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Abstract 
Pemphigus is a severe autoimmune disease characterized by blistering of skin and/or mucosa. 
Blisters are caused by autoantibodies that are directed against desmosomal proteins, which 
are necessary for maintaining proper cell-cell adhesion. Binding of the autoantibodies to these 
proteins leads to loss of intercellular adhesion, i.e. acantholysis. Several pemphigus subtypes 
exist, which vary in their clinical phenotype and autoantibody profile, and the diagnosis of some 
of these subtypes is challenging due to overlap of clinical and immunological manifestations 
with other diseases. Furthermore, there is much debate regarding the cellular pathomechanisms 
involved in acantholysis. These cellular pathomechanisms may include the autoantibody-induced 
rearrangement of desmosomal proteins, desmosomal depletion, and alterations in cellular 
signaling pathways. 
 
In this thesis we present six studies, two of them aimed to improve the diagnostic approach of 
the rare but severe pemphigus subtype paraneoplastic pemphigus (PNP), and four to gain more 
insight into the cellular pathomechanisms. We provide an overview of the direct and indirect 
immunofluorescence staining patterns that can be encountered in the diagnosis of PNP (chapter 
4). Moreover, we found that the combination of indirect immunofluorescence microscopy on 
rat bladder and immunoblotting is a good alternative to immunoprecipitation as serological 
diagnostic tool (chapter 3). In addition, to get better insight in the cellular mechanisms involved 
in pemphigus pathogenesis, we studied the alteration of desmosomes and their components in 
pemphigus foliaceus (PF) mucosa and skin, a pemphigus subtype characterized by superficial 
skin blisters and antibodies against the desmosomal protein desmoglein 1 (Dsg1). Our findings 
suggest that the autoantibody-induced rearrangement of Dsg1 into non-desmosomal clusters 
leads to the depletion and shrinkage of desmosomes, even in clinically unaffected oral mucosa 
(chapters 5 and 6). In addition, we found that in the skin of PF patients exposed to UV treatment, 
the Dsg1 ectodomain is deposited along the basement membrane zone (chapter 2), indicating 
UV-induced protein cleavage may play a role in PF pathogenesis. Finally, we touch on the subject 
of mammalian-target of rapamycin (mTOR) signaling, which according to previous studies 
might play a role in pemphigus acantholysis. Our results question its involvement in pemphigus 
pathogenesis, as we found no beneficial effect of a topically applied mTOR inhibitor in patients 
with mucosal pemphigus lesions (chapter 7).
 
In conclusion, these studies improve the diagnosis of PNP and advance our insights into the 
molecular aspects of this mucocutaneous autoimmune disease.

Abstract
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Samenvatting
Pemphigus is een ernstige autoimmuun ziekte die zich kenmerkt door blaarvorming van de 
huid en/of de slijmvliezen. De blaren worden veroorzaakt door auto-antilichamen die gericht 
zijn tegen componenten van desmosomen, eiwitcomplexen van belang voor de intercellulaire 
adhesie. Deze auto-antilichamen zorgen voor verlies van de adhesie tussen cellen, zogenaamde 
acantholyse. 
Er bestaan verschillende subtypes van pemphigus, die verschillen in hun klinische fenotype en 
in welke auto-antilichamen erbij betrokken zijn. De diagnose van sommige van deze subtypes 
is uitdagend vanwege klinische overeenkomsten met andere ziekten. Verder is er veel discussie 
over welke cellulaire mechanismen betrokken zijn bij acantholyse. Tot mogelijke mechanismen 
behoren onder andere de door auto-antilichamen veroorzaakte her-rangschikking van 
desmosomale eiwitten, de vermindering in aantal desmosomen, en veranderingen in cellulaire 
signaal routes.
 
In dit proefschrift zijn zes afgebakende onderzoeken beschreven. Twee daarvan zijn gericht 
op het verbeteren van de manier waarop de diagnose wordt gesteld van de zeldzame maar 
ernstige paraneoplastische uitingsvorm van pemphigus (PNP). De andere hoofdstukken hebben 
betrekking op de mechanismen betrokken bij blaarvorming. 
We hebben in hoofdstuk 4 een overzicht gemaakt van de directe en indirecte immuunfluorescentie 
microscopie aankleuringspatronen die men aantreft bij de diagnostiek van PNP. Daarnaast  
hebben we laten zien dat de combinatie van indirecte immuunfluorescentie microscopie 
op rattenblaas samen met immunoblot een goed alternatief is voor immuunprecipitatie als 
serologische diagnostische methode (hoofdstuk 3). 
Om beter inzicht in de cellulaire mechanismen betrokken bij de pathogenese van pemphigus 
te verkrijgen, hebben we de veranderingen in desmosoom grootte en aantal en enkele 
desmosomale componenten in slijmvliezen en huid van patienten met pemphigus foliaceus (PF) 
bestudeerd, met behulp van immuunfluorescentie- en electronenmicroscopie. PF is een subtype 
van pemphigus die wordt gekenmerkt door oppervlakkige blaren van de huid en antilichamen 
tegen het demosomale eiwit desmogleine 1 (Dsg1). De resultaten laten zien dat er, door auto-
antilichaam veroorzaakte, her-rangschikking van Dsg1 tot niet-desmosomale clusters plaats 
vindt. Deze her-rangschikking resulteert in de vermindering en verkleining van desmosomen, 
zelfs in mondslijmvliezen die klinisch normaal zijn (hoofdstuk 5 en 6). In huid van PF patienten 
die aan UV behandeling zijn blootgesteld konden we zien dat het Dsg1 ectodomein langs de 
basaalmembraan zone is afgezet (hoofdstuk 2). Mogelijk speelt dit uiteenvallen van Dsg1 een 
rol bij de pathogenese van de UV-gevoelige variant van PF. Tot slot hebben we gekeken naar 
de zogenaamde mTOR (mammalian-target of rapamycin) signaal route, die volgens voorgaand 
onderzoek een rol zou kunnen spelen bij het induceren van acantholyse. Onze bevindingen 
trekken de rol van mTOR bij acantholyse in twijfel: We zagen namelijk geen gunstig effect van 
een op de slijmvliezen aangebrachte remmer van mTOR (sirolimus) bij patienten met mucosale 
pemphigus vulgaris (Hoofdstuk 7). 
 
Concluderend draagt het onderzoek in dit proefschrift bij aan verbeterde diagnostiek van PNP en 
verschaft het nieuwe inzichten in de cellulaire mechanismen die betrokken zijn bij acantholyse 
in pemphigus.
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Pemphigus comprises a group of autoimmune blistering diseases clinically characterized 
by flaccid blisters and erosions of the mucous membranes and/or the skin, and histologically 
by intra-epidermal acantholysis, i.e. loss of cell-cell adhesion. Autoantibodies circulate in the 
blood and deposit in the epidermis and/or mucosal epithelium of patients. 1 There are several 
pemphigus subtypes. In the two main subtypes, pemphigus vulgaris (PV) and pemphigus 
foliaceus (PF), autoantibodies are directed against the desmosomal proteins desmoglein (Dsg3) 
and/or 1 (Dsg1). 2,3 In the subtype paraneoplastic pemphigus (PNP), patients have an underlying 
neoplasm and additional antibodies directed against plakins and the protease inhibitor alpha-2-
macroglobuline-like-1 (A2ML1). 4-6

The reported incidence of pemphigus ranges between 0.5-8 cases per million per year, depending 
on the geographic region studied. 1,7,8 For the Netherlands the year incidence is assessed to be 2.9 
per million. 109 Pemphigus vulgaris and pemphigus foliaceus occur most frequently, while PNP is 
much rarer but has higher mortality. Overall, the mean age of disease onset ranges between 40-60 
years, although adolescents, children and the elderly may also be affected. Up to-date around 500 
PNP cases have been described worldwide, since its first description in 1990. 9 It comprises 3-5% 
of all pemphigus cases (Dr. H. Pas, personal communications).  The underlying neoplasm is most 
often lymphoproliferative in nature, such as non-Hodgkins lymphoma, thymomas and leukemia. 
Sarcomas and other solid malignancies may also be found. In addition benign lymphoproliferative 
diseases may be underlying, such as Castlemans disease, which is most prevalent in young-adults 
and children with PNP. 5,9,10

Accurate diagnosis of any disease is important, and for PNP this may be challenging. Therefore, 
this thesis hopes to contribute to improve the diagnostic approach of PNP. In addition, the exact 
mechanisms that lead to blister formation in pemphigus are still widely debated. Therefore, in 
this thesis several studies on pemphigus patient skin and mucosa have been performed to get a 
better understanding of pemphigus pathogenesis.
 
Pemphigus subtypes
Pemphigus vulgaris
Patients with PV develop flaccid blisters and erosions of the mucosal epithelium (figure 1a-b) 
with or without skin involvement. 1,11 The oral mucosa, most often the hard and soft palate, the 
buccal and gingival mucosa but also the pharynx and more rarely the larynx and esophagus, are 
affected. In addition genital mucosa and less often conjunctival mucosa may be involved.  Skin 
involvement may include the scalp, face, upper trunk, flexures and extremities. For all pemphigus 
subtypes in the active disease phase, blisters can be induced on clinically unaffected skin or 
mucosa, by applying mechanical friction such as by rubbing. This is called the direct Nikolsky’s 
sign, and is often used by clinicians to monitor disease activity. 11 Without treatment the disease 
course is progressive and may lead to death due to infections caused by the loss of skin and 
mucosal barrier function, or due to starvation as the painful oral lesions impair food intake.  
The clinical phenotype is determined by the autoantibody profile. 12-14 Patients with antibodies 
against Dsg3 have only mucosal involvement (mucosa dominant PV: mdPV) while patients with 
antibodies against both Dsg3 and Dsg1 have mucosal and skin involvement (mucocutaneous 
PV: mcPV).  The histology of lesional pemphigus vulgaris mucosa and skin is characterized 

1. Introduction
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by suprabasal acantholysis (figure 2b), while the immunopathology is characterized by IgG 
depositions along the epidermal and epithelial cell surfaces (ECS pattern), often in a clustered 
pattern. 15-18 Interestingly these depositions are present in both affected mucosa as well as 
unaffected skin. 18 

 
Pemphigus foliaceus
Patients with PF develop flaccid blisters and scaly, crusty erosions of the skin. 1 Typical locations 
include the seborrheic regions of the scalp, face, and upper trunk, but lesions may also be 
more widely distributed (figure 1e-f ). Mucosal tissue is clinically unaffected. Autoantibodies are 
directed against Dsg1, and the histology is characterized by subcorneal acantholysis (figure 2a). 
Immunopathology shows ECS IgG depositions in the skin but also the mucosa, and similar to PV 
also in a clustered pattern. 15-18

 
Pemphigus erythematosus
Pemphigus erythematosus is a subtype of PF, with the same histology and autoantibody specificity, 
but with different distribution of lesions and immunopathology.  Lesions are located in the 
seborrheic areas, however with also a characteristic involvement of the malar region (figure 1d). 
This distribution resembles the butterfly-rash seen in systemic lupus erytematosus, thus the name 
pemphigus erythematosus (PE). 19

In addition to IgG depositions along the ECS, immunopathology of PE skin may show IgG depositions 
along the basement membrane zone (BMZ), similar to the ‘lupusband’ seen in lupus erythematosus, 
in approximately 60% of cases. 20,21 Whether or not other proteins are components of this lupusband 
in PE is unknown, and as previous studies investigating the nature of the ECS IgG depositions in PF 
and PV have led to better understanding of pemphigus pathogenesis (see pathogenesis section), in 
chapter 2 we investigate the nature of the ‘lupusband’ in PF patients with a PE phenotype.
 

Paraneoplastic pemphigus
PNP is sometimes referred to as Paraneoplastic Autoimmune Multiorgan Syndrome (PAMS), 
because next to the mucous membranes and the skin, other organs such as the lungs may be 
affected, and because the histological hallmark for pemphigus, i.e. intraepidermal acantholysis, is 
not always present in PNP. 22,23 The most characteristic clinical feature of PNP, is a painful severe oral 
stomatitis, with hemorrhagic crusts and erosions of the intra-oral mucosa, extending to include 
the vermilion border of the lips (figure 1c). Conjunctival and genital mucosa may also be involved. 
Cutaneous manifestations range from flaccid to tense blisters and erosions as seen in pemphigus 
vulgaris and bullous pemphigoid, painful erythema and skin detachment as seen in toxic epidermal 
necrolysis (figure 1g), targetoid lesions as seen in erythema multiforme, and lichenoid papules 
and plaques as seen in lichen planus (figure 1h), or the variable manifestations of graft versus host 
disease, but may also be absent in a subset of patients. The distribution typically involves the face, 
trunk and extremities, but may also include palms and soles, which distinguishes it from the other 
pemphigus variants. 4,5,9,10,22,23 A subset of patients, ranging from 8-93%, may develop shortness of 
breath or even respiratory failure, due to bronchiolitis obliterans. 24-26  Histological features of PNP 
vary, including intra-epidermal acantholysis, subepidermal blistering, interface dermatitis (figure 
2c) and keratinocyte apoptosis and necrosis. 5,9,10,22,23

The autoantibody response in PNP is directed against multiple antigens found in skin and mucosa, 
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including the proteins of the plakin family (such as envoplakin, periplakin, desmoplakin and 
BP230), the protease inhibitor alpha-2-macroglobulin-like 1 protein (A2ML1) and the desmosomal 
cadherins desmoglein 3 and less often desmoglein 1. Immunopathology shows IgG depositions 
along the ECS and sometimes also along the BMZ. 4,5,10,27 In a small subset of PNP patients, often 
with lichenoid skin lesions, no antibodies are detected, probably because the cellular autoimmune 
response, and not the humoral, dominates in these patients with ‘lichenoid PNP’. 28

 

Figure 1. Clinical manifestations of pemphigus.
Erosions of the palatal (a) and buccal (b) mucosa and the lateral sides of the tongue in a patient with pemphigus 
vulgaris. Hemorrhagic crusts and erosions extending to include the vermilion border of the lips in a patient with 
paraneoplastic pemphigus (c). Erythematous erosive, scaly and crusty plaques involving the malar region (d) 
characteristic for pemphigus erythematosus. Multiple crusty and scaly, erosive papules on the back (d, detail in 
e) of a patient with pemphigus foliaceus.  Extensive erosions and detached skin on the chest of a patient with 
paraneoplastic pemphigus (g). Lichenoid erythematous papules and plaques on the back of a patient with 
paraneoplastic pemphigus (h).
 

1. Introduction
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Figure 2. Histological features of pemphigus. 
Hematoxylin-eosin stainings of skin sections show subcorneal acantholysis (a) in patients with pemphigus 
foliaceus and suprabasal acantholysis (b) in patients with pemphigus vulgaris. In paraneoplastic pemphigus, an 
interface dermatitis and vacuolar degeneration of the basal keratinocytes (c) may be seen. 
 
 
The diagnosis of pemphigus 
The diagnosis of all pemphigus subtypes is based on the combination of clinical and histological 
features and the demonstration of autoantibodies. 29,30

Several tools exist to demonstrate the presence of these autoantibodies.
 

Direct immunofluorescence microscopy of tissue 
IgG autoantibody depositions (or any other immunoglobulin isotype) in patient skin or mucosa 
can be visualized by direct immunofluorescence microscopy (DIF). 31 This technique makes use 
of patient skin or mucosa biopsies, which are snap-frozen and sectioned, mounted on glass 
microscope slides and air-dried. Sections are then incubated with fluorochrome conjugated anti-
human IgG antibodies, and visualized under an immunofluorescence microscope. The staining 
patterns generally reveal IgG depositions in a clustered-ECS pattern for most pemphigus subtypes 
(figures 3a and 3c), while concurrent BMZ IgG depositions may be seen in PE and PNP (figure 3b), 
as described earlier.

Serological assays
IgG autoantibodies (or any other immunoglobulin isotype) circulating in the blood of patients 
can be detected by indirect immunofluorescence (IIF), immunoprecipitation, immunoblotting 
or ELISA. 
 

Indirect immunofluorescence microscopy
In this technique patient serum is incubated with air-dried sections of various substrates.  If 
the autoantigen is present in the used substrate, the IgG autoantibodies (or other isotypes) in 
the serum will bind to the section. This first incubation is followed by a second incubation step 
using fluorochrome conjugated anti-human IgG antibodies. Sections are then viewed under an 
immunofluorescence microscope. The 2-step or indirect nature of this technique, in contrast to 
the 1-step used in DIF, has lead to the term indirect immunofluorescence. Substrates frequently 
used are monkey esophagus to detect circulating anti-ECS or –BMZ autoantibodies, and rat 
bladder to detect circulating anti-plakin autoantibodies (figure 3d).  In addition, salt split skin, 
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which has a consistent lamina lucida split induced by incubation with 1M NaCl, is frequently used 
for the detection and further specification of circulating BMZ autoantibodies. 29,30

 
Immunoblotting
In contrast to DIF and IIF, immunoprecipitation (IP), immunoblotting (IB) and ELISA are serological 
techniques by which the specificity of autoantibodies can be determined more precisely, based 
on the size of proteins recognized by the patient serum (figure 3e).  Immunoblotting involves 
the incubation of patient serum on a membrane containing keratinocyte protein extracts. Prior 
to being transferred to the membrane, the proteins have been chemically reduced, destroying 
conformational epitopes, and the proteins have been separated based on size using gel 
electrophoresis. The serum incubation step is followed by secondary and sometimes tertiary 
antibody incubation steps, and the autoantibodies are then visualized using enzyme-conjugated 
antibodies that convert a chemical substrate into a visible colour. 
Antigen containing extracts can be prepared from cultured keratinocytes or from human 
epidermis. When using cultured cells the differentiation stage of the keratinocytes partially 
determines which autoantibodies can be detected. In addition, the detection of autoantibodies 
by IB depends on whether or not the autoantibodies bind to conformation sensitive epitopes that 
are destroyed during the IB process. IB is therefore generally not used to detect anti-desmoglein 
antibodies in the diagnosis of pemphigus as the autoantibodies in are mainly directed against 
conformational epitopes. In contrast, IB is suitable for the detection of plakins in the diagnosis of 
PNP, in which linear (but also conformational) epitopes are recognized. 32

Enzyme-linked immunosorbent assay 
In ELISA, a plate, coated with the specific autoantigen of interest, usually in its native conformation, 
is incubated with patient serum. This is followed by enzyme-conjugated secondary antibody 
incubation step, and finally the amount of bound secondary antibody is measured by incubation 
with a substrate that can be converted by the enzyme in a coloured product. The measured colour 
intensity correlates to the amount of autoantibodies present in the serum. For PV and PF, the 
development of the Dsg1 and Dsg3 ELISA techniques has proven to be of great diagnostic value, 
because the conformational epitopes are retained in this technique, and therefore the specificity 
of the autoantibodies can be determined accurately. Also, the quantification of autoantibody 
titers is possible, enabling monitoring of the disease course. 14,29,30,33,34  Recently an envoplakin-
ELISA has been developed for the diagnosis of PNP. 35 Although its specificity and sensitivity was 
originally stated to be high by its developers, no studies have been performed comparing this 
ELISA to the other available serological techniques. 
 

Immunoprecipitation
In this technique, patient serum is incubated with IgG-binding beads such as protein G 
sepharose. The beads are then incubated with a keratinocyte extract that contain the suspected 
autoantigen(s). The IgG on the beads will bind the autoantigens and after washing, the bound 
antigens are eluted from the beads and analysed. The antigens are separated based on molecular 
size, using gel electrophoresis, and visualized using either western blotting techniques (figure 
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3e) or autoradiography, depending on whether or not radioactively labeled keratinocyte extracts 
were used. 
As in IB, for IP the differentiation stage of the keratinocytes should be tailored to the autoantigen 
of interest. For example, an important and unique autoantigen in PNP is A2ML1, which is only 
expressed in differentiated keratinocytes. 6 Therefore, for PNP, it is essential that the keratinocytes 
used are adequately cultured to reach the required grade of differentiation.  An important 
feature distinguishing IP from IB is that in IP, the autoantibodies are exposed to the native or 
conformational epitopes of the autoantigen, while in IB the antigens generally need to be 
extracted with a harsh soap that destroys conformational epitopes leaving only linear epitopes 
available for binding. Therefore IP is suitable for the detection of autoantibodies directed against 
conformational epitopes.  As A2ML1 is a protein which contains multiple disulphide bonds that 
secure its conformation and as it has been show that anti-A2ML1 autoantibodies in PNP mainly 
recognize conformation sensitive epitopes 6, we hypothesize that IP is an important diagnostic tool 
in PNP. This has however never been proven against the other available serological techniques. 

Figure 3. Autoantibody detection in pemphigus.
Direct immunofluorescence microscopy shows IgG depositions (green) along the epidermal and epithelial cell 
surfaces in the skin (a) and mucosa (c) of a patient with pemphigus foliaceus. Note the dotted or clustered deposition 
pattern in the lower cell layers, as oppose to the smoother linear depositions in the higher layers. Concurrent IgG 
depositions along the basement membrane zone (b) may be found in the skin of patients with paraneoplastic 
pemphigus or pemphigus erythematosus. Nuclei are depicted in blue. Indirect immunofluorescence microscopy 
shows that serum of patients with paraneoplastic pemphigus may contain IgG that binds to ratbladder 
urothelium (d). Immunoblot (e, left lane) may be used to detect circulating anti-plakin autoantibodies, while 
immunoprecipitation (e, right lane) may detect additional anti-A2ML1 antibodies. 
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PNP, a diagnostic challenge
Of all pemphigus subtypes, the diagnosis of PNP is most challenging, due to its rarity and the large 
variety of clinical and histological manifestations. Over the years several attempts at formulating 
the diagnostic criteria for PNP have been made, and the detection of specific autoantibodies 
are considered one of the major criteria. 4,5,10,22,36 It is not known which of the above-mentioned 
techniques is best for autoantibody detection in PNP. Therefore in chapter 3 we compare the 
sensitivity and specificity of an array of serological laboratory techniques in the diagnosis of PNP. 
In our comparison we include a self-developed non-radioactive immunoprecipitation assay. In 
addition, in chapter 4 we zoom in on the different DIF and IIF staining patterns and their usefulness 
in diagnosing PNP. 
 

Pemphigus vulgaris and foliaceus targets: desmosomal cadherins
Desmosome structure 
Desmosomes are junctional protein complexes (figure 4) that mediate intercellular adhesion. They 
are present in all stratified epithelium but also in other mechanical stress-bearing tissues such as 
myocardium.  Desmosomes are essential in maintaining tissue integrity, and loss of desmosomal 
function results in tissue fragility. 37-40  As visualized by electron microscopy, desmosomes can be 
divided in 3 regions: the intercellular dense midline, the cytoplasmic outer dense plaque and 
cytoplasmic inner dense plaque. The dense midline is composed of desmosomal cadherins: 
desmogleins and desmocollins. 41,42 These are transmembrane glycoproteins that provide 
intercellular adhesion by binding to the extracellular N-terminal of their opposing counterpart. At 
their cytoplasmic C-terminal, cadherins bind to the proteins of the armadillo family: plakoglobin 
and plakophilin, which form the components of the cytoplasmic outer dense plaque.  Besides 
mediating adhesion within the desmosomal protein complex, plakoglobin and plakophilin also 
play a role in regulating desmosome assembly. 43-51 These proteins in turn bind to desmoplakin, 
of the plakin family. Desmoplakin’s tail, situated in the cytoplasmic inner dense plaque, directly 
binds to the cytoskeletal intermediate filaments. 
 

1. Introduction



501140-L-sub01-bw-Poot501140-L-sub01-bw-Poot501140-L-sub01-bw-Poot501140-L-sub01-bw-Poot

 ��  

Figure 4. Desmosome structure.
A schematic illustration of desmosome structure, showing the location of desmosomal cadherins, plakins, 
armadillo proteins and intermediate filaments. An electron microscopy picture of a desmosome is shown to the 
left, and at the bottom the structure of adherens junctions is displayed.  Drawing by M. F. Jonkman.
 

