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Autoimmune blistering disorders (AIBDs) are a heterogeneous group of approximately a dozen entities comprising pemphigus and pemphigoid disorders and dermatitis herpetiformis. The exact diagnosis of AIBDs is critical for both prognosis and treatment and is based on the clinical appearance combined with the detection of tissue-bound and circulating autoantibodies. While blisters and erosions on the skin and/or inspectable mucosal surfaces are typical, lesions may be highly variable with erythematous, urticarial, prurigo-like, or eczematous manifestations. While direct immunofluorescence microscopy (IFM) of a perilesional biopsy is still the diagnostic gold standard, the molecular identification of the major target antigens opened novel therapeutic avenues. At present, most AIBDs can be diagnosed by the detection of autoantigen-specific serum antibodies by enzyme-linked immunosorbent assay (ELISA) or indirect IFM when the clinical picture is known. This is achieved by easily available and highly specific and sensitive assays employing recombinant immunodominant fragments of the major target antigens, i.e., desmoglein 1 (for pemphigus foliaceus), desmoglein 3 (for pemphigus vulgaris), envoplakin (for paraneoplastic pemphigus), BP180/type XVII collagen (for bullous pemphigoid, pemphigoid gestationis, and mucous membrane pemphigoid), laminin 332 (for mucous membrane pemphigoid), laminin β4 (for anti-p200 pemphigoid), type VII collagen (for epidermolysis bullosa acquisita and mucous membrane pemphigoid), and transglutaminase 3 (for dermatitis herpetiformis). Indirect IFM on tissue substrates and in-house ELISA and immunoblot tests are required to detect autoantibodies in some AIBD patients including those with linear IgA disease. Here, a straightforward modern approach to diagnosing AIBDs is presented including diagnostic criteria according to national and international guidelines supplemented by long-term in-house expertise.
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Introduction

Autoimmune blistering diseases (AIBDs) are a heterogeneous group of mainly autoantibody-driven diseases presenting with blisters and/or erosions on the skin and/or mucous membranes (1). AIBDs can be categorized into pemphigus and pemphigoid diseases as well as dermatitis herpetiformis. Pemphigus diseases are immunopathologically characterized by intraepidermal split formation and acantholysis, i.e., keratinocytes that have lost cell–cell contact as well as autoantibodies against desmosomal proteins (2–4). In pemphigoid disorders, autoantibodies bind to structural proteins of the basement membrane zone (BMZ) of the skin and surface close epithelia inducing subepidermal/subepithelial splitting (5, 6). Dermatitis herpetiformis is also classified as subepidermal blistering AIBDs, while autoantibodies are directed against two enzymes, transglutaminase (TG) 2 and 3 (7, 8). In Western countries, bullous pemphigoid is the by far most common AIBDs with incidences ranging from 13 to 42 patients per million inhabitants per year (9–12). It affects mainly elderly patients with an increase in incidence from the age of 70 years (11, 13–15). In contrast, pemphigus diseases, mainly pemphigus vulgaris, are more common in Middle Eastern countries with incidences between 0.8 in Finland and 16.1 in Israel (9, 16, 17). In children, linear IgA disease is reported as the most frequent entity (18).

Therapy of AIBDs is based on different degrees of immunosuppression flanked by supportive therapy. While in bullous pemphigoid super-potent topical corticosteroids are preferred due to their favorable safety profile in this elderly patient population, in pemphigus, systemic corticosteroids at higher doses of 1–1.5 mg/kg body weight and the anti-CD20 antibody rituximab are recommended (19–21).

During the last decades, deciphering the molecular identity of the individual target antigens led not only to a better understanding of the pathophysiology but also to increasingly defined entities within AIBDs. These are associated with distinct clinical and/or pathological features such as needing long-term intensive immunosuppressive therapy in epidermolysis bullosa acquisita, an association with tumors in paraneoplastic pemphigus and anti-laminin 332 mucous membrane pemphigoid (MMP), or fast response to a gluten-free diet and dapsone treatment in dermatitis herpetiformis (1, 22–25). While direct immunofluorescence microscopy (IFM) is considered the gold standard for diagnosing AIBDs, for most targeted antigens, assays to detect the respective serum autoantibodies have been developed and allow exact identification of the disease entity. Here, we summarize the current state-of-the-art diagnostic approach for AIBDs.

This review is dedicated to Detlef Zillikens, professor and chair of the Department of Dermatology, University of Lübeck, Germany. He passed away in office after a short and severe disease in September 2022 (26). He established the routine autoimmune laboratory in Lübeck, inspired the introduction of new assays and methods, and enormously contributed to the field of diagnosis of AIBDs. All authors are greatly indebted to him; he has been our mentor and friend.





Clinical picture

Pemphigus diseases are clinically characterized by flaccid blisters and erosions on the skin and/or surface-close mucous membranes. In pemphigus vulgaris (PV), most patients initially develop painful and sometimes bleeding erosions of the oral mucosa that can lead to difficulties in food intake and consequently to weight loss (Figures 1A–C). Oral lesions are often localized on the palatine and buccal mucosa, but other mucous membranes of the nose, pharynx, hypopharynx, esophagus, and genitals may be involved as the disease progresses. Additionally, erosions on the skin surrounded by erythema are common, while frank blistering is rare due to the fragility of the blisters resulting from the intraepidermal splitting (Figures 1D–F). Skin lesions show a positive Nikolsky sign, i.e., epidermal separation on tangential mechanical pressure, and are usually less pruritic in contrast to pemphigoid diseases (1–3, 27). Pemphigus foliaceus (PF) does not involve mucous membranes and solely presents on the skin with cutaneous “puff pastry-” or “cornflakes-like” exfoliation, erosions, crusts, and scales. Skin lesions are often found in the seborrheic sites including the face and scalp as well as the upper chest and back (Figures 1G, H). The rare IgA pemphigus is categorized into a subcorneal pustular dermatosis type and an intraepidermal neutrophilic dermatosis type. Both subgroups present with predominantly cutaneous and often pruritic lesions with pustules and blisters configured in an annular or circinate pattern with central crusting; mucous membranes are occasionally involved (28). Paraneoplastic pemphigus (PNP) clinically resembles PV with a more multiform presentation including flaccid or tense blisters and pustules as well as often severe ulcerating oral lesions typically affecting the lips and tongue (23, 29, 30).




Figure 1 | Clinical presentation of pemphigus. Classical presentation of pemphigus vulgaris with lesions of the oral mucosa, erosions on the soft palate (A), crusts on the lips (B), and erosions of the buccal mucosa (C). Skin involvement shows erosions (D, E) and crusts with postinflammatory hyperpigmentation (E). Pemphigus foliaceus with erythema and erosions predominantly in the seborrheic areas (F). IgA pemphigus with pustules, erosions, and blisters (G, H).



