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Abstract

Pemphigus and bullous pemphigoid are autoantibody-mediated blistering skin diseases. In 

pemphigus, keratinocytes in epidermis and mucous membranes lose cell-cell adhesion, and in 

pemphigoid, the basal keratinocytes lose adhesion to the basement membrane. Pemphigus lesions 

are mediated directly by the autoantibodies, whereas the autoantibodies in pemphigoid fix 

complement and mediate inflammation. In both diseases, the autoantigens have been cloned and 

characterized; pemphigus antigens are desmogleins (cell adhesion molecules in desmosomes), and 

pemphigoid antigens are found in hemidesmosomes (which mediate adhesion to the basement 

membrane). This knowledge has enabled diagnostic testing for these diseases by enzyme-linked 

immunosorbent assays and dissection of various pathophysiological mechanisms, including direct 

inhibition of cell adhesion, antibody-induced internalization of antigen, and cell signaling. 

Understanding these mechanisms of disease has led to rational targeted therapeutic strategies.
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Introduction

The terms pemphigus and pemphigoid refer to two prototypical autoimmune blistering skin 

diseases. Both are mediated by autoantibodies, but their mechanisms of pathophysiology and 

their pathologies are different.

There are two major types of pemphigus, pemphigus vulgaris (PV) and pemphigus foliaceus 

(PF). The rarer subgroups of pemphigus-like diseases, such as paraneoplastic pemphigus and 

IgA pemphigus, are beyond the scope of this review. We also discuss the major type of 

pemphigoid, bullous pemphigoid (BP), but not the rarer subtypes of subepidermal blistering 

skin diseases such as pemphigoid (or herpes) gestationis, mucous membrane pemphigoid 

and ocular pemphigoid, epidermolysis bullosa acquisita, and linear IgA disease.
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Epidemiology in Brief

The figures for age-adjusted mortality per one million persons in the United States from 

1999 to 2009 for BP and pemphigus as major or contributing causes of mortality were 0.3–1 

(821–3268 deaths) and 0.2–0.6 (568–1856 deaths), respectively (1). BP occurs mainly in the 

elderly, with a median age at presentation in the UK of 80 years and with twice as high a 

risk of death compared with age-matched controls, whereas the median age of onset of PV is 

71 (with a broad spread), and the risk of death is three times that of controls (2). The 

incidence of these diseases depends on the population. In the UK, the incidence (per 100,000 

persons per year) of BP is 46 among those over 90 years old but only 1.5 among those 50–59 

years old. The incidence of PV is 0.7 for the total UK population but 1.6 for the population 

of Jerusalem (3). There is an endemic form of PF (i.e., fogo selvagem) in rural areas of 

Brazil that has a prevalence of 3.4% on certain Amerindian reservations and an incidence of 

1–4 cases per 1,200 persons per year (4). This high prevalence and incidence are thought to 

be due to an environmental factor, possibly related to the bite of a sand fly (5).

Pemphigus: Clinical Presentation and Histological and Immunohistological 

Findings

In PV, oral mucous membranes are usually affected with or without skin involvement, 

whereas in PF, only the skin is affected (6, 7). Flaccid blisters—which may occur anywhere 

on the skin surface—are the primary lesion of pemphigus. In PV, these blisters break easily 

and result in erosions that have a tendency to spread at their periphery and become large (7) 

(Figure 1a). The Nikolsky sign, mechanical induction of such erosions by the shearing of 

normal-appearing epidermis with sideward friction, is positive in active disease. Erosions, 

rather than intact blisters, are seen in mucous membranes, and even on skin only crusted 

erosions may be present. In PF, the blister is even more fragile than in PV, and therefore skin 

lesions usually present as scaly-crusted small erosions, because the blisters break when they 

are quite small (Figure 1b). The Nikolsky sign is positive in PF patients with active disease.

Histologically, pemphigus is characterized by loss of keratinocyte cell-cell adhesion, a 

process called acantholysis. In PV, acantholysis is present in the basal cell layer and the cells 

directly above it, forming a suprabasilar blister (Figure 1d). Often the basal keratinocytes 

lose cell-cell (but not cell–basement membrane) adhesion and assume a cuboidal to 

rectangular shape, forming a so-called row of tombstones appearance. In PF, acantholysis 

occurs in the upper epidermis, below the stratum corneum, within or immediately beneath 

the granular layer (Figure 1e) (6).

