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Pemphigus vulgaris (PV) is a rare intraepidermal bliste-
ring disease affecting the skin and mucous membranes. 
Desmoglein (Dsg) 3 is the predominant target autoantigen, 
but autoantibodies to Dsg1 are also present when there is 
cutaneous blistering (1). These autoantibodies are predomi-
nantly of the IgG isotype and directly mediate blister forma-
tion (1). Anti-Dsg3 autoantibodies associate preferentially 
with the IgG4 subclass (2, 3). Moreover, patients with PV 
with active disease demonstrate Dsg-reactive IgG4 and 
IgG1, in contrast to IgG1 Dsg autoantibodies in patients 
whose disease is in remission (4). IgG2 and IgG3 Dsg 
autoantibodies have not been associated with disease (2). 

The anti-CD20 antibody rituximab, systemic corticos-
teroids, and corticosteroid-sparing immunosuppressive 
agents (azathioprine, mycophenolate mofetil and myc-
ophenolate sodium) are current first-line treatments (5). 
Rituximab targets CD20+ B cells in general and Dsg1/3-
specific CD20+ B cells in particular, leading to the deple-
tion of circulating disease-specific autoantibodies (5). It 
has been shown that the anti-Dsg3 IgG subclasses drive 
disease activity; however, they also have an impact on 
outcome after treatment with rituximab (6, 7). The aim of 
this cohort study was to longitudinally analyse IgG4- and 
IgG1-specific anti-Dsg3 and anti-Dsg1 autoantibodies 
before and after rituximab +/– immunosuppressive treat-
ments in patients with PV. 

MATERIALS, METHODS AND RESULTS
Patients with active PV (n = 10; at the time of initial diagnosis 
or relapse) were enrolled into the study at least 12 months post-
rituximab. The patient cohort has already been described (8) and 
their biomaterial used in a previous study (8). The diagnosis of 
PV was confirmed by clinical presentation, serology, and direct 
immunofluorescence microscopy (3, 7). The Pemphigus Disease 
Area Index (PDAI) was calculated at baseline and follow-up 
visits. Treatment decisions were based on disease severity and 
according to consensus recommendations: rituximab (1,000 mg 
on days 0 and 14) or rituximab (1,000 mg on days 0 and 30) plus 
dexamethasone pulse therapy (100 mg/day on 3 consecutive days 
for ongoing intervals every 4 weeks). 

Serum samples of patients with initial manifestation, relapsing, 
or treatment-resistant PV were collected at baseline, weeks 1–4, 
12, 24, and 48. IgG4- and IgG1-Dsg1/3 autoantibody titres were 
determined by enzyme-linked immunosorbent assay (ELISA) 
(Euroimmun, Lübeck, Germany) according to the manufacturer’s 
protocol with the following modifications: to determine the isotype 

of serum anti-Dsg3 IgG1/IgG4 antibodies as well as anti-Dsg1 
IgG1/IgG4 antibodies, sheep anti-human IgG1 horseradish per-
oxidase (diluted 1: 2,500; Binding Site, Schwetzingen, Germany) 
or mouse anti-human IgG4 Fc (diluted 1: 50,000; Southern Bio-
tech, Birmingham, AL, USA) were used as secondary antibodies. 
After halting the enzymatic colour reaction, the change in optical 
density was measured with a GlowMax Multi Detection System 
(Promega Corp., Madison, WI, USA) at 450 nm. Serum samples 
were diluted 1:100 (n = 10 for patients with PV at months 0, 3, 6 
and 12 and n = 8 for healthy controls). Standard curves for IgG1 
and IgG4 were calculated by using internal controls delivered 
by the manufacturer (range 2–200 RU/ml). In addition, the 
LEGENDplex™ Human Th Cytokine Panel (BioLegend Inc., San 
Diego, CA, USA) was performed, following the manufacturer’s 
protocol, for simultaneous quantification of 12 human cytokines, 
including interleukin (IL-)2, 4, 5, 6, 9, 10, 13, 17A, 17F, and 22, 
interferon (IFN)-γ and tumour necrosis factor (TNF)-α, which 
are collectively secreted by Th1, Th2, Th9, Th17, and Th22 cells.

Results

Rituximab acted preferentially on IgG4 reduction kinetics of 
antigen-specific autoantibodies (Fig. 1a–d). Longitudinal compa-
rison of IgG4- and IgG1-Dsg3 showed a significant reduction in 
anti-Dsg3 IgG autoantibodies over the observation period. Here, 
a significant difference could be detected for IgG1-Dsg3 starting 
from month 3 and for IgG4-Dsg3 in month 6 and 12. In contrast, 
no significant reduction could be observed for IgG1-Dsg1 or IgG4-
Dsg1 using the same patient cohort (p = 0.1382 and p = 0.0752, 
respectively).