Desmosomal cadherins
The desmosomal cadherins, desmoglein and desmocollin, are part of the cadherin family 
of proteins. Other proteins in this family include the classical cadherins such as the adherens 
junction protein E-cadherin.  Cadherins are transmembrane proteins that all have an extracellular 
domain (EC) made up of a variable number of 110-amino acid motifs. The main function of the 
extracellular domain is adhesion, which is dependent on calcium, as calcium binding induces 
the correct conformation.  The transmembrane domain of cadherins are followed by an 
intracellular anchor domain (IA) which is a binding site for plakoglobin and other catenins. The 
cadherin subtypes vary in the rest of their cytoplasmic domains, resulting in different protein 
partner binding properties, which in turn leads to functional variation. The cytoplasmic domain 
of desmogleins is distinguishable from that of other cadherins by its unique proline rich linker 
domain (L), a repeated unit domain (RUD) containing a variable number of a 29-amino acid motif, 
and a desmoglein terminal domain (DTD). 39
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Four isoforms of desmogleins have been identified, Dsg1-4, each with 5 ECs (EC1-5), and a variable 
number of cytoplasmic RUD-motifs. As stated earlier, Dsg1 and Dsg3 are the main autoantigens in 
pemphigus, and for both Dsg1 and Dsg3, EC1 and EC2 are the main targeted epitopes in PV and 
PF, while in PNP a significant proportion of Dsg3 antibodies are additionally directed against EC3, 
EC4 and to a lesser extent against EC5. 52,53

Desmoglein 1 
Desmoglein 1 is 160kDa in molecular mass.  In skin (figure 5a), Dsg1 is expressed in all cell layers, 
and expression levels follow a gradient, with highest expression in the more differentiated 
superficial cell layers, and lower expression towards the undifferentiated basal cell layers. In the 
oral mucosa (figure 5d), Dsg1 is expressed evenly in all layers except the basal cell layers, where it 
is absent. 39,54,55 The distribution of Dsg1 is altered in patients with anti-Dsg1 antibodies, where it 
is clustered (figure 5g).
Besides its adhesive role in maintaining tissue integrity, Dsg1 has been allotted other functions, 
such as regulating EGFR-signalling and promoting keratinocyte differentiation. 39,56,57 In addition it 
has been found to be a target for caspase degradation, and to have a role in regulating apoptosis. 
58

 
Desmoglein 3 
Dsg3 is 130kDa in molecular mass. It is expressed in the basal and first few suprabasal cell layers 
of the epidermis (figure 5b), and is absent in the superficial epidermis. In the oral mucosa, Dsg 3 is 
expressed in all cell layers (figure 5e), and at much higher levels than that of Dsg1. Similar to Dsg1, 
the distribution of Dsg3 in patients with anti-Dsg3 antibodies is clustered (figure 5h). Like Dsg1, 
Dsg3 also has other functions besides adhesion, such as driving proliferation and upregulating 
EGFR signaling. 56
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Figure 5. Desmoglein 1 and desmoglein 3 distribution in skin and mucosa.
Immunofluorescence microscopy shows that in normal human adult skin, desmoglein 1 (Dsg1) is located smoothly 
along the cell surfaces of all epidermal layers, with increased expression in the upper layers (a), while Dsg3 (b) is 
expressed in the lower layers.  A Dsg1/Dsg3 overlay is shown in (c). In normal human mucosa Dsg1 is expressed in 
all but basal epithelial layers (d), while Dsg3 is expressed in all layers (e). A Dsg1/Dsg3 double staining is shown in 
(f ). The dashed line indicates the basement membrane zone. In pemphigus foliaceus skin, Dsg1 distribution is often 
clustered (g), and in pemphigus vulgaris skin, Dsg3 is often clustered (h). Nuclei are depicted in blue
 

Desmosomal assembly and disassembly 
Desmosomal proteins are synthesized in the cytoplasm and transported to the cell membrane. 
The exact transportation mechanism for Dsg1 and Dsg3 are unknown, but for Dsg2 and Dsc2 it 
has been shown that the motor proteins kinesins mediate their transportation along microtubules 
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to the cellular membrane.  For Dsc2 but not Dsg2, kinesin mediated trafficking depends on 
plakophilin 2. Dsc and Dsg furthermore differ in their transportation kinetics, with Dscs initiating 
desmosome assembly, while Dsgs arrive later to stabilize the complex. 59 Similar mechanisms may 
account for the transportation of Dsg1 and -3 to the cell membrane, but this has not yet been 
studied.
 During desmosomal assembly, desmosome size is regulated by several mechanisms. Firstly, 
the interaction of desmosomal cadherins with their binding partners differs per isoform, and 
is thought to account for their different contributions to desmosome size.  Dsg 1 is thought 
to interact with 2-6 molecules plakoglobin (PG), while this Dsg-PG ratio is less for Dsg3. Thus, 
desmosomes containing more Dsg1 may be larger than those with more Dsg3. 60 Secondly, the 
armadillo proteins plakophilin and plakoglobin regulate desmosome size. 61 In line with these 
findings, recent studies of PF patient skin have shown that both plakoglobin and Dsg1 distribution 
are disrupted, and that desmosomes are smaller. 18,62 Whether desmosomal changes occur in the 
mucosa of these patients is unknown.
 In vitro studies have shown that desmosomal assembly is dependent of calcium, as desmosomes 
are absent in low-calcium culture medium (< 0.1mM), while increase in calcium concentration 
induces desmosome formation. Calcium binds to desmosomal cadherins to induce an 
adhesive conformation. In addition, two types of desmosomes are thought to exist: Calcium-
independent desmosomes, which are hyperadhesive, and calcium-dependent desmosomes. 
The normal epidermis is thought to contain mainly calcium-independent hyperadhesive 
desmosomes, while in cells cultured to sub-confluence and early confluence stages, and in cells 
at wound edges, desmosomes are thought to be calcium-dependent. The phosphorylation of 
desmosomal components may influence hyperadhesion, possibly due to altered organization of 
the desmosomal proteins.  Besides regulating desmosomal assembly and size, plakophilin and 
plakoglobin are needed for desmosomal hyperadhesion. 43,63

 These insights on the different adhesive states of desmosomes, in vivo and in vitro, have important 
implications for the interpretation of in vitro data in pemphigus research, as in vivo data might 
not readily represent the conditions in human skin. We therefore advocate the use of human 
tissue in pemphigus research. Therefore in chapters 2, 5 and 6 we make use of patient skin and 
mucosa biopsies to get more insight in desmosomal alterations and pemphigus pathogenesis. 
 The exact mechanism involved in desmosome degradation or disassembly is unknown. Whole 
desmosomes may be internalized and degraded, as is suggested by an electron microscopy study 
of a wound healing experiment. On the other hand, desmosomes may be disassembled through 
the internalization and degradation of individual desmosomal components.  For the latter less 
evidence is available due to technical difficulties in determining whether or not desmosomal 
components are truly in- or outside of desmosomes. 43

 
Pemphigus pathogenesis 
It is well established that anti-Dsg1 and –Dsg3 antibodies are necessary and sufficient to induce 
acantholysis in pemphigus. 18,64-72 In addition, it has been proven that the antibody profile dictates 
whether skin or mucosa is affected, as explained by the desmoglein compensation theory. The 
exact cellular mechanism by which antibodies induce acantholysis is, however still a matter of 
lively debate.
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Desmoglein compensation theory
The desmoglein compensation theory provides an explanation for the locations of blisters in the 
skin and mucosa of pemphigus patients. The theory is based on the following findings. Firstly, 
in 1996, Amagai et al. noted that the suprabasal level of blistering seen in pemphigus vulgaris, 
correlated to the basal and immediate suprabasal location of Dsg3 in skin. 73 Although later studies 
shed more accurate light on the autoantigens in pemphigus vulgaris, this study provided the first 
hint that desmoglein distribution may be linked to the distribution of pemphigus lesions. 
 In 1997, two studies showed that pemphigus patients with mucosal involvement versus 
mucocutaneous involvement have distinct antibody profiles. Patients with mdPV were shown 
to have anti-Dsg3 antibodies only, while patients with mcPV had both anti-Dsg3 and anti-Dsg1 
serum reactivity. 13,14 In addition, it was already known that in PF, patients have only skin but no 
mucosal involvement and only anti-Dsg1 autoantibodies. 
In 1998 Shirakata et al. showed that the expression level of Dsg1 in the oral mucosa was significantly 
less than that of Dsg3. They proposed that, in PF, this is the reason for the lack of mucosal 
involvement, as Dsg3 is present in sufficient amounts to compensate for the autoantibody-
induced loss of function of Dsg1. 54

 In 1999 Mahoney et al explained the clinical and histological locations of lesions in both PV and PF, 
based on their passive transfer experiments of pemphigus IgG in neonatal mice. 74 They showed 
that mice completely lacking Dsg3, injected with anti-Dsg1 IgG, showed more severe blisters, 
deep in the epidermis and also in the mucosa than the mice with normal Dsg3 expression, 
showing the protective function of Dsg3 in these locations. In addition they showed that for PV, 
both anti-Dsg1 and anti-Dsg3 were needed for epidermal blister formation.  In line with these 
results, in 2000 Wu et al proposed that the expression of Dsg3 in all cell layers of neonatal human 
skin protects the neonate from developing subcorneal blisters, when exposed to maternal PF IgG. 
75 They provided evidence for this by showing that transgenic mice with ectopic Dsg3 expression 
in the superficial epidermis do not develop subcorneal blisters after injection with PF IgG.  
In conclusion, desmoglein 1 and 3 show functional redundancy, and the autoantibody-induced 
loss of function of one desmoglein isoform may be compensated for by another isoform. 
Therefore, acantholysis occurs at the location where the autoantibody targeted desmoglein 
isoform is expressed, providing that there is no or insufficient alternative desmoglein isoform 
present to compensate for the target’s loss of function. In other words, the autoantibody profile 
determines the involvement of skin or mucosa and the histological level of blistering. Patients 
with only anti-Dsg3 antibodies show suprabasal acantholysis of the mucosa, as the amount of 
Dsg1 in the mucosal basal layers is insufficient to compensate. In contrast, patients with anti-
Dsg1 antibodies have subcorneal blisters but no clinical signs of mucosal involvement, due to 
the lack of Dsg3 to compensate for the loss of Dsg1 in the superficial epidermis, and the strong 
compensatory expression of Dsg3 in mucosa. Patients with both anti-Dsg1 and Dsg3 antibodies 
have blistering of both skin and mucosa, as compensatory mechanisms are compromised in both 
tissues. Here the suprabasal level of blistering is however not explained by the location of Dsg1 or 
Dsg3, but probably by the fact that the basal cell layers first encounter IgG that diffuses from the 
dermis or lamina propria upwards. 
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Desmoglein compensation may not be absolute: insights from uninvolved tissue
For mdPV it has been shown that despite the presence of anti-Dsg3 IgG depositions, and the 
clustered distribution of Dsg3, the skin of mdPV patients shows no further pathology, even 
at an ultrastructural level. Does the same hold true for the clinically unaffected mucosa of PF 
patients? Studies have suggested that the effects of anti-Dsg3 IgG depositions may significantly 
differ from those of anti-Dsg1 IgG. More specifically, van der Wier et al. showed that in the skin 
of N+ patients with anti-Dsg1 antibodies, desmosomes are smaller and reduced in number. 62 In 
addition, Oktarina et al. showed that in the areas of heavy Dsg1 clustering, and IgG deposition, 
intercellular widening was seen in PF and mdPV skin. 18 Notably this widening was present in the 
lower epidermal layers of PF skin, where one would not expect any pathology, as the hallmark 
for PF is subcorneal acantholysis. These signs of pertubated cell-cell apposition and desmosome 
hypoplasia were not observed in the skin of patients with only Dsg3 antibodies. This could imply 
that, in contrast to the skin of mPV patients, the healthy appearing mucosa of PF patients may 
be subjected to pertubated cell-cell apposition and desmosome hypoplasia. Studies on endemic 
PF mucosa have indeed shown intercellular widening and desmosomal changes. 76 Furthermore, 
already in 1983 Hietanen et al. also showed intercellular widening of the lower epithelial cell 
layers of uninvolved mucosa of PF, PE and PV patients. 77 However, these studies were not 
quantitative in nature and did not address whether the ultrastructural changes were related 
to IgG depositions, Dsg1 clustering or the alteration of other junctional proteins. Therefore, in 
chapter 5 we investigated the ultrastructure in the mucosa of patients with non-endemic PF, in 
relation to Dsg1 clustering, the distribution of other junctional proteins, and IgG depositions.
 

Hypotheses on the cellular mechanism of acantholysis 
Several hypotheses exist on the cellular mechanism by which pemphigus autoantibodies induce 
loss of intercellular adhesion. 

- Steric hindrance 
Several observations have led to the hypothesis that upon binding, anti-Dsg antibodies directly 
interfere with the adhesive interface of desmogleins. This is based on the following observations. 
Firstly, the majority of PV and PF patients, have anti-Dsg antibodies that target the EC1 and EC2 
domains.  These domains are both involved in desmoglein trans-adhesion. In addition, when 
selectively removing these EC1 and EC2 specific autoantibodies from purified PV and PF IgG, 
the remaining IgG loses its acantholytic potential when injected in neonatal mice. Furthermore, 
atomic force experiments in a cell-free model have shown that anti-Dsg3 antibodies reduce the 
trans-adhesive force between desmogleins.  Finally, electron microcopy studies of lesional PV 
skin have revealed the presence of half-desmosomes on acantholytic cells, suggesting that by 
binding to the trans-adhesive interface of Dsgs, autoantibodies sterically hinder desmoglein trans-
adhesion, causing desmosomes to split in half. 78 Besides trans-adhesional steric interference, 
a recent study has shown that also the cis-adhesional interface of Dsg 3 may be obstructed  
in PV. 79  
 A subset of pemphigus patients has autoantibodies directed against other domains than the 
adhesive EC1 and EC2 domains, and adsorption of EC1 specific autoantibodies from PV IgG 
only partially reverses its pathogenicity. In addition, studies have shown desmosomal changes 
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other than half-desmosomes; such as a reorganization of the cytoplasmic desmosomal plaque 
in a PV mouse model and reduction in desmosome size as well as clustering of desmosomal 
components in pemphigus patient skin. 78 These findings suggest that, besides steric hindrance, 
other mechanisms play a role in acantholysis. 
 

- Interference in desmosome assembly or disassembly
For proper assembly of desmosomes, an adequate pool of desmosomal components should be 
available to be incorporated into the desmosome.  Several studies have indicated that PV and PF 
IgG may interfere with the availability of this pre-desmosomal or non-desmosomal protein pool. 
In PV and PF patient skin biopsies, a re-organization of Dsg3, Dsg1 and plakoglobin has been 
found. Instead of a smooth distribution along the epidermal cell surface (ECS) these proteins are 
clustered along the cell surfaces. These clusters co-localize with intraepidermal IgG depositions, 
and which Dsg isoform has been affected correlates to the antibody profile of patients; ie Dsg1 
for PF and Dsg3 and/or Dsg1 for PV. 18 Several studies have interpreted these clusters to be entire 
desmosomes 15,80,81. However, in patient skin these clusters have been shown do not contain all 
desmosomal components, as desmoplakin did not co-localize with them.18  Furthermore, clustering 
was dependent on the bivalency of IgG, as Fab fragments were not able to induce this clustering 
in an ex vivo human skin explant pemphigus model.18 Therefore it is more likely that these clusters 
represent non-desmosomal pools of Dsgs and plakoglobin, that have been sequestered or cross-
linked into clusters by anti-Dsg IgG. In line with this, electron and immunofluorescence microscopy 
studies of PV patient skin and cultured keratinocytes have shown autoantibody depositions not 
only on the desmosomes, but also along the cell membrane without desmosomal structures. 82-

84 However in another study only desmosomal autoantibody depositions were found. 85  Further 
studies have shown that desmosome size and number is reduced in lesional and Nikolsky-positive 
PF and mcPV skin. 62,86 Therefore, the sequestration of non-desmosomal Dsg and plakoglobin into 
clusters may render these molecules unavailable for incorporation into desmosomes, resulting 
in smaller and less desmosomes (Figure 6). Similar clustering of Dsg and IgG has been found in 
studies using cultured keratinocytes incubated with PV IgG. 87

Evidence supporting the depletive effects of anti-Dsg IgG on desmosomal assembly is mainly 
obtained from in vitro experiments with cultured keratinocytes and in vivo mouse models.  
Incubation of cultured keratinocytes with pemphigus vulgaris IgG or monoclonal anti-Dsg3 
antibodies first leads to a reduced amount of Dsg3 in the triton soluble pool of cell membrane 
proteins.  After several hours, also the tritons insoluble pool is depleted of Dsg3. 88,89 Mice exposed 
to anti-Dsg3 IgG show similar effects. 90  The triton soluble pool of Dsg is interpreted as being 
composed of non-desmosomal membrane bound Dsg, while the triton insoluble pool is thought 
to be composed of desmosomal Dsg. Therefore, these findings support the hypothesis that in 
pemphigus, anti-Dsg IgG interferes with desmosomal assembly by binding to and depleting the 
pool of pre-desmosomal components. There is evidence that the depletion of desmogleins from 
desmosomes occurs via autoantibody induced endocytosis, and subsequent degradation of 
Dsgs. 78,84,91-94 In addition, in PV the less differentiated, lower epidermal layers may be more prone 
to this depletion. 95

Most studies have predominantly focused on the depletive effects of anti-Dsg3 autoantibodies. 
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For the depletive eff ects of anti-Dsg1 autoantibodies there is substantially less evidence. In vivo, 
the smaller desmosomes in the skin of PF patients can be viewed as indirect evidence of the 
depletive eff ects of Dsg1 IgG in PF. 62,86 However, direct proof of Dsg1 depletion from desmosomes 
in PF patient skin is lacking. Electron microscopy studies that investigate the ultrastructure of 
pemphigus patient tissue have provided us with improved insights in pemphigus pathogenesis. 
62,96-98 Besides the aforementioned shrinkage of desmosomes in N+ PF patient skin, intercellular 
widening has been observed in the areas where Dsg1 clusters are most abundant.  This widening 
could also be reproduced in vitro in cultured keratinocytes exposed to anti-Dsg1 PF IgG. 99 Despite 
these insights, the ultrastructure of the Dsg1 clusters in PF skin is yet unknown. Therefore, in 
chapter 6 we use immunoelectron microscopy on PF patient skin, to determine the ultrastructural 
fate of Dsg1 and whether or not desmosomes are depleted of Dsg1, in PF pathogenesis. 

 

Figure 6. Proposed mechanism of desmosomal depletion and acantholysis in pemphigus.
Under normal circumstances, non-desmosomal desmogleins of various isoforms (each colour represents 
an isoform) are continuously being built in and discarded from desmosomes (A). In pemphigus, anti-Dsg 
autoantibodies bind to non-desmosomal desmogleins, preventing their incorporation into desmosomes. When 
only one of the Dsg-isoforms is targeted, desmosomes are selectively depleted of these isoforms (B).  When both 
Dsg isoforms are targeted by the autoantibodies, no compensation is possible, desmosome assembly is halted, 
desmosomes ‘melt’ away, and acantholysis occurs (C). The fi gure is taken from Oktarina et al.18
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- Cell signaling
Multiple signaling pathways have been implicated in pemphigus pathogenesis, and pharmacologic 
intervention in such pathways may provide us with new therapeutic options for pemphigus. 
These pathways include the EGFR (epidermal growth factor receptor), mTOR (mammalian target 
of rapamycin) and p38MAPK (p38 mitogen activated protein kinase) signaling pathways. Drugs 
that target the EGFR and mTOR pathways are currently already being used as effective therapies 
for other diseases. EGFR-inhibitors are used to treat lungcarcinoma patients and sirolimus, an 
inhibitor of the mTOR pathway, has proven to be effective in preventing organ-rejection in kidney 
transplantation patients. In addition, inhibition of the p38MAPK pathway has been attempted 
in the treatment of inflammatory diseases such as rheumatoid arthritis. However, the toxicity 
profiles of these p38MAPK-inhibitors are a cause for concern. 
What is the evidence for the role of the EGFR, mTOR and p38MAPK signaling pathways in pemphigus 
pathogenesis?  Both in vitro studies with cultured keratinocytes that are incubated with PV IgG, 
as well as in vivo mouse models in which mice are injected with PV IgG have shown that IgG 
induces the activation of EGFR signaling, as shown by the upregulation of downstream signaling 
molecules such as c-myc. In addition, inhibitors of EGFR signaling prevent Dsg3 endocytosis and 
acantholysis in these models. 78,90,100 Furthermore, the phosphorylation of p38MAPK becomes 
increased in patient skin and in mice treated with both PV and PF IgG, and the inhibition of 
p38MAPK also prevented acantholysis in vitro and in vivo. 94,101 Similarly, the mTOR-signaling 
pathway, which acts downstream of EGFR, may play a role in acantholysis, and the inhibition of 
mTOR-signaling using sirolimus has been proposed as a new therapy for pemphigus. 
 