The immunohistological hallmark of pemphigus is the detection of cell surface–bound 

immunoglobulin G (IgG) within the epidermis. All pemphigus patients have such a positive 

finding in direct immunofluorescence tests of perilesional skin, and (depending on the 

substrate used) more than 80% of pemphigus patients have circulating IgG directed against 

keratinocyte cell surfaces (Figure 1g). Usually it is not possible to differentiate PV and PF 

based on the pattern of immunofluorescence alone (7).
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Pemphigus Pathophysiology

Autoantibodies in Pemphigus Are Directed Against Desmogleins

Immunochemical and molecular cloning techniques have shown that the antigens in 

pemphigus are desmogleins (Dsgs), transmembrane glycoproteins of desmosomes that 

confer cell-cell adhesion within the epidermis (Figure 2).

Autoantibodies from sporadic and endemic PF patients bound an antigen of ∼160 kDa that 

was identified as desmoglein 1 (Dsg1) (8, 9). Interestingly, most PF antibodies bound to a 

calcium-sensitive epitope on Dsg1; chelation of calcium abrogated reactivity with Dsg1 in 

those sera (10). By demonstrating that both PF and PV sera coimmunoprecipitated an 85-

kDa polypeptide—which was the armadillo family adherens junction molecule plakoglobin 

(PG)—researchers established a close relation between the PF and PV antigen complexes as 

desmosomal components (11). Molecular cloning, by screening of a keratinocyte cDNA 

expression library with a PV serum, indicated that the PV antigen was also a desmoglein, 

now called Dsg3 (12). Further study of the molecular structure and immunoreactivity of the 

five ectodomains of the PV antigen defined the major pathogenic epitope as being on the 

amino-terminal extracellular domain, a region important for homophilic adhesion of 

cadherins (13). Comparable observations were made during studies on Dsg1 (14).

The pivotal role of the pemphigus antigens for keratinocyte adhesion has been shown by 

genetic deletion of the PV antigen, Dsg3, in mice (15) and enzymatic inactivation of the PF 

antigen, Dsg1, by exfoliative toxin A (produced by Staphylococcus aureus) in mice and 

humans (16). The deletion or inactivation of these antigens causes the same clinical and 

histological pathology as seen in patients with PV and PF and in passive transfer of Dsg3- 

and Dsg1-specific autoantibodies to neonatal mice or to organ culture of normal human skin.

The discovery of desmogleins as the autoantigens in almost all pemphigus patients has 

permitted development of enzyme-linked immunosorbent assays (ELISA) for diagnosis (17). 

This testing also allows for monitoring and, in part, prediction of disease activity through 

autoantibody levels (18, 19).

Although Dsgs are the main autoantigens targeted by autoantibodies in the vast majority of 

pemphigus patients, antibodies against other desmosomal cadherins (e.g., desmocollins) and 

even classical cadherins may rarely be found in disease (20–25).

Autoantibodies Alone Can Cause Disease

Passive transfer experiments in mice have confirmed the pathogenicity of circulating IgG 

antibodies from pemphigus patients, which result in dose-dependent disease (26, 27) and 

point to a predominance of the IgG4 subclass in PF patients' sera and in disease induction 

among mice (28). Predominance of IgG4 autoantibodies has been observed in PV patients as 

well (29, 30).

Of note, disease can be induced in mice with bivalent F(ab')2 and monovalent Fab' 

fragments purified from PF patients' sera (31) and in human skin organ culture with 

recombinantly produced monovalent single-chain variable fragments cloned from both PF 
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and PV patients (32–34), demonstrating that Fc-mediated effects are dispensable in 

pemphigus pathophysiology, and that antibodies directly mediate acantholysis.

The observation of neonatal PV in babies born to mothers with PV corresponds to a passive 

transfer experiment in humans (35). Due to a different distribution pattern of Dsg3 and Dsg1 

in neonatal epidermis, Dsg3 antibodies alone (from a mother with mucosal PV) can lead to 

skin blistering in the newborn (see Desmoglein Compensation Explains Localization of 

Blisters subsection, below). Cases of neonatal PF have also been reported but are unusual 

owing to desmoglein compensation(again, see below)(36.

Desmoglein Compensation Explains Localization of Blisters

Dissection of the serum autoantibody profiles in pemphigus patients led to the observation 

that PV patients show a dual status of serum antibodies. In most PV patients with disease 

localized to mucous membranes, only Dsg3-specific serum antibodies are found, whereas 

most patients with mucocutaneous disease have antibodies against both Dsg3 and Dsg1. In 

contrast, PF sera demonstrate only Dsg1 reactivity (29, 37).

