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Abstract: Autoimmune blistering diseases (AIBD) involve autoantibodies targeting proteins in the 

epidermal/epithelial desmosome (pemphigus) or basement membrane zone (pemphigoid). Despite 

widespread antigen distribution, lesions exhibit a scattered involvement pattern. This study maps 

the frequency/severity of AIBD lesions in various body parts and investigates whether differential 

antigen expression contributes to specific predilection sites. We analyzed affected sites presenting 

blisters/erosions, erythematous/urticarial lesions, and mucosal lesions in bullous pemphigoid (BP-

cohort 1, n=65; BP-cohort 2, n=119), pemphigus vulgaris (PV, n=67), and pemphigus foliaceus (PF, 

n=20) patients. To assess antigen expression, we conducted indirect immunofluorescence (IF) 

staining of 11 AIBD antigens from 13 anatomical sites of 10 body donors without AIBD. In BP, 

blisters/erosions and erythematous/urticarial lesions predominantly affected arms and legs, while 

PV/PF patients exhibited frequent involvement of buccal mucosa and back, respectively. IF staining 

identified significant regional differences in BP180, BP230, and integrin β4 expression, although 

these variations did not correlate with a higher lesion frequency/severity. Other antigens showed 

consistent expression across all regions. Our findings suggest that predilection sites for BP and 

PV/PF are largely unaffected by regional variations in antigen expression but may be influenced by 

factors like microbiota, mechanical stress, sunlight exposure, local immunity, or genetics. 

Keywords: autoimmune blistering disease; bullous pemphigoid; pemphigus; predilection sites; 

antigen expression 

 

1. Introduction 

Autoimmune blistering diseases (AIBD) are a paradigm of organ-specific, autoantibody-

mediated autoimmune diseases that can be classified into two groups based on the location of split 

formation: intraepidermal blistering in the pemphigus group and subepidermal blistering in the 

pemphigoid group and dermatitis herpetiformis [1]. In pemphigus, autoantibodies target 

desmosomal cadherins, desmoglein (Dsg) 1 and Dsg3, which disrupt epithelial cell-cell adhesion, 

leading to intraepithelial blisters and erosions of the skin and the surface-close mucous membranes 

[2,3]. In contrast, pemphigoid diseases are characterized by autoantibodies against structural proteins 

at the dermal-epidermal junction [4,5]. 

Bullous pemphigoid (BP), the most common AIBD, is caused by autoantibodies against two 

hemidesmosomal proteins, BP180 (BPAG2, type XVII collagen) and BP230 (BPAG1, dystonin) [6]. In 
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epidermolysis bullosa acquisita, autoantibodies target type VII collagen, while mucous membrane 

pemphigoid is distinguished by predominant mucosal involvement and autoantibodies against 

BP180, laminin 332, type VII collagen, BP230, and α6β4 integrin [7]. 

A key, yet unresolved, question in AIBD concerns the distribution of cutaneous and/or mucosal 

lesions, which tend to appear in specific anatomical regions with varying frequency and severity. 

One possible explanation is that these regions exhibit higher levels of the target antigens, making 

them more susceptible to blister formation. This hypothesis is supported by findings showing that 

human mucosal keratinocytes express high levels of pemphigus vulgaris (PV) antigens but lower 

levels of pemphigus foliaceus (PF) antigens [8]. 

To investigate this hypothesis, we systematically examined the predilection sites of clinical 

lesions in patients with BP, PV, and PF. Additionally, we semi-quantitatively assessed the expression 

levels of key AIBD target antigens, including Dsg1, Dsg3, BP180, BP230, collagen VII, laminin α3, 

laminin β3, integrin α6, integrin β4, plectin, and cytokeratin 14, across 13 anatomical regions, aiming 

to identify potential correlations between antigen expression levels and lesion distribution. 

2. Materials and Methods 

2.1. Human Material 

The study included the following cohorts patients with AIBD: (i) BP cohort 1 (n = 65; females 

[56.9%], males [43.1%]; mean age, 79.9 years; median age, 83 years), (ii) BP cohort 2 (n = 119; 49 females 

(41%), 70 males (59%); mean age, 75 years; median age, 77 years), (iii) PV cohort (n = 67; females 

[56.2%], males [43.8%]; mean age, 65.6 years; median age, 55 years), and (iv) PF cohort (n = 20; females 

[38.8%], males [61.2%]; mean age, 66.9 years; median age, 71 years). 