Bullous pemphigoid (BP) presents with intense pruritus and tense blisters of the skin and sometimes additionally mucous membranes (Figures 2A–C) (6, 31). In BP, an early pre-bullous stage can present with solely pruritus, eczema, or urticarious lesions (Figures 2D, E). With disease progression, tense blisters can form and persist for several days before eventual rupture leads to encrusted plaques and erosions (32, 33). In BP, mucous membranes are affected in 10%–20% of patients (34); however, mostly only mild oral lesions are seen. Pemphigoid gestationis clinically resembles the urticarial form of BP and is found in pregnant women in the second half of pregnancy or after delivery. Initially, in many patients, intensely pruritic plaques and, later, blisters form around the umbilical region and eventually disseminate across the trunk and extremities (Figure 2F) (6, 31, 35). The disease usually ceases within a few months but typically relapses during subsequent pregnancies.




Figure 2 | Clinical presentation of bullous pemphigoid (A–E) and pemphigoid gestationis (F). Tense blisters and erythematous plaques on the trunk and arms (A, B), fibrin-covered erosions of the buccal mucosa and palate (C), and eczematous and urticarial lesions in bullous pemphigoid (D, E). Pemphigoid gestationis in a pregnant woman with pruritic plaques and excoriations around the umbilical region (F).



MMP is defined as pemphigoid disease with predominant mucosal involvement (36). The mucosa can be affected at various sites as well as the skin. The most commonly affected location is the oral mucosa with erosions and blisters appearing primarily at the gingival and buccal regions that can consequently lead to scarring (Figures 3A) (31, 37, 38). The second most frequently involved site is the ocular conjunctiva. Patients typically present with reddened and irritated eyes with conjunctivitis that can lead to scarring and the formation of symblephara, culminating in severe mutilations that can result in blindness (Figures 3B, C). The nasal mucosa, pharynx, larynx, trachea, esophagus, and genital mucosa can be involved and might result in dysfunctional scarring (Figures 3D, E) (39–41). Scarring, which occurs localized, mainly on the scalp, and may be associated with (subsequent) oral erosions, is referred to as Brunsting–Perry pemphigoid (42).




Figure 3 | Clinical presentation of mucous membrane pemphigoid. Erosions on the hard palate (A); vulva, perineal, and perianal regions (B); and penis (C). Conjunctival erythema (D) and symblepharon (E) as typical features of ocular involvement.



Linear IgA disease (LAD) presents with blisters arranged along the edges of round erythematous plaques in a typical annular pattern termed “string-of-pearls” (Figures 4A–C) (5). Additionally, oral, nasal, or genital lesions are often found. LAD is the most frequent AIBD in children and adolescents (18).




Figure 4 | Clinical presentation of linear IgA disease (LAD), (A–C) anti-p200 pemphigoid, (D, E) and epidermolysis bullosa acquisita (EBA) (F–H). LAD in a 4-year-old child with blisters along the edges of erythematous plaques (➔, “string-of-pearls”, A). Annular pattern of lesions on the legs (B, C). Anti-p200 pemphigoid with pruritic urticarial plaques and tense blisters (D, E). Inflammatory variant of EBA presenting with erosions and postinflammatory hyperpigmentation on the back (F). Mechanobullous form of EBA with high skin fragility and erosions after the removal of Band-Aids (G). IgA EBA manifesting with eczema, excoriated papules, and erythematous plaques (H).



The clinical presentation of anti-p200 pemphigoid is diverse and mostly resembles BP. The LAD-like subtype is characterized by grouped blisters in an annular configuration. Palms and soles are frequently involved, whereas mucous membranes are affected in approximately 30%–40% of patients (Figures 4D–F), and an association with comorbid psoriasis, pronounced in Japanese patients, has been reported (43–46).

Epidermolysis bullosa acquisita (EBA) is clinically heterogeneous. In approximately one-third of patients, the mechanobullous (classical) form manifests as characterized by skin fragility and tense blisters forming upon minor traumata on exposed extensor skin locations without signs of inflammation. Healing is often associated with hyper-/hypopigmentation and scarring (Figures 4G, H) (6, 22). Nail dystrophy or scarring alopecia is frequently seen. In contrast, the inflammatory subtype manifests in two-thirds of patients and mimics the clinical features of BP or LAD. Clinical pictures of classical and inflammatory types of EBA can be present in the same patient, both simultaneously and sequentially. Mucous membranes are frequently involved, but when mucosal lesions predominate, MMP is diagnosed (22, 47).

Bullous systemic lupus erythematosus (SLE) is an AIBD occurring in SLE. The disease presents with eruptive evolution of tense bullae preferentially on sun-exposed skin with inflammatory erythematous plaques on the face, neck, upper trunk, and supraclavicular region, as well as axillary folds and oral and vulvar mucosa, but may erupt anywhere. The clinical phenotype is heterogeneous and can resemble other types of vesiculobullous diseases including BP, EBA, or dermatitis herpetiformis (48).

Rare variants of pemphigoid diseases include cicatricial pemphigoid characterized by scarring lesions without predominant mucosal involvement, IgM pemphigoid that usually manifests without frank blistering but with pruritic erythematous lesions, and lichen planus pemphigoides. In the latter pemphigoid disease, tense blisters arise also adjacent to lichen planus lesions. Furthermore, pemphigoid induced by orf virus infection has been described and linked to anti-laminin 332 autoantibodies (49–52).

Clinically distinct from pemphigoid diseases, subepidermal blistering in dermatitis herpetiformis leads to urticarial plaques, small vesicles, and papules arranged in a herpetiform pattern and located to the extensor skin surfaces, typically involving the buttocks, knees, and elbows. Dermatitis herpetiformis is characterized by intense pruritus and sometimes stinging sensations (8, 25, 53).





Direct immunofluorescence microscopy

Direct IFM of a perilesional biopsy is the gold standard in the diagnosis of AIBDs. This method is based on the detection of tissue-bound autoantibodies in the skin or mucous membranes of patients. Superior sensitivity of approximately 91% and specificity of approximately 98% of direct IFM compared to other diagnostic methods in different autoimmune diseases have been demonstrated in various studies (54–58). Direct IFM is performed on cryosections of a perilesional biopsy of the skin or mucous membranes. The tissue specimen must be snap-frozen and stored at −20°C or preserved in isotonic NaCl solution or modified Michel’s medium until further processing (20).