These autoantibody profiles, combined with the determination of the normal tissue 

distributions of Dsg3 and Dsg1, led to the desmoglein compensation model to explain the 

distinct histological sites of blister formation in mucosal PV, mucocutaneous PV, and PF 

(38–40) (Figure 3). Basically, this model posits that anti-Dsg1 or -Dsg3 antibodies inactivate 

only their specific Dsg. If both Dsg1 and Dsg3 are present at any level of the epidermis and 

only one of them is inactivated, then the other will compensate and provide adhesion; 

however, if only one desmoglein is present at a particular level of epidermis and it is 

inactivated, then acantholysis will occur. Figure 3 illustrates how this model explains the 

blister localization in PV and PF. In addition, the model explains why neonatal PF is only 

rarely seen: because neonatal human skin shows expression patterns of Dsgs comparable to 

those seen in adult mucosa, where Dsg3 expressed throughout the epidermis protects from 

blistering due to anti-Dsg1 PF antibodies (41).

Experimental proof for this model comes from multiple studies. Passive transfer of PF anti-

Dsg1 antibodies to neonatal mice causes blisters in the superficial epidermis (just as in 

patients) because that level normally contains only Dsg1 without Dsg3, so inactivation of 

Dsg1 causes a superficial epidermal blister; however, the deep epidermis expresses Dsg3, 

which maintains adhesion at that level. Forced expression of Dsg3 in the superficial 

epidermis of transgenic mice protects them from PF antibody–induced blistering (41). 

Another genetic mouse model examined PV blisters from passive transfer to neonatal mice. 

Normally, Dsg3−/− (knockout) neonatal mice do not show skin blisters because Dsg1 is 

present throughout the epidermis to compensate for genetic loss of Dsg3; however, transfer 

of anti-Dsg1 antibodies to these mice results in a severe PV-like blistering (40) because loss 

of both Dsg3 (genetically) and Dsg1 (by autoantibody) produces symptoms similar to those 

of PV patients who have cutaneous blisters caused by anti-Dsg1 and -Dsg3 antibodies. 

Finally, telogen hair in mice is anchored by adhesion provided by Dsg3. Accordingly, the 

telogen hair is shed early in Dsg3 −/− mice, leading to alopecia; however, forced genetic 

expression of Dsg1 in the telogen club prevents or delays this loss (42). All these studies 

indicate that one desmoglein may compensate, at least somewhat, for loss of another.
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Autoantibodies Directly Interfere with Cell Adhesion

Abundant data suggest that some pemphigus antibodies directly interfere with cell adhesion. 

Monovalent Fab' antibodies from pemphigus patients—as well as single-chain variable 

fragments cloned from PV and PF patients, which do not possess the ability to cross-link 

antigens—can cause pemphigus in mice and human skin organ culture (see Autoantibodies 

Alone Can Cause Disease subsection, above) (32, 33). Mechanistically, some PV 

autoantibodies have been shown to interfere directly with homophilic trans-interaction of 

Dsg3 molecules (presumably through steric hindrance of Dsg adhesion), as shown by atomic 

force microscopy and in keratinocyte culture without reliance on transduction of signaling 

(43, 44). Further evidence for a direct inhibition of adhesion comes from epitope mapping 

studies with PV and PF autoantibodies on domain-swapped and point-mutated Dsg1/Dsg3 

molecules; here, the authors were able to show that most of the dominant epitopes bound by 

pemphigus sera mapped to the amino-terminal ectodomains of Dsg1 and Dsg3, which are, in 

analogy to classical cadherins, critical for adhesion (45). In addition, the majority of 

pathogenic pemphigus sera target regions of the mature (as opposed to precursor) Dsgs (46). 

Adhesion ability of cadherins—and, by implication, desmogleins—is thought to be 

unmasked by this proteolytic cleavage (47); therefore, targeting of the mature, processed 

Dsg implies targeting of the adhesion domain. Extending previous findings that interruption 

of trans-adhesion of Dsgs is critical for disease induction, researchers recently demonstrated 

that patients may harbor pathogenic antibodies that target the cis-adhesive interface within 

the amino-terminal extracellular domain (48). This type of cis-adhesion of Dsg is also 

thought to be important in strengthening cell-cell adhesion through clustering of the 

desmoglein in the desmosome. Finally, pemphigus antibody binding to desmogleins is 

primarily dependent on their normal, calcium-stabilized conformation (10, 45, 49), as is the 

adhesive property of cadherins, suggesting again that pemphigus antibodies bind important 

adhesive domains.

Autoantibodies Cluster and/or Internalize Desmogleins and Deplete Them in the 
Desmosome

In addition to the direct steric hindrance model detailed above, other models explaining loss 

of cell-cell adhesion have been proposed. These models most likely are not mutually 

exclusive but may all contribute to pemphigus pathophysiology.

