blister formation in an in vitro organ culture
model with normal human skin and led to the development of
bullae and superficial erosions in an in vivo PV mouse model
[15]. In contrast to dsg3-specific IgG4, autoreactive IgG1
failed to bind to human skin presumably due to low avidity
supporting the concept of rather non-pathogenic properties
of IgG1 in PV [16] and confirming the findings of a
predominance of IgG1 autoab in remittent PV. Furthermore,
in a previous study, autoreactive IgG1 and IgG4 were found to
recognize different epitopes of dsg3 [14].
s vulgaris relates to IgE autoantibodies against desmoglein 3, Clin.
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Recently, Spaeth et al. showed that IgA autoab were
detected by immunoblot analysis in most patients with acute
onset and chronic active PV, respectively [29]. However, in
the present study, systematic investigation by ELISA
revealed dsg3-reactive serum IgA only in a minority of the
93 studied PV patients. Moreover, the presence of dsg3-
reactive IgA autoab was not correlated with the clinical stage
of PV. These results confirm the well-known clinical disparity
between PV and IgA pemphigus, a clinically distinct
pemphigus variant. Specifically, the intraepidermal neutro-
philic dermatosis type of IgA pemphigus has been associated
with IgA reactivity against dsg3.

The results of the present study in PV are in line with
previous findings in BP, an immunologically related but
distinct autoimmune bullous skin disorder [25,27,38]. Autoab
production in BP is presumably regulated by autoreactive Th
cells that preferentially belong to the Th2 subset [39]. In BP,
IgE autoab against BP180, the major autoantigen of BP, were
positively correlated with the levels of IgG4 autoab and were
directly associated with the clinical activity of BP [27]. This
finding is in accordance with the results of the present study
and may have implications for the therapeutic targeting of
the IgE-mediated pathology in PV. Fairley et al. demonstrat-
ed for the first time in vivo that IgE autoab from BP sera
induced dermoepidermal separation of human skin grafted
onto nude mice [40]. The molecular mode of action of IgE
autoab in BP, including the involvement of Fcε-positive
cutaneous mast cells, remains to be further analyzed [28].
Along this line, Fairley et al. reported the successful
treatment of a patient with refractory BP with omalizumab,
a monoclonal antibody against human IgE [41]. As dsg3-
specific IgE is preferentially found in acute onset PV (present
findings, [29]), administration of omalizumab may provide a
therapeutic option in early PV in cases in whom immunosup-
pressive therapy is contraindicated. Further studies are
needed to substantiate the role of IgE autoab in the
pathogenesis of PV.

In summary, the close association of Th2-regulated IgG4
and IgE autoab with clinically active PV observed in the
present study provides additional insights for potential novel
therapeutic strategies in PV, i.e. targeting of dsg3-specific
autoreactive Th2 cells and/or IgE.
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