BP patients were diagnosed according to the following diagnostic criteria: (i) a compatible 

clinical picture without predominant mucosal involvement, (ii) positive IgG staining on the 

epidermal side of 1 M human salt-split skin by indirect immunofluorescence (IF) microscopy, (iii) 

presence of circulating IgG autoantibodies against BP180-NC16A or BP230 by ELISA (Euroimmun, 

Lübeck, Germany), and/or linear IgG and/or C3c deposition along the basement membrane zone 

(BMZ) by direct IF microscopy of perilesional skin biopsies [9,10]. Disease activity at initial diagnosis 

was assessed using the Bullous Pemphigoid Disease Activity Index (BPDAI) [11], which differentiates 

between blisters/erosions and erythematous/urticarial lesions. 

Pemphigus was diagnosed based on the clinical picture, intercellular IgG binding to the 

epithelium of monkey esophagus, and IgG reactivity to Dsg1 and/or Dsg3 by ELISA [3,12]. Disease 

severity was assessed using the Pemphigus Disease Area Index (PDAI) scoring system [13], which 

distinguishes between (i) cutaneous activity (i.e., blisters, erosions, and new erythema), (ii) damage 

(i.e., post-inflammatory hyperpigmentation and erythema from resolving lesions), and (iii) mucosal 

lesions. Both BPDAI and PDAI scores range from 0 to 10 based on severity. All patients were newly 

diagnosed and had not received systemic immunosuppressive treatment prior to inclusion. 

In cohorts 1, 3, and 4, site involvement was determined using BPDAI and PDAI data from 

clinical records. In cohort 2, lesions were recorded retrospectively from clinical photographs 

routinely taken between January 2012 and September 2023. For patients with multiple time points, 

only images from the first visit were analyzed. 

For analysis of antigen expression, skin and mucosal punch biopsies were obtained from 10 body 

donors (4 males and 6 females, all > 70 years old) with no history of AIBD. From each body donor, 5-

mm postmortem biopsies were taken from 13 anatomical sites, including buccal mucosa, lower labial 

mucosa, lower conjunctiva, cheek, central sweating line of the breast, central sweating line of the 

back, flank at umbilical level, medial upper leg, dorsal lower leg, sole, medial upper arm, medial 

forearm, and palm. Tissue samples were embedded in Tissue-Tek O.C.T. compound (Sakura Finetek, 

Staufen, Germany) for IF examination. 
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2.2. Immunofluorescence Studies 

IF staining was performed to semi-quantitatively assess the expression of key AIBD antigens, 

including Dsg1, Dsg3, BP180, BP230, collagen VII, laminin α3, laminin β4, integrin α6, integrin β4, 

plectin, and cytokeratin 14, across 13 different body sites. Tissue sections, 6 µm thick, were air-dried 

and incubated with serial dilutions of primary antibodies in PBS for 1 hour at room temperature (RT). 

Isotype controls served as negative controls. Following washing with PBS, sections were incubated 

with secondary antibodies for 1 hour at RT, washed, and mounted with DAPI Fluoromount-G®® 

(SouthernBiotech, Birmingham, AL, USA). The stained sections were visualized using a Keyence 

microscope (BZ-9000E series, Keyence GmbH, Neu-Isenburg, Germany). Endpoint titers for each 

antibody were defined as the highest dilution showing positive staining. A detailed list of the primary 

and secondary antibodies used is available in Table S1. 

2.3. Statistics 

To assess differences in BPDAI and PDAI scores across body sites, the non-parametric Friedman 

test was employed, using subjects as blocks. The null hypothesis was that scores would be consistent 

across all sites. When a significant result was observed at the 5% level, rank-based Tukey contrasts 

(all pairwise comparisons) were conducted to avoid false positives from multiple pairwise tests. For 

BPDAI pigmentation, categorized as present or absent, Cochran’s Q test was used, followed by post-

hoc McNemar’s test. 

The Friedman test was also utilized to compare antigen distributions across body sites, 

accounting for individual variability. Global P values were adjusted for the analysis of 11 proteins 

using the Holm method. Site-specific differences were defined by adjusted P values < 0.05, and 

pairwise post-hoc comparisons were performed with Tukey contrasts. To further adjust for multiple 

comparisons, P values were refined using the Bonferroni method. 