The model discussed here has been called the Dsg nonassembly depletion hypothesis (50, 

51). This model attributes loss of cell adhesion to the ability of multivalent pemphigus anti-

Dsg antibodies to crosslink and cluster Dsgs. This crosslinking results in internalization of 

the nonjunctional desmoglein and prevents newly synthesized Dsg from being incorporated 

into the desmosome. Ultimately, the desmosome is depleted of Dsg and fails to provide 

adhesion. This model is supported by multiple lines of evidence. In patients with PV and PF, 

clustering of Dsg3 and Dsg1 by anti-Dsg3 and anti-Dsg1 autoantibodies, respectively, is 

seen (50, 51). Similar results of clustering and Dsg depletion in desmosomes have been 

shown in cell culture (52–54). Interestingly, even monoclonal, monovalent, pathogenic anti-

Dsg3 PV antibodies can deplete Dsg3 incorporation into newly formed desmosomes (55). 

Further evidence for this model is that forced increased expression of Dsg3 by adenovirus 
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delivery can counteract the effect of Dsg3 loss in the desmosome and prevent acantholysis 

(53).

Autoantibodies Cause Cell Signaling That Contributes to Loss of Cell Adhesion

Early evidence implicating intracellular signaling mechanisms in induction of acantholysis 

came from the observation that polyclonal PV IgG causes retraction of keratin intermediate 

filaments (presumably contributing to intercellular detachment) in cultured keratinocytes 

from wild-type mice but not from PG-deficient mice (56). Further studies then showed that 

PG is a suppressor of c-Myc expression and that PV antibodies trigger c-Myc upregulation 

by depletion of PG together with Dsg3. Increased c-Myc then leads to cell proliferation and 

weakened cell-cell adhesion; furthermore, pharmacological inhibition of c-Myc inhibits the 

ability of PV antibodies to cause acantholysis in mice (57, 58).

Among other cascades of signaling, the p38MAPK signaling pathway has been extensively 

studied in pemphigus pathophysiology (59–62). HSP27 and p38MAPK, members of this 

pathway, have been shown to be phosphorylated upon incubation of human keratinocyte cell 

cultures with PV IgG (59, 60) and to be linked to Dsg3 internalization (61). Pharmacological 

inhibition of p38MAPK and its downstream targets blocked blister formation in vivo when 

studied in the passive transfer mouse model for PV and PF (62–64). This signaling cascade 

was also shown to be active in PV and PF patients' skin (65). Finally, epidermal growth 

factor receptor (EGFR) signaling was activated by PV antibody addition to human 

keratinocytes and was shown to be downstream of p38. Further implicating EGFR signaling 

in pemphigus, pharmacological inhibition of such signaling prevented blister formation 

induced by PV IgG in the passive transfer mouse model (66).

The issue of whether p38 activation is a primary event causing acantholysis or is secondary 

to initial loss of cell adhesion has not been fully resolved. Work using monoclonal PV 

antibodies, as opposed to polyclonal PV IgG, indicated that p38MAPK is not required for 

loss of intercellular adhesion but that it may augment endocytosis of Dsg3 and thus 

blistering in PV (67). In an attempt to integrate all existing data, recent research has clarified 

that (a) steric hindrance (see Autoantibodies Directly Interfere with Cell Adhesion 

subsection, above) and (b) Dsg3 clustering, depletion (see Autoantibodies Cluster and/or 

Internalize Desmogleins and Deplete Them in the Desmosome subsection, above), and 

signaling are separate events. Monoclonal pathogenic antibodies can cause loss of 

intercellular adhesion through steric hindrance and do not rely on p38MAPK signaling, 

whereas polyclonal PV IgG causes Dsg3 clustering and endocytosis via a p38MAPK-

dependent pathway (44). Finally, p38MAPK signaling may contribute to spontaneous 

blistering in pemphigus but not to fragile, Nikolsky-positive skin (62).

Contribution of T Cells to Pemphigus Pathology

Human leukocyte antigen restriction in pemphigus—There is a strong association 

between certain human leukocyte antigen (HLA) class II alleles and susceptibility to PV. A 

higher prevalence of PV in certain ethnic groups (e.g., Ashkenazi Jews) is consistent with 

the increased prevalence of such alleles in those groups. Early studies demonstrated 

association between HLA-DRB1*0402 and PV in Jewish patients (68), and between HLA-
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DRB1*14/DQB1*0503 and PV in non-Jewish patients (69, 70). A more recent meta-

analysis of the association between HLA-DRB1 and PV indicated that the alleles DRB1*04, 

DRB1*08, and DRB1*14 may serve as susceptibility factors, whereas DRB1*03, DRB1*07, 

and DRB1*15 were inversely associated with PV (71). These data suggest that patients who 

develop the disease must have HLA class II molecules capable of presenting Dsg3 peptides 

to T cells.