mTOR
mTOR is a serine/threonine protein kinase. It is a cytoplasmic protein that binds to other proteins 
to form 2 types of complexes: TOR complex-1 (TORC1) and TORC2. 102,103 This introduction will 
focus on TORC1, as this is targeted by sirolimus.  Besides mTOR, TORC1 is composed of the proteins 
raptor and mLST8. mTOR can be activated via several growth factors which bind to growth factor 
receptors on the cell membrane. These factors include insulin, insulin like growth factor (IGF) and 
the epithelial growth factor (EGF). In addition, stress, hypoxia and a shift in nutrient availability 
can trigger the mTOR pathway. Binding of the growth factors to their receptors results in the 
activation of Phosphatidylinositol 3 kinase (PI3K), Akt, Tuberous Sclerosis Complex (TSC) and 
Ras homolog enriched in brain (Rheb) signaling cascade. This results in the phosphorylation 
and activation of mTOR and several of its TORC1 binding partners, and the regulation of several 
down stream signaling molecules including S6K1 and 4EBP1. Phosphorylation of mTOR at 
Serine-2448 is regarded as a marker for active mTOR signaling, 104,105 and this signaling pathway 
is a crucial regulator of cell growth, survival, proliferation, vesicular trafficking and cytoskeletal 
organization.102,103
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mTOR and pemphigus pathogenesis
An increase in mTOR ser-244 phosphorylation was observed in the basal keratinocytes of neonatal 
mice skin, upon injecting these mice with PV IgG. Furthermore the inhibition of the mTOR-signaling 
pathway by pretreating the mice with intradermal sirolimus, inhibited acantholysis. 106 This 
suggests that the activation of the mTOR-signaling pathway precedes acantholysis in pemphigus 
pathogenesis.  In line with this, two case reports have been published that advocate the use of 
systemic sirolimus in the treatment of PV in humans. The first case report describes a 49-year old 
male PV patient with genital blisters. 107 The patient was refractive to therapy with prednisone, 
dapsone, methotrexate and gold sodium thiomalate. Due to this immunosuppressive therapy the 
patient developed a Kaposi sarcoma. Therefore methotrexate was switched to systemic sirolimus, 
which resulted in an improvement of the sarcoma and a fast and complete remission of the PV. 
The second case report 108 describes a 49-year old patient with mcPV, with refractive skin lesions 
despite therapy with prednisone, azathioprine and intravenous immunoglobulins. Azathioprine 
was stopped, the dose of prednisone was reduced, and systemic therapy with sirolimus was 
started.  This resulted in complete remission after 2 weeks. The quick response displayed in these 
two case reports, and the effective intradermal treatment in the PV mouse model, have been used 
to argue that sirolimus exerts its protective effect by directly acting on keratinocytes, as opposed to 
acting as a systemic immunosuppressive agent that inhibits autoantibody formation. Therefore, in 
chapter 7 we evaluated whether topical sirolimus could be used as therapy for three PV patients. 
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Abstract
Background Pemphigus foliaceus (PF) is an autoimmune skin disease characterized by subcorneal 
blistering and IgG antibodies directed against desmoglein 1 (Dsg1). In skin these antibodies 
deposit intraepidermally. On rare occasions an additional ‘lupus band’ of granular depositions of 
IgG and complement is seen along the epidermal basal membrane zone (BMZ). This combined 
pattern has in the past been connected with a variant of PF named pemphigus erythematosus 
(PE). 
Observations We describe three PF cases that had received phototherapy after having been 
misdiagnosed for psoriasis. This resulted in a flare-up of skin lesions. Direct immunofluorescence of 
skin biopsies that were taken several weeks later demonstrated both intraepidermal and granular 
BMZ depositions. The BMZ depositions consisted of IgG, complement and the ectodomain of 
Dsg1, and were located at the level of the lamina densa. 
Conclusions It is likely that high doses of UV-light induce the cleaving-off of the Dsg1 ectodomain. 
In PF patients the circulating anti-Dsg1 antibodies precipitate this cleaved-off ectodomain along 
the BMZ, resulting in a ‘lupus band’-like appearance. In PE a similar mechanism may be active 
which might explain the so-called ‘lupus-band’ phenomenon. 
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Introduction
Pemphigus foliaceus (PF) is an autoimmune skin disease characterized by subcorneal blistering, 
and intraepidermal deposition of IgG antibodies that bind the desmosomal cadherin desmoglein 
1 (Dsg1). Occasionally additional deposition of IgG is present along the epidermal basement 
membrane zone (BMZ), and this combined pattern has in the past been correlated with 
pemphigus erythematosus (PE). Based on its typical clinical manifestations of a lupus-like butterfly 
rash or severe seborrheic dermatitis, Senear and Usher initially suggested that PE was a condition 
where pemphigus vulgaris (PV) was combined with lupus erythematosus (LE), later named 
Senear-Usher syndrome 1,2. When insights into the differences between PV and PF crystallized,  
PE was not classified with PV anymore but instead considered an early or not-generalized form 
of PF 3. When immunofluorescence became a diagnostic tool the association with LE revived. 
Chorzelski et al described a so-called ‘lupus-band’ deposition in sun-exposed skin areas of PE 
patients together with anti-nuclear antibodies (ANA) as in LE 4. Later papers however showed 
less clinicopathological concurrency with LE as ANA antibodies appeared often absent, and the 
overall significance of this became disputed as it emerged that ANA antibodies were also present 
in a high percentage of the normal population 5-9. Although it is clear that in occasional cases LE 
can present simultaneously with pemphigus, the gross of the PE patients do not by far meet the 
criteria for SLE as published by the American College of Rheumatology (ARA) 10, 11. Therefore, what 
is called PE today should be separated from the sparse cases of actual concurrent LE and PV/PF. 
The basic teaching books nowadays consider PE to be a localized form of PF 12. 
 The diagnostic criteria for PE do remain somewhat obscure. Clinically, PE is suspected in non-
generalized disease with either symmetric distribution in the face or seborrheic areas 13-16. 
Histologically, PE and PF are both characterized by subcorneal blistering, and in both circulating 
autoantibodies against Dsg1 are present. In contrast to PF, however, biopsies of PE patients 
often reveal the ‘lupus-band’ phenomenon in which a coarse granular deposition of IgG and 
complement is found along the BMZ in addition to the typical intercellular substance (ICS) 
deposition 4, 5. This band is present in a high percentage of patient biopsies (up to 60%), and 
likely reflects a unique immunopathological aspect of PE5.  As in LE, the mechanism of this BMZ 
deposition in PE remains unclear.
 We have recently investigated the ICS deposition in PF and have shown that the IgG deposits in 
a punctate pattern in the skin, especially in the lower layers 17. This granular deposition is caused 
by IgG induced clustering of Dsg1 and plakoglobin (PG). Here we have extended this study to 
three UV-irradiated PF patients who had skin biopsies that displayed the combined ICS and BMZ 
deposition.

2. Dsg1 ectodomain in the lupus band of PE
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Report of cases
Case 1
An 80-year-old woman was admitted to our hospital in February 1993, with a 3-year history of 
generalized progressive erythemato-squamous skin lesions with pustules and flaccid blisters. This 
had initially been diagnosed elsewhere as psoriasis pustulosa complicated by secondary infection 
with Staphylococcus aureus. The patient had received several therapies including methotrexate, 
systemic erythromycin, acitretin and cyclosporine. Due to methotrexate related hepatotoxicity 
and insufficient effectivity of the other therapies, the patient switched over to a twice-weekly 
regimen of psoralen-UVA (PUVA) therapy with 40mg methoxsalen in January 1993.  During PUVA 
therapy, the skin lesions worsened and therapy was stopped after 3 weeks. Physical examination 
at this time, revealed suberythroderma, consisting of confluent and scattered red macules with 
scales and purulent crusts. In the face a malar distribution was present. In addition multiple 
erosions and flaccid blisters were seen and Nikolsky’s sign was positive. The mucous membranes 
were not involved. Histopathology of a skin biopsy revealed an intraepidermal cleft just below 
the granular layer and slight dermal inflammation.  Direct immunofluorescence microscopy (IF) 
of lesional and non-lesional skin showed intra-epidermal ICS depositions with a smooth staining 
pattern in the higher spinous layers and a coarse granular pattern in the lower spinous layers, as 
well as granular IgA and fibrin depositions in subepidermal vessel walls. In addition, non-lesional 
skin revealed coarse granular IgG and C3c depositions along the BMZ. Indirect IF on monkey 
esophagus revealed circulating anti-ICS IgG with a titer of >1:320. Retrospective analysis by ELISA 
revealed the presence of anti-Dsg1, but no anti-Dsg3, antibodies. Blood tests were negative 
for antinuclear, anti-ENA, anti-dsDNA, anti-SSA, anti-smooth muscle and anti-striated muscle 
antibodies. 
 

Case 2
A 76-year-old woman with a 2-month history of generalized cutaneous blistering was admitted 
to our hospital in May 1997. The patient reported that, 6 months earlier, she had developed 
itching plaques all over her body and scalp, with exception of her legs. This was diagnosed 
elsewhere as psoriasis vulgaris, and the patient was treated with UVB-therapy, starting 4 months 
before. Two months after the start of UVB therapy, she developed painful blisters on trunk and 
face, with a burning sensation resembling that of sunburn. UVB therapy was stopped, but the 
blistering progressed. Physical examination, two months after the last UVB treatment, revealed 
multiple crusts on scalp, face and lips, without involvement of oral mucosa. In addition, significant 
erosive lesions were present on neck, arms and legs, and on the trunk erythema with crusts. 
The legs and dorsal trunk had a positive Nikolsky’s sign. The overall presentation resembled that 
of toxic epidermal necrolysis, staphylococcal scalded skin syndrome, or pemphigus foliaceus. A 
skin biopsy taken from the upper leg 4 months after start of UVB therapy, showed ulcerative 
and erosive inflammation and secondary impetigo with beginning re-epithelialization. Direct IF 
of non-lesional and perilesional skin revealed smooth intraepidermal ICS IgG depositions in the 
higher spinous layers and a coarse granular depositions in the lower layers, with weaker C3c 
depositions. In addition, granular IgG, IgM and C3c depositions were present along the BMZ in 
the non-lesional and perilesional skin.  Indirect IF on monkey esophagus showed circulating anti-
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ICS antibodies with IgG titers of 1:640. Indirect IF on rat bladder urothelium was negative. Anti-
Dsg1 antibodies but no anti-Dsg3 were detected by ELISA, retrospectively. Circulating antinuclear 
antibodies were detected at titers of 1:20, falling below the cut-off range, and thus valued as 
negative.

Case 3
A 68-year-old male was referred to our hospital in April 2005 with a 2-year history of red scaly skin 
lesions starting in the medial corner of the right eyelid, and progressing to his chest and back. 
This was initially diagnosed elsewhere as psoriasis. The patient was subsequently treated with 
methotrexate. In addition, PUVA therapy was started 5 weeks later. The patient reported that 24 
hours after the first PUVA treatment, generalized itching developed, followed by blistering on the 
whole body including scalp and extremities. Physical examination revealed facial malar erythema 
and erythematous confluent macules with central erosions, excoriations, crusts, and flaccid blisters 
on the scalp, trunk and extremities. Mucous membranes were not involved. Nikolsky’s sign was 
positive at blister margins, but negative on non-lesional skin. Skin biopsies taken from the upper 
leg and back, 5 weeks after start of PUVA therapy, showed a globally intact epidermis with what 
looked like a remainder of a blister in the corneal layer and subepidermal neutrophilic infiltrates 
surrounding the blood vessels. Direct IF of perilesional skin showed intraepidermal intercellular 
IgG, IgA and C3c depositions, with smooth staining of IgG in the upper and granular staining in 
the lower layers. In addition, granular IgG, IgA and C3c deposits were present along the BMZ. 
Indirect IF on monkey esophagus revealed the presence of circulating anti-ICS antibodies, and 
anti-Dsg1 but no anti-Dsg3 IgG antibodies were detected by ELISA. Blood tests were negative for 
antinuclear antibodies.
 
Despite a malar distribution of skin lesions in two of the three patients, and the relation with 
UV-exposure in all three, the patients did not otherwise fulfill the ARA criteria for LE. Instead the 
immunopathological findings fitted the diagnosis PF, and the malar involvement and presence of 
BMZ depositions were typical for PE.

Results
A total of nine skin biopsies had been stored from the three cases. The skin biopsies had all been 
taken from UV-exposed sites, since the whole body of the patients had received UV-therapy. All 
nine biopsies showed intra-epidermal deposition of IgG, and six had additional BMZ deposition 
of IgG and complement C3c (Figure 2A shows biopsies of all three patients). These BMZ deposits 
were not found in 51 biopsies of 14 other PF patients that had not received phototherapy (not 
shown).  
 As Dsg1 is the autoantigen in PF we stained our biopsies with anti-Dsg1 monoclonal Dsg1-P23. 
The staining overlapped with the IgG and C3c depositions, thus Dsg1 was not only present in 
the intraepidermal deposits but also in the BMZ deposits (Figure 2B). As controls we stained 
four biopsies of different LE patients with the anti-Dsg1 monoclonal. LE patients also have BMZ 
depositions of IgG (lupus band) but ANA antibodies instead of anti-Dsg1 antibodies. As expected 

2. Dsg1 ectodomain in the lupus band of PE
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Dsg1 was absent from the BMZ depositions in the LE biopsies, thus the presence of Dsg1 in such 
band is exclusive to PF (Figure 2C).
 To confirm our observation we stained with three other anti-Dsg1 monoclonal antibodies. The Dsg 
ectodomain specific monoclonal antibodies (Dsg1-P23, Dsg1-P124) colocalized with the BMZ IgG, 
whereas the Dsg endodomain antibodies (27B2 and DG3.10) did not, demonstrating the absence 
of the Dsg1-endomain in the lower BMZ deposits (Figure 3A and 3B). The somewhat higher 
clusters do contain both the Dsg1 endomain and ectodomain (figure 3B, yellow clusters). These 
clusters are part of the normal intraepidermal granular IgG depositions in PF skin that consist of 
IgG, full-length Dsg1 and PG 17, and may look like BMZ deposits, but are not, since they are located 
in the basal cells (yellow dots in figure 3B, right panel). To investigate if PG was also present in 
the BMZ deposits we double stained for PG and the Dsg1-ectodomain. PG appeared to be only 
present in the epidermal deposits (Figure 3C, left) but not in the BMZ deposits that contained the 
Dsg1-ectodomain. The BMZ deposits did furthermore not contain other desmosomal cadherins, 
Dsg3, Dsc1 and 3 (not shown).
 The absence of the cytoplasmic protein PG and the endodomain of Dsg1 in the BMZ deposits 
suggested that the deposits were located outside the cells and were not connected with the cell 
membrane of the basal keratinocytes. To more precisely determine the location of the deposits, 
we performed double stainings with monoclonals to the Dsg1 ectodomain and the adhesion 
molecules type XVII collagen, laminin-332 and type VII collagen that map to different levels of the 
BMZ. Most of the deposits colocalized with type VII collagen with some found above or beneath 
the type VII collagen, indicating that the deposits are scattered around the lamina densa with 
some lying in the sublamina densa zone (Figure 3D).
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 1
(A) Extensive lesions in patient # 2, 2 months after ending UVB therapy. (B) The typical PE facial butterfly eruption 
of patient #1.
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Figure 2 Immunofluorescence analysis of skin biopsies. 
(A) ‘Lupus band’ IgG deposition in skin of the three PF patients. (B) The deposited IgG (left, green) colocalizes with 
Dsg1 (middle, red) in PF patient skin but not in (C) SLE patient skin. All images have the same magnification. The 
white bar is 40 micrometers.

2. Dsg1 ectodomain in the lupus band of PE
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Figure 3 Immunofluorescence analysis of the deposits. 
(A) The Dsg1 endodomain (left, green) is absent in the BMZ deposition. (B) Detail of (A) showing that the lower BMZ 
deposits contain the Dsg1 ectodomain (red) only, while the higher deposits in the basal cells contain both the endo- 
and ectodaim (yellow). (C) Also plakoglobin (left, green) is absent in the BMZ deposition. (D) The Dsg1 ectodomain 
(green) is found on and around type VII collagen. The images in A, C and D have the same magnification, the white 
bar in D is 40 micrometers. The white bar in B is 10 micrometers. 
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Discussion
Previous case reports have demonstrated that UV irradiation can induce skin lesions in PE and 
PF 19-21. Although BMZ deposition of complement is often seen in PF, BMZ deposition of IgG is 
uncommon. The three cases described here, suggest that UV-light can induce a ‘lupus band’ in 
PF patients. 
 In PE, the BMZ IgG deposition was previously shown to be related with UV-exposure. Giannetti 
demonstrated for PE patients that BMZ depositions were specific to sun-exposed areas. He 
investigated biopsies taken from lesional skin of both face and back of five patients. Where in four 
of five facial biopsies BMZ IgG deposition was present, no depositions were seen in any biopsies 
of the back 7. 
 The granular BMZ depositions in our UV-irradiated patients skin consist of the Dsg1 ectodomain, 
IgG and complement. The mechanism involved in the shedding of this Dsg1 ectodomain might 
include apoptosis. Dsg1 is reported to be a target of the effector caspase-3 in UV-induced 
apoptosis of keratinocytes 22. This apoptotic proteolysis also involves additional metalloproteinase 
dependent shedding of the 75 kDa Dsg1 ectodomain fragment. This fragment contains the 
extracellular (EC) 1 and EC2 domains that harbor the epitopes recognized by the pathogenic 
autoantibodies in PF 23. Therefore when these fragments diffuse out into the dermal compartment 
they can form immune complexes with the circulating anti-Dsg1 antibodies and deposit.
 The data obtained from our three UV-irradiated patients may well provide the first clue for 
unraveling the mechanism behind BMZ deposition in PE since its first demonstration by Chorzelski 
et al. in 1968. We hypothesize that in PE also a UV-driven mechanism is active that releases Dsg1 
fragments from the cell membrane, thus forming deposits along the BMZ. As this does not happen 
in ‘ordinary’ PF, PE patients somehow are predisposed for developing such pathophysiology. In 
this way, PE parallels discoid and subacute cutaneous lupus erythematosus (CDLE, SCLE) where 
the lupus band is also induced by UV-radiation in sun-protected non-lesional skin 24. PE and both 
LE forms are autoimmune diseases but with different autoantibodies, respectively anti-Dsg1 and 
ANA. In CDLE and SCLE characterization of the antigen involved in the lupus band so far has been 
unsuccessful, but the favored view is that the IgG reacts with nuclear and cytoplasmic antigens 
that are slowly released from damaged, possibly apoptotic, keratinocytes 25. Similarly, in PE, the 
IgG might react with the Dsg1 fragments.
 Considering the data presented in this study, we conclude that PE is a subform of PF, 
immunologically characterized by unique, Dsg1 ectodomain containing granular epidermal BMZ 
immune deposits. In PE, an additional pathomechanism specific to PF is active that is evoked 
by UV radiation. Therefore, PE should be considered a photosensitive subform of PF, and not be 
confused with a combination of LE and pemphigus.
 

 
 
 
 

2. Dsg1 ectodomain in the lupus band of PE
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Abstract
Background Paraneoplastic pemphigus (PNP) is a multiorgan disease characterized by 
antibodies against plakins, desmogleins and the alpha-2-macroglobulin-like-1 (A2ML1) protein, 
in association with an underlying neoplasm. Accurate diagnosis relies on the demonstration of 
these autoantibodies in serum. 
Objectives To evaluate the value of different laboratory techniques in the serological diagnosis 
of PNP. 
Methods We performed immunoblotting, envoplakin (EP)-ELISA, indirect immunofluorescence 
(IIF) on rat bladder, radioactive immunoprecipitation and a non-radioactive combined 
immunoprecipitation-immunoblot assay. Additional assays included BP180-ELISA and BP230-
ELISA. We included sera of 19 PNP and 40 control patients.
Results The sensitivities were 63% for anti-EP ELISA, 74% for rat bladder IIF, 89% for immunoblotting, 
95% for radioactive immunoprecipitation and 100% for non-radioactive immunoprecipitation. 
Specificities ranged from 86-100%. The BP180- and BP230-ELISAs had low sensitivity and 
specificity for PNP. The combination of rat bladder-IIF and immunoblot showed 100% sensitivity 
and specificity. Analysis of sequential PNP sera showed that antibody titers may decrease over 
time, possibly resulting in negative outcomes for envoplakin-ELISA and rat bladder-IIF studies. 
Conclusions Detection of autoantibodies against envoplakin and periplakin, or A2ML1 
by immunoprecipitation is most sensitive for PNP. The combination of rat bladder-IIF and 
immunoblotting is equally sensitive and highly specific, and represents an alternative valuable 
and relatively easy approach for the serological diagnosis of PNP.
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Introduction
Paraneoplastic pemphigus (PNP) is a severe autoimmune multiorgan disease, first described by 
Anhalt et al in 1990. 1 It is characterized clinically by painful stomatitis,  polymorphous cutaneous 
manifestations and sometimes also pulmonary involvement, in patients with underlying neoplasia. 
2,3 Mortality rates are high, with 1-, 2-, and 5- year survival rates of 49%, 41% and 38% respectively, 
the main causes of death being infections and progression of neoplasia. 4 Histological changes are 
numerous, including intraepidermal acantholysis, vacuolar interface dermatitis and keratinocyte 
necrosis. 5,6 Direct immunofluorescence (DIF) studies of skin or mucosa biopsies often show 
deposition of IgG and complement component C3 on the epithelial cell surface, sometimes 
accompanied by linear depositions along the epithelial basement membrane zone (BMZ). 6-8 
The manifestations of PNP are therefore diverse, resembling pemphigus vulgaris (PV), erythema 
multiforme, Stevens-Johnson syndrome, toxic epidermal necrolysis or a lichenoid dermatosis. 8-12 
This is why diagnosis is often challenging.  
PNP is also characterized by the presence of autoantibodies against multiple antigens, 
among which are the proteins of the plakin family, which are part of the intracellular plaque 
of desmosomes and/or hemidesmosomes. 1,13-22,23 These include the 210 kDa envoplakin (EP), 
the 190 kDa periplakin (PP), the 230 kDa bullous pemphigoid antigen BP230, 250 and 210 kDa 
desmoplakins I and II (DSPI and DSPII), and the 500 kDa plectin. The previously described 170 kDa 
autoantigen has recently been identified as the protease inhibitor alpha-2-macroglobulin-like-1 
(A2ML1). 24,25 Other antigens include the desmogleins (Dsg) 1 and 3. 16 Antibodies to plakophilin 
3 and desmocollins 1- 3 have also been reported. 26,27  Demonstration of PNP specific antibodies 
is an important tool in diagnosing PNP. Several laboratory tests are available, including indirect 
immunofluorescence microscopy (IIF) studies on rat bladder sections. Rat bladder urothelium 
does not contain Dsg1 and -3 but does contain DSP, EP and PP. A positive staining of the 
urothelium is therefore considered an indication of PNP. 28,29,30 In addition, immunoprecipitation 
and immunoblot are often used to demonstrate the characteristic PNP antibody response. 9,14,18 
A relatively new test is anti-EP ELISA that has recently become commercially available. 31 Tests 
to characterize the anti-BMZ antibody response include a BP230- and BP180-ELISA. 32 Although 
these techniques have been individually validated, comparative studies on their usefulness in 
diagnosing PNP are scarce. As PNP is rare, with only approximately 450 cases reported so far, 
33 and as it only comprises 3-5% of all pemphigus cases (personal estimation based on Dutch 
patients), most laboratories are not familiar with its diagnostics. In the present study we therefore 
compared the diagnostic value of the currently available immunoserological techniques. 
 
 
 
 
 
 
 
 
 

3. Laboratory diagnosis of paraneoplastic pemphigus
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Materials and Methods
Patient selection
Nineteen PNP patients were included, with a median age of 56,6 years (age range 29-86 years). 
The male to female ratio was 2:1. The diagnosis of PNP was made if patients fulfilled the following 
criteria, adapted from the revised criteria proposed by Anhalt in 2004 and Zimmerman in 
20106,8 : (1) Painful and persistent stomatitis, with or without a polymorphous skin eruption. (2) 
The demonstration of plakin autoantibodies. (3) The presence of an underlying neoplasm. As 
control, twenty-four PV patients were included, one of whom had an underlying neoplasm (lung 
carcinoma) but no other PNP characteristics. Furthermore, three patients who had additional 
anti-DSP antibodies (a-DSP) (one pemphigus foliaceus, one PV and one bullous pemphigoid), 
and 13 toxic epidermal necrolysis (TEN) patients were  included as controls. The diagnosis of PV 
was based on the clinical and histological features of suprabasal acantholysis and the presence 
of anti-Dsg3 with or without anti-Dsg1 antibodies. The diagnosis of TEN was based on clinical 
and histological features.  If DIF biopsies of PNP and PV were available these showed the typical 
pemphigus epidermal anti-cell surface (ACS) deposition pattern of IgG with or without C3 
deposits. Most PNP patients had additional depositions of IgG or C3 along the BMZ. PNP patient 
characteristics are summarized in table 1. 
 
Immunoblot, radioactive and non-radioactive immunoprecipitation analyses
Routine immunoblot analysis was performed as described previously. 34 Radioactive 
immunoprecipitation analysis was performed using radiolabeled extracts from cultured 
differentiated human keratinocytes, as previously described. 24 For the non-radioactive 
immunoprecipitation analysis, keratinocytes grown to near confluence, were differentiated 
for 6 to 10 days to induce A2ML1 by adding 1 mM CaCl2, 0.1 mM isoproterenol and 0.4 μg/
ml hydrocortisone to CnT keratinocyte medium (Cellntech, Bern, Switzerland). Cells were then 
extracted for 10 minutes in ice cold 1% (v/v) Triton-X100, 50 mM MOPS, 150 mM NaCl, 5 mM 
EDTA with protease inhibitor Complete (Roche, Almere, the Netherlands). Debris was removed by 
centrifugation and the extract was stored at -80 °C. Patient serum (20 μl) was incubated for one 
hour at room temperature with 60 μl GammaBind G Sepharose (GE healthcare, Uppsala, Sweden) 
and washed over a 1 M sucrose plus 150 mM NaCl solution. One hundred μl keratinocyte extract 
was incubated with the beads for one hour at room temperature, and washed over sucrose 
solution. Twenty μl Laemmli sample buffer was added to the beads and heated at 100 °C for 5 
minutes. This was run on a 5% SDS-PAGE slab gel and then electrophoretically transferred to an 
Immobilon-P PVDF-membrane (Millipore, Billerica, MA, U.S.A.). The membrane was blocked with 
2% (w/v) low-fat milk powder TBST for 1 hour and incubated overnight with a cocktail of 1:500 
diluted antibodies against DSP (DSPII.15; Abcam, Cambridge, U.K. ), EP (CRENV-1; Abcam), PP 
(C20; Santa Cruz Biochemicals, CA, U.S.A) and a 1:250 diluted anti-A2ML1 antibody (B01P, Abnova, 
Taipei City, Taiwan). Subsequent incubations consisted of 1:2000 goat anti-rabbit IgG (Nordic 
Immunologic Laboratories; Eindhoven, the Netherlands) and 1:500 AffiniPure goat anti-mouse IgG 
(Jackson Immunoresearch, West Grove, U.S.A), followed by 1:500 alkaline phosphatase conjugated 
AffiniPure rabbit anti-goat IgG ((Jackson Immunoresearch, West Grove, U.S.A.). Antibody binding 
was visualized by incubation with 5-bromo-4-chloro-3-indolyl phosphate/nitro blue tetrazolium.
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DIF Patient 

# 

Age (yrs.)/sex Neoplasm Dsg1 

ELISA 

index 

Dsg3 

ELISA 

index 
ACS BMZ 

1 61/m CLL 98 >150 n.a. n.a. 