Direct IFM allows the diagnosis of pemphigus and pemphigoid diseases as well as dermatitis herpetiformis by distinct binding patterns of immunoreactants. Direct IFM findings in dermatitis herpetiformis are mostly presented by granular deposits of IgA along the dermal–epidermal junction and/or at the tips of dermal papillae (Figure 5A) (25). In pemphigus diseases, IgG, IgA, and complement C3 bind to the desmosomes in the stratum spinosum of the epidermis/epithelium, forming intercellular net-like deposits (Figure 5B) (3, 20). In pemphigoid diseases, involved antigens are located at the dermal–epidermal junction, resulting in linear binding of IgG, IgA, and/or C3 and rarely of IgE and/or IgM at the BMZ (1, 6, 31). However, direct IFM only provides limited information on the involved target antigen. Discrimination between EBA and other pemphigoid diseases is possible using serration pattern analysis (59, 60). This is performed on thin (6-µm) cryosections of perilesional skin biopsies at 400–600-fold magnification using a conventional IF microscope. In EBA, immunoreactants demonstrate a “growing grass” or “upstanding arm” pattern with arches closed at the bottom, forming an “u” shape, which is termed u-serrated pattern (Figure 5C) (22). This pattern is pathognomonic for reactivity against type VII collagen, i.e., EBA and bullous SLE (54). In all other pemphigoid diseases, an n-serrated pattern with arches closed at the top is observed (Figure 5D) (61, 62). Differentiation between u- and n-serrated patterns only appeared feasible in approximately 75% of all samples and cannot be performed in mucosal biopsies (63, 64).




Figure 5 | Direct immunofluorescence microscopy of perilesional biopsies. Granular deposits of IgA at the tips of dermal papillae and along the dermal–epidermal junction in dermatitis herpetiformis (×200 magnification) (A). Intercellular deposits of IgG in the epidermis in pemphigus vulgaris (×200 magnification) (B). In pemphigoid diseases, u- and n-serrated patterns of linear deposits at the dermal–epidermal junction can be distinguished. In epidermolysis bullosa acquisita, u-serrated pattern can be seen with arches closed at the bottom (×1,000 magnification) (C). In all other pemphigoid diseases, n-serrated pattern is observed with arches closed at the top (×1,000 magnification) (D).



Particularly in MMP, it has been shown that the diagnostic sensitivity can be greatly increased by taking a new biopsy and repeating direct IFM (65, 66). In oral biopsies of PV and MMP, a non-lesional biopsy is equally sensitive than a perilesional (67). An overview of the evaluation of direct IFM for AIBDs is shown in Figure 6.




Figure 6 | Diagnostic algorithm for direct immunofluorescence microscopy (IFM). 1, In paraneoplastic pemphigus, a combined pattern with anti-DEJ deposits may be present; 2, in mucosal biopsies, pattern analysis is not possible; 3, so far, in none of the undetermined cases, an EBA or BSLE has been diagnosed based on serum anti-type VII collagen IgG/IgA (64); 4, unless in ocular MMP, where direct IFM can be repeatedly negative; in these cases, diagnosis of MMP can be made based on the clinical picture and the clinical and histopathological exclusion of differential diagnoses (65, 68). BSLE, bullous systemic lupus erythematosus; EBA; epidermolysis bullosa acquisita; DH, dermatitis herpetiformis; DEJ, dermal–epidermal junction; LAD, linear IgA disease; MMP, mucous membrane pemphigoid.







Serology




Indirect immunofluorescence microscopy on tissue substrates

Indirect IFM on tissue substrates is a screening method for circulating autoantibodies in AIBDs (69). Here, tissue substrates were incubated with patient sera followed in a second step, with fluorescence-labeled anti-human-IgG/IgA/and sometimes IgM antibodies. Monkey esophagus is the most sensitive tissue substrate for the detection of autoantibodies in PV and PF, displaying an intercellular net-like fluorescence within the epithelium (Figure 7A). For autoantibodies in PF, guinea pig esophagus has been reported with an even higher sensitivity. In the case of paraneoplastic pemphigus, plakin autoantibodies can be best detected in monkey or rat bladder (Figure 7B). IgA reactivity to the endomysium of monkey esophagus is a diagnostic hallmark of dermatitis herpetiformis and is also positive in patients with celiac disease alone (25) (Figure 7C). Pemphigoid diseases can also be diagnosed by indirect IFM using a monkey esophagus showing linear anti-BMZ reactivity (Figure 7D) with a sensitivity of 60%–70% (69, 70) or normal human skin with a sensitivity of 80% (71). Sensitivity for pemphigoid autoantibodies is further increased by the use of human salt-split skin; i.e., normal human skin that is incubated with 1 M NaCl solution to induce artificial splitting within the lamina lucida (72, 73). Furthermore, NaCl-split skin allows the differentiation of pemphigoid autoantibodies in those with binding to the epidermal (against BP180 and BP230; Figure 7E) and dermal side (against laminin 332, p200 protein, and type VII collagen; Figure 7F). The diagnostic algorithm for indirect IFM on human salt-split skin is shown in Figure 8.




Figure 7 | Indirect immunofluorescence on monkey esophagus, rat bladder, and human salt-split skin. Detection of IgG binding with an intercellular pattern in the epithelium of monkey esophagus pemphigus vulgaris (A). IgG reactivity to rat bladder epithelium typical for paraneoplastic pemphigus (B). IgA binding to the endomysium of monkey esophagus in dermatitis herpetiformis (C). Linear IgG binding on monkey esophagus (D) and along the roof of the artificial blister of salt-split human skin (E) in a bullous pemphigoid patient. IgG reactivity along the blister floor of salt-split human skin, which can be seen in anti-laminin 332 mucous membrane pemphigoid, epidermolysis bullosa acquisita, and anti-p200 pemphigoid (F).






Figure 8 | Diagnostic algorithm for serum autoantibodies in pemphigoid diseases. 1, Commercial assays are available; 2, with predominant skin lesions; 3, in pregnancy; 4, with predominant mucosal lesions; 5, in-house assays only available in specialized laboratories; 6, in approximately 25% of MMP patients with anti-laminin 32 reactivity, a malignancy was found; 7, on high clinical suspicion of BP, BP180 NC16A-specific ELISA/indirect IFM is recommended; on suspicion of MMP, additional serological tests in particular for IgG reactivity against laminin 332 are recommended; on suspicion of EBA, type VII collagen-specific ELISA/indirect IFM is recommended. BP, bullous pemphigoid; BSLE, bullous systemic lupus erythematosus; EBA; epidermolysis bullosa acquisita; DH, dermatitis herpetiformis; DEJ, dermal–epidermal junction; LAD, linear IgA disease; MMP, mucous membrane pemphigoid; PG, pemphigoid gestationis.



Since the main IgG subclasses in pemphigoid gestationis are IgG1 and IgG3, which are strongly complement activating, a complement source is added after incubating the serum on human salt-split skin, and by this, complement binding can be detected by a fluorescence-labeled anti-human-C3 antibody to visualize the respective autoantibody, previously termed “herpes gestationis factor” (74, 75).