Presentation of Dsg peptides to T cells—CD4+ T cells from patients with PV 

proliferate when antigenic peptides of the extracellular domain of Dsg are presented to them 

via autologous antigen-presenting cells, with a restriction to the HLA class II alleles 

DRB1*1401 and DRB1*0402 (72). Dsg3-specific T cells were demonstrated to be present in 

both PV patients and HLA-concordant healthy individuals, with the former exhibiting 

mainly a TH2 polarization of those cells and the latter an exclusive TH1 response (73). 

Analysis of the peptides that these Dsg3-specific T cells recognize showed that they derive 

mostly from the amino-terminal extracellular domain of Dsg3 and share anchor residues at 

relative positions 1, 4, and 6 (position 4 being positively charged and critical for binding to 

the negatively charged p4 binding pocket of DRB1*0402) (74). The relevance of the 

restriction of the Dsg3-specific CD4+ T cell response to HLA-DRB1*0402 for human 

disease pathophysiology was demonstrated in vivo by immunization of mice transgenic for 

HLA-DRB1*0402 with such peptides, in which case anti-Dsg3 pathogenic antibodies were 

produced; however, such peptides do not produce autoantibodies in HLA-DRB1*0401-

transgenic mice, and Dsg3 peptides that do not bind the HLA-DRB1*0402 pocket also do 

not produce autoantibodies in HLA-DRB1*0402-transgenic mice (75). Finally, 

CD4+CD25+ regulatory T cells have been implicated in maintaining peripheral tolerance to 

Dsg3 in mice, and in healthy human carriers of the PV-associated HLA-DRB1*0402 and 

DQB1*0503 alleles, through the suppression of CD4+ effector T cells (76, 77). Central 

mechanisms of T cell tolerance induction within the thymus have been described for both 

Dsg3 and Dsg1, but their exact contributions to health and disease are subject to further 

investigation (78, 79).

Characterization of Pemphigus Antibodies

Cloning of the B Cell Anti-Desmoglein Repertoire in Pemphigus

To better understand the genetics and the precise function of human pemphigus antibodies, 

researchers have cloned anti-Dsg B cell repertoires from PV and PF patients to generate and 

analyze monoclonal antibodies (mAbs).

Antibody phage display (APD) is a powerful high-throughput molecular tool to screen for 

and isolate antigen-specific mAbs. APD was used to detect anti-Dsg clonal lines [each share 

a common heavy chain complementarity-determining region 3 (H-CDR3)] from two PV and 

two PF patients (32–34, 80–82). Seven clonal antibody lines were isolated from each PV 

patient. Eleven clones were taken from one PF patient and six clones from the other. In all 

cases, at least one pathogenic clone (i.e., the mAb derived from the clone caused 

acantholysis in neonatal mice and/or human skin organ culture) was identified, but most 

anti-Dsg antibodies were nonpathogenic. Most monoclonal antibodies from the PV patients 
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bound only Dsg3, but some bound both Dsg3 and Dsg1. All monoclonal antibodies from the 

PF patients bound only Dsg1; however, some bound only the intracellular, immature 

precursor Dsg1, which is not expressed on the keratinocyte cell surface. Interestingly, people 

without pemphigus also have B cells that code antibodies against precursor Dsg1, but they 

lack antibodies against the mature cell surface protein, suggesting that B cell tolerance in 

normal people is only for the exposed, mature Dsg1 (80). Pemphigus sera taken from 

multiple PV and PF patients blocked binding of these PV and PF mAbs, respectively, 

demonstrating that the cloned antibodies bind epitopes at, or near, those defined by patients' 

autoantibodies, and suggesting that idiotypes on pemphigus antibodies may be shared across 

patients (32, 33). Indeed, a consensus amino acid motif of D/E-X-X-X-W (D/E-acidic amino 

acid, W-tryptophan) was identified in the H-CDR3 of six pathogenic mAbs and the murine 

pathogenic PV mAb AK23, with the tryptophan residue thought to be critical for disruption 

of homophilic Dsg-mediated adhesion (34). These same studies also suggested that 

pathogenicity and Dsg binding mainly sort with the variable heavy (VH) and not the variable 

light (VL) region.