2 ?/? Castleman tumor 2 >150 n.a. n.a. 

3 54/f B-cell NHL 2 2 G+ C+ G+ C+ 

4 53/m NHL 57 145 G+ C+ M+ 

5 29/f Castleman’s disease 3 158 G+ G+ M+ A+ 

C3c+ 

6 75/m NHL 1 >150 n.a. n.a. 

7 56/f Epithelioid leiomyosarcoma >150 >150 n.a. n.a. 

8 61/m Malignant fibriohystiocytoma 2 42 n.a. n.a. 

9 64/m Low grade B-cell NHL 9 150 G+ G+ A+ C+ 

10 43/m Follicular NHL 7 114 inconclusive G+ 

11 86/m Larynx carcinoma >150 136 G+ C+ - 

12 70/m Follicular NHL 2 >150 G+ C+ C+ 

13 39/m B-cell NHL 2 142 G+ C+ C+ 

14 69/m Centrocytic lymphoma 46 115 n.a. n.a. 

15 49/f Low grade NHL 3 54 G+ C+ G+ C+ 

16 50/f Leukemia 9 32 n.a. n.a. 

17 57/m NHL 9 75 n.a. n.a. 

18 56/m Carcinoid 1 50 G+ C+ M+ 

19 73/f Follicular NHL 0 94 G+ C+ - 

ELISA
ELISAs for the detection of anti-Dsg1, -Dsg3, the NC16A ectodomain of BP180, BP230 (all 
MBL, Nagoya, Japan) and the N-terminal domain of EP (EUROIMMUN, Lubeck, Germany) IgG 
autoantibodies were performed according to the manufacturer’s instructions. 
 
Indirect immunofluorescence microscopy
Indirect immunofluorescence studies of patient sera was performed on rat bladder (1:10) as 
previously described. 35 As secondary antibody we used FITC-conjugated goat anti-human IgG 
(Protos Immunoresearch, Burlingame, CA, U.S.A.). Sections were viewed under a Leica DMRA 
fluorescence microscope and images were recorded with a Leica DFC350 FX digital camera 
(Leica, Wetzlar, Germany). 
 
Statistical analysis
The sensitivities and specificities of the different immunoserological techniques to diagnose PNP 
were calculated as follows:
Sensitivity (%)= True positive/(True positive + False negative) x 100
Specificity (%)= True negative/ (True negative + False positive) x 100

 
 

Table 1. PNP patient characteristics. Abbreviations: CLL, Chronic Lymphocytic Leukemia; NHL, Non-Hodgkin 
Lymphoma; yrs., years; ELISA, enzyme linked immunosorbent assay; DIF, direct immunofluorescence microscopy; 
ACS, anti-cell surface; BMZ, basement membrane zone; G+, positive for IgG depositions, C+, complement 
depositions, M+ , IgM depositions, A+ , IgA depositions; n.a., biopsies not available; -, negative. 

3. Laboratory diagnosis of paraneoplastic pemphigus
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Results
Immunoprecipitation using radioactively labeled keratinocyte extracts 
When tested by radioactive immunoprecipitation, 14 PNP sera (74%) precipitated EP and PP and 
15 PNP sera (79%) precipitated A2ML1 (Fig. 1a). Overall, 18 PNP sera (95%), but none of 8 control 
sera, precipitated either EP and PP or A2ML1. Thirteen (68%) PNP sera precipitated DSP and 4 
patients (21%) BP230. One serum (#15) only precipitated DSP, with two bands of 250kDa and 
210kDa representing DSP-1 and –II, respectively, and could not be distinguished from the three 
a-DSP controls that also precipitated DSP. This serum however was positive on immunoblot (IB) 
and by non-reactive immunoprecipitation-immunoblot (IP-IB) for antibodies against EP and PP. 
 
Non-radioactive immunoprecipitation-immunoblot analysis 
To evaluate a non-radioactive combined IP-IB technique for PNP, we tested sera of 15 PNP (Fig. 1b), 
12 PV, 13 TEN, and the 3 a-DSP control patients. Four PNP sera (#1, 2, 3 and 13) could not be tested 
due to the limited amount of serum. Thirteen PNP sera (87%) precipitated EP and PP, 7 (47%) of 
these 13 also precipitated A2ML1, and three (20%) precipitated DSP. Two sera (#18 and 19) tested 
positive for A2ML1 by nr-IP and IP-IB, but tested negative for EP and PP by all techniques. Overall, 
all 15 PNP sera tested positive for either anti-EP and –PP antibodies or anti-A2ML1 antibodies. 
None of the 28 controls precipitated EP, but two PV sera precipitated PP. Surprisingly, with four of 
the 13 TEN sera we observed a faint band at the position of A2ML1. The intensities of these bands 
were considerably weaker than those obtained with the PNP sera. Two of these four also weakly 
precipitated PP. DSP was precipitated by one PV and by one of the three a-DSP sera.
 
Immunoblotting
By IB, using protein extracts from undifferentiated keratinocytes, 17 of the 19 (89%) PNP sera 
bound to EP and PP (Fig. 1c). Binding to DSPI and -II was seen for respectively 9 (47%) and 7 (37%) 
cases. Six sera (32%) bound to BP230 and one (5%) bound to plectin. In the control group, one of 
24 PV sera recognized BP230 (4%), while all 3 a-DSP sera bound DSP. The 12 included TEN sera all 
tested negative. An overview of the r-IP, IP-IB and IB results for the PNP and control group is shown 
in Fig.1d. The presence of EP and PP, or A2ML1 autoantibodies  was valued as positive outcome 
and used in the calculation of the sensitivity and specificity of each test (Table 3).  
 
EP ELISA
Twelve PNP sera (63%) tested positive by EP-ELISA (Fig. 2a). One of the 24 PV controls also tested 
positive, but no evidence for EP antibodies was found by either IB or IP-IB and rat bladder IIF was 
negative. All TEN sera tested negative. Of 5 PNP patients consecutive sera were available. EP-ELISA 
of these sera showed that anti-EP titers decreased during immunosuppressive therapy, and for 
two patients (# 6 and 7) the EP-ELISA index dropped below the cut-off of the ELISA (Fig. 2b). 
Nevertheless EP antibodies could still be demonstrated by IB, r-IP and IP-IB.
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Indirect immunofluorescence on rat bladder
Rat bladder IIF was considered positive if sera bound to the urothelial cell surface (Fig. 3a) with or 
without binding to the basement membrane zone. Some PNP sera bound in a smudgy urothelial 
pattern, but, as this was also seen for some controls, we considered this a negative test. Two of 
three a-DSP sera gave subtle urothelial cell surface staining of luminal cells (Fig. 3b), which was 
different from the PNP pattern and also valued as negative. Fourteen of the 19 PNP patients 
(74%) tested positive and all PV, TEN,  and a-DSP sera tested negative. The two sera (#18 and 19) 
that tested negative for PNP-specific antibodies by IB and EP ELISA, but positive for anti-A2ML1 
antibodies by r-IP and IP-IB, tested positive on rat bladder. For one patient (# 6) from whom we 
had consecutive sera, the test became negative during treatment.
 
Additional assays for BMZ antigens
Direct IF studies of PNP patients’ skin specimens sometimes demonstrate the presence of BMZ 
IgG deposition in addition to epidermal ACS deposition. Therefore, we tested all PNP and PV sera 
by BP230 and NC16A ELISA. Two PNP and three PV sera tested positive in the B230-ELISA, and 5 
PNP sera and one PV serum tested positive in the NC16A-ELISA. No clear correlation between DIF 
IgG BMZ depositions and ELISA was observed. 
All data are summarized in tables 2 and 3. Based on these data we formulated a diagnostic 
algorithm for PNP, as illustrated in figure 4.  
 
 
 
 
 
 
 
 

3. Laboratory diagnosis of paraneoplastic pemphigus
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Figure 1 Autoantibodies to plakins and anti-A2ML1 detected by r-IP, IP-IB and IB.  
(a) Radioactive immunoprecipitation (r-IP) results for 19 PNP sera, (b) Non-radioactive immunoprecipitation-
immunoblot (IP-IB) results for 15 PNP sera. For sera # 18 the A2ML1 band was weakly visible by eye, but barely visible 
after scanning to a digital image. We therefore used software to further enhance this image. (c) Immunoblot (IB) 
results for 19 PNP sera. (d) The prevalence of the different anti-plakin and anti-A2ML1 antibodies in the PNP and 
control group, as measured by r-IP, IP-IB and IB.
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Figure 2 Envoplakin autoantibody titers as measured by ELISA. 
(a) Twelve PNP and 1 control patient had titers above the ELISA detection limit. (b) Titers decrease over time. Two of 
five tested PNP patients had titers decreasing below the ELISA detection limit.
 

Figure 3. Indirect immunofluorescence on rat bladder urothelium. 
(a) Positive urothelial cell surface staining pattern typical for PNP. (b) Anti-DSP control serum gives a subtle luminal 
staining pattern (white arrows) of rat bladder urothelium. All scale bars represent 20 micrometers.
 
 

3. Laboratory diagnosis of paraneoplastic pemphigus
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Pat. 

# 

Rb-

IIF 

EP-

ELISA

BP230 

ELISA

BP180 

ELISA

r-IP IP-IB IB 

1 - + - + DSP BP230 EP PP A2ML1 Nd DSP BP230 EP PP   

2 + - - -     EP PP A2ML1 Nd     EP PP   

3 - - - -     EP PP A2ML1 Nd     EP PP   

4 - - - -         A2ML1   EP PP A2ML1     EP PP   

5 + - + +         A2ML1   EP PP A2ML1     EP PP   

6 + + - - DSP   EP PP A2ML1   EP PP A2ML1     EP PP   

7 - + - -   BP230 EP PP A2ML1   EP PP A2ML1   BP230 EP PP   

8 + + - -     EP PP A2ML1   EP PP A2ML1     EP PP   

9 + + - - DSP BP230 EP PP A2ML1   EP PP A2ML1 DSP BP230 EP PP   

10 + + - + DSP   EP PP A2ML1   EP PP A2ML1     EP PP   

11 + + - - DSP   EP PP A2ML1   EP PP       EP PP   

12 + + - - DSP   EP PP     EP PP   DSP BP230 EP PP   

13 - + - - DSP   EP PP A2ML1 Nd DSP   EP PP   

14 + + - - DSP   EP PP A2ML1   EP PP   DSP   EP PP   

15 + - - - DSP         DSP EP PP   DSP BP230 EP PP   

16 + + - - DSP   EP PP   DSP EP PP   DSP   EP PP   

17 + + + + DSP   EP PP   DSP EP PP   DSP   EP PP   

18 + - - - DSP       A2ML1     PP A2ML1         Plectin

19 + - - + DSP       A2ML1       A2ML1 DSP BP230       

Technique No.of patients included Positive outcome Sensitivity (%) Specificity (%) 

r-IP 19 PNP  

8 Controls 

Reactivity for EP and PP, or A2ML1  95  100  

IP-IB   15 PNP 

28 Controls  

(12 PV, 3 a-DPK, 13 TEN) 

Reactivity for EP and PP, or A2ML1 100  86  

IB  19 PNP 

39 Controls 

(24 PV, 3 a-DPK, 12 TEN) 

Reactivity for EP and PP  89  100  

IIF rat bladder 19 PNP 

40 Controls 

(24 PV, 3 a-DPK, 13 TEN) 

Positive urothelial cell surface staining  74  100 

Envoplakin ELISA 19 PNP 

40 Controls 

(24 PV, 3 a-DPK, 13 TEN) 

Positive   63   98 

Table 2. Overview of test outcomes for PNP. 
Abbreviations: Pat. #, patient number; Rb-IIF, rat bladder indirect immunofluorescence; ELISA, enzyme-linked 
immunosorbent assay, r-IP, radioactive immunoprecitation; IP-IB, immunoprecipitation-immunoblot assay; IB, 
immunoblot; DSP, desmoplakin; EP, envoplakin; PP, periplakin; A2ML1, alpha-2-macroglobulin-like-1; Nd, test not 
done; -, negative test outcome; +, positive test outcome.
 

Table 3. Sensitivity and specificity of different laboratory techniques for PNP
Abbreviations: r-IP, radioactive immunoprecitation; IP-IB, immunoprecipitation-immunoblot; IB, immunoblot; IIF, 
indirect immunofluorescence; ELISA, enzyme-linked immunosorbent assay; PV, pemphigus vulgaris; a-DPK, control 
patients with anti-desmoplakin antibodies; TEN, toxic epidermal necrolysis; EP, envoplakin; PP, periplakin; A2ML1, 
alpha-2-macroglobulin like-1.
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Pat. 

# 

Rb-

IIF 

EP-

ELISA

BP230 

ELISA

BP180 

ELISA

r-IP IP-IB IB 

1 - + - + DSP BP230 EP PP A2ML1 Nd DSP BP230 EP PP   

2 + - - -     EP PP A2ML1 Nd     EP PP   

3 - - - -     EP PP A2ML1 Nd     EP PP   

4 - - - -         A2ML1   EP PP A2ML1     EP PP   

5 + - + +         A2ML1   EP PP A2ML1     EP PP   

6 + + - - DSP   EP PP A2ML1   EP PP A2ML1     EP PP   

7 - + - -   BP230 EP PP A2ML1   EP PP A2ML1   BP230 EP PP   

8 + + - -     EP PP A2ML1   EP PP A2ML1     EP PP   

9 + + - - DSP BP230 EP PP A2ML1   EP PP A2ML1 DSP BP230 EP PP   

10 + + - + DSP   EP PP A2ML1   EP PP A2ML1     EP PP   

11 + + - - DSP   EP PP A2ML1   EP PP       EP PP   

12 + + - - DSP   EP PP     EP PP   DSP BP230 EP PP   

13 - + - - DSP   EP PP A2ML1 Nd DSP   EP PP   

14 + + - - DSP   EP PP A2ML1   EP PP   DSP   EP PP   

15 + - - - DSP         DSP EP PP   DSP BP230 EP PP   

16 + + - - DSP   EP PP   DSP EP PP   DSP   EP PP   

17 + + + + DSP   EP PP   DSP EP PP   DSP   EP PP   

18 + - - - DSP       A2ML1     PP A2ML1         Plectin

19 + - - + DSP       A2ML1       A2ML1 DSP BP230       

 Clinical suspicion of PNP 

Perform IIF-rat bladder and 
immunoblot 

Positive  IIF-rat 
bladder and/ or 

immunobot 

yes no 

PNP confirmed 
PNP possible but rule out  

TEN  
PNP unlikely but consider 

seroreversion 

Reactivity to 
EP and PP 

Perform 
immunoprecipitation 

assay 

no yes 

Reactivity to 
A2ML1 

no 

yes 

Figure 4. Diagnostic algorithm for PNP. 
Abbreviations: IIF-rat bladder, indirect immunofluorescence on rat bladder; TEN, toxic epidermal necrolysis; EP, 
envoplakin; PP, periplakin; A2ML1, alpha-2-macroglobulin like-1. A positive IIF-rat bladder is defined as positive 
urothelial cell surface staining. A positive immunoblot outcome is defined as serum reactivity to both envoplakin 
and periplakin.

3. Laboratory diagnosis of paraneoplastic pemphigus
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Discussion
In this study we compared different assays for the serological diagnosis of PNP. Historically, the 
IP assay using radioactively labeled keratinocyte extracts was the first technique used to identify 
PNP autoantibodies. 1 We show that the sensitivity of this technique is superior to IB, IIF on rat 
bladder, and EP-ELISA.  However, because of its radioactivity, this technique is not widely available. 
We therefore developed a non-radioactive IP-IB assay. Although the comparison is limited by the 
smaller number of PNP patients we used for the non-radioactive IP assay, our results suggest 
that this assay is slightly more sensitive than the radioactive IP and similarly specific. Another 
advantage of our non-radioactive IP assay is that we confirm the identity of the autoantigens not 
only based on size but by using specific anti-plakin and A2ML1 antibodies to visualize the blotted 
precipitates. Therefore, this assay is an addition to the other non-radioactive IP assays that have 
been developed in previous PNP studies. 18 The sensitivity of IB analysis closely follows that of r-IP 
and IP-IB studies. By r-IP we missed one and by IB two of our 19 PNP patients. The patients that 
were missed by IB had antibodies to A2ML1, in addition to other non-PNP-specific antibodies. 
The reason that these cases were missed is that our routine diagnostic blots are prepared with 
low-calcium grown cells and reduced substrate, while A2ML1 is produced by cells that are grown 
for several days at high calcium and is only recognized by autoantibodies under non-reducing 
conditions. 24 The serum that was false-negative in the r-IP possibly had too low anti-EP and anti-
PP titers.
The EP ELISA had a lower sensitivity and specificity when compared to IP and IB studies. Our results 
from sequential PNP sera further show that anti-envoplakin antibody titers may decrease over 
time, sometimes resulting in a negative ELISA as titers drop below the cut-off. This decrease may 
be due to immunosuppressive therapies, or may be part of the natural disease course. Therefore, 
the possibility of seroreversion should be considered when interpreting envoplakin-ELISA results 
from suspected patients from whom serum is taken later in the course of disease.
Serum IF on rat bladder substrate is an accurate test to differentiate PNP from PV, as rat bladder 
epithelium does not contain Dsgs, but does express plakins. 28 In the present study rat bladder IIF 
was more sensitive than EP-ELISA. Notably, two patients that tested negative for anti-EP and anti-
PP antibodies by IB and ELISA, tested positive by rat bladder IIF. The sera of these patients contained 
anti-DSP and anti-A2ML1 antibodies as shown by radioactive IP. Rat bladder does not contain an 
A2ML1 orthologue 36, and anti-DSP antibodies give a different staining pattern than that seen for 
these two sera. Therefore, this positive urothelial staining suggests that more -still unknown- PNP 
antigens are present in rat bladder. In our group the combination of IB and rat bladder-IIF led to 
100% sensitivity and specificity. Both techniques are faster, less labour intensive, and require less 
patient’s serum than IP assays. However, rare PNP cases with only anti-A2ML1 antibodies might 
be missed by the combination of IB and rat bladder IIF. 24 Therefore, for patients clinically suspect 
for PNP, but with negative IB and rat bladder-IIF, IP might be useful. The detection of solitary anti-
A2ML1 antibodies by IP may not always discriminate between PNP and TEN because TEN sera 
may also produce very weak bands at the position of A2ML1. However, our findings do suggest 
that anti-A2ML1 antibody titers are much lower in TEN than in PNP.  Studies aimed at developing 
an A2ML1-ELISA might therefore prove fruitful to further quantify these differences. Similar to  the 
EP-ELISA, use of medication led to a negative rat bladder test for one of the patients, indicating 
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3. Laboratory diagnosis of paraneoplastic pemphigus

that concurrent use of medication might also reduce the sensitivity of rat bladder-IIF. 
Our results show that the antibody response in PNP is variable, since it can be directed to the 
complete spectrum of PNP antigens but can also be limited to part of it. We confirm that the 
combined presence of anti-EP and anti-PP antibodies is most specific and sensitive for PNP, 8, 23 
and that solitary anti-A2ML1, anti-PP, anti-DSP and anti-BMZ antibodies are not. 37,38 We therefore 
propose that the diagnosis PNP should not be solely based on clinical, histological, DIF or unspecific 
IIF findings, as suggested by various studies, 4, 9 but that the demonstration of antibodies to EP 
and PP, or a positive rat bladder IIF is necessary.
In conclusion, our findings indicate that IP studies are most sensitive in detecting PNP specific 
autoantibodies. Rat bladder IIF, although less sensitive, is a relatively simple technique, which may 
be of complementary value. In settings where IP studies are not available, the combination of IB 
and rat bladder-IIF should be used as first serological analyses for confirming the diagnosis of PNP. 
Finally, when evaluating laboratory results, one should consider that, possibly due to therapy or 
natural disease course, antibody titers may decrease over time. Further studies should determine 
if specific antibody profiles or IIF staining patterns are related to specific PNP phenotypes and 
might predict disease outcome. This would provide more insight in PNP pathogenesis and 
treatment.
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Abstract
Paraneoplastic pemphigus (PNP) is an autoimmune disease clinically characterized by a stomatitis 
and an underlying neoplasm. Patients have autoantibodies directed against desmogleins, 
plakins and the protease inhibitor alpha-2-macroglobulin-like-1. Direct immunofluorescence 
microscopy (DIF) on patient skin sections and indirect immunofluorescence microscopy (IIF) 
using patient serum on a variety of substrates, are widely used for the diagnostic detection of 
these autoantibodies. DIF IgG depositions along the keratinocyte cell surface concurrent with 
basement membrane zone (BMZ) IgG depositions are frequently considered diagnostic for PNP. 
This study aims to give an overview of DIF and IIF staining patterns in the diagnosis of PNP. We 
compared the DIF and IIF staining patterns of, respectively, 11 and 22 PNP patients with those of 
40 controls comprising 27 patients with other autoimmune blistering diseases and 13 patients 
with toxic epidermal necrolysis. All PNP DIF biopsies showed IgG depositions along the cell 
surfaces of epidermal keratinocytes but only three had additional IgG depositions along the BMZ. 
Three controls also showed this dual pattern. IIF on monkey esophagus and rat bladder showed 
a variety of staining patterns. Most characteristic for PNP was a urothelial cell surface staining 
pattern on rat bladder. IIF on salt split skin showed prominent cytoplasmic staining using PNP 
sera. In conclusion, DIF of patient skin and IIF on monkey esophagus are of limited diagnostic 
value, while IIF on rat bladder and salt split skin are valuable tools in the diagnosis of PNP.
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Introduction
 Paraneoplastic pemphigus (PNP) is a rare but severe multiorgan autoimmune disease that 
occurs in the presence of an underlying, most often lymphoproliferative, neoplasm. It is clinically 
characterized by a painful oral stomatitis, polymorphous skin eruptions ranging from pemphigus 
and pemphigoid-like blistering to erythema multiforma, toxic epidermal necrolysis (TEN), and 
lichenoid dermatoses. A subset of patients has additional pulmonary involvement. 1-4 The disease 
course is variable, but the overall prognosis is poor with a one-year survival rate of 49%. 5 Histological 
manifestations include suprabasal acantholysis, vacuolar degeneration of keratinocytes, necrosis 
and interface dermatitis. 6 PNP is further characterized by a complex autoimmune response. 
Autoantibodies of the IgG subtype are directed against the intracellular desmosomal and 
hemidesmosomal plaque proteins of the plakin family: envoplakin 7, periplakin 8,9, desmoplakin 
10,11, BP230 and plectin 1,11,12. In addition, the desmosomal cadherins and pemphigus vulgaris (PV) 
antigens desmoglein (Dsg) 3 and less frequently Dsg 1 are targeted 13,14, as well as the protease 
inhibitor alpha-2-macroglobulin-like antigen-1 (A2ML1). 15

Due to the wide range of clinical and histological manifestations, diagnosing PNP may be 
difficult and largely depends on the demonstration of IgG autoantibodies. Immunoblotting and 
immunoprecipitation are sensitive and specific methods to detect these circulating antibodies. 
16-18 In addition, direct immunofluorescence microscopy (DIF) studies of PNP skin or mucosa 
biopsies may show deposition of IgG and complement component C3 along the epithelial cell 
surface, sometimes accompanied by linear depositions along the epithelial basement membrane 
zone (BMZ).  BMZ IgG depositions are absent in most other pemphigus variants, and therefore 
epithelial cell surface IgG depositions with concurrent BMZ IgG depositions are often considered 
a discriminatory feature of PNP. 1,3 Indirect immunofluorescence (IIF) using monkey esophagus as 
substrate is frequently used to determine the presence of circulating anti-epithelial cell surface 
(aECS) and anti-basement membrane zone (aBMZ) autoantibodies in patient serum. However, the 
role of IIF on monkey esophagus in discriminating PNP from other pemphigus variants is limited. 
IIF on rat bladder, in contrast, does differentiate between PNP and other pemphigus variants, as 
only PNP IgG binds to the urothelium. This is due to the absent expression of Dsg1 and 3 but 
the presence of plakins in rat bladder urothelium. 19,20 The specificity of IIF on rat bladder for PNP 
has however, been questioned by several studies that reported positive urothelial IgG binding in 
diseases other than PNP. 21-24 IIF using patient serum on salt split skin (SSS) is an additional tool to 
determine the presence of circulating aBMZ autoantibodies.
Due to the low prevalence of the disease, comprehensive studies investigating the full spectrum 
of PNP DIF and IIF staining patterns are limited.  More specifically, the variation of rat bladder 
staining patterns within the PNP population, and whether these differ from the urothelial staining 
patterns seen in diseases other than PNP, has not yet been thoroughly investigated. Furthermore, 
the frequency of IgG deposits along the BMZ by DIF, and the role of SSS in IIF, has not yet been 
determined in the diagnosis of PNP. 
In the present study we aim at giving an overview of the DIF and IIF staining patterns that can be 
used to discriminate PNP from other clinically similar diseases.