Body donor sites were aligned with BPDAI/PDAI skin or mucosal blister sites, and the 

correlation between mean antibody titers and clinical scores across sites was estimated with the 

Spearman method. All statistical analysis was conducted using R (version 4.1, 2021, The R Foundation 

for Statistical Computing) with the R packages rstatix (https://CRAN.R-project.org/package=rstatix) 

and multcomp [14]. 

3. Results 

3.1. Arms and Legs Are the Most Common Sites for Blisters/Erosions and Erythematous/Urticarial Lesions 

in BP 

In BP cohort 1, all patients presented with cutaneous blisters/erosions, with arms (53.8%) and 

legs (50.7%) being the most frequently affected areas, followed by abdomen, back/buttocks, feet, 

hands, and chest (Figure 1A, Table S2). Notably, the most severe blisters/erosions also occurred in 

arms, legs, and feet. Additionally, a substantial proportion of patients had erythematous/urticarial 

lesions on arms (53.8%, score 1), followed by legs, back/buttocks, abdomen, and chest. These lesions 

rarely reached a severity score greater than 2 (Figure 1B, Table S3). 
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Figure 1. Skin blisters/erosions and erythematous/urticarial lesions occur predominantly on arms 

and legs in bullous pemphigoid patients. (A) Arms and legs were the most frequently and severely 

affected sites by skin blisters/erosions, followed by back/buttocks, abdomen, feet, hands, and chest. 

(B) Erythematous/urticarial lesions were predominantly observed on arms, followed by legs and 

trunk. Data include both BP cohorts (n = 105). 

Mucosal involvement was observed in 10.8% of patients in BP cohort 1, although no mucosal 

region exceeded a BPDAI score of 2 (Table S4). Buccal mucosa (7.7%) and soft palate (4.6%) were the 

most commonly affected mucosal sites. One patient had involvement of the nose, hard palate, lower 

gingiva, and anogenital region, with a clinical score of 2, in addition to extensive skin lesions. 

Notably, no lesions were detected in eyes, floor of the mouth, or posterior pharynx. Pigmentation 

was noted in 47.7% of patients, predominantly on arms and legs (36.9% each) (Table S5). 

These findings were consistent with BP cohort 2, where arms (77%) and legs (75.8%) were again 

the most common sites for blistering/erosions, followed by back/buttocks, feet, hands, and chest 

(Figure 1A, Table S2). Similarly, legs, arms, and feet were the most severely affected areas. The 
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severity and frequency of erythematous/urticarial lesions (Figure 1B, Table S3) and the pattern of 

mucosal involvement (Table S4) closely mirrored the observations from BP cohort 1. 

3.2. Trunk and Buccal Mucosa Are Predilection Sites in PV 

In PV, mucosal lesions primarily affected the buccal mucosa (53.7%), while eyes were not 

affected (Figure 2B, Table S6). For cutaneous blisters/erosions, the most common and severely 

affected areas were back/buttocks (38.8%), chest (37.3%), abdomen (37.3%), arms (25.4%), and face 

(22.4%) (Figure 2A, Table S7). As anticipated, no ocular involvement was found in PV patients. 

 

Figure 2. Trunk and buccal mucosa are the most frequently and severely affected sites in 

pemphigus vulgaris. (A) In PV patients (n = 67), the trunk area, including back/buttocks, chest, and 

abdomen, was the most affected by skin blisters. (B) Mucosal involvement was predominantly seen 

in buccal mucosa and gingiva, with additional lesions in the nasal and genital areas. 
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3.3. Trunk and Face Are Predilection Sites for Skin Blistering in PF 

In PF, skin blistering predominantly affected the back/buttocks, face, abdomen, and chest 

(Figure 3, Table S7). As expected, no mucosal involvement was observed in PF. 

 

Figure 3. Pemphigus foliaceus skin lesions mainly affect trunk and face. In the PF cohort (n = 20), 

the trunk and face were the primary areas affected by skin lesions. 

3.4. AIBD Antigen Expression Shows Slight Variations in Different Skin and Mucosal Regions 

To evaluate AIBD antigen expression across clinical predilection sites, antigen distribution was 

semi-quantified on skin and mucosal tissues obtained from 13 distinct anatomical sites of ten post-

mortem body donors. The endpoint titer (i.e., highest titer) for each antibody was determined at each 

body site (Figure S1). Following correction for multiple comparisons using the Holm method, 

statistically significant differences (adjusted P < 0.05) were found for BP230, BP180, and integrin β4. 