Multiplex immunoassay analysis demonstrated that at baseline 
(active disease) IL-5 levels were elevated and IL-17 levels reduced. 
Longitudinal follow-up from active disease to clinical remission 
showed a decrease in IFN-γ over time. Beside a significant de-
crease in IFN-γ in serum levels of patients with PV after rituximab 
treatment, no significant changes in serum levels of other cytokines 
(IL-5, IL-13, IL-2. IL-6, IL-9, IL-10, TNF-α, IL-17, IL-4 and IL-
22) could be observed by rituximab.

Anti-Dsg3 IgG1 and IgG4 levels at baseline correlated with 
disease activity (Fig. 2a,b), whereas anti-Dsg1 IgG1 and IgG4 
levels did not reflect PDAI scores. Of note, this may reflect the 
Dsg3-dominant PV variant in this cohort (mucosal-dominant PV, 
n = 7; mucocutaneous PV, n = 3). Nevertheless, with 9/10 patients 
being in clinical remission at a 12-month follow-up time-point, 
these results may demonstrate that IgG4 depletion is associated 
with reduced clinical activity of pemphigus in this population. 
Recently, we reported sustained CD19+CD27+ memory B cell 
depletion after rituximab treatment (8). Here, we investigated 
the correlation between B and T cell subpopulations and levels of 
anti-Dsg autoantibodies. Interestingly, levels of CD19+CD27+ me-
mory B cells were significantly and robustly correlated with anti-
Dsg1 IgG1 (r = 0.844; p = 0.008) and anti-Dsg1 IgG4 (r = 0.731; 
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p = 0.039) at baseline (Fig. 2c,d). Longitudinal follow-up did not 
demonstrate any correlation between distributions of B- and T-
cell subpopulations and levels of anti-Dsg autoantibodies at 3, 6, 
and 9 months after administration of rituximab (data not shown).

DISCUSSION

These results indicate that, compared with the antigen-
specific IgG1 autoantibody fraction, the antigen-specific 

Fig. 1. Serum desmoglein (Dsg)-specific 
autoantibodies of the IgG 1 and IgG4 
subclasses before rituximab and in a 
longitudinal follow-up. (a) Anti-Dsg1-
IgG1; (b) anti-Dsg1-IgG4; (c) anti-Dsg3-
IgG1; (d) anti-Dsg3-IgG4. GraphPad 
Prism 9 was used to perform all statistical 
analyses. Co: controls. Two-way analysis of 
variance (ANOVA) with Dunnet’s post hoc 
test was performed for the analysis of IgG 
concentrations over time (black asterisks). 
Mann–Whitney U test was performed for 
comparison of control samples vs day 0 
in patients with pemphigus vulgaris (PV) 
(red asterisks). (e) Multiplex immunoassay 
analysis showing modulation of cytokines 
and interleukins by rituximab. Significant 
differences from pair-wise comparisons are 
shaded grey and highlighted with stars. For 
context, see main text. n = 8 (controls), n = 9 
(patients with PV), *p < 0.05, **p < 0.01, 
****p < 0.0001.

Fig. 2. Pearson correlation of Pem-
phigus Disease Area Index (PDAI) 
with serum desmoglein (Dsg)-specific 
autoantibodies of the IgG1 and 
IgG4 subclasses. (a) Dsg3/1-specific 
autoantibodies of the IgG1 subclass. (b) 
Dsg3/1-specific autoantibodies of the 
IgG4 subclass. Pearson correlation of 
CD19+CD27-IgD- memory B cells with Dsg 
specific autoantibodies. (c) Dsg3/1-specific 
autoantibodies of the IgG1 subclass at 
baseline (r=0.844; p = 0.008 for anti-Dsg1-
IgG1). (d) Dsg3/1-specific autoantibodies 
of the IgG4 subclass at baseline (r=0.731; 
p = 0.039 for anti-Dsg1-IgG4). GraphPad 
Prism 9 was used to perform statistical 
analyses. (a, b) n = 40 (10 patients with 
pemphigus vulgaris (PV) with 4 different 
time-points each (0, 3, 6 and 12 months); 
(c, d) n = 8 (patients with PV at baseline).

http://medicaljournalssweden.se/actadv


A
ct

aD
V

A
ct

aD
V

A
d
v
a
n

c
e
s 

in
 d

e
rm

a
to

lo
g
y
 a

n
d
 v

e
n

e
re

o
lo

g
y

A
c
ta

 D
e
rm

a
to

-V
e
n

e
re

o
lo

g
ic

a

Short communication3/3

Acta Derm Venereol 2022

IgG4 autoantibody fraction is more rapidly and more 
robustly reduced after the administration of rituximab, 
pointing towards enhanced IgG4 depletion kinetics. 