4. DIF and IIF patterns in PNP
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Materials and Methods
Patient serum and biopsies 
Sera from 22 PNP patients were included. As controls, 24 PV patients were included, one of 
whom had a concomitantneoplasm (lung carcinoma) but no PNP characteristics. Sera from 13 
patients with TEN and three patients who had additional anti-desmoplakin antibodies (one with 
pemphigus foliaceus (PF), one with PV and one with bullous pemphigoid (BP)) were also included 
as controls (this groups is abbreviated as aDPK). From 11 PNP, 24 PV, three aDPK and 10 TEN control 
patients, snap-frozen skin biopsies were available. These biopsies had been collected previously 
for diagnostic purposes and stored at -80 °C.
The diagnosis of PNP was made if patients fulfilled the following criteria, adapted from the revised 
criteria proposed by Anhalt in 2004 and Zimmerman in 2010: (1) Painful and persistent stomatitis, 
with or without a polymorphous skin eruption; (2) the demonstration of plakin and/or A2ML1 
autoantibodies; (3) the presence of an underlying neoplasm. The diagnoses of PV, PF, BP, and 
TEN were based on established clinical, histological and immunological features. PNP patient 
characteristics are shown in table 1.
 
Immunofluorescence microscopy
DIF staining of 4 μm skin cryosections was performed as described previously. 25 IIF staining 
using patient sera was performed on monkey esophagus (serum diluted 1:10), rat bladder 
(serum diluted 1:10) and salt-split human skin (SSS) (serum diluted 1:8) cryosections, as previously 
described. 26 Plakin proteins were stained with 1:50 diluted anti-envoplakin and anti-periplakin 
rabbit Ig (gifts from Dr. L. Komorowski, Institute of Experimental Immunology, EUROIMMUN AG, 
Lubeck, Germany), 1:100 diluted rabbit anti-desmoplakin 1 and 2 (ab71690, Abcam, Cambridge, 
U.K.) and 1:50 diluted monoclonal mouse anti-BP230 (279, Cosmo Bio, Tokyo, Japan). Secondary 
antibodies included FITC-conjugated goat anti-human IgG (Protos Immunoresearch, Burlingame, 
CA, U.S.A.), FITC conjugated donkey anti-rabbit antibody (Jackson Immunoresearch, West Grove, 
USA), and Alexa488 conjugated goat anti-mouse antibody (Molecular Probes, Eugene, OR, U.S.A.). 
Sections were viewed under a Leica DMRA fluorescence microscope, and images were recorded 
with a Leica DFC350 FX digital camera (Leica, Solms, Germany). 
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Table 1. PNP Patient characteristics
Abbreviations: CLL, Chronic Lymphocytic Leukemia; NHL, Non-Hodgkin Lymphoma; yrs., years.

Results
Expression patterns of plakin proteins in normal human skin, monkey esophagus and rat 
bladder
To relate our DIF and IIF PNP staining patterns to the expression of the PNP-target antigens, we 
determined the distribution of envoplakin, periplakin, desmoplakin and BP230 in human skin, 
monkey esophagus and rat bladder. In all tissues, BP230 was expressed linearly along the BMZ (fi g. 
1j-l). In skin and monkey esophagus, envoplakin (fi g. 1a-b), periplakin (fi g. 1d-e) and desmoplakin 
(fi g. 1g-h) were distributed along the cell surfaces in the epithelium. In addition, in skin, the 
anti-desmoplakin antibodies diff usely stained the peripheral cytoplasm (fi g. 1g). In rat bladder, 
envoplakin (fi g. 1c) and periplakin (fi g. 1f ) were located along the urothelial cell membranes, 
showing strongest expression along the luminal surfaces of urothelial cells. Desmoplakin (fi g. 1i) 
was distributed in a more disrupted linear pattern along the luminal surface of the urothelium, 
and, to a lesser extent, in a fi ne granular pattern in the urothelial cytoplasm and along the 
urothelial cell membranes.

4. DIF and IIF patterns in PNP
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Direct immunofl uorescence staining of PNP patient skin 
Of the eleven available PNP patient skin biopsies, nine showed IgG depositions in an ECS pattern. 
Staining intensities varied between patients and in most biopsies the IgG had a clustered 
appearance in the basal epidermal layers. Three of these nine PNP patients had additional IgG 
deposition along the BMZ, in either a linear (n=1) or granular (n=2) pattern (fi gure 2).  One PNP 
patient had linear IgG deposition along the BMZ without concurrent deposition along the ECS.  
One PNP patient had an inconclusive staining pattern, with prominent background staining of the 
entire epidermis due to epidermal necrosis.  Of the three control patients with concomitant anti-
desmoplakin antibodies, the two pemphigus patients had epidermal cell surface IgG depositions 
and the BP patient had linear BMZ deposition. Of the 24 PV controls, all showed epidermal cell 
surface IgG depositions, often clustered, and one had additional linear IgG depositions at the 
BMZ. Of the 10 TEN skin biopsies, one showed granular IgG depositions along the BMZ and one 
showed nuclear staining.
 
Indirect immunofl uorescence on monkey esophagus substrate
The majority of PNP (15 of 22), all PV and all aDPK control sera had IgG binding to the cell surface 
of the mucosal epithelial cells (ECS pattern) (fi g. 3a,d). A subset of control sera (14 of 24 PV sera) 
showed less IgG binding to the basal mucosal cells and more towards the luminal layers (fi g. 
3d). This ECS gradient was seen in only one PNP serum, the remaining PNP sera did not spare 
the basal cells (fi g. 3a). None of the TEN controls showed any IgG binding. In addition to an ECS 
pattern, 10 PNP sera stained in a cytoplasmic pattern (fi g. 3b), while four showed very strong 
staining of the basal mucosal cells. One PNP serum gave the full spectrum of ECS, cytoplasmic, 
as well as a prominent basal cell staining (fi g. 3c). In the control group only one PV serum gave a 
cytoplasmic staining pattern, and one showed prominent basal cell staining. The distribution of 
staining patterns of all groups is shown in table 2.

 

Table 2. Monkey esophagus-IIF staining patterns in the PNP, PV and aDPK group
Abbreviations: ECS-even, anti-epithelial cell surface pattern evenly throughout all layers of mucosal epithelium, 
ECS-gradient, anti-epithelial cell surface pattern whereby staining intensity decreases towards the lower layers.
 

Indirect immunofl uorescence on rat bladder substrate
Circulating PNP IgG bound to rat bladder urothelium in a variety of patterns. Seventeen sera 
showed distinct urothelial cell surface staining, often with involvement of the urothelial cytoplasm 
(fi g. 4a). Most cell surface staining followed a smooth linear pattern, although one serum stained 
the urothelial cell surface in a distinct granular pattern (fi g. 4c). Eleven of the 17 sera showed 
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additional linear BMZ staining. Four of the 17 sera also demonstrated a distinct IgG binding along 
the apical sides of the luminal urothelial cells (fig. 4b).Of the five that did not give cell surface 
staining two gave a weaker smudgy cytoplasmic staining, two a nuclear staining pattern and one 
serum sample did not show any IgG binding to the urothelium. 
The control PV sera in general gave negative staining (12 out of 24) (fig. 4f ), or demonstrated 
smudgy staining of the urothelial cytoplasm (fig. 4e) or BMZ (12 out of 24). Of the three aDPK 
control sera, two showed nuclear staining, and one a smudgy cytoplasmic staining pattern. In 
addition to the smudgy staining pattern, one aDPK control patient also had serum reactivity in a 
disrupted linear pattern along the apical luminal epithelial cells (fig. 4d), similar as obtained with 
the anti-desmoplakin antibody (fig. 1i).
None of the 13 included TEN control sera showed any clear urothelial cell surface IgG binding.  
However, four TEN sera gave a smudgy urothelial staining pattern, two sera showed smudgy 
IgG binding along the BMZ, and two showed nuclear staining. Furthermore, one TEN serum 
showed IgG binding in a disrupted apical linear pattern, similar to that seen with the aDPK control 
serum and the rabbit anti-desmoplakin antibody. Notably, this serum tested weakly positive for 
anti-A2ML1 antibodies, but negative for any anti-plakin autoantibodies by immunoblot and 
immunoprecipitation. Two TEN sera had previously tested positive for anti-periplakin antibodies 
by immunoprecipitation. 18 One of these sera gave a nuclear staining pattern, and the other did 
not show any binding of IgG to the rat bladder urothelium. 
 
Indirect immunofluorescence staining using salt-split skin
All PNP sera gave a strong cytoplasmic staining of all epidermal cell layers of SSS (fig. 4g) This 
cytoplasmic staining could not be reproduced with anti-envoplakin, anti-periplakin or anti-
desmoplakin antibodies. This strong cytoplasmic staining complicated salt-split skin analysis, as 
the distinction between IgG bound to the roof of the split and IgG bound to the cytoplasm of 
basal keratinocytes was often not clear. Four sera clearly bound the roof while five sera dubiously 
stained the roof. The presence of BMZ IgG depositions by DIF and dubious or clear roof staining 
by IIF on salt-split skin correlated for seven out of 11 patients. The cytoplasmic staining of the 
epidermis was also observed for two of the three control sera with anti-desmoplakin antibodies. 
In contrast, the epidermal staining observed with the PV and TEN sera was overall less intense  
(fig. 4i) and even in case of more intense staining, the basal keratinocytes were largely spared (fig. 
4h). 

4. DIF and IIF patterns in PNP



501140-L-sub01-bw-Poot501140-L-sub01-bw-Poot501140-L-sub01-bw-Poot501140-L-sub01-bw-Poot

 ��  

 

Figure 1. Plakin distribution in skin (column 1), monkey esophagus (column 2) and rat bladder urothelium 
(column 3). 
Envoplakin (a-c) and periplakin (d-f ) are located along the cell surfaces of epidermal keratinocytes (a,d), mucosal 
cells (b,e) and urothelial cells (c,f ). Luminal urothelial cell surfaces show more expression than basal cell surfaces. 
Desmoplakin is distributed along the cell surfaces and in the peripheral cytoplasm of epidermal keratinocytes (g) 
along the cell surfaces of mucosal cells (h), and along the luminal surfaces of urothelial cells, in a disrupted linear 
pattern. BP230 is expressed along the BMZ of skin (j), mucosa (k) and urothelium (l). Scale bars represent 20 µm.
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Figure 2. IgG depositions by direct immunofluorescence in PNP patient skin.
DIF of patient skin sections show IgG depositions along the epithelial cell surfaces of keratinocytes (a,c,d).  Clustered 
depositions are found in lower layers.  A subset of patients shows concurrent BMZ IgG depositions, in a granular (b) 
or linear (c) pattern. One patient had isolated BMZ depositions (b). Scale bars represent 20µm.
 

4. DIF and IIF patterns in PNP
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Figure 3. Indirect immunofluorescence on monkey esophagus.
Circulating IgG from PNP patient sera bound to monkey esophagus mucosal epithelium in an ECS pattern (a,d), 
cytoplasmic pattern (b) or combined ECS and cytoplasmic pattern with prominent basal cell staining (c).  Two 
types of ECS patterns could be seen: ECS staining evenly throughout the epithelium (a) or an ECS gradient (d), 
whereby staining intensity decreases towards the lower layers. Scale bars represent 20µm.
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Figure 4. Indirect immunofluorescence on rat bladder urothelium and salt split skin.
Circulating PNP IgG bound to rat bladder urothelium in a variety of patterns, including a cell-surface staining 
pattern (a), prominent staining of the apical cell surfaces (b), and a granular cell surface staining (c). Control serum 
containing circulating anti-desmoplakin IgG stained the apical urothelial cell surfaces in a disrupted linear pattern 
(d), and PV sera gave a smudgy (e) or negative (f ) staining. On salt-split skin, PNP IgG gave a strong cytoplasmic 
background staining (g), while control sera gave a strong cytoplasmic staining but sparing the basal cells (h) or 
gave a less intense staining (i). Pictures were taken at comparable exposure times. Scale bars represent 20µm.

4. DIF and IIF patterns in PNP
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Table 3. Overview of all DIF and IIF results for PNP. 
Autoantigen profi les were determined by testing patient serum by immunoblot, immunoprecipitation and 
envoplakin-, BP230- and NC16a-ELISA, as described previously.(18) Sera 21 and 22 were only tested by immunoblot, 
and envoplakine-, BP230- and NC16a-ELISA, but not by immunoprecipitation. Abbreviations: DPK, desmoplakin; 
EP, envoplakine; PP, periplakin; A2ML1, alpha-2-macroglobulin-like-1; Dsg1, desmoglein 1; Dsg3, desmoglein 3; 
DIF, direct immunofl uorescence performed on patient skin; n.a, not available; ECS, epidermal cell surface staining; 
BMZgran, granular basement membrane zone IgG depositions; BMZlin, linear basement membrane zone IgG 
depositions; IIF, indirect immunofl uorescence; ECS-even,  anti-epithelial cell surface pattern evenly throughout all 
layers of mucosal epithelium; ECS-gradient, anti-epithelial cell surface pattern whereby staining intensity decreases 
towards the lower layers; Cyt, cytoplasmic staining; Basal, prominent surface staining of basal epithelial cells;  UCS, 
urothelial cell surface staining; UCSgran, granular urothelial cell surface staining; Nucl, nuclear; Lum, prominent 
staining of apical surfaces of luminal cells; roofdub, dubious roof staining.
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Discussion
In the present study we have analyzed DIF and IIF staining patterns in PNP.  DIF appeared not to be 
sensitive and specific enough to accurately diagnose PNP. The concurrent BMZ IgG depositions 
that are often considered as proof of PNP only occur in a subset of PNP patients. Moreover, 
other studies have shown that BMZ depositions alongside to ECS depositions are also found 
in pemphigus erythematosus and in coexistent cases of pemphigus and either pemphigoid or 
lupus erythematosus. 27 For IIF on monkey esophagus, ECS staining with prominent inclusion of 
the basal cells, the absence of an ECS staining gradient, and cytoplasmic staining, has previously 
been described as characteristic for a subset of PNP patients. 28 The present results however 
indicate that IIF on monkey esophagus also has its limitations, as in a significant subset of cases 
the staining patterns of PNP sera were indistinguishable from those of PV.
In line with previous studies, we found that positive urothelial IIF staining on rat bladder is very 
specific for PNP. 17,18,20,28,29 We furthermore found that the urothelial staining patterns vary within 
the PNP population. A clear urothelial cell surface staining pattern was most prevalent in our 
PNP population, where IgG binds to the cell surfaces in a linear or, incidentally, in a granular 
pattern (Figure 4c). Some cases demonstrated prominent cell surface staining of the luminal 
urothelial cells, and some showed concurrent binding to the urothelial cytoplasm or to the BMZ. 
The immunostainings using anti-plakin antibodies demonstrated that PNP IgG stainings patterns 
correlate with the expression patterns of envoplakin and periplakin. Interestingly, the expression 
of desmoplakin was different from expected as both anti-desmoplakin antibody and aDPK sera 
showed desmoplakin to be  located predominantly along the apical sides of the luminal urothelial 
cells, in more a disrupted linear pattern. Overall, the prominent luminal distribution of plakins may 
reflect their role in providing the luminal bladder lining with an intact barrier.
Several reports have questioned the specificity of ratbladder for diagnosing PNP. 21-24 It was 
suggested that the presence of circulating anti-desmoplakin and anti-periplakin antibodies in 
other than PNP-patients would also gives positive urothelium staining. Our study did not confirm 
this as all our control sera did not give the urothelial cell surface staining pattern. One of our aDPK 
controls stained the urothelium in a disrupted linear staining along the apical luminal urothelial 
cells, which was identical to the staining obtained by the anti-desmoplakin antibody (Figures 
1i and 4d). This latter pattern therefore has to be considered as insufficient proof of PNP.  As for 
the anti-periplakin antibodies in TEN, we conclude from our 13 patients that these antibodies 
are infrequent and do not show up on rat bladder due to low titer or low affinity. These results 
are in line with a recent study that found no circulating anti-plakin autoantibodies by a variety 
of techniques including IIF on rat bladder, in a large group of patients with early erythema 
multiforme. 30

All PNP sera in our study gave a strong cytoplasmic staining of all epidermal layers by IIF on SSS, 
and this staining was found to be very specific for PNP. This cytoplasmic staining may be due to 
the multi-antigen autoimmune response so frequently seen in PNP.  On monkey esophagus this 
cytoplasmic staining was less pronounced and only concerned a subset of PNP sera. This may be 
due to absent of lower expression levels of PNP autoantigens in monkey esophagus compared to 
human skin. We propose that IIF on SSS may be used as a novel additional tool in the diagnosis 
of PNP, although we do not consider this technique to be part of a standard PNP diagnostic 

4. DIF and IIF patterns in PNP



501140-L-sub01-bw-Poot501140-L-sub01-bw-Poot501140-L-sub01-bw-Poot501140-L-sub01-bw-Poot

 ��  

algorithm. We propose, instead, that for cases where PNP was not initially suspected, a strong 
cytoplasmic epidermal staining pattern should prompt the clinician to investigate the possibility 
of PNP.
In conclusion, this study shows that PNP is not characterized by a single but by a variety of staining 
patterns in both DIF and IIF. This is likely due to the variable autoantibody response between PNP 
patients. The use of DIF and IIF on monkey esophagus is limited in the diagnosis of PNP. IIF on rat 
bladder, however, is a test with high sensitivity and specificity for PNP and a positive urothelial cell 
surface staining is most characteristic. In addition, a strong cytoplasmic staining of SSS may also 
point to PNP.  With this study we hope to guide clinicians and pathologists with the interpretation 
of DIF and IIF staining patterns in the diagnosis of this rare disease. 
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Abstract
Pemphigus foliaceus (PF) is an autoimmune blistering disease of the skin, characterized by anti-
desmoglein 1 (Dsg1) IgG autoantibodies that induce acantholysis. Although these autoantibodies 
also bind to the mucosal epithelium, this tissue is clinically unaffected. In this study we examined 
if there are subclinical changes in oral PF mucosa. We performed immunofluorescence analysis 
(IF) for bound IgG and desmosomal components, and electron microscopy of parallel biopsies of 
the oral mucosa from PF patients (n=4) and normal human controls (n=4).  IF showed clustering 
of IgG and Dsg1 along the epithelial cell surface of mainly the lower spinous cell layers in PF 
mucosa, while Dsg3 and E-cadherin were unaffected. A significant decrease in desmosome size 
and a trend of increased intercellular widening was seen in the lower spinous layers of PF mucosa. 
The number of desmosomes was not reduced compared to controls. Our findings show that PF 
IgG interferes with Dsg1 distribution in oral mucosa, resulting in reduced desmosome size and 
intercellular widening, that does does not progress to acantholysis or clinical pathology.
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Introduction
Pemphigus comprises a group of chronic autoimmune blistering diseases clinically 
characterized by flaccid blisters of the skin and/or mucosal epithelium. The disease is evoked 
by autoantibodies against the epithelial cell surface (ECS), which induce loss of intercellular 
adhesion, i.e. acantholysis.1The pathogenic autoantibodies are directed against desmogleins 
(Dsg); transmembrane glycoproteins that are located in desmosomes, but also exist in a non-
desmosomal form in the cell membrane. 2 The isoforms Dsg1 and Dsg3 are the main autoantigens 
in pemphigus. 3,4 In the skin, Dsg1 is expressed throughout the epidermis, with strongest 
expression in the superficial cell layers, whereas Dsg3 is expressed in the basal and first few 
suprabasal cell layers. In mucosa however, Dsg3 is expressed throughout the epithelium, whereas 
Dsg1 is expressed at a much lower level and is absent in the basal cell layer. 5,6

The two ends of the pemphigus spectrum are pemphigus foliaceus (PF), in which patients 
have anti-Dsg1 antibodies and blistering of only the skin, and mucosal dominant pemphigus 
vulgaris (mPV), in which patients have anti-Dsg3 antibodies and involvement of only the 
mucous membranes. 2,7-9 The involvement of skin or mucosa is explained by the desmoglein 
compensation theory.  It postulates that antibody induced functional loss of one Dsg isoform can 
be compensated by another Dsg isoform. 10,11

Therefore, Dsg1 antibodies in PF lead to subcorneal skin blisters, since Dsg3 is not expressed 
in the granular and corneal layers. Mucous membranes are not clinically affected, because 
transepithelial Dsg3 compensates for functional loss of Dsg1. In contrast, Dsg3 antibodies in mPV 
induce suprabasal mucosal blisters because there is no Dsg1 in the basal layer to compensate for 
loss of Dsg3. The skin is, however, unaffected as the Dsg1 expressed is sufficiently high in all layers. 
In mucocutaneous pemphigus vulgaris (mcPV), blistering of both skin and mucous membranes 
occurs, as compensation mechanisms are compromised by the dual presence Dsg1 and Dsg3 
antibodies. 
 There are several theories regarding the cellular mechanism by which autoantibodies induce 
acantholysis that results in blistering. 2

The steric hindrance theory proposes that anti-Dsg autoantibodies, by binding to trans-adhesive 
epitopes, directly inhibit desmoglein trans-interaction. Secondly, autoantibody binding may alter 
cell-signaling pathways that influence cellular adhesion or the homeostasis of desmosomes. 
Desmosomes are dynamic structures in which desmogleins are continuously being built in and 
discarded, 12,13 and pemphigus autoantibodies may induce desmosomal disassembly or may 
interfere with desmosomal assembly. 14-18 In support of the latter, we showed recently that in PF 
skin IgG co-localizes with Dsg1 and plakoglobin, but not with other desmosomal components, 
aggregating into clusters along the cell surface of keratinocytes. 19,20 This clustering starts at 
the basal cell layers and progresses upwards during later stages of disease. In addition electron 
microscopy showed intercellular widening, and reduction in size and in number of desmosomes 
in skin with active PF. 19,21

 Together, these findings suggest that PF IgG sequesters Dsg1 into clusters, thereby eliminating 
Dsg1 from desmosomes or inhibiting the incorporation of Dsg1 into desmosomes. Acantholysis 
occurs if desmosome size and number drops below a critical minimum, and this minimum is not 
reached in PF skin without disease activity. In view of this, we wondered if the same holds true for 
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clinically unaffected PF mucosa. Therefore, in the current study we investigated the distribution of 
desmosomal components, desmosome size, and epithelial cell approximation in PF mucosa. 