Heterohybridoma studies in pemphigus patients have also been used to analyze the 

pemphigus antibody repertoire. Seventy-three anti-Dsg hybridomas were obtained from six 

PV patients, most of them IgM+, in one study; IgG4 was not seen (83). More than 90% of 

the clones showed bispecificity toward both Dsg3 and Dsg1; a more restricted VH gene use 

in the IgG compared with the IgM compartment; a more promiscuous use of VL genes when 

compared with VH genes in autoantibodies (again arguing for a major role of the heavy 

chain over the light chain in antigen binding); and extensive somatic mutations, indicating 

affinity maturation (83). Analogous findings resulted from a study of nine patients with the 

endemic form of PF (84).

Another extensive study used EBV-transformed B cells to clone 15 Dsg3-specific IgG 

antibodies from two PV patients (48). Of these, three were pathogenic in a keratinocyte 

culture dissociation assay. Mapping the epitopes of pathogenic antibodies indicated that they 

disrupted Dsg3 cis (as opposed to trans) interactions. In addition, the autoantibodies were 

highly mutated, and when they reverted back to germline, they lost their Dsg3-binding 

ability, suggesting that autoreactivity develops through somatic mutation.

Combining APD and heterohybridoma methods for genetic analyses of Dsg3-specific B 

cells from four PV patients led to the discovery that usage of the variable heavy chain gene 

VH1-46 is favored in anti-Dsg3 B cells (81). Although anti-Dsg3 B cells used various VH 

genes for the autoantibodies, VH1-46 was the only VH gene identified in anti-Dsg3 B cells 

across all four patients, as well as in a mouse monoclonal pathogenic anti-Dsg3 PV 

antibody. This study went on to show that the VH1-46-encoded anti-Dsg3 mAbs (as opposed 

to the anti-Dsg3 mAbs encoded by other VH genes) require few to no somatic mutations to 

bind to Dsg3 and identified acidic amino acid residues in H-CDRs (not just H-CDR3) that 

are critical for Dsg3 binding. The authors speculate that VH1-46-containing antibodies may 

be important early in the development of pemphigus autoimmunity.
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Clonal Anti-Desmoglein B Cell Persistence Over Time

Assessment of H-CDR3 length distributions (also known as immunoscope analyses) in 

pemphigus patients with active disease has indicated clonal expansions of B cells in active 

disease (85, 86). Complete remission in one of these patients (induced by anti-CD20 B cell 

ablation) led to normalization of CDR3 lengths toward a Gaussian distribution, indicating 

reestablishment of a more normal B cell repertoire. In a patient with relapse after remission, 

new clonal expansions were seen, and in a patient with incomplete remission, the original 

clonal expansion was maintained. These studies suggest that there are specific clones of anti-

Dsg B cells in pemphigus that may be eliminated with adequate treatment, but they did not 

trace ablation, persistence, or reexpression with relapse of particular antigen-specific B cells 

(as identified by their H-CDR3 amino acid sequences) over time to answer the question of 

whether the same pathological clones persist (or recur in relapse) or new clonal lines appear 

in the circulation of patients who relapse. We studied this question by longitudinally cloning 

anti-Dsg3 IgG+ B cells from two PV patients with APD over 14 patient years. We found that 

nontolerant anti-Dsg3 B cell lineages persist in patients who relapse, even after periods of 

complete remission off therapy and, in one patient, multiple courses of rituximab (an 

antibody that ablates CD20+ B cells) (82). Interestingly, in two patients who had long-

standing complete (clinical and serological) remissions off therapy, we could not detect any 

anti-Dsg3 IgG+ B cell clones anymore, which is consistent with the determination by 

Colliou et al. (85) that B cells with anti-Dsg3 B cell receptors were difficult to find in 

patients in remission. We interpreted these findings to suggest that, at least in the patients we 

studied, B cell loss of tolerance to Dsg3 may be a time-limited event that allows clones of 

anti-Dsg B cells to escape tolerance and proliferate in the periphery, but that this defect in 

tolerance for newly formed B cells does not persist; therefore, if therapy can eliminate all 

nontolerant anti-Dsg3 B cell clones, new ones will not escape tolerance when the B cell 

repertoire is reestablished from stem cells in the bone marrow; however, if all the anti-Dsg3 

B cells in a patient are not eliminated by therapy, they will ultimately proliferate and, 

probably through differentiation into short-term plasmablasts, cause increased anti-Dsg 

antibody production and disease relapse. In other words, we can think about curing 

pemphigus as we do cancer: If we get rid of all the abnormal cells (neoplastic in cancer, 

nontolerant B cells in pemphigus), we can cure disease.