Across all sites, BP180 expression was significantly higher in skin biopsies from arms (P = 0.0003) and 

palms (P = 0.0007) compared to conjunctiva (Figure 4). BP230 expression was more abundant in cheek 

(P = 0.00002), oral mucosa (P = 0.00004), and back (P = 0.0091) relative to conjunctiva. Additionally, 

integrin β4 expression was significantly higher in arms (P = 0.0007) compared to conjunctiva. No 

significant differences in the expression of other antigens were found between the body sites. 
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Figure 4. Protein expression landscape reveals slight variations in AIBD antigen expression across 

skin and mucosal regions. Protein expression of AIBD antigens was assessed in skin and mucosal 

tissue sections using serial dilutions of BP180, BP230, collagen VII, desmoglein (Dsg) 1, Dsg3, laminin 

α3, laminin β3, integrin α6, and integrin β4, plectin, and cytokeratin 14. Notable differences include 

significantly higher BP180 expression in skin biopsies from arms (P = 0.0003) and palms (P = 0.0007) 

compared to conjunctiva, which had the lowest expression. BP230 expression was significantly higher 

in cheek (P = 0.00002), oral mucosa (P = 0.00004), and back (P = 0.0091) relative to conjunctiva. 

Likewise, integrin β4 expression was significantly higher in arms (P = 0.0007) versus conjunctiva. 

Other antigens displayed no significant regional differences. Significant expression differences are 

marked with an asterisk. 

3.5. Expression Levels of AIBD Antigens Do Not Correlate with Clinical Scores 

Lastly, we explored the correlation between antigen expression and clinical disease severity 

scores. We compared BP180, BP230, and integrin β4 expression in regions corresponding to BPDAI 

and PDAI scoring sites (e.g., conjunctiva, cheek, oral mucosa, chest, back/buttocks, arms, and legs). 

Despite the observed regional differences in antigen levels, no significant correlation was found 

between antigen expression and BPDAI/PDAI scores, suggesting that other factors may influence 

lesion severity and distribution. 
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4. Discussion 

Blister formation in AIBD occurs where structural proteins, targeted by autoantibodies, are 

expressed. Although these target antigens are broadly distributed in the skin and mucosa, blistering 

occurs preferentially at specific sites rather than being randomly distributed. The role of regional 

antigen expression as a determinant of this scattered blistering pattern, however, remains largely 

unexplored. 

In this study, we systematically analyzed the clinical scores of BP patients using the validated 

BPDAI scoring system. We found that skin blisters/erosions and erythematous/urticarial lesions 

primarily affected arms and legs, findings that were corroborated in a second BP cohort (cohort 2). In 

our PV cohort, skin lesions were most prevalent on the back, abdomen, and chest, with buccal mucosa 

being the most commonly affected mucosal surface. PF patients had skin lesions predominantly on 

the trunk (back, chest, and abdomen), face, and arms. Of note, the scoring systems used do not 

differentiate between the upper back and lower back or the buttocks. 

Next, we examined antigen expression in different anatomical regions by incubating skin and 

mucosal tissues with antibodies against AIBD antigens. BP180 expression was significantly higher in 

arms and palms, while BP230 expression was significantly higher in cheek, buccal/lower labial 

mucosa, and back compared to conjunctiva. Additionally, higher expression of integrin β4 was 

observed in arms. Recently, we reported that laminin β4 is highly expressed in extremities and trunk 

[15]. Despite these variations, no significant expression differences were seen for other antigens 

across body sites. Also, we found no correlation between antigen expression (BP180, BP230, and 

integrin β4) and BPDAI/PDAI clinical scores. This suggests that antigen expression does not fully 

explain the localized distribution of lesions in AIBD. It is important to note that our antigen 

expression data came from healthy body donors with no history of AIBD. Our results are consistent 

with previous studies showing minor proteomic differences of primary human keratinocytes across 

sex, age, and anatomical location [16]. In contrast, Ioannides et al., demonstrated variability in the 

distribution, density, and expression of pemphigus antigens between human skin regions [8]. This 

discrepancy may be due to methodological variations; e.g., Ioannides et al., used patient sera for 

antibody titration, whereas we used commercially available antibodies. 

Several skin disorders are characterized by epidermal changes that affect epidermal thickness. 