Materials and Methods
Patient samples
Mucosal biopsies of four patients with PF (PF1-4), and four normal human controls were 
included. The diagnosis PF was based on clinical and histological findings and enzyme-linked 
immunosorbent assay (ELISA) (MBL, Nagoya, Japan) demonstrating only anti-Dsg1 IgG in PF. The 
anti-Dsg1 IgG Elisa titers were as follows: PF1, 150; PF2 >150; PF3 >150; PF4 >150. As a measure 
for disease activity, blisters were induced by rubbing on healthy appearing skin, which is called 
a Nikolsky sign type I. The Nikolsky’s sign type I at the biopsy visit was retrieved from the patient 
files. From each individual, two biopsies in the same region of the intact buccal mucosa were 
taken: one 3 mm punch biopsy for immunofluorescence microscopy, and one 1.5 mm punch 
biopsy for electron microscopy. All human samples were collected after informed consent.
 
Immunofluorescence microscopy
Specimens were snap frozen, and immunostainings were performed on 4 µm thin cryosections, 
as previously described. (Vodegel et al, 2004) Primary antibodies used were a monoclonal anti-
desmoglein 1 rabbit IgG, diluted 1:500 (EPR6766, Abcam), a monoclonal anti-desmoglein 3 
mouse IgG, diluted 1:40 (G194, Progen, Immuno-diagnostika), and a monoclonal anti-E-cadherin 
mouse IgG, diluted 1:100 (NCH-38, Dako). Secondary antibodies used were FITC-conjugated goat 
anti-human IgG (Protos Immunoresearch), FITC conjugated donkey anti-rabbit antibody (Jackson 
Immunoresearch), and Alexa568 conjugated goat anti-mouse antibody (Molecular Probes, 
Invitrogen) Sections were viewed under a Leica DMRA fluorescence microscope, and images 
were recorded with a Leica DFC350 FX digital camera (Leica, Solms, Germany). 
 
Electron microscopy
Specimens were fixated using 2% glutaraldehyde in 0,1mol/Lphosphate buffer, and post-fixated 
using 1% osmium tetroxide 1,5% potassium ferrocyanide in 0,1mol/L sodium cacodylate buffer. 
Subsequently, biopsies were dehydrated in ethanol and embedded in epon. Ultrathin sections 
were stained with uranyl acetate and Reynolds lead citrate. Sections were viewed under a Philips 
CM100 transmission electron microscope. Electron microscopy images of the sections were taken 
of representative regions of the basal cell layer, lower, 1st-4th, spinous cell layers and higher, 5th 
– 11th, spinous cell layers. Per stratum, the area analyzed ranged between 300 and 600 µm2. 
In these areas, all desmosomes were counted and their length was measured using Adobe 
Photoshop software.  Intercellular widening was quantified by measuring the area of extracellular 
space as a percentage of the total area assessed.
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Statistical analysis 
The Mann-Whitney U test was used to compare the number of desmosomes per µm2 and the 
percentage of intercellular space in the PF-group versus the control group.  A mixed model 
analysis was used to compare the desmosome length between the control group and the PF 
group.  For all statistical analysis, SPSS software was used.
 
 
Results 
IgG depositions correlate to Dsg1 clustering and intercellular widening in PF mucosa
In control mucosa, no IgG depositions were present along the epithelial cell surface (ECS). Dsg1 
showed a smooth expression along the ECS in all layers of the mucosa except the basal layer 
where no Dsg1 was detected (Fig. 1, first column). In PF mucosa, IgG depositions were clustered 
along the ECS predominantly in the lower spinous cell layers, reaching the higher spinous layers 
in patient PF4 with active disease (Fig. 1, 2nd-5th column). Parallel to IgG, Dsg1 was also clustered 
along the ECS in PF mucosa, again mostly in the lower spinous layers. The degree of Dsg1 
clustering varied among patients, being least in Nikolsky negative (N-) PF1 and most in Nikolsky 
positive (N+) PF4.  In contrast, Dsg3 and E-cadherin distribution was not altered and remained in 
a smooth ECS pattern in PF mucosa (Fig. 2.)
 Morphometry of the amount of intercellular space in the epithelium (Fig. 3A) showed that the 
three patients with most pronounced Dsg1 clustering (PF2, 3 and 4), had an increase of the 
interdesmosomal intercellular space, in the lower spinous cell layers, compared to the control 
group. PF1 had minor Dsg1 clustering and showed no clear intercellular widening. The mean 
amount of intercellular space in the lower spinous layers was 17,9% (range 5,3%-24%), in the PF 
group, compared to 9% in the control group (range 3,9%-13,4%).  The N+ PF mucosa group had 
a mean intercellular space of 21% (range 19,7%-22,7%). This trend of intercellular widening in PF 
mucosa as compared to the control mucosa, was statistically not significant (p=0,133) due to 
small sample size (n=8).  
 

Smaller desmosomes in the lower spinous layers of PF mucosa 
In the lower spinous cell layers of the PF mucosa, desmosomes were significantly smaller (average 
length 0,18 µm; p=0,000) than in the normal control (average length 0,26 µm) (Fig. 3B).  In the 
basal and upper spinous layers, with the exception of PF4 in the upper layers, desmosomal size 
was not altered to control (0,15 µm, and 0,16 µm respectively) There was no statistical difference 
in desmosome number in the PF group as compared to the control group (Fig. 3C).  
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Figure 1. IgG and Dsg1 distribution, and intercellular widening in PF mucosa
IgG depositions, as visualized by immunofluorescence microscopy, are absent in control mucosa (first row, 
first column), and present in predominantly the lower spinous cell layers of PF mucosa (first row, second to last 
column). In PF4 IgG depositions extend towards the higher cell layers (first row, last column). Immunostainings 
for Dsg1 (second row), reveal a smooth expression pattern along the epithelial cell surface in control mucosa 
(second row, first column), and a varying degree of clustering in PF mucosa, with least clusters in PF1 (second row, 
second column) and most in PF4 (second row, last column). Electron microscopy (third row) shows no increase 
in intercellular space in PF1 (third row, second column) compared to the control (third row, first column). In PF2, 
PF3 and PF4, intercellular widening is seen in the lower spinous cell layers. N+: positive Nikolsky sign; N-: negative 
Nikolsky sign; the dashed lines depict the BMZ. White scale bars represent 20 µm, black scale bars represent 2 µm.
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Figure 2. Distribution of E-cadherin, Dsg1 and Dsg3 in PF mucosa
E-cadherin (fi rst column) is smoothly distributed along the epithelial cell surface in PF mucosa. Double staining for 
Dsg1 and Dsg3 reveal a similar smooth distribution of Dsg3 (third column and overlay), while Dsg1 has a clustered 
distribution (second column and overlay). Normal human mucosa had a smooth Dsg1 (fi gure 1, second row, fi rst 
column),  E-cadherin and Dsg3 distribution (not shown). The dashed lines depict the BMZ. Scale bars represent 
20 µm. Shown are the immunostaining results for PF4, which, with the exception of Dsg1 distribution that varies 
between patients, as show in fi gure 1, were representative for all 4 PF patients.
 

Figure 3. Quantifi cation of intercellular widening, and desmosome length and number in PF mucosa
Morphometrical analysis was performed for the four controls (white bars, each bar represent 1 control) and the 
four PF patients (grey bars, each bar represents 1 patient. PF1 to 4 are arranged from left to right). In the lower 
spinous cell layers, an increase in extracellular space (i.e. intercellular widening) was seen in PF2, PF3 and PF4, as 
compared to the control group (A). The mean desmosome length was signifi cantly smaller in the lower spinous 
cell layers of PF mucosa (B). No signifi cant diff erence in desmosome number was seen between the PF and control 
group (C).
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Discussion
Our study shows that subclinical pathology occurs in the oral mucous membranes of PF patients, 
manifested by clustered Dsg1 distribution, and a decrease in desmosome size and a trend of 
intercellular widening mainly in the lower spinous cell layers where IgG depositions were most 
abundant. Intercellular widening by EM was also found in mucosa of endemic PF patients. 22

Our study pursues this further by correlating these changes to IgG depositions and desmosomal 
protein distribution. We show that the extent of widening varies between patients, and may be 
dependent on disease activity as manifested in the skin, since intercellular widening in the mucosa 
was more prominent in PF patients with N+ skin, the group that also had more pronounced 
mucosal IgG depositions and Dsg1 clustering. Larger studies would be needed to confirm this.
 Cellular adhesion not only depends on the presence of mature desmosomes but also on adherens 
junctions. Previous studies have suggested that in PF, IgG may be directed against E-cadherin, an 
important adherens junction protein. 23,24

However, our results show that the intercellular widening seen PF mucosa is not likely due to these 
antibodies, as we found an unaltered distribution of E-cadherin. Instead, our findings suggest 
that after IgG binds to Dsg1 it induces clustering of an interdesmosomal Dsg1 fraction, resulting 
in widening of the interdesmosomal intercellular space. Future immunoelectron microscopy 
studies investigating the ultrastructure of Dsg1 distribution and IgG binding in PF mucosa would 
be needed to prove this hypothesis.
 We also found that desmosomes are smaller in predominantly the lower spinous cell layers of PF 
mucosa, similar as we found previously for non-lesional N+ PF skin 19,21

In contrast to PF skin, the number of desmosomes appeared not to be reduced in PF mucosa.19,21 
We think that reduction of desmosome size precedes reduction of desmosome number in PF, 
and that desmosome alteration in PF mucosa lags behind that in skin. One explanation might 
be that mucosa may have more compensatory expression of Dsg2 25 or of Dsg3. 26 Desmosome 
size may be reduced due to the IgG induced depletion of Dsg1 from desmosomes. Evidence for 
depletion of Dsg3 from desmosomes in PV, has been provided by various studies. 27-29 Further 
immunoelectron microscopy studies investigating the relation between desmosome size and 
desmosomal Dsg1 content in PF mucosa, would be needed to prove desmosomal depletion in 
PF.
 The ultrastructural changes were most abundant in the lower spinous cell layers because, as IgG 
diffuses into the mucosal epithelium from the underlying lamina propria, it first binds to these 
layers. The findings are in line with studies of skin in PF, where desmosome alterations were first 
seen in the lower cell layers of N+ skin. 19,21 The abundant and unaltered presence of Dsg3 in 
the mucosa of PF patients, safeguards the maintenance of a sufficient number of large enough 
desmosomes, thereby preventing acantholysis. 
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Abstract
Pemphigus foliaceus (PF) is an autoimmune blistering skin disease in which IgG autoantibodies 
against the desmosomal cadherin desmoglein 1 (Dsg1) cause loss of cell-cell adhesion 
(acantholysis) in the upper part of the epidermis. IgG deposits in the epidermis in a coarse 
clustered pattern especially in the lower layers. Large scale electron microscopy has shown an 
abundant presence of so-called double membrane structures in PF patient skin. In order to get 
more insight into PF pathogenesis we applied correlative light and electron microscopy (CLEM), 
immunolabeling for Dsg1 in electron microscopy and large scale electron microscopy (nanotomy). 
By CLEM we show that the clusters of Dsg1 and immunoglobulin present in PF patient skin are 
the same as the double membrane structures seen by electron microscopy. We furthermore 
found that the amount of Dsg1 incorporated into desmosomes is severely decreased in the 
layers that contain double membrane structures. Also desmosomes were smaller. In the higher 
levels of the epidermis Dsg1 was present in the membranes of large unique cytoplasmic double 
membrane vesicles. Depletion of Dsg1 from desmosomes in PF patient skin is likely the main 
cause of acantholysis.
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Introduction
In pemphigus foliaceus (PF) autoantibodies against desmoglein 1 (Dsg1) cause loss of cell-
cell adhesion (acantholysis) in the subcorneal layers of the epidermis 1,2 resulting in erosive 
exfoliation.
Dsg1 is one of the four Dsg isoforms, which are transmembrane calcium dependent adhesion 
molecules of the cadherin family that, together with desmocollins, mediate adhesion by binding 
to its opposites in the extracellular region of desmosomes 3. The armadillo proteins plakoglobin 
and plakophilin mediate further adhesion by linking the cadherins to desmoplakin, which 
in turn binds to the intermediate filaments 4. Desmosomes thus interconnect intermediate 
filament networks of neighboring cells and thereby provide strong intercellular adhesion 4,5. 
The ultrastructural organization of desmosomal components can be easily recognized as two 
opposite, mirror image, inner and outer dense plaques with an extracellular core (ECD) domain in 
between these plaques. For yet unknown reasons desmosomes change their protein composition 
as they differentiate moving upwards from the basal layer. This leads to a different distribution of 
Dsg1 and Dsg3 over the distinct cell layers of the epidermis. This change of protein composition 
has led to one of the most influencing visions on the pathogenesis of pemphigus, which is called 
the desmoglein compensation theory 6,7, resulting from the notion that the two major forms of 
pemphigus, namely pemphigus vulgaris (PV) and PF have different antibody profiles resulting in 
a different level of acantholysis.
While in PV antibodies to Dsg3 are always present, accompanied by anti-Dsg1, PF is characterized 
by antibodies to Dsg1 only. The desmoglein compensation theory finds its foundation in the 
assumption that desmosomes will only be functional as either Dsg1 or Dsg3 is available, and 
that antibodies to either of the Dsgs compromise their function in desmosomes. Dsg1 is present 
in all epidermal layers while Dsg3 is absent in subcorneal layers 7. Autoantibody induced loss 
of desmosomal Dsg1 in the subcorneal layers, for that reason, would inevitably lead to loss of 
desmosomes, ultimately resulting in acantholysis. Similarly, in PV autoantibody induced loss of 
Dsg3 in the basal layer of the mucosa, where Dsg1 is absent, would lead to mucosal blistering.
The exact pathomechanism of acantholysis is still unknown and data on PF tissue and experimental 
models are scarce. However PF hallmarks, apart from subcorneal acantholysis, include the initial 
observation of double membrane structures, called curvicircular structures, and endocytosis of 
Dsg1, IgG, plakoglobin and connexin 43 (Cx43) in patient’s skin 8,9. Recently we confirmed these 
observations using large-scale electron microscopic analysis, termed nanotomy, and found an 
abundance of double membrane structures in patient skin cells, as well as by immunofluorescence 
analysis revealing endocytosis of Dsg1, IgG and plakoglobin but not Cx43 in lesional skin 10,11. 
Other observations include clustering of Dsg1, IgG and plakoglobin in patient skin, accompanied 
by intercellular widening and shrinkage of desmosomal size and number 11,12. Our hypothesis is 
that in patient skin desmosomes become depleted of essential Dsg, resulting in acantholysis. We 
set out to understand the nature of the IgG/Dsg1 clusters, the double membrane structures, and 
the endocytosis in pemphigus foliaceus skin. Here we demonstrate, using correlative light and 
electron microscopy (CLEM) 13, that desmosomes indeed are depleted of Dsg1 in patient skin, 
that Dsg1 is trapped between cells in double membrane structures, and that from the suprabasal 
layers onwards Dsg1 is internalized in large double membrane perinuclear vesicles.

6. Dsg1 depletion and ultrastructural location in PF
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Materials and methods
Skin biopsies 
Three biopsies were obtained from perilesional Nikolsky-negative skin of three different PF 
patients. Pemphigus was diagnosed on the basis of clinical appearance and confirmed by 
histology, positive immunofluorescence and anti-Dsg1 ELISA. A control skin biopsy from healthy 
individual was obtained from redundant skin after plastic surgery. Written informed consent was 
obtained.

Sample preparation for cryo electron microscopy
The 2-mm biopsies were fixed in 2% formaldehyde in 0.1 M phosphate buffer pH 7.4 and then 
rapidly cut into 300-400 µm perpendicular slices using a scalpel. The tissue remained in 2% 
formaldehyde overnight at 4 oC and was then transferred to 0.1 M glycin in phosphate buffered 
saline (PBS). This was followed by a series of concentration increments of glycerol in PBS (5-15%). 
The tissue was then plunge frozen in liquid propane and stored in liquid nitrogen.

Cryo substitution 
The tissue was transferred to a Leica CS-automachine (Leica, Wetzlar, Germany) at -90°C in methanol 
and incubated overnight in 0.2% uranyl acetate in methanol at -90°C for ten hours and warmed 
up toto -45°C at 5°C/h. Tissue then washed with methanol and the concentration of Lowicryl 
HM20 (EMS, Hatfield, PA,USA) in methanol was gradually increased to 100%. Polymerisation of 
HM20 was achieved with UV light at -45 oC and post-polymerisation at -20 oC.

Sectioning, antigen retrieval and post embedding immuno-labelling
Sections of 70 nm were cut and placed on formvar coated nickel grids. Antigen retrieval was 
by 10 mM citrate buffer pH 6.0 in an EMS 820 microwave oven (EMS, Hatfield, PA,USA) at 40% 
of maximum power for five minutes. Blocking was performed in incubation buffer (PBS with 
1% BSA, 5% normal goat serum and 1% cold water fish gelatin at 4°C in a humidified chamber. 
Mouse monoclonal anti-Dsg1 B11 (Santa Cruz Biotechnology, Dallas,TX, USA) was used as primary 
antibody. As secondary antibodies either 10 nm gold conjugated goat-anti-mouse IgG or Alexa 
Fluor 488 FluoroNanogold conjugated goat anti-mouse IgG (Nanoprobes, Yaphank, NY, USA). 
GoldEnhance (Nanoprobes, Yaphank, NY, USA) was used to visualize the 1.4 nm FluoroNanogold 
for EM.

Correlative light and electron microscopy 
Ultrathin sections stained with FluoroNanogold Alexa 488 were first imaged with a Leica DMRA 
fluorescence microscope and thereafter with a CM-100 electron microscope. Data of the two 
modalities were overlaid using Adobe Photoshop CS5 software (San Jose, CA, USA) as were 
additional annotations that were added for illustrations. 
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Large-scale electron microscopy 
Image acquisition was performed using a Zeiss supra 55 electron microscope (Zeiss Oberkochen, 
Germany) and ATLAS software developed by Fibics (Ottawa, Ontario, Canada) as has extensively 
been described before 10. For illustrations, the data set was exported with ATLAS VE viewer as 
TIFF file downscaled to 10 nm per pixel and additional annotations were added using Adobe 
Photoshop.
 
Quantification of Dsg1 label 
TEM images of representative areas of the basal, suprabasal, spinous and granular cell layers were 
analyzed using Photoshop software. For each layer, the number of gold labels per desmosome 
was counted and averaged. Also the size of the desmosomes was measured. 

Supplementary data 
The large-scale EM data (nanotomy) at full resolution will become open access available online 
via www.nanotomy.org. For review purposes it currently is available through
www.nanotomy.org/PW/Sokol2014
login: pemphigus
pass: blister

Results
Localization of Dsg1 in PF patient skin
To obtain information on the near-molecular localization of Dsg1 in PF patient skin we performed 
CLEM. Dsg1 of a perilesional PF skin section was labeled with FluoroNanogold Alexa 488 that 
can be detected both on the light (Figure 1a,c green) and EM level (Figure 1b,c black)13. The 
immunofluorescence showed an even distribution of Dsg1 around the cells of the higher epidermal 
layers while Dsg1 was clustered in the lower epidermal layers. Electron microscopy showed that 
in the higher layers the FluoroNanogold Alexa 488 was heavily present on desmosomes (Figure 
1 d,e). In contrast, in the lower layers Dsg1 in the clusters was not present in desmosomes but 
instead on non-desmosomal structures that had a circular and intertwined double membrane 
appearance (Figure 1f, g). Hardly any label was found here on desmosomes. Consecutively cut 
EM sections of the circular structures in PF patient skin revealed that these structures were not 
discrete vesicles but instead continuous invaginations of one cell into its neighbor (Figure 2).

In PF patient skin desmosomes are depleted of Dsg1
To investigate if the amount of Dsg1 differs in the epidermal layers of PF patient skin compared 
to healthy control skin, Dsg1 was immuno-labeled in sections of three perilesional PF patient skin 
biopsies and control skin biopsies using 10nm gold. Dsg1 label was decreased in desmosomes 
of PF patient skin compared to the controls (Figure 3a, b). We counted the number of labels per 
desmosome in respectively the basal, suprabasal, low spinous, high spinous and the granular 
layer (Figure 3c). In perilesional PF skin a decrease in desmosomal Dsg1 was measured with a 
residual amount of approximately 15% desmosomal Dsg1 from the basal layer to the spinous 

6. Dsg1 depletion and ultrastructural location in PF
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layer. In the higher epidermal layers more desmosomal Dsg1 was present but only up to 50% of 
its normal amount. The size of the desmosomes in PF skin, especially in the basal and spinous 
layer, was smaller than in control skin (Figure 4). 
 
Dsg1 is present in large cytoplasmic vesicles in the higher epidermal layers of perilesional  
PF skin
A large scale EM dataset of Dsg1 immuno-labeled perilesional PF skin was analyzed to determine 
the fate of Dsg1 through the epidermal layers (Figure 5a and www.nanotomy.org; see suppl. 
information). In the lower layers of perilesional PF skin, Dsg1 was present between cells in 
interdigitating double membrane structures that were depleted of desmosomes (Figure 5b, c). In 
the higher layers Dsg1 was found in double membrane vesicles that localize perinuclear (Figure 5d). 
Typically these vesicles, up to 3 µm large, were grouped. Dsg1 was located close to the membranes 
of these cytoplasmic vesicles but not in their lumen, suggesting that Dsg1 was still membrane 
bound. In the corneal layer rudimentary flattened double membrane vesicles containing Dsg1 
label were present (Figure 5e). The intermembrane distance in the double membrane vesicles 
of the upper layers was smaller, around 22 nm (Figure 6a, b), than the intermembrane distance 
between interdigitations in the lower layers, which was around 40 nm (Figure 6c, d). 
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Figure 1. In higher epidermal layer of perilesional PF patient skin Dsg1 is present in desmosomes, while in 
the lower Dsg1 is present in the double membrane structures. a) Crosssection of perilesional PF patient skin 
immunolabeled for Dsg1 (FluoroNanogold Alexa 488) with part of dermis and all epidermal layers. Note that in 
the lower layers of the epidermis Dsg1 is clustered, while in the upper layers Dsg1 has normal cell border pattern. b) 
Corresponding EM. c) Overlay. Pseudocoloured orange and purple nuclei and red arrow indicate the areas enlarged 
in panels d and f, while yellow, red and pink nuclei and yellow arrow indicate the area that is enlarged in panel f 
and g. Note that the dermis in panel b and c is pseudocoloured. d) EM of keratinocytes from the upper epidermal 
layers from panels a-c. The black box is enlarged in panel e. e) Enlarged region from panel d showing concentrated 
Dsg1 label on desmosomes. f ) EM of keratinocytes from the lower layers of the epidermis from panels a-c. The black 
box is enlarged in panel g. g) Enlarged region from panel f showing concentration of Dg1 label in interdigitating 
double membrane structures. Scale bars: (a-c ) 50 µm, (d, f ) 2.5 µm, (e, g) 1 µm.

6. Dsg1 depletion and ultrastructural location in PF



501140-L-sub01-bw-Poot501140-L-sub01-bw-Poot501140-L-sub01-bw-Poot501140-L-sub01-bw-Poot

 9�  

 
Figure 2. Double membrane structures are continuous interdigitations between two cells in PF patient skin.  
A series of consecutive sections were cut from an embedded PF patient perilesional skin biopsy. These sections were 
stained for EM and photographed. From each photograph a digital drawing was made, depicting the position of 
membranes. Specialized software was used to make a 3D reconstruction out of these drawings. The figure shows 
the 3D reconstruction, illustrating that the double membrane circular structures found in the lower layers of PF skin, 
align with each other, thus forming continuous interdigitations or projections. Cell membranes are coloured red.
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Figure 3. Dsg1 is depleted from desmosomes in perilesional PF skin. 
a) Dsg1 on desmosomes of healthy control skin. b) Dsg1 on desmosomes of perilesional PF patient skin. Note that 
the distribution of the gold labels fit the specificity of the used monoclonal for the cytoplasmic domain of Dsg1. c) 
Quantification of Dsg1 label per desmosomes in control skin and perilesional patient skin in the basal, suprabasal, 
low spinous and high spinous and granular layer. Note reduction of Dsg1 label in PF skin control compared to the 
controls. NHS- normal human skin 1,2; Pt A,B,C- patient skin A,B,C. D- desmosome. Scale bar in (a) is 100nm, b is at 
the same magnification as a.
 