Enzyme-linked immunosorbent assay

Following the molecular identification of most target antigens in AIBDs, enzyme-linked immunosorbent assay (ELISA) based on the immunodominant parts of the recombinant antigens has become widely available for specific and sensitive detection of circulating IgG against desmoglein 1, desmoglein 3, BP180 NC16A, BP230, and type VII collagen (76–83). Serum levels of anti-desmogleins 1 and 3 IgG as well as anti-BP180 NC16A IgG and type VII collagen were shown to correlate with disease activity in most PV, PF, BP, and EBA patients, respectively (78, 79, 82, 84–86). Regular evaluations of serum autoantibody levels at follow-ups are thus recommended in current guidelines for these diseases (19–21, 87). To enable a parallel identification of different autoantibodies, multivariant ELISA has been introduced, compiling the different target antigens, i.e., desmoglein 1, desmoglein 3, BP180 NC16A, BP230, type VII collagen, and envoplakin, on a single ELISA plate (81).

Patients with dermatitis herpetiformis develop IgA antibodies against gliadin, endomysium, tissue-type transglutaminase (TG2), and epidermal transglutaminase (TG3). Various specific and sensitive ELISA for serum IgA and IgG reactivity against TG2, TG3, and deamidated gliadin-analogous fusion peptides are widely available (25, 88).





Biochip-based indirect immunofluorescence microscopy

Biochips™ are miniature substrates that can be assembled together in a so-called mosaic in a single incubation field of a laboratory slide. An individual Biochip™ can be composed of a tissue substrate, transfected cells expressing the recombinant target antigens on the cell surface (Figure 9), or directly the spotted recombinant target antigen. For AIBDs, different Biochip™ mosaics have been developed, and the most widely used is composed of six Biochips™, i.e., primate salt-split skin, primate esophagus, recombinant BP180 NC16A, and HEK293 cells transfected with the c-globular domain of BP230, desmoglein 1, and desmoglein 3 (89–96). This approach allows simultaneous testing of autoantibodies against several antigens in a time and serum-saving manner, as reactivity to several antigens can be tested in parallel. Its diagnostic accuracy has been shown to be comparable to that of standard multistep approaches and allows the serological diagnosis of more than 90% of AIBDs (89–94). For this Biochip™ mosaic, an automated reading and evaluation based on deep learning algorithm has recently been developed and will further facilitate and speed up the diagnostic process for AIBDs at least for laboratories with a high throughput (97).




Figure 9 | Biochip™ mosaic with six substrates that allow the serological diagnosis of approximately 90% of autoimmune blistering diseases when the clinical picture is known (89). Linear IgG binding on monkey esophagus (A), primate salt-split skin blister roof (B), positive IgG staining on recombinant BP180 NC16A (D), and positive fluorescence of HEK293 cells transfected with BP230 (F), while HEK293 cells transfected with desmogleins 1 (C) and 3 (E) show no fluorescence compatible with bullous pemphigoid.



Further developments include Biochips™ with transfected HEK293 cells expressing desmocollins 1, 2, and 3; the laminin 332 heterotrimer (Figures 10A, B); the NC1 domain of type VII collagen; and most recently, laminin β4 (Figures 10C, D) (24, 98–103).




Figure 10 | Biochips™ for serum IgG against laminin 332 and laminin β4. Biochips™ with HEK293 cells transfected with either the heterotrimer of laminin 332 (A, B) or laminin β4 (C, D). IgG reactivity is seen in a patient with anti-laminin 332 mucous membrane pemphigoid (B) and a patient with anti-p200 pemphigoid (D), while the corresponding negative controls show no reactivity (A, C), respectively.







In-house assays

For the detection of some rare autoantibody specificities, no commercial tests are available. A few specialized laboratories have developed various in-house assays to overcome this problem. By using different cellular extracts or recombinant fragments of the target antigens and/or secondary antibodies for IgA reactivity, various additional autoantibodies can be detected by immunoblotting, ELISA, and immunoprecipitation. Until recently, the diagnosis of anti-p200 protein was based on the detection of IgG reactivity against the 200-kDa p200 protein in the extract of the human dermis or epidermis by immunoblotting (104–106) (Figure 11). The same assay can be used to detect IgG against the 290-kDa full-length type VII collagen (Figure 11). Alternatively, recombinant laminin γ1 applied by immunoblotting allowed the detection of serum autoantibodies in 70%–90% of anti-p200 pemphigoid patients (44, 45, 105, 107). Instead of recombinant laminin γ1, recombinant laminin trimers containing this subunit have been applied (71, 108–110).




Figure 11 | Immunoblotting with dermal extract, extracellular matrix of cultured human keratinocytes, and conditioned concentrated medium of cultured human keratinocytes. Immunoblot with extract of human dermis shows reactivity against the 200-kDa p200 protein in anti-p200 pemphigoid (p200) and the 290-kDa full-length type VII collagen in epidermolysis bullosa acquisita (EBA). IgG4 reactivity with the α3 chain of laminin 332 in mucous membrane pemphigoid (MMP; 220-kDa unprocessed and 165-kDa processed forms) as well as with BP180 (180-kDa full-length and 120-kDa processed forms) and with BP230 (230 kDa) in patients with bullous pemphigoid without reactivity against the immunodominant NC16A domain (BP1 and BP2) by immunoblotting with extracellular matrix of cultured human keratinocytes. Immunoblot with conditioned concentrated medium of cultured human keratinocytes for detection of IgA antibodies against the soluble ectodomain of BP180 [linear IgA disease antigen 1; LAD-1 in linear IgA diseases (LAD)]. Normal human sera (NHS1–3) were used as controls.



The extracellular matrix of cultured human keratinocytes is used to detect antibodies against laminin 332 (111). In addition, reactivity against BP180 and BP230 can also be seen in this test (Figure 11). IgA autoantibodies against the LAD antigen-1 (LAD-1), which is the cell-derived soluble ectodomain of BP180 and primary target antigen in LAD, can be detected by immunoblotting with conditioned concentrated supernatant of cultured keratinocytes (112, 113). LAD-1 is also recognized by a subgroup of patients with BP (IgG) and MMP (IgG and/or IgA) (Figure 11). Furthermore, various recombinant fragments of the BP180 C-terminus were applied by immunoblotting and ELISA to describe autoantibodies in BP patients without anti-NC16A reactivity and in MMP (114). For IgA reactivity against the NC16A domain of BP180 in LAD and the NC1-domain of type VII collagen as well as the full-length type VII collagen in IgA EBA, immunoblotting can also be employed (115–117).

A dozen methods for the detection of anti-laminin 332 serum antibodies in MMP have been described including immunoprecipitation, immunoblotting, and ELISA with recombinant or cell-derived forms of this molecule (118–120). Recently, antibodies against laminin 332 have been determined by the so-called keratinocyte footprint assay, i.e., an indirect IFM where normal human keratinocytes are grown on glass coverslips and anti-laminin 332 IgG binds to the extracellular matrix in a characteristic pattern after removal of keratinocytes from the coverslips (121).

In paraneoplastic pemphigus, detection of autoantibodies against periplakin, epiplakin, plectin, desmocollin, and α2-macroglobulin-like 1 has been achieved by various sophisticated in-house assays (3, 29, 100, 122–126). So far, only a few studies have shown reactivity against α6β4 integrin in a subgroup of patients with MMP (127, 128).