A systematic review by Lintzeri et al., found that, aside from the statistically thicker epidermis in the 

palmoplantar area, which is adapted to withstand mechanical stress and friction, the epidermis in 

most anatomical sites showed no significant differences in thickness [17]. Similarly, a review by Xu 

et al., reported that the palms and soles were notably thicker compared to the head and neck regions 

[18]. 

Our study suggests that factors beyond regional variations in antigen expression, such as 

genetics, epigenetics, microbial, or environmental triggers, may influence where lesions develop in 

AIBD. We observed that AIBD lesions frequently occur at sites exposed to mechanical stress, such as 

the extremities in BP and the oral mucosa in PV, likely due to friction-induced immune activation 

and epidermal disruption. This aligns with findings in experimental epidermolysis bullosa acquisita, 

where mechanical irritation has been linked to non-healing wounds and chronic inflammation [19]. 

Epidermal disruption further exacerbates blistering following autoantibody binding and 

complement activation [20]. Even without epidermal disruption, mechanical irritation via removing 

the stratum corneum or simple irritation can trigger lesion formation in this model [21]. 

The role of the human microbiome in skin diseases has recently gained interest [22]. Different 

body sites harbor distinct microbial communities, and conditions like AIBD disrupt this balance, 

increasing susceptibility to blistering. A study by Belheouane et al., revealed significant differences 

in the skin microbiota between BP patients and matched controls, with a loss of protective microbes 

and an increase in Staphylococcus aureus, a pro-inflammatory species [23]. However, the study 

suggested that the skin microbiota in BP patients is influenced more by disease status than by body 

site. 
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Viral infections, particularly herpesviruses, have also been implicated in triggering and 

exacerbating AIBD, including PV [24], PF [25], and BP [26]. However, the precise link between viral 

infections and lesion localization remains uncertain. 

Additionally, UV-induced cell damage has been proposed as a trigger for autoimmune 

responses, impairing the skin barrier and causing blister formation [27]. For instance, Kano et al., 

demonstrated that UV-irradiated sites in photoinduced PF exhibited increased autoantibody binding, 

potentially leading to acantholysis [28]. Similarly, pemphigus lesions often appear in sun-exposed 

areas, likely due to enhanced antigen expression and UV-induced autoantibody binding [29]. BP 

lesions may develop on pre-existing psoriatic lesions, possibly triggered by UVB and PUVA exposure 

[30,31]. BP has also been observed following burns, skin grafts, trauma, surgical wounds, or scabies 

[32–38], with the affected areas becoming immunocompromised and susceptible to secondary 

diseases, such as localized BP, for varying periods ranging from days to decades [39]. 

Anatomical variations in lesion localization may also be influenced by the immune 

microenvironment. Tertiary lymphoid structures form in response to immunological needs, 

generating local immune responses [40]. During cutaneous acquired immune responses, T cells, 

dendritic cells, and perivascular macrophages form a leukocyte-clustering structure called the 

inducible skin-associated lymphoid tissue in the dermis [41], serving as a site for antigen presentation 

[42]. A recent study has shown tertiary lymphoid structures with Dsg-specific B cells in chronic 

pemphigus blisters [43], suggesting that chronic lesions may be caused by autoantibodies secreted by 

lesion-resident cells and inflammation mediated by T cell subsets [44]. In vitiligo, anatomically 

defined subsets of dermal fibroblasts exhibit distinct chemokine expression that recruits CD8+ 

cytotoxic T cells and drives the characteristic depigmentation pattern [45]. Whether similar immune 

mechanisms contribute to AIBD remains to be explored. 

Genetic factors may also influence lesion localization [46]. For instance, certain gene mutations 

in inflammatory bowel disease, such as those in the NOD2/CARD15 gene, have been associated with 

Crohn’s disease. Other genetic factors influence whether the disease affects the colon or the small 

intestine [47]. At the translational level, scalp psoriasis samples showed increased modulation of 

genes involved in TNFα/IL-17/IL-22-induced keratinocyte responses compared to that of skin 

psoriasis samples [48]. 

In conclusion, our study provides a comprehensive profile of AIBD antigen expression, showing 

slight regional variations. Lesion localization in AIBD appears to be largely independent of site-

specific antigen expression. The interplay between antigen distribution, density, immune response, 

genetics, and environmental factors is likely to determine blister sites in AIBD patients. 
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