6. Dsg1 depletion and ultrastructural location in PF
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Figure 4. Desmosomes are smaller perilesional PF skin. 
Correlation between desmosomal length and Dsg1 label in the a) basal b) spinous and c) granular layers of normal 
human and PF patient skin. Note that desmosomes are smaller in size (red, organe and green circles) compared 
with controls (black circles). The spinous layer of patient A had only few cells and was therefore omitted from b.
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Figure 5. Fate of Dsg1 through epidermal layer of perilesional PF patient skin. 
a) Immuno-labeled perilesional PF patient skin with upper dermal layers and all epidermal layers. Red, blue, yellow, 
orange boxes are enlarged regions in panels b, c, d and e. b) Double membrane structure enriched in Dsg1 label 
from the suprabasal region. Red box in panel a. c) Interdigitating double membrane structure enriched in Dsg1 label 
from the suprabasal region. Blue box in panel a. d) Intracytoplasmic double membrane vesicles containing Dsg1 
label from the granular layer. Yellow box in panel a. e) Double membrane vesicles in the corneal layer containing 
Dsg1. Orange box in panel a. SB- stratum basale, SS- stratum spinosum, SG- stratum granulosum, SC- stratum 
corneum. Scale bars: (a) 50 µm and (b-d) 500 nm. The interactive data set can be found on www.nanotomy.org.
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Figure 6. Dsg1 containing double membrane structures and vesicles in perilesional PF patient skin labeled for 
Dsg1 have different intermembrane distances. 
Data is taken from large scale electron microscopy of figure 4 and www.nanotomy.orga) Intracytoplasmic double 
membrane vesicle from the granular layers. The black box is the region enlarged in panel b. b) The distance between 
the two membranes is 22 nm. c) Double membrane structure from the suprabasal layer. The black lined box is the 
region enlarged in panel d. d) The distance between the two membranes is 40 nm. Scale bars: (a, c) 500 nm and 
(b, d) 100 nm.
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Discussion
We found that in PF patient skin the Dsg1/IgG/PG clusters reported before 11 represent double 
membrane structures that we recently also detected using nanotomy 10. In addition, in perilesional 
PF skin Dsg1 is depleted from desmosomes. Dsg1 depletion is most profound in lower epidermal 
layers where the clusters or double membrane structures are abundant. The average size of Dsg1 
depleted desmosomes is smaller than in healthy skin. Together with the reported decrease in 
number and size of desmosomes, and a complete absence of desmosomes in acantholytic areas 
of PF patient skin, this fits the hypothesis that desmosomes ‘melt’ away in PF skin 10,12. We propose 
that pathogenic anti-Dsg1 patient IgG traps the non-desmosomal Dsg1 in double membrane 
structures, and that this non-desmosomal Dsg1 has either been disassembled from desmosomes 
or represents newly synthesized Dsg1 transported to the cell membrane for desmosomal 
assembly. This in turn results in Dsg1-depleted desmosomes. In line with the desmoglein 
compensation theory, this Dsg1 depletion would result in loss of desmosomes and acantholysis 
in the subcorneal layers where Dsg3 is not expressed 14. 
Recently we found by immunofluorescence microscopy that in lesional PF patient skin the 
clusters of IgG/Dsg1/PG become internalized together with the early endosomal antigen EEA-1 
and localize perinuclear in seemingly large vesicular structures (Oktarina, submitted/ not shown) 
in the higher epidermal layers. Here, by EM, we support these findings by revealing that in the 
higher epidermal layers of PF skin, Dsg1 is present in up to 3 μm wide vesicles that appear to 
have a double membrane. Vesicles with double membranes are rare and in the literature only 
few other examples are described, being internalized gap junctions, tubulobulbar complexes, 
autophagosomes and trogocytosis 15-18. How these double membrane vesicles form in PF skin 
remains elusive. We envision that these vesicles in non-lesional skin and their remnants in the 
corneal layer, will be eventually be lost through shedding of corneocytes. 
It is unlikely that the double membrane structures are the direct or only cause of acantholysis, 
since in experimental PF, acantholysis can be evoked by Fab fragments that do not induce Dsg1 
clustering 11. Instead, they may be merely a byproduct of the pathologic process in PF, while the 
primary cause of acantholysis in PF is loss of Dsg1 from desmosomes. In summary, we show here 
the depletion of Dsg1 from desmosomes in PF patient skin, which is the most likely the cause 
of acantholysis. We furthermore demonstrate that Dsg1 is endocytosed in double membrane 
vesicles by a yet to be solved unique mechanism. 
 
 

6. Dsg1 depletion and ultrastructural location in PF
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Mucosal lesions greatly influence the quality of life in a substantial proportion of pemphigus  
vulgaris (PV) patients. Lesions are recurrent and frequently therapy resistant. 1 Systemic 
corticosteroids may provide relief, but are often accompanied by debilitating systemic side 
effects. Therefore not only the use of systemic steroid-sparing drugs is important, but also the 
search for effective non-systemic topical therapies. Here, we report the use of topical sirolimus in 
3 PV patients with predominant oral mucosal involvement. 
In all three cases, the diagnosis PV was based on the detection of suprabasal acantholysis, intra-
epidermal depositions of IgG on keratinocyte cell surfaces, and the demonstration of circulating 
anti-desmoglein 3 antibodies by ELISA. All patients were female, age ranging from 31 to 51 years. 
All three patients had persistent painful erosions of the oral mucosa, lasting 4 to 6 months, with 
inadequate response to high dose steroids. One patient had also received azathioprine, dapsone 
and rituximab treatment, without sufficient effects. This patient furthermore suffered from steroid 
related side-effects including weight gain, facial swelling and fatigue. In addition, another patient 
had a history of hypertension and diabetes mellitus, whereby further treatment with steroids 
was not preferred. It was therefore decided to treat the patients with topical sirolimus, using 5 ml 
of a 1mg/ml sirolimus solution (Rapamune) twice daily as mouthwash. In one patient, sirolimus 
was used alongside a reduced prednisone dose of 20mg/d, while in the other two, no other 
medications were used. Blood sirolimus levels, measured in one patient after 8 days of treatment, 
were undetectable. The mouthwashes were well tolerated in all patients, without local irritation, 
and treatment was continued for 2 to 3 weeks for all patients. However, none of the patients 
showed improvements of their mucosal symptoms during this time. In fact, symptoms gradually 
worsened. It was therefore decided to stop further treatment, and switch to high dose steroids 
in combination with azathioprine. This gave improvement of mucosal symptoms in all three 
patients. 
 Sirolimus is used systemically as an immunosuppressive drug for kidney transplantation patients. 
Topical use of sirolimus has been reported to be beneficial for chronic erosive lichen planus patients, 
mediated probably through local anti-inflammatory effects. 2 For pemphigus, studies suggest 
that pretreatment with a single intradermal injection of sirolimus locally protects keratinocytes 
against acantholysis by inhibiting pemphigus IgG mediated mammalian target of rapamycin 
(mTOR) signaling in neonatal mice. 3 In line with this, a recent case report suggested systemic 
sirolimus, used alongside intravenous immunoglobulins, to be beneficial in a PV patient. 4 Due to 
the rapid clinical improvements observed in this patient, it was concluded that besides a systemic 
immunosuppressive effect, sirolimus might indeed directly influence keratinocytes. One would 
expect this direct effect to also be achieved with topical therapy. This was not seen in the three 
patients we describe here. Instead, worsening of mucosal symptoms was observed. Possibly, the 
dose or duration of therapy used here was insufficient. However, a more concentrated sirolimus 
solution was not commercially available, and the severity of mucosal symptoms did not allow 
further continuation of local sirolimus therapy. Alternatively, the findings of mTOR signaling in a 
neonatal pemphigus mouse model may not apply to the human situation. In conclusion, these 
three cases underline that systemic immunosuppressive therapy is at present still the preferred 
treatment of pemphigus vulgaris. In addition, we propose that further studies are needed to 
more precisely evaluate the role of mTOR signaling in pemphigus patients.

7. Topical sirolimus for oral pemphigus vulgaris: 3 unresponsive cases
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In this thesis, the disease pemphigus has been investigated from several angles. Firstly, in chapter 
2 we analyzed the composition of the so-called ‘lupusband’ in pemphigus erythematosus (PE). We 
found that the lupusband is composed of the desmoglein 1 (Dsg1) ectodomain, and propose that 
in the skin of our patients, Dsg1 has undergone UV-induced cleavage, releasing the ectodomain 
which in turn has formed immune complexes with anti-Dsg1 IgG. These immune complexes 
have subsequently precipitated along the basement membrane zone (BMZ).  The skin biopsies 
available for this study were taken from pemphigus foliaceus (PF) patients that had acquired a PE 
phenotype after UV-treatment.  The question therefore arises if these patients are comparable to 
idiosyncratic PE patients who have not undergone UV treatment. Studies that analyze the skin of 
idiosyncratic PE patients would be needed to confirm the BMZ composition in PE. 
One could question if the idiosyncratic PE patient exists, as it is also possible that the PE phenotype 
always arises from an exogenous trigger, but that this exogenous trigger is not always recognized.  
And if so, is this trigger always UV, or could it also be due to other factors that induce apoptosis? 
Interestingly, a recent case report of a patient that developed an exacerbation of PE due to the 
use of statins supports the role of apoptosis in the development of PE, as statins also induce pro-
apoptotic effects. 1 Therefore, the BMZ depositions in PE may reflect the apoptotic mechanism 
that has been activated.
Another question is which mechanism is involved in the UV induced exacerbation of acantholysis 
in our patients. Is it the cleavage of Dsg1 that leads to the disruption of cell-cell adhesion, 
comparable to the toxin-mediated cleavage seen in staphylococcal scalded skin syndrome? 
Or does the released Dsg1-ectodomain interfere with adhesive function of desmosomes and 
desmogleins? This could be by binding to half-desmosomes or non-desmosomal Dsg1, thus 
sterically hindering the adhesion of the half-desmosome or Dsg with their opposing counterparts.  
Lastly, it may be the UV induced activation of the apoptosis-signaling pathway that facilitates 
acantholysis, as has also been suggested by various other in vitro studies and in vivo pemphigus 
mouse models.  Evidence for this in patient skin is however lacking. 2

Future studies using for example an ex-vivo skin explant pemphigus model or in vivo mouse 
pemphigus models exposed to UV, could be used to support our hypothesis that UV-exposure 
induces the Dsg1 ectodomain-containing BMZ depositions in PE. Furthermore, exposing 
these models to caspase- and metalloprotease inhibitors could shed more light on the cellular 
mechanism involved in the induction of these BMZ depositions and the exacerbation of 
acantholysis. Future studies to assess the functional properties of a cleaved Dsg1 ectodomain, 
may be performed using a keratinocyte disassociation assay, whereby cultured keratinocytes are 
exposed to the Dsg1-ectodomain to determine if this reduces intercellular adhesion. 
Recently, the role of UV exposure in PE has been addressed by a recent case-report of a patient 
with PE that clinically showed exacerbation of her symptoms after UV exposure. A biopsy of 
UV irradiated skin showed complement depositions along the BMZ, and IgG depositions in an 
epidermal cell surface (ECS) pattern, but not along the BMZ. 3 This is discrepant with our study, 
as these authors did not find any IgG along the BMZ. This difference may be due to the shorter 
interval between the UV exposure and biopsy in this case report, as compared to our patients. The 
discrepancy may also be due to differences in patient population as, in contrast to our study, the 
case report may concern a idiosyncratic PE patient.

8. Summary, discussion and future perspectives
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In chapters 3 and 4 we investigated the value of direct immunofluorescence microscopy 
(DIF), and an array of serological techniques in the diagnosis of paraneoplastic pemphigus 
(PNP), and concluded that the detection of anti-envoplakin and -periplakin, and/or –alpha-2-
macroglobulin-like 1 (A2ML1) antibodies by immunoprecipitation is most sensitive. However 
we also proposed that indirect immunofluorescence on rat bladder and immunoblot could 
be the combination of choice to confirm the diagnosis PNP, due to its equally high sensitivity 
and specificity and because these techniques are more readily available and easier to perform 
than immunoprecipitation. Importantly, this combination will not diagnose PNP patients with 
solitary anti-A2ML1 antibodies. Future studies aimed at developing an A2ML1 enzyme-linked 
immunosorbent assay (ELISA) may therefore be useful, as this technique would be faster, cheaper 
and easier than immunoprecipitation. This ELISA would also differentiate between lower-titer TEN 
patients and higher-titer PNP patients. 
 In our PNP population, two patients showed negative IB and IP results for PNP-specific plakins, but 
positive rat bladder staining. It is unclear which autoantigens are responsible for these stainings, 
and we cannot rule out that urothelium contains yet-undiscovered PNP autoantigens. In future 
studies urothelial extracts could be employed in immunoprecipitation or immunoblotting assays 
to answer this question.
Previous studies have suggested that a subset of seronegative PNP patients exists. This subset may 
be missed by the techniques used in chapters 3 and 4.  This seronegativity may due to therapy 
or natural disease course as suggested by our study. Furthermore, a T-cell type or ‘lichenoid’ PNP 
subset has been described in the literature 4-7 and a portion of these patients have been reported 
to be seronegative for autoantibodies. 5,7 Up to date, five such seronegative lichenoid PNP cases 
have been published, although not all of these cases were tested by the combination of rat 
bladder IIF  and IB or IP, and some of the patients had received immunosuppressive therapy prior 
to testing. Despite these limitations, it is plausible that a truly seronegative PNP population exists 
and therefore a further adjustment of the in chapter 3 described diagnostic algorithm for PNP 
is in place, to include this subset of seronegative T-cell type PNP patients (figure 1). Diagnostic 
markers for this subset may include clinical and histological findings of an interface or lichenoid 
dermatitis, or specific serum markers associated with increased cellular immunity. Interleukin 6 
(Il-6) has also been proposed as a putative serum marker, as this interleukin has been found to 
be elevated in PNP compared to other autoimmune diseases. 8 However,  it remains to be seen 
if Il-6 is specific enough for PNP, as it has also been reported to be elevated in patients with 
toxic epidermal necrolysis and graft versus host disease 9-11, conditions that may all mimic PNP. In 
addition it is unknown if the autoantibody-negative subset of PNP patients also has increased IL-6 
serum levels. Therefore, further studies are needed to identify diagnostic markers for this subset 
of PNP patients.  
 
In chapter 6 we investigated the ultrastructure of Dsg1 clusters in PF skin. We found that these 
Dsg1 clusters are double membrane structures, of which there seem to be two types. First, in 
the lower epidermis these structures were continuous finger-like projections of one cell into its 
neighbour. Secondly, in the upper epidermis these double membrane structures disappear and 
instead large intracellular double membrane vesicles are found. Importantly, we found that the 
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membrane-bound Dsg1 in these projections and vesicles was located outside of desmosomes, 
while desmosomes in PF skin were depleted of Dsg1. Our findings confirm the results of Oktarina 
et al., who showed by immunofluorescence microscopy that in PF and pemphigus vulgaris 
(PV) patient skin, Dsg clusters do not contain all desmosomal components but are composed 
of only IgG, Dsg and plakoglobin. 12 Desmosomal depletion may be due to the IgG mediated 
inhibition of desmosomal assembly by binding to non-desmosomal Dsg1, or due to the 
induction of desmosomal disassembly via binding to desmosomal Dsg1, which is then expelled 
out of desmosomes. Our findings could fit with both options. Either way, the binding of IgG 
to Dsg1results in depletion of desmosomes. Although lesional skin biopsies were not available 
for our study, it is expected that in acantholytic skin, further desmosomal depletion results in 
a reduced number and even absence of desmosomes and subsequently acantholysis, as also 
suggested by van der Wier et al. 13,14 and Sokol et al. 15 (www.nanotomy.org). 
Data from Bedane et al. 16 questions the existence of non-desmosomal Dsg1. In their study, they 
used direct and indirect immunoelectron microscopy (IEM) to investigate the ultrastructural 
binding sites of IgG in PV and PF skin. They found that for PV, IgG binds to desmosomes but 
also to non-desmosomal parts of the keratinocyte cell membrane in patient skin. However, for 
PF, this study showed the binding of IgG to be restricted to desmosomes. This does not support 
our observations. This difference may be explained by differences in fixation and visualization 
techniques.  It may be that some IgG epitopes were damaged during their fixation steps, or that 
their one-step peroxidase mediated visualization was less effective than our two-step nano-gold 
staining, resulting in lower sensitivity to detect bound IgG.  Indeed, in 3 of their 7 studied PF 
patients they found no in vivo bound IgG at all, while of the 4 patients with IgG depositions 
they reported that in some the depositions were restricted to the upper part of the epidermis. 
We, by immunofluorescence microscopy in forty biopsies, have never seen that IgG deposition 
was lacking in any of the lower layers. (Dr. H.H. Pas, personal communications) Furthermore, their 
study included subclinical acantholytic skin, in which interdesmosomal Dsg1 may already has 
been depleted. In addition, the focal density of non-desmosomal Dsg1 in healthy skin may be 
lower than in PF skin due to the lack of clustering, and this would explain why non-desmosomal 
bound IgG could not be detected in normal skin by indirect IEM.
The double-membrane interdigitating structures described in chapter 6, could have been formed 
as a result of crosslinking of opposite Dsg1 molecules. Atomic force experiments have shown that 
polyclonal PF IgG is able to increase the binding force between two opposing Dsg1 molecules, in a 
cell-free system. This effect was not observed when using PF Fab fragments or a monoclonal anti-
Dsg1 antibody instead of IgG. 17 In line with this, pemphigus patient IgG, but not Fab fragments 
induces Dsg clustering in an ex vivo skin explant pemphigus model. 12 These findings suggest 
that polyclonal PF IgG has cross-linking activities, and in PF patient skin this may result in the 
cross-linkage of two opposing cell membranes, thereby forming double membrane structures. 
The projections and invaginations of these double membranes between neighbouring cells 
may reflect attempts of internalization and degradation of this surface bound IgG, however the 
cellular mechanisms of how projections and invaginations form are at still completely unknown. 
Possible mechanisms involved in the formation of these projections may be changes in the actin 
cytoskeleton, endocytosis and the activation of signaling pathways such as that of p38 mitogen 
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activated protein kinase (p38MAPK), as has been suggested to occur in cultured keratinocytes and 
skin exposed to pemphigus vulgaris IgG. 18-20 Interestingly, inhibition of p38MAPK prevented the 
formation of Dsg3 clusters in cultured keratinocytes exposed to polyclonal PV IgG. 19 In addition 
this pathway has been linked to Dsg3 internalization and cytoskeletal reorganization. 20,21

This signaling pathway may also play a role in PF, as suggested by Lee et al. 22, who found an 
upregulation of p38MAPK in mouse skin exposed to PF IgG, and the prevention of blister formation 
when these mice were exposed to a p38MAPK inhibitor.  Interestingly, Dsg1 clustering may vary 
between different patients and in different stages of disease (12, chapter 5 this thesis). Future 
studies investigating the activation of p38MAPK signaling in PF patient skin and correlating this 
to the extent of clustering could provide more insight in the cellular mechanisms involved in 
cluster formation.
 The formation of these Dsg clusters and projections is probably not a prerequisite for acantholysis, 
as monovalent anti-Dsg Fab fragments, and monoclonal anti-Dsg antibodies induce acantholysis 
in the absence of these clusters. 12,19 Also, the biopsies used in our study, and those in chapter 5 
(see below) were not lesional but nevertheless had an abundance of Dsg1 clusters. The question 
therefore still remains, which cellular mechanisms actually lead to acantholysis in clustered 
pemphigus patient skin compared to non-clustered acantholytic Fab-exposed skin.  Previous 
studies have suggested that steric hindrance of Dsg trans-interaction is the main mechanism 
mediating acantholysis in keratinocytes without Dsg clusters and exposed to monoclonal anti-
Dsg antibodies while cell signaling pathways would mediate acantholysis in keratinocytes with 
Dsg clusters and exposed to PV or PF IgG. 17,19 Our data and that of others favors the ‘melting’ 
desmosomes theory, thus the total disappearance of desmosomes as observed in the acantholytic 
PF biopsy (www.nanotomy.org). 15 However, this desmosomal ‘melting’ probably also involves 
cell-signaling pathways, which is not mutually exclusive to the desmosome ‘melting’ hypothesis. 
Future studies investigating the biochemical and especially the ultrastructural differences or 
similarities between Fab-incubated acantholytic skin, and PV and PF IgG-incubated acantholytic 
skin could shed more light on the acantholytic mechanism(s).  
 