ELISA detected IgE autoantibodies against BP180 NC16A in 40%–70% of BP patients, but without increasing diagnostic sensitivity (129–133). In the case of MMP and the mucosal variant of PV, BP180 NC16A and desmoglein 3-specific ELISA using salivary samples have been described to detect IgA/IgG reactivity (134, 135).






Histopathology

For histopathology of AIBDs, lesional skin biopsies were investigated. Here, a differentiation between intraepidermal split formation with acantholysis in pemphigus diseases and subepidermal splitting in pemphigoid diseases and dermatitis herpetiformis can be achieved (136). Pemphigus samples present with subcorneal splitting in PF and PV, with acantholysis and suprabasal splitting, typically in a so-called tombstone pattern in PV, i.e., with remaining keratinocytes attached to the BMZ (2, 3). In paraneoplastic pemphigus, additional dyskeratosis, degeneration of the BMZ, and lichenoid lymphocytic infiltrates of the adjacent upper dermis can be seen (23). In contrast, IgA pemphigus shows subcorneal clefts with neutrophilic infiltrates and, if captured, subcorneal acantholysis (28). In pemphigoid diseases, subepidermal blister formation accompanied by an eosinophilic infiltrate is typical, but split formation might be lacking in pemphigoid gestationis and non-bullous forms of BP (137). Even in BP alone, lymphocyte-rich eosinophil-dominated and neutrophil-rich patterns can be observed (138). Classical patterns of LAD and dermatitis herpetiformis may present with neutrophil-dominated infiltrate along the dermoepidermal junction and in the dermal papillae forming microabscesses. Accompanying eosinophils and subepidermal blister formation may be present (139, 140). However, a clear differentiation based on histopathology alone is not feasible in pemphigoid disorders and dermatitis herpetiformis (53, 141, 142).

In pemphigoid diseases, staining for C3d/C4d reveals linear deposits at the BMZ (143–146). However, this method is hampered by its low sensitivity and specificity, most likely due to the lesional biopsy that favors unspecific labeling along the degraded BMZ and the degradation of immunoreactants by activated tissue proteases. As such, this method is only suitable in individual cases when no direct IFM and serology are available (147).

In summary, lesional histopathology is still recommended in every patient with suspicion of an AIBD (19, 20, 25, 29, 65, 68, 148). Its true value lies in its use to propose differential diagnoses when direct IFM and serology are unreactive. However, profound knowledge of the histopathological spectra of AIBDs is essential for every (dermato-) pathologist to recommend or initiate direct IFM and serology when such a disorder is suspected.





Diagnostic criteria




Pemphigus vulgaris and pemphigus foliaceus

The diagnosis of PV and PF is based on refs. (19, 21)

	- clinical appearance with flaccid blisters erosions and

	- intercellular net-like deposits of IgG/C3 in the epithelium in direct IFM and/or

	- intercellular fluorescence on the epithelium of monkey esophagus in indirect IF and/or

	- detection of anti-desmoglein 1 IgG (PF), anti-desmoglein 3 IgG (mucosal PV), or both (mucocutaneous PV) and/or

	- suprabasal (PV) or subcorneal splitting (PF) with acantholysis in histopathology



Direct IFM establishes the diagnosis of a pemphigus disease by intercellular (sometimes granular appearing) epithelial staining. Indirect IFM testing on monkey esophagus as the most sensitive substrate uncovers circulating autoantibodies that cause intercellular staining of the epithelium (1–3). However, intercellular reactivity on monkey esophagus alone is not sufficient to establish the diagnosis of pemphigus, as it may be unspecific, e.g., by cross-reacting anti-blood group autoantibodies. Identification of the target antigens is performed by either ELISA or indirect IF-based Biochip™ technology (78, 79, 149). Levels of anti-desmoglein 1 and 3 serum IgG measured by ELISA usually correlate with disease severity and have been established to monitor the course of the disease as recommended by national and international guidelines to guide treatment decisions (20, 21, 78, 79).

If direct IFM is not available, detection of medium to high levels of circulating anti-desmoglein antibodies, compatible histological appearance, and a typical clinical presentation may suffice for diagnosis (20).





IgA pemphigus

The diagnosis of IgA pemphigus can be established by

	- clinical appearance with pustules and

	- intercellular net-like deposits of IgA/C3 in the epithelium by direct IFM and/or

	- intercellular fluorescence with IgA on the epithelium of monkey esophagus in indirect IFM and/or

	- detection of anti-desmoglein 1 and/or 3 and/or anti-desmocollin IgA autoantibodies and/or

	- subcorneal neutrophilic infiltrate with vesicles in histopathology



Autoantibodies of patients with the rare IgA pemphigus target desmocollins 1, 2, or 3 or desmogleins 1 and 3. Circulating IgA antibodies may be detected by indirect IFM on monkey esophagus and in-house Biochips™ or ELISA using the recombinant forms of these antigens (28, 100, 150).

Unlike PF and PV, lesional histopathology reveals marked infiltration with neutrophils, which causes the formation of pustules in initially appearing vesicles. In a perilesional skin biopsy, IgA deposits are seen with an intercellular pattern in the epidermis by direct IFM (21, 28, 151).





Paraneoplastic pemphigus

The diagnosis of paraneoplastic pemphigus can be established by

	- association with a malignancy

	- clinical appearance with severe stomatitis and lip involvement

	- intercellular net-like and additional linear deposits of IgG/IgA/C3 in direct IFM and/or

	- IgG against urothelium by indirect IFM on monkey/rat bladder and/or

	- detection of anti-envoplakin IgG by ELISA and/or

	- detection of anti-plakin and/or anti-α2 macroglobulin like 1 autoantibodies and/or

	- acantholysis, dyskeratosis, vascular degeneration of the BMZ, and lichenoid infiltrates in the upper dermis by lesional histopathology



Paraneoplastic pemphigus commonly leads to severe stomatitis including erosions on the tongue and lips. An underlying malignant disease, often hematological malignancies, thymoma, or Castleman disease, is a prerequisite for the diagnosis, but in some patients, it only manifests during the course of the disease. Direct IFM often uncovers linear IgG deposits at the dermal–epidermal junction in addition to a pemphigus-typical epidermal/epithelial intercellular distribution (2, 3, 21, 23). Histopathologically, lesions usually show acantholysis, dyskeratosis, vascular degeneration of the BMZ, and lichenoid infiltrates in the upper dermis (20, 23, 65). A broad variety of specific IgG antibodies may be found in serum, frequently directed against different plakins but also plectin, α2-macroglobulin-like 1, desmocollins 1–3, desmoglein 3, and BP180 (20, 21, 23, 30). The most relevant serological tests are indirect IM on monkey/rat bladder and the widely available envoplakin-specific ELISA (29). Additional in-house assays for the detection of autoantibodies periplakin, desmoplakin I/II, epiplakin, plectin, α2 macroglobulin like 1, and desmocollins 1, 2, and 3 are available in specialized laboratories.