Therapy of Pemphigus Based on The Understanding of Disease 

Pathogenesis

Prednisone

Prednisone and other corticosteroids have been the mainstay of pemphigus therapy since 

their discovery. They are effective quite quickly after systemic therapy (within days) as well 

as when injected locally. Clearly, they are not effective in this short time or locally through 

decreasing circulating pathogenic anti-Dsg antibodies. They may be therapeutic, however, 

because they increase the synthesis of desmogleins in keratinocytes (87). Such increased 

synthesis may overcome the ability of the anti-Dsg antibodies to internalize newly 

synthesized desmogleins and ultimately deplete Dsg in the desmosome (see Autoantibodies 

Cluster and/or Internalize Desmogleins and Deplete Them in the Desmosome subsection, 
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above), as has been shown in cell culture (53). Another possibility, in terms of the Dsg 

compensation model for adhesion (again, see above), is that corticosteroids and other 

transcription factor–modulating agents increase synthesis of Dsg isoforms or other cell 

adhesion molecules that are not targeted by pemphigus antibodies. These adhesion 

molecules then compensate in function for the loss of the Dsg targeted by the pemphigus 

antibodies.

General Immunosuppression

Additional immunosuppressive agents used in pemphigus, such as azathioprine and 

mycophenolate mofetil, are probably effective through general immunosuppression, which 

decreases antibody production (88, 89). Although these drugs are the mainstay of current 

clinical practice for most patients, the general immunosuppression they produce is not 

targeted to the autoantibody-producing cells, and although they spare corticosteroids, they 

have their own plethora of potential side effects.

Depletion and Increased Catabolism of Autoantibodies

Plasmapheresis and immunoadsorption may be highly effective tools to quickly reduce 

excessive serum levels of pathogenic antibodies, but they remain adjuvant strategies of 

treatment that need to be combined with systemic immunosuppression to prevent a rebound 

of newly synthesized antibodies (90, 91). Intravenous immunoglobulin (IVIg) decreases 

levels of pathogenic anti-Dsg antibodies too quickly to be explained by a suppression of the 

synthesis of autoantibodies; instead, the mode of action is thought to be by induction of a 

general increase in the catabolism of antibodies, including pathogenic antibodies (92). IVIg 

has been shown in studies with PV and PF patients to be therapeutically effective (93, 94), 

but as monotherapy may not lead to long-term remission.

Rituximab (Anti-CD20 Antibody)

Anti-CD20 antibody administration leads to a depletion of CD20+ peripheral B cells lasting 

for at least half a year, after which reconstitution of the B cell repertoire with naïve and 

transitional B cells derived from the stem cell pool is observed (85, 86). Rituximab is now 

used mainly as a second-line treatment, although studies for its use as a first-line therapy are 

underway. It is sometimes combined with IVIg or immunoadsorption. Rituximab induces 

clinical remission in 50% or more of patients, but relapses frequently occur, necessitating 

additional cycles of its use (91, 95, 96). In one study, median time to relapse was 15 months 

after a first cycle of rituximab (97). In one of the best case series (85), about 50% of all 

pemphigus patients treated with one or more cycles of rituximab went into complete 

remission off all therapy; however, all of five patients in whom rituximab was used as first-

line therapy went into complete remission off all therapy. These data suggest that rituximab 

may be more effective if used early in disease, perhaps because it is more likely to destroy 

all nontolerant anti-Dsg B cell clones. Another large single-center study showed that treating 

pemphigus early in the disease course led to better remission rates (98).

Of note, total IgG levels and IgG titers against immunogens such as tetanus toxoid or 

pneumococcal capsular polysaccharides, which are synthesized by CD20-negative long-lived 

plasma cells, do not change after rituximab administration—as opposed to Dsg-specific IgG 
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levels, which, as measured by ELISA assays, drop markedly over several months. These 

observations suggest that anti-Dsg IgG is synthesized by short-lived plasmablasts that are 

continually formed from members of the CD20+ memory B cell pool (99). Once that 

precursor pool is eliminated by rituximab, the short-lived plasmablasts are not renewed, and 

the pemphigus antibody titer falls through normal catabolism of IgG.