IgG4-mediated autoimmune diseases are rare (9); 
however, this data underlines the importance of B cell 
depleting therapies in this autoimmune disease entity. A 
promising approach to treating pemphigus may be novel 
anti-B cell agents that target CD19/20 (10); obexelimab 
is an anti-CD19 antibody with an Fc portion engine-
ered for increased affinity, whereas obinutuzumab is 
a glycoengineered anti-CD20 antibody with a greater 
antibody-dependent cellular cytotoxicity (compared 
with rituximab). It was shown that both concurrently 
activate the inhibitory FcγRIIb receptors, which have 
a low binding affinity to IgG4, employing a prolonged 
anti-B cell activity (9). Furthermore, antibody therapies 
targeting FcRn may hold promise, as anti-FcRn inhibitors 
effectively catabolize the IgG4 antibody subclass and 
may ameliorate disease activity (1, 10, 11). To prove the 
efficacy of rituximab on the antigen-specific IgG4 auto-
antibody fraction further studies on the tissue level might 
be useful. Multiplex immunoassay analysis showed that 
cytokines and interleukins are modulated by rituximab, 
highlighting their potential use as biomarkers of disease 
activity (12).

ACKNOWLEDGEMENTS
This work was supported by Deutsche Forschungsgemeinschaft 
through Research Training Group (GRK 1727/1) “Modulation of 
Autoimmunity”, the Cluster of Excellence “Precision Medicine in 
Chronic Inflammation” (EXC 2167), and the Schleswig-Holstein 
Excellence-Chair Program from the State of Schleswig Holstein.

The study was approved by the institutional review board (Uni-
versity of Lübeck, #12-178) and performed in accordance with 
the Declaration of Helsinki.

The authors have no conflicts of interest to declare.

REFERENCES
1. Schmidt E, Kasperkiewicz M, Joly P. Pemphigus. Lancet 2019; 

394: 882–894.
2. Futei Y, Amagai M, Ishii K, Kuroda-Kinoshita K, Ohya K, Nishikawa 

T. Predominant IgG4 subclass in autoantibodies of pemphigus 
vulgaris and foliaceus. J Dermatol Sci 2001; 26: 55–61.

3. Funakoshi T, Lunardon L, Ellebrecht CT, Nagler AR, O’Leary CE, 
Payne AS. Br J Dermatol 2012; 167: 1245–1253.

4. Kricheli D, David M, Frusic-Zlotkin M, Goldsmith D, Rabinov M, 
Sulkes J, et al. The distribution of pemphigus vulgaris-IgG sub-
classes and their reactivity with desmoglein 3 and 1 in pemphigus 
patients and their first-degree relatives. Br J Dermatol 2000; 
143: 337–342.

5. Joly P, Horvath B, Patsatsi Α, Uzun S, Bech R, Beissert S, et al. Up-
dated S2K guidelines on the management of pemphigus vulgaris 
and foliaceus initiated by the european academy of dermatology 
and venereology (EADV). J Eur Acad Dermatol Venereol 2020; 
34: 1900–1913.

6. Golinski ML, Lemieux A, Maho-Vaillant M, Barray M, Drouot L, 
Schapman D, et al. The diversity of serum anti-DSG3 IgG subclas-
ses has a major impact on pemphigus activity and is predictive 
of relapses after treatment with rituximab. Front Immunol 2022; 
13: 849790.

7. Mignard C, Maho-Vaillant M, Golinski ML, Balayé P, Prost-Squarci-
oni C, Houivet E, et al. Factors associated with short-term relapse 
in patients with pemphigus who receive rituximab as first-line 
therapy: a post hoc analysis of a randomized clinical trial. JAMA 
Dermatol 2020; 156: 545–552.

8. Boch K, Langan EA, Schmidt E, Zillikens D, Ludwig RJ, Bieber 
K, et al. Sustained CD19+CD27+ memory B cell depletion after 
rituximab treatment in patients with pemphigus vulgaris. Acta 
Derm Venereol 2022; 102: adv00679.

9. Koneczny I. Update on IgG4-mediated autoimmune diseases: 
new insights and new family members. Autoimmun Rev 2020; 
19: 102646.

10. Dalakas MC. Autoimmune neurological disorders with IgG4 anti-
bodies: a distinct disease spectrum with unique IgG4 functions 
responding to anti-B Cell therapies. Neurotherapeutics 2022; 
19: 741–752.

11. Goebeler M, Bata-Csörgő Z, De Simone C, Didona B, Remenyik 
E, Reznichenko N, et al. Treatment of pemphigus vulgaris and 
foliaceus with efgartigimod, a neonatal Fc receptor inhibitor: a 
phase II multicentre, open-label feasibility trial. Br J Dermatol 
2022; 186: 429–439. 

12. Tavakolpour S, Mahmoudi H, Mirzazadeh A, Balighi K, Darabi-
Monadi S, Hatami S, et al. Pathogenic and protective roles of 
cytokines in pemphigus: a systematic review. Cytokine 2020; 
129: 155026.

http://medicaljournalssweden.se/actadv