Besides investigating PF skin, the investigation of clinically unaffected tissue such as PF mucosa, 
can also provide us with important clues on determinants of pathogenicity.  In chapter 5 we found 
that the desmosomes in PF mucosa are smaller than those of normal human mucosa, and that 
this is related to Dsg1 clustering. Furthermore our data suggests that Dsg1 clustering correlates 
to intercellular widening, which may be caused by PF IgG that interferes with the adhesive role 
of non-desmosomal Dsg1. This is in line with previous reports on widening in PF and mcPV skin  
12,13,15 and in cultured keratinocytes exposed to PF IgG.17  
We propose that the reduced desmosomal size in PF mucosa is due to Dsg1 depletion, as we 
have shown in chapter 6 to occur in PF skin. Future studies using immuno-electron microscopy 
to quantify Dsg1 content in desmosomes of PF mucosa are needed to prove desmosomal 
Dsg1 depletion in this tissue. In addition, future studies investigating the further composition 
and ultrastructure of the Dsg1 clusters should reveal if, like in PF skin, these mucosal clusters 
are double-membraned projections that contain non-desmosomal Dsg1 that has been rendered 
unavailable for incorporation into desmosomes by PF IgG. Interestingly, our findings contrast 
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with van der Wier et al.’s findings of clinically unaffected skin of mucosal dominant PV patients 
in which, despite clustering of Dsg3, desmosome size was found to be normal. 14 This could be 
because Dsg1 is more important in determining desmosome size than Dsg3, as Dsg1 binds more 
plakoglobin than does Dsg3, and thus depletion of Dsg1 would result in the exclusion of larger 
desmosomal protein complexes than the depletion of Dsg3. 23

 Recently, studies of PF patient skin have shown the disruption of plakoglobin distribution, co-
localizing with Dsg1 in clusters along the keratinocyte cell surfaces. 12 Plakophilin-3 was not 
disrupted, but plakophilin-1 was not investigated.  Plakoglobin and plakophilin-1 are important 
regulators of desmosomal assembly, and disruption of their distribution may affect desmosomal 
size. 24,25 It is unknown if plakoglobin and plakophilin-1 distribution is disrupted in PF mucosa. 
Therefore, future studies investigating these proteins in PF mucosa may provide further insights 
in why desmosomal size is altered in this tissue. 
We showed that in PF mucosa, even the N- PF patients showed significantly smaller desmosomes 
than the control mucosa. In contrast, van der Wier et al showed that only the Nikolsky positive 
(N+) PF patients have smaller desmosomes in their skin, while the N- PF patients have normal 
sized desmosomes. 13 Apparently, mucosa is more sensitive to the depletive effects of PF IgG 
than skin. It is unknown what accounts for this difference. It could be due to the differential 
desmosomal composition between the two tissues. Previously is has been show that, compared 
to skin, mucosal desmosomes contain less Dsg1 26 and therefore these desmosomes may be 
quicker depleted of Dsg1 by PF IgG. It is also possible that there is relatively more interdesmosomal 
Dsg1 in mucosa than in skin. Mucosal tissue has a higher turnover rate than skin, and therefore 
mucosal desmosomes may also have a higher turnover rate. A larger non-desmosomal pool of 
Dsg1 in the mucosal cell membrane would facilitate this fast desmosomal renewal. Therefore, if 
PF IgG mainly exerts its effects through the binding to non-desmosomal Dsg1, mucosa would 
be more susceptible to the initial effects of PF IgG than skin. Future immunoelectron microscopy 
studies investigating the quantity of desmosomal and non-desmosomal Dsg1 in skin compared 
to mucosa would shed more light on this.  
The composition of depleted desmosomes of suprabasal mucosal cells in PF mucosa resembles 
that of the basal cells, whereby the predominant Dsg is Dsg3.  Does this shift in Dsg1/ Dsg 3 
balance also have phenotypical consequences? For example suprabasal cells in PF mucosa 
might adopt basal cell characteristics such as higher proliferation and intercellular widening as 
these changes have previously been found in the skin of transgenic mice that over-expressed 
Dsg3 in suprabasal cells. 27 Future studies investigating the proliferative activity of the mucosa 
of PF patients would therefore be interesting to understand possible non-adhesive functions of 
desmogleins.
Besides desmosome size and number, changes in desmosomal composition and adhesional-
state  may have consequences for epidermal and epithelial integrity. A marker for hyperadhesive 
desmosomes has been proposed to be the presence of a dense midline. 28 It is currently unknown 
if this hyperadhesion is negatively affected in pemphigus. Future electron microscopy studies 
investigating the influence of pemphigus IgG on desmosomal hyperadhesion, by looking at the 
presence or absence of a dense midline would therefore also be of interest. 
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Besides providing new insights on desmosomal depletion, this thesis also touches on the role of 
signaling pathways in pemphigus pathogenesis. In chapter 7 we failed to observe a protective 
effect in the diseased oral mucosa of three pemphigus patients after two weeks of topical 
sirolimus treatment.  Sirolimus has been used as inhibitor of the mammalian target of rapamycin 
(mTOR) signaling pathway to treat various diseases.  Previous reports have suggested that its 
topical application is effective in improving psoriasis 29 and oral erosive lichen planus 30 whereby 
local immunosuppression is thought to be the main mode of action. Pretel et al. used sirolimus in 
an experimental pemphigus mouse model, to show that mTOR signaling precedes acantholysis. 31 
This effectivity of sirolimus in preventing acantholysis has been proposed to occur at the local level 
of the keratinocyte, instead of a systemic immunosuppressive level. 32 The lack of effects observed 
in our three patients due to the inadequate penetration of the topical solution in the mucosal 
epithelium can have various reasons. Sirolimus is highly lipophilic and our patients were only 
exposed to sirolimus shortly, so exposure time could have been a problem. It is also possible that 
mTOR signaling is not involved in mediating acantholysis in humans. This thesis does not provide 
an answer to these questions. Actual evidence of increased mTOR signaling in human pemphigus 
skin and mucosa is lacking today. Therefore, quantative studies that investigate whether or not 
mTOR signaling is upregulated in pemphigus patient tissue should be performed in the future. 
As mTOR signaling may also be a dynamic transient event, comparable to that of p38MAPK 22, 
additional experimental models using human skin, such as human skin explant models or mouse 
models with grafted human skin, can be used to monitor the effects of pemphigus IgG on mTOR 
signaling over time. In such models sirolimus can be used to assess possible role of mTOR signaling 
in pemphigus acantholysis in human tissue. 
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‘Waarom dubbelzijdig plakband soms niet meer goed plakt’
De huid is het grootste orgaan van de mens. Het heeft vele onmisbare functies, zoals het 
tegenhouden van ongewenste bacteriën en virussen, temperatuurregulatie, aanmaak van 
vitamine D, en het bepaalt in belangrijke mate het uiterlijk.  De huid bestaat uit verschillende lagen, 
waarvan de bovenste de epidermis wordt genoemd, gevormd door een soort metselwerk van 
huidcellen. Je kunt je voorstellen dat deze laag nogal wat te verduren heeft: het wordt gedurende 
de hele dag opgerekt en ingedrukt. Daarom heeft de huid zich uitgerust met structuren die 
ervoor zorgen dat ze bestand is tegen rekkrachten: cellen in de epidermis houden onderling 
stevig verband door de aanwezigheid van zogenaamde desmosomen, een soort dubbelzijdig 
plakband dat de cellen goed aan elkaar vast plakt. Deze desmosomen zijn ook onmisbaar voor de 
integriteit van het mondslijmvlies. Bij de meeste mensen functioneren desmosomen voorbeeldig 
en vangen ze de krachten waaraan de epidermis en de slijmvliezen worden blootgesteld met 
gemak op. Soms gaat het echter fout. Om te begrijpen wat er fout kan gaan moeten we het eerst 
even hebben over het immuunsysteem van de mens. 
Het immuunsysteem is een complex geheel van cellen en andere componenten. Het zorgt ervoor 
dat factoren die de integriteit van het lichaam aantasten, zoals ongewenste bacteriën, geen kans 
krijgen. Het moet daarbij uiteraard heel goed ‘weten’ wat lichaamseigen is en wat niet. Gelukkig 
kan het immuunsysteem dat onderscheid nagenoeg onfeilbaar maken. Een enkele keer echter gaat 
het fout en valt het componenten van het eigen lichaam aan. Dit noemen we autoimmuniteit. Er 
zijn veel ziektes waar autoimmuniteit aan ten grondslag ligt, zoals reuma, astma of diabetes type I. 
Hoe het kan dat het immuunsysteem bij sommige mensen faalt in zijn onderscheidingsvermogen 
is niet precies bekend. Omdat het samenhangt met heel veel ziektebeelden is het natuurlijk van 
groot belang dat er onderzoek gedaan wordt naar autoimmuniteit. 
Laten we nu teruggaan naar de huid en de slijmvliezen. Hoewel een zeldzaamheid, kan het 
dubbelzijdig plakband in de huid en het slijmvlies, d.w.z. de desmosomen, aangevallen worden 
door antilichamen van het eigen immuunsysteem. We spreken dan van autoantilichamen. Het 
behoeft geen uitleg dat de rekbaarheid van de epidermis en het slijmvlies in het geding komt 
als autoantilichamen de desmosomen aanvallen en hun plakbandfunctie in de weg zitten. Het 
bijbehorende ziektebeeld wordt pemphigus genoemd, dat onder de blaarziekten valt. Patiënten 
met deze ziekte krijgen heel gemakkelijk blaren op hun huid, en de slijmvliezen. De huid- en 
slijmvliescellen zitten namelijk niet meer goed aan elkaar vast. Dit is gevaarlijk, want daardoor 
kan de patiënt huidinfecties krijgen, of uitdrogingsverschijnselen, m.a.w. essentiële functies 
van de huid en het slijmvlies worden er ernstig door aangetast. Zoals zo vaak in de wetenschap 
liggen de zaken subtieler dan je in eerste instantie zou denken. Zo ook bij pemphigus. Er zijn vele 
theorieën over hoe de autoantilichamen de functie van de desmosomen nadelig beïnvloeden, 
maar het precieze mechanisme is nog niet ontrafeld. Op dit punt komen de PhD studenten om 
te hoek kijken. Zij worden ingezet om hard te werken teneinde de kleinste details van moleculair 
biologische processen zoals die verantwoordelijk voor het ontstaan van pemphigus uit te vogelen. 
Van dergelijk onderzoek is het onderhavige boekje een proeve.
Er zijn vele varianten van pemphigus. Eén daarvan is een vorm die voorkomt bij patiënten met 
kanker, we spreken dan van paraneoplastische pemphigus. In de hoofdstukken 3 en 4 van dit 
proefschrift hebben we verschillende methoden om deze variant te diagnosticeren met elkaar 

Samenvatting voor de leek
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vergeleken. De resultaten van dit onderzoek geven een goed handvat om bij nieuwe patiënten 
adequaat paraneoplastische pemphigus vast te stellen. Verder geven we in hoofstuk 2, 5 en 6 
prijs hoe de desmosomen, met name één bepaald onderdeel daarvan, desmogleïne 1, beïnvloed 
worden door de daartegen gerichte autoantilichamen bij de foliaceuze subvorm van pemphigus: 
Desmogleïne 1 verdwijnt uit desmosomen, brokkelt soms af, en zelfs in gezond uitziend 
mondslijmvlies blijken de desmosomen te krimpen! Tot slot hebben we in hoofdstuk 7 de rol 
van mTOR onder de loep genomen. Deze belangrijke communicatie route in menselijke cellen 
is bij heel veel processen betrokken, en collega onderzoekers vermoedden dat dat ook voor 
pemphigus het geval is. Helaas leidde de behandeling van patiënten met een mTOR remmende 
mondspoeling, niet tot vermindering van symptomen van pemphigus. We denken daarom, dat, 
hoewel het graag overal wel iets in de melk te brokkelen wil hebben, een zekere bescheidenheid 
mTOR, aangaande zijn rol bij de pathogenese van pemphigus, siert.
Al met al hebben we met het onderzoek, zoals beschreven in dit proefschrift, diverse aspecten 
van pemphigus belicht. Hopelijk helpt deze nieuwe kennis om deze ernstige blaarziekte beter te 
kunnen begrijpen en behandelen. Dit laat onverlet dat we geenszins een oplossing pretenderen 
te hebben voor het irritante fenomeen – iedereen kent het uit eigen ervaring – dat het welhaast 
onmogelijk is dubbelzijdig tape, doordat het òfwel aan je ene vinger, òfwel aan je andere vinger 
blijft plakken, in de prullenmand te deponeren.
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Dankwoord
‘Ik ga niet verder hoor, dit is niet te doen.’
Met een bezweet hoofd trapte Huib op de rem. ‘De wegen zijn te slecht.’
De drie passagiers bleven stil. Het was warm in de auto. De zon stond hoog aan de hemel en het 
zuchtje wind dat door de open ramen naar binnen kwam gaf geen verkoeling. 
Drie uur geleden hadden ze de hoofdstad verlaten, vol verwachting en verlangend naar een 
frisse duik in de Nanny waterval, die verscholen ligt in de bergen van Portland, Jamaica. Drie 
uren door het groene berglandschap, met prachtige vergezichten omlijst door varens, ritselend 
bamboe, ackee- en mangobomen en het gekraak van krekels, met hier en daar rustieke houten 
huisjes, dapper genesteld langs steile afgronden. Drie lange uren, hobbelend in een auto, over 
onverharde, slingerende wegen, mét airconditioning (die uit stond omwille van de schone 
berglucht), maar zónder four-wheel drive. 
De auto stond stil. Huib keek naar buiten, naar de weg die voor hem lag. Geen asfalt te bekennen, 
alleen grote losse brokstukken steen en klei. Hij had geen idee hoe ver het nog naar de waterval 
rijden was. ‘We gaan terug.’ De passagiers protesteerden in gedachten. ‘Drie lange uren….voor 
niks?’ Maar net op het moment dat Huib de auto wilde keren, kwam er een tenger mannetje 
aanlopen. Hij was een jaar of 70, droeg een versleten kaki broek, een bezweet blauw T-shirt, en 
aan beide armen een zak vol verse kokosnoten. Hij keek Huib recht aan, glimlachte, en zei: ‘ Zoeken 
jullie de Nanny waterval?’ De passagiers knikten vertwijfeld. ‘Jullie zijn op de goede weg hoor! T’ is 
nog maar een paar minuutjes rijden, recht vooruit! Willen jullie coconut water?’ 
Het water uit de kokosnoten was heerlijk zoet en fris, en de weg zag er ineens niet meer zo hobbelig 
uit. De dorst gelest, en vol goede moed, zette het viertal de reis voort. De hobbelige autorit 
duurde inderdaad nog maar kort, en werd gevolgd door een pittige maar mooie wandeltocht 
door een tropisch bos. Huib en zijn passagiers werden tijdens deze wandeling vergezeld door 
twee enthousiaste jongens, die hen als ware gidsen alles wisten te vertellen over de beplanting 
en de geschiedenis van het nabij gelegen dorp Moore Town. Het viertal eindigde hun reis zowaar 
zwemmend onder het frisse, sprankelende gekletter van de Nanny waterval.

Zoals het bovenstaande (waargebeurd) verhaal, is promoveren voor mij ook een reis geweest, 
waarvan ik aan het begin niet precies wist hoe en waar het zou eindigen. Een reis die soms 
over onverharde wegen is gegaan, maar vooral een reis met mooie momenten en leuke 
ontmoetingen. Ik wil hierbij dan ook alle mensen die ik mij tijdens deze reis hebben geholpen, 
van harte bedanken. 

Mijn promotor, prof. dr. Marcel Jonkman: Bedankt dat u mij de kans heeft gegeven om 
promotieonderzoek te doen in uw onderzoeksgroep. Bedankt voor de leerzame en vaak 
stimulerende wetenschappelijke discussies. Ik bewonder uw snelheid van wetenschappelijk 
redeneren en de constructive critisicm waarmee u de discussies tijdens de maandagochtend 
onderzoeksbespreking op een hoger niveau brengt.
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Mijn co-promotor, dr H.H. Pas: Hendri, ik kan me jouw enthousiasme, de eerste keer dat je me 
een IF-plaatje liet zien van geclusterde desmogleines, nog goed herinneren. Dat enthousiasme 
was voor mij toen nog een raadsel, maar ik werd er wel nieuwsgierig door. Inmiddels delen we 
dit enthousiasme. Bedankt voor alle leerzame discussies over de diagnostiek en pathogenes van 
pemphigus, waarbij je jouw ideeën vaak als een ware thriller onder woorden bracht. Gelukkig was 
er op de achtergrond vaak muziek te horen om de spanning wat te dempen, van Griekse klanken 
tot reggae liedjes. Bedankt voor de vrijheid die ik van je kreeg om zijwegen te exploreren, en voor 
de bemoediging in de afrondende fase van het onderzoek.

The reading committee: prof. dr. F.G.M Kroese, prof. dr. C.A. Stegeman and prof. dr. Schmidt: Thank 
you for taking the time to critically read and evaluate this thesis, and thank you for your intriguing 
questions about the etiology of antibody formation in pemphigus.

All co-authors, near and far, including Gilles Diercks, Luca Borradori, Takashi Hashimoto, Isabelle 
Schepens, Jeroen Kuipers, Ruby Kalicharan, Akeni Ishida-Yamamoto, and Ben Giepmans: Thank 
you for your contributions and fruitful discussions, be-it either in person, during work-meetings 
or via email. 

Gilles, als laatste auteur van het hoofdstuk over IF-patronen in de diagnostiek van paraneoplastische 
pemphigus, wil ik je extra bedanken voor het delen van jouw expertise in de dermatopathologie 
en jouw inspiratie om de IF-patronen op papier te zetten. 

Paranimfen Ena Sokol en Laura de Sena Nogueira Maehara. It was a real joy to work with both 
of you. I always enjoyed our journalclub meetings, and although the attendees were sometimes 
small in number, the discussions were great in depth, also with the help of Ben and Hendri.
Ena, I admire your expertise in cellular imaging techniques, your great work-ethic and inquisitiveness 
resulting in many new ideas for experiments aimed to unravel pemphigus pathogenesis. I am 
very grateful for our collaboration in chapter 6 of this thesis. How great that we can celebrate our 
defences together! 
Laura, you are a skilled and devoted dermatologist and a diligent scientist. Congratulations on 
your achievements studying endemic pemphigus foliaceus, and thank you for giving this extra 
dimension to the pemphigus research group in Groningen.  
Ena and Laura, thank you for being my paranimfs. Laura, how great that you, Masaro and Naomi 
will come all the way from Brazil, to join us on our defence day! We are the three musketeers when 
it comes to pemphigus research but even more so when it comes to friendship. 

Hugo en Joylene, tijdens jullie geneeskunde studie hebben jullie een belangrijke bijdrage 
geleverd aan het tot stand komen van dit proefschrift. Bedankt daarvoor. Joylene, bedankt voor 
al de IF-kleuringen die je hebt verricht voor hoofdstuk 4. Hugo, we hebben ons gewaagd aan het 
beruchte huidmodel om de rol van mTOR in pemphigus pathogenese te ontrafelen. Helaas was 
de tijd ons niet goed gezind om dit tot een publicatie te brengen. Desondanks wil ik je bedanken 
voor de ontelbare uren die je in het lab en met image-J hebt doorgebracht. Hugo en Joylene, heel 
veel succes in jullie verdere carrière.



501140-L-sub01-bw-Poot501140-L-sub01-bw-Poot501140-L-sub01-bw-Poot501140-L-sub01-bw-Poot

125  

Duco Kramer, als research-analist heb jij een onmisbare bijdrage geleverd aan dit proefschrift. Het 
lab immunodermatologie boft met jou als electronen-microscopie deskundige, zoals ook blijkt 
uit hoofdstukken 2, 5 en 6. Ook heb je, samen met Gezina Klunder, de in hoofdstuk 3 gebruikte 
niet-radioactieve immuunprecipitatie techniek ontwikkeld, wat nu ook soms in de kliniek wordt 
toegepast als er een lastige casus met verdenking op paraneoplastische pemphigus voorbij komt. 
Ik waardeer jouw creativiteit en humor, en dank je voor al je werk en de fijne samenwerking.

Miranda Nijenhuis, je bent de spil van het immunodermatologie lab, overziet alles en bent soms 
streng maar altijd rechtvaardig. Ik moet toegeven, in het begin was ik een beetje huiverig voor 
jouw kritische blik, maar ik heb inmiddels grote waardering voor jouw eerlijkheid. Bedankt voor 
de goede introductie op het lab, al je hulp bij talloze experimenten (ook bij die experimenten die 
dit proefschrift niet hebben gehaald), en je bemoedigende woorden. 

Laura Nijen-Vos, een ware bezige bij, bedankt voor al je hulp met onder andere het uitvoeren 
van menig ELISA en immunoblot. Jouw immer opgewekte humeur werkt aanstekelijk. Ook wil ik 
Guus, Janny en Gonnie hartelijk bedanken voor alle hulp op het immunodermatologie lab. Ook 
jullie hebben me geholpen met menig ELISA en IF-kleuring, die alle bijdragend zijn geweest voor 
dit proefschrift.

Marjon Pasmooij, bedankt voor de nuttige opmerkingen en tips die je me gaf tijdens menig 
onderzoeksbespreking. Je bent een getalenteerd en hardwerkende wetenschapper, maar 
daarnaast breng je ook veel gezelligheid met je mee. Bedankt voor de leuke borrels, etentjes en 
uitjes na werktijd, waaronder het innerverend avondje oranje kijken.

Alle andere onderzoekers van de afdeling dermatologie, die rond dezelfde tijd als ik bezig waren 
met hun promotie, waaronder Wing Yan, Awalia, Laura Bijkersma-Pot, Wianda, Janine, Kasia, 
Tanja en Klaziena : Bedankt voor de gezelligheid en goede adviezen tijdens de vrijdagochtend 
besprekingen, en daarbuiten.

Gerda en Mira, jullie waren naast fijne kamergenoten ook de pioniers in het tot stand komen 
van hoofdstukken 2 en 5 van dit proefschrift. Bedankt voor al jullie werk, gezelligheid tijdens 
congressen, en heel veel succes in jullie verdere carrière. Antoni, ook jij was een fijne kamergenoot. 
Bedankt voor al je wetenschappelijke tips, hulp bij het oplossen van computer perikelen, en de 
leuke discussies. 

En toen was de tijd daar, ik moest de onderzoekerskamer verlaten om plaats te maken voor Iana, 
Joost en Jeroen. Bedankt dat ik af en toe nog aan mag kloppen om een praatje te maken en 
van jullie hilarische humor te genieten. De afdeling dermatologie boft met jullie artistieke skills. 
Iana, bedankt voor de lekkere etentjes en alle wetenschappelijke- en levenstips die je me hebt 
gegeven in de afrondende fase van het proefschrift. Iana, Joost en Jeroen, heel veel succes met 
het afronden van jullie eigen proefschrift. En Joost, succes met het afronden van, ik durf het bijna 
niet te noemen…….de verbouwing (ook namens Pax). 
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Piet Toonder, naast medisch fotograaf, was je voor mij onmisbaar als computer deskundige. 
Je hebt me diverse malen geholpen als ik er weer eens niet uitkwam met de Adobe software. 
Hartelijk dank daarvoor.

Alle AIOS dermatologie, ik noem geen namen want ik wil niemand vergeten: Hartelijk bedankt 
voor jullie belangstelling, bemoedigende woorden en gezelligheid. Ik bof met zulke collegae!

Alle stafleden dermatologie, en met name dr. Barbara Horvath en dr Marie-Louise Schuttelaar, 
bedankt voor het inroosteren van extra tijd om mijn onderzoek te kunnen afronden. Ook wil ik 
dr. Sylvia Kardaun bedanken voor de bijdrage aan hoofdstuk 3 en 4, waarbij wij gebruik hebben 
gemaakt van sera van patiënten met toxische epidermale necrolyse. Het toevoegen van deze 
controle groep, heeft deze hoofdstukken wetenschappelijk sterker gemaakt.

Last but not least, mijn familie en vrienden.  

Dierbare vrienden uit het Westen: Shiwa, Ilona, Karin, Amna, Strelitzia en Saskia. Dank voor  
alle gezellige bezoekjes aan Groningen, helemaal vanuit het Westen. 
Dierbare vrienden uit het Noorden: Yan Yin, Iana, Tanja, Gerben, Eefje, Rens en Joline. Dank voor 
alle leuke etentjes en gezellige karaoke- en spelletjesavonden. 
Ik hoop op nog vele leuke ontmoetingen met jullie allemaal, in de toekomst.

Aan mijn muzikale vrienden, Ming San, Anna, Marjolein en Tomas: bedankt voor de gezellige 
muzikale avonduurtjes bij de oude en ontstemde maar charmante vleugel in de spooky 
souterrain van de medische faculteit. Het was een perfecte manier om na een dag hard werken 
te ontspannen. Hopelijk kunnen we de komende tijd weer wat vaker samen spelen. Anna, now 
we both finished our PhD, I hope to visit you soon in London. Good luck with your work there as 
post-doc. Tomas, niet alleen bij de afwas ben je van onmisbare waarde geweest. Bedankt voor het 
samen brainstormen over stellingen en omslag, voor het schrijven van de samenvatting voor de 
leek, voor de aansporing bij de laatste loodjes, en alle mooie momenten samen.

Dr. Patricia Dunwell, dear aunt Pat, as a skilled and dedicated dermatologist, you inspired me to 
persue a carreer in dermatology. Thank you, and all your staff, for giving me the chance to do 
part of my clinical clerkships at Musgrave Medical Centre in Jamaica. During this clerkship, your 
swift diagnosis and treatment of an elderly lady with bullous pemphigoid, was in fact my first 
introduction to autoimmune bullous diseases.

Dr. Zieleman, samen met mevr. Zieleman heeft u mij geïnspireerd om mij wetenschappelijk te 
ontwikkelen. Dank voor de interesse die u altijd toonde in mijn bezigheden, vanaf de basisschool 
tot aan nu.
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De hele familie Poot, en met name Oma Poot: bedankt voor de gezellige zondagmiddagen en 
de belangstelling voor mijn activiteiten in het verre Gronigen. Helaas heb ik de afgelopen tijd 
Waddinxveen niet vaak kunnen bezoeken. Ik hoop dat ik met het afronden van dit proefschrift 
snel weer een kopje thee met u en mevrouw An kan komen drinken.  

Mijn lieve ouders en zusje. Simone, je bent m’n onofficiële paranimf. Dank voor je hulp bij de 
stellingen en de vormgeving van dit boekje, en voor je nuchtere feedback tijdens de laatste 
loodjes. Veel dank aan mijn ouders. Jullie staan altijd voor me klaar, en brengen altijd warmte 
en gezelligheid mee met jullie vele bezoekjes aan Groningen. Bedankt voor alle tassen met 
lekkernijen en de goede ondersteuning, zelfs met de proofreading van dit boekje. M’n proefschrift 
is eindelijk af, de reis voltooid!
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