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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
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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
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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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