Bullous pemphigoid

The diagnosis of BP is based on refs. (19, 21)

	- the clinical picture with blisters and erosions and/or urticarial plaques and erythema predominantly at the skin and

	- linear deposits of IgG/C3 and sometimes additionally IgA in direct IFM and/or

	- blister roof staining on salt-split skin by indirect IFM and/or

	- detection of BP180/BP230 IgG by ELISA or indirect IFM and/or

	- subepidermal blisters with eosinophilic–lymphocytic or neutrophilic infiltrates by lesional histopathology



By direct IFM linear depositions of IgG, C3 and sometimes additional IgA and IgM at the BMZ in an n-serrated pattern can be seen (1, 6, 60, 152). A further distinction from other AIBDs is required by serology, which displays epidermal binding of predominant IgG in salt-split skin and/or reactivity to recombinant BP180 NC16A and/or BP230 by ELISA or indirect IFM (1, 6) (Table 1).


Table 1 | Autoantibody specificities and diagnostically relevant clinical signs.



In case of epidermal binding in salt-split skin but no reactivity with the immunodominant NC16A region of BP180 or with BP230, other epitopes of BP180 might be targeted like the soluble cell-derived ectodomain or the C-terminal part of BP180. If no blister formation is present clinically, the European guideline recommends diagnosis based on compatible direct IFM findings and binding of circulating IgG to the epidermal side of salt-split skin by indirect IFM (19). In case of negative or unavailable direct IFM, diagnosis is concluded in case of a compatible clinical picture and consistent histology presenting with subepidermal blisters and eosinophilic infiltrates combined with serum IgG against BP180, BP230, and/or the epidermal side of salt-split skin by indirect IFM (19, 21). In the case of a classical clinical picture, the detection of serum IgG against BP180 NC16A in levels greater than threefold of the lower detection limit of the ELISA is sufficient for the diagnosis of BP (148).





Mucous membrane pemphigoid

To diagnose MMP, a clinical presentation of erosions or blisters predominantly at mucous membranes is required. However, affection of mucous membranes as well as the targeted autoantigens are highly variable. Establishing the diagnosis is thus based on the following refs. (41, 65, 149):

	- predominant mucosal blisters and/or erosions and

	- linear deposits of IgG/IgA/C3 in direct IFM and/or

	- linear staining at either blister roof or blister floor of salt-split skin by indirect IFM and/or

	- serum reactivity against BP180, laminin 332, and type VII collagen



Diagnostics is further complicated by a lower positive rate of direct IFM samples ranging from 60% to 90% (38, 39, 65, 153). This issue can be circumvented in part by testing additional biopsies (66). As such, guidelines recommend in case of an initial negative direct IFM to repeat the testing with at least one additional biopsy (65, 68).

Serological diagnosis for MMP includes indirect IFM on salt-split skin for both IgA and IgG autoantibodies, which direct to subsequent assays for autoantibodies binding to the epidermal side (i.e., BP180 and BP230) or dermal side (i.e., laminin 332 and type VII collagen) (38, 65, 153, 154) (Table 1). Typically, first ELISA and Biochip™ analyses are prompted, followed by immunoblot-specific in-house assays for more rare target antigens (37, 38) (Figure 8). In case of negative findings on salt-split skin, ELISA/immunoblotting or Biochip™ techniques should be employed following the expected frequency of autoantibodies directed against targeted structures (39). However, low frequencies of circulating autoantibodies, in particular in ocular MMP, pose a challenge to serologic diagnostics (38, 65, 153, 154). The diagnosis of ocular MMP can be established without positive findings by serology and direct if other causes of cicatrizing conjunctivitis have been ruled out both clinically and histopathologically (65).

Of note, anti-laminin 332 reactivity warrants a tumor search since up to 30% of MMP patients with laminin 332-specific antibodies develop a malignancy (24, 38, 39, 65). As such, assaying for anti-laminin 332 reactivity is recommended in all newly diagnosed patients with MMP without clear antibodies against BP180 or type VII collagen and in case of initially negative reactivity, also during the course of the disease (65, 68).

Antibodies against α6β4 integrin have been described in MMP (127, 128). Following a systematic literature search, the recent S3 guideline has not recommended testing for anti-α6β4 integrin until further data are available (65).





Pemphigoid gestationis

Gestational pemphigoid is a rare condition in pregnancy and needs to be differentiated from other pruritic eruptions in pregnancy. The diagnosis is based on the following ref. (35):

	- compatible clinical picture with urticarial paraumbilical plaques and/or vesicles and in pregnancy or post partum period

	- linear deposits of C3 and sometimes additional IgG in direct IFM and/or

	- positive complement binding test and/or

	- blister roof staining on salt-split skin by indirect IFM and/or

	- reactivity with BP180 NC16A in antigen target-specific assays



Histopathology shows an eosinophilic infiltrate but is often unspecific, as the split formation is initially mostly lacking (155, 156). By direct IFM, mainly C3 deposits can be seen along the dermal–epidermal junction in a linear pattern, and only approximately one-third of patients show concomitant IgG deposition (155). Similarly, standard indirect IFM detecting IgG and IgA autoantibodies may be negative in 75% of patients. Adding a complement source (also referred to as complement binding test) may yield positive results of indirect IFM in most sera (155, 156). IgG-autoantibodies are mainly directed against the NC16A domain of BP180 and are mainly constituted of the IgG1 and 3 complement activating subclasses (75). Reactivity against recombinant BP180 NC16A can be detected by ELISA or indirect IFM in nearly all patients, and serum anti-BP180 NC16A levels correlate with disease activity (92, 156–159).





Linear IgA disease

LAD is defined by predominant IgA autoantibodies against proteins of the BMZ. The diagnosis relies on the following ref. (51):

	- clinical picture with vesicles and blisters frequently in an annular pattern with vesicles at the edge of lesions and

	- predominantly IgA deposits along the BMZ by direct IFM and/or

	- linear staining of blister roof or, more rarely, of floor on salt-split skin with predominantly IgA and/or

	- IgA reactivity with LAD-1 or another epitope on BP180 and/or

	- subepidermal splitting with neutrophils along the BMZ and in dermal papillae in lesional histopathology



By direct IFM next to the predominant IgA deposition, reactivity of C3 and to a lesser extent IgG and IgM can be seen (160). Circulating IgA autoantibodies usually bind at the blister roof of salt-split skin, where the main target antigen, the soluble ectodomain of BP180 (LAD-1), is situated (6, 161). In the case of staining with IgA at the blister floor of salt-split skin, the target antigen may be type VII collagen; here, the term IgA EBA has been proposed (162), and the European guideline, which is currently underway, will adopt this differentiation between LAD and, in case of predominant IgA reactivity against type VII collagen, IgA EBA. Histopathology is very similar to dermatitis herpetiformis with neutrophilic infiltrate along the dermal–epidermal junction and in the dermal papillae forming microabscesses. Accompanying eosinophils and subepidermal blister formation may be present (139, 163).





Anti-p200 pemphigoid

Anti-p200 pemphigoid is the most recently recognized AIBD (106). It is defined by refs. (44, 45)

	- predominant skin lesions with involvement of extremities, often the palms and soles, and

	- linear deposits of IgG/C3 by direct IFM and/or

	- blister floor staining on salt-split skin by indirect IFM with IgG and/or

	- reactivity with the 200-kDa p200 protein by immunoblotting with dermal extract or

	- reactivity with laminin β4 and/or laminin γ1

	- subepidermal blistering with neutrophilic or mixed infiltrate in lesional histopathology



While by direct IFM and histopathology anti-p200 pemphigoid mainly resembles BP, its dermal reactivity on salt-split skin distinguishes it from BP (43, 45). Direct IFM serration pattern is n-serrated, thus excluding EBA as a differential diagnosis (60, 164). For exact diagnosis, deciphering the target antigen is required. Traditionally, this is performed by immunoblotting with dermal or epidermal extract (104, 106). Subsequently, laminin γ1 has been described as a target antigen and is recognized by 70%–90% of patients (45, 105, 165). Assays for the detection of anti-p200 and anti-laminin γ1 have only been available in specialized laboratories. Since the pathogenic relevance of anti-laminin γ1 IgG could not be shown in vitro and in vivo, it has been hypothesized that the true autoantigen of this disease is still to be discovered (166, 167). In fact, most recently, laminin β4 has been reported as a target antigen recognized by nearly all patients (168, 169). A Biochip™-based indirect IFM assay for the detection of circulating laminin β4 is widely available (169). The pathogenic potential of anti-laminin β4 IgG is currently being investigated.





Epidermolysis bullosa acquisita

EBA is caused by autoantibodies to type VII collagen, the major component of anchoring fibrils. Clinically and histologically EBA can resemble other pemphigoid diseases, so diagnosis of EBA based only on clinical picture and histology alone is not possible, in particular in the inflammatory variant.

Diagnosis of EBA is based on (170)

	- u-serration pattern by direct IFM

	- detection of circulating anti-type VII collagen autoantibodies by ELISA, indirect IFM (Biochip™), or immunoblot with dermal extract or the recombinant NC1 domain

	- indirect IFM on type VII collagen-deficient skin (only applicable when serum antibodies are reactive against human/primate skin)

	- direct immunoelectron microscopy

	- fluorescence overlay antigen mapping (FOAM)



Direct IFM of perilesional biopsy demonstrates linear deposits of IgG, IgA, or complement along the dermal–epidermal junction. By close inspection of 4–6-µm-thick sections at ×400–×600 magnification, the characteristic u-serrated pattern can be observed (Figure 5C). This pattern is pathognomonic for skin-bound antibodies to type VII collagen and resembles “growing grass”. However, differentiation between u- and n-serrated patterns is not possible in approximately one-quarter of samples as well as in mucosal biopsies (59, 60, 64).

Immunoelectron microscopy, which used to be the diagnostic gold standard for EBA, allows the detection of autoantibody deposits in anchoring fibrils in the sublamina densa, which is typical for EBA or bullous systemic lupus erythematosus (BSLE) (171, 172). Unfortunately, this method requires the processing of fresh biopsies and is only performed in a few laboratories in the world. Another technique that could distinguish EBA from other pemphigoid diseases is FOAM. This method is based on the coincubation of perilesional biopsy with antibodies against other antigens, such as BP180, laminin 332, and type VII collagen. Overlay of different pictures allows detection of colocalization of autoantibodies (173, 174).

While diagnosing AIBDs by detecting circulating autoantibodies has become a major diagnostic approach (6, 69, 175), serological diagnosis in EBA is limited by the relatively low rate of circulating antibodies in approximately 60% of patients (54, 55). Antibodies to type VII collagen bind along the BMZ on monkey esophagus and label the floor of the artificial blister in salt-split skin (Figure 7F), similar to anti-p200 and anti-laminin 332 antibodies. Usage of type VII collagen-deficient skin as the substrate for indirect IIF is an elegant approach but is limited by the availability of type VII collagen-deficient skin and the restriction to patients with reactivity against normal salt-split skin (176).

The most practical approach outside specialized laboratories to diagnose EBA is the determination of anti-type VII collagen autoantibodies by commercial ELISA or Biochip™-based indirect IFM employing the recombinant NC1 domain of type VII collagen (77, 101). Antibody levels have been shown to correlate with disease severity (177). In specialized laboratories, immunoblots and ELISA with various cell-derived and recombinant forms of type VII collagen are available (99, 178–181). Most recently, patients with predominant IgA reactivity against type VII collagen are differentiated from LAD based on the possibly more severe clinical manifestation and more refractory course compared to the anti-BP180 IgA-mediated classical LAD (115).





Bullous systemic lupus erythematosus

BSLE is a rare AIBD in patients with SLE. Diagnostic criteria for BSLE were first proposed in 1983 by Camisa and Sharma and later revised (46, 182–184). These revised criteria include

	- diagnosis of SLE based on the ACR/EULAR criteria

	- vesiculobullous skin lesions predominantly in sun-exposed areas

	- histopathological changes compatible with dermatitis herpetiformis

	- linear or granular deposits of IgG, IgA, IgM, and complement at the BMZ by direct IFM



Lesional histopathology resembles changes observed in dermatitis herpetiformis with neutrophil-rich infiltrate in the upper dermis, dermal edema, and fibrin and neutrophils in the cavity of subepidermal blisters (185). By direct IFM, most cases reveal deposits along the BMZ of more than one Ig isotype, in many cases IgG, IgA, or IgM, whereas complement components are mostly detected in lesional skin and rarely in clinically uninvolved skin (186). In patients with linear IFM deposits, circulating autoantibodies can be often detected in indirect IFM on human salt-split skin, in most cases showing dermal binding (48). Serum autoantibodies are mainly directed against type VII collagen. In some cases, reactivity to BP180, BP230, and laminin 332 has been described (48, 51, 185, 187).





Dermatitis herpetiformis

Diagnosis of dermatitis herpetiformis is based on the correlation of the typical clinical picture of dermatitis herpetiformis with positive direct IFM demonstrating granular deposits of IgA at the tips of dermal papillae or along the BMZ (25, 163). In the case of typical clinical manifestations but repeatedly negative direct IFM, additional minor criteria can be used to support the diagnosis. These minor criteria include the following (25):

	- dermatitis herpetiformis-typical histopathological findings

	- positivity of at least one of the serological tests for IgA against TG2, TG3, or endomysium

	- histopathological findings in duodenal biopsy compatible with celiac disease

	- HLA testing compatible with dermatitis herpetiformis/coeliac disease

	- positive result of oral iodine challenge or cutaneous iodine path test

	- positive therapeutic effect of a long-term gluten-free diet

	- fast response to therapy with dapsone



Classical histological findings in dermatitis herpetiformis are neutrophilic microabscesses, nuclear dust, and fibrin in the papillary dermis, often accompanied by edema of dermal papillae and subepidermal split formation. Neutrophils with fibrin and polymorphonuclear cells with a variable number of eosinophils can be observed in the lumen of subepidermal blisters and the papillary dermis (140, 188). However, histological changes do not allow definite differentiation of dermatitis herpetiformis from other subepidermal AIBDs. Several serological tests are available. Anti-endomysium antibodies can be found in 60%–90% of untreated dermatitis herpetiformis patients with almost 100% specificity either using indirect IFM on monkey esophagus or using ELISA with tissue-type TG (TG2) (189, 190). IgA antibodies against epidermal TG (TG3) are a part of IgA deposits in direct IFM of dermatitis herpetiformis patients. The majority of dermatitis herpetiformis patients also have circulating anti-TG3 IgA even if anti-TG2 antibodies are absent (191–193). In the so far largest study with 242 dermatitis herpetiformis patients, 84.3% and 78.5% of sera revealed IgA reactivity against endomysium and TG2 with specificities of 100% and 99.0%, respectively (194). The European guideline of dermatitis herpetiformis recommends performing at least one serological test, i.e., either anti-endomysium IgA or anti-TG2 IgA. Serum anti-TG2 IgA is a specific marker for gluten-induced enteropathy in both dermatitis herpetiformis and coeliac disease and is recommended by the guideline. Although TG3 is regarded as an autoantigen of dermatitis herpetiformis, determination of anti-TG3 IgA is only recommended in addition to anti-TG2 IgA (25).

Genome-wide association studies (GWASs) have detected human leukocyte antigen haplotypes as major risk loci with DQ2.5 (HLA-DQA1*05 and HLA-DQB1*02), DQ2.2 (HLA-DQA1*02 and HLA-DQB1*02), DQ7.5 (HLA-DQA1*05 without HLA-DQB1*02), or DQ8 (HLA-DQB1*03:02) haplotypes detected in over 99% of individuals with celiac disease and dermatitis herpetiformis (195). However, as the frequency of these haplotypes in the population reaches 60%, their predictive value is low, but their negative predictive value is very high, as the detection of another haplotype can confidently exclude the diagnosis (196). Furthermore, challenges with either potassium iodine on healthy skin inducing dermatitis herpetiformis lesions or a gluten-free diet alleviating gastrointestinal symptoms rapidly with skin lesions improving over weeks or several months are indicative of dermatitis herpetiformis. Indirect diagnostic evidence may also come from treatment with dapsone leading to resolving symptoms after only a few days (8, 197–201).






Future perspectives

The correct and timely diagnosis of AIBDs is paramount for the management of patients. Thus, the identification of the exact specificity of the autoantibodies including the isotype (IgG, IgA, IgM, and IgE) and target antigen is of increasing importance. Diagnosis of the exact AIBDs is relevant to initiate an appropriate therapy and to communicate the prognosis. For example, anti-p200 pemphigoid can usually be treated with lower doses of corticosteroids compared to BP, and when antibodies against laminin 332 are present in MMP, a tumor search is required. Although enormous progress has been made with respect to the development of widely available standardized assays for serum autoantibodies in AIBDs, relevant diagnostic gaps remain. As such, no test system for antibodies to the BP180 ectodomain outside the NC16A domain is available, and also test systems for the detection of IgA autoantibodies in pemphigoid diseases are missing. Implementation of the regulation (EU) 2017/746 on in vitro diagnostic regulation (IVDR) will be a major hurdle for both manufacturers of test systems for rare diseases, such as AIBDs, and specialized laboratories with in-house assays, also termed laboratory-developed tests. Further innovations in the field of AIBDs diagnostics can be expected regarding automation, multivariate systems, and artificial intelligence (AI)-based evaluation (202, 203).
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OEBPS/Images/table1.jpg
Disease Target antigen Clinical signs of

diagnostic

relevance*
Pemphigus Dsg 3, Dsg 1 Erosions and flaccid blisters of
vulgaris mucous membranes, + flaccid

blisters and erosions on skin

Pemphigus Dsg 1 Flaccid blisters, erosions,
oliaceus scaling; no involvement of
mucous membranes

Paraneoplastic Dsg 3, envoplakin, Severe stomatitis, erosions of
pemphigus periplakin, desmoplakin I/ lips, neoplasia (hematological
11, o 2 macroglobulin-like malignancies, thymoma,
1, plectin, epiplakin, Castleman disease)
Dsc1,2,3
IgA Dsc 1-3 Mostly pustules and erosions
pemphigus Dsg 1, Dsg 3
Bullous BP180 NC16A, BP230 Tense blisters, erosions,
pemphigoid urticarial plaques, severe

pruritus, old age (>75 years)

Mucous Non-BP180 NC16A Predominant mucosal
membrane (different epitopes), BP180 involvement; oral and ocular
pemphigoid NCI6A, laminin 332, mucosae are most

BP230, 0t6B4 integrin frequently affected
Linear LAD-1, BP230 (IgA) Tense blisters/vesicles,
IgA disease erosions, annular orientation

of lesions (“string of pearls”)

Pemphigoid BP180 NC16A, BP230 Erythema, papules, rarely
gestationis vesicles, intense pruritus;
pregnancy or post-
partum period
Anti- Laminin 4, laminin y1 Tense blisters, erosions
200
pemphigoid
Epidermolysis Type VII collagen Mechanobullous and
bullosa inflammatory variant
acquisita (resembling BP or LAD)
Bullous Type I: type VII collagen SLE present; tense
systemic type II: BP180, BP230, blisters, erosions
lupus laminin 332
erythematosus
Lichen BP180 NC16A, BP230 Tense blisters independent of
planus lichen planus lesions
pemphigoides
Cicatricial BP180, BP230, laminin 332 Skin blisters and erosions that
pemphigoid heal with scarring and/or
milia formation
IgM BP180 (IgM) Erythema and urticaria,
pemphigoid excoriated papules/plaques,
and lichenification
Dermatitis Epidermal TG, tissue-type Severe pruritus, vesicles,
herpetiformis TG, endomysium (IgA) erythematous excoriated

papules on extremities and the

gluteal region

Main target antigens are shown in bold; target antigens in italics indicate the wide availability
of sensitive and specific assays.

Dsg, desmoglein; Dsc, desmocollin; TG, transglutaminase; LAD, linear IgA disease; BP,
bullous pemphigoid; SLE, systemic lupus erythematosus.

*If not stated otherwise, skin involvement is predominant.
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