Unique Approaches to Therapy Based on Modulation of Adhesion and Signaling

Innovative approaches to treatment have been suggested recently based on knowledge 

gained from cell biological studies of desmosomal adhesion and signaling in pemphigus (see 

Pemphigus Pathophysiology section, above). A tandem peptide that targeted the trans-

adhesive interfaces of Dsgs to crosslink them stabilized adhesion and inhibited skin 

blistering and activation of the p38MAPK pathway by PV-IgG (100). Another study 

successfully manipulated the expression of an intracellular armadillo protein, plakophilin-1, 

that links, in concert with PG and desmoplakin (DP), desmosomal cadherins to the keratin 

intermediate filaments of keratinocytes. Overexpression of plakophilin-1 resulted in 

hyperadhesive desmosomes that were significantly less prone to PV-IgG-mediated pathology 

(101). Similarly, introducing a point mutation (S2849G) into DP led to inhibition of both 

Dsg3 depletion from the cell surface and keratin filament retraction caused by PV-IgG (102), 

by preventing protein kinase C–dependent phosphorylation of DP at that specific site. 

Because the protein kinase C inhibitor Bim-X has the same inhibiting effects, this compound 

may serve as a new pharmacological tool in pemphigus. Finally, as discussed above (again, 

see Pemphigus Pathophysiology section), inhibition of various signaling pathways 

implicated in pemphigus antibody–induced acantholysis is a potential therapeutic approach 

(62).

Bullous Pemphigoid: Clinical Presentation and Histological and 

Immunohistological Findings

BP is characterized clinically by tense bullae that arise on normal or erythematous skin and 

that are not as fragile as those seen in pemphigus (6, 103) (Figure 1c). The Nikolsky sign is 

usually negative. The disease is often associated with pruritus that may precede blistering by 

months. Oral mucous membrane erosions may be present in a minority of patients.

Subepidermal blisters with inflammation are the hallmark of BP histology (6, 103) (Figure 

1f). Almost always there is an inflammatory cell infiltrate in the superficial dermis 

containing eosinophils; eosinophils are often seen in the blister cavity and at the intact 

basement membrane zone (BMZ), where they may degranulate before blister formation. 

Early prebullous, urticarial-type lesions may show eosinophilic spongiosis. Direct 

immunofluorescence (DIF) of perilesional skin shows linear deposits of the third component 

of complement (C3) (Figure 1i) and, in most cases, IgG. In fact, if DIF is negative for C3, 

the diagnosis of BP is doubtful. Immunohistochemical staining of formalin-fixed biopsies 

for complement proteins C3 (C3d) and C4d can be used to support a diagnosis of BP in case 

only paraffin-embedded, and not fresh frozen, tissue is available (104, 105). Indirect 

immunofluorescence shows circulating IgG that binds the epidermal basement membrane in 

most cases (Figure 1h).
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Bullous Pemphigoid Pathophysiology

Figure 4 summarizes the most salient points of the pathophysiology of BP, discussed below.

Bullous Pemphigoid Antigens in the Hemidesmosome

Immunoelectron microscopy localized the antigens targeted in BP to the epidermal 

hemidesmosome, distributed in both intra- and extracellular sites (106, 107) (Figure 2). 

Immunoprecipitation with BP sera of extracts of cultured keratinocytes identified a protein 

of ∼230 kDa (now called the BP antigen 1, BPAG1/BPAG1e, or BP230 antigen) (108). 

Researchers determined the nucleotide coding sequence of BP230 by screening a cDNA 

expression library, which led to the discovery that BP230 represented the first 

hemidesmosomal member of a new family of cell adhesion junction plaque proteins, known 

as plakins, involved in intermediate filament organization (109–112). BP230 was localized 

to the inner dense plaque of the hemidesmosome (113), where it is thought to anchor keratin 

filaments. Alternatively spliced gene products of the BP230 antigen, termed BPAG1a (or 

BPAG1n) and BPAG1b, are found in neurons and striated muscle, respectively, where they 

also stabilize the cytoskeleton (112, 114). The association of BP with dementia, 

cerebrovascular disease, and neurological disease (115, 116) may be related to these 

antigens, but exactly how is not evident at this time.

Immunoblotting and immunoprecipitation indicated that circulating autoantibodies from BP 

patients also react with a second epidermal protein of ∼ 180 kDa, termed BP180 (BPAG2, 

collagen XVII), shown to be distinct from BP230 with regard to its coding sequence, 

antigenic epitopes, and transmembrane localization within hemidesmosomes (117, 118). 

BP180 has a type II orientation (i.e., the N terminus is located within the cell, and the C 

terminus externally) and consists of a long C-terminal extracellular region with 15 

collagenous domains, interspersed with 16 noncollagenous (NC) segments. The major 

epitopes bound by BP autoantibodies are localized in the NC16A domain, which is just 

distal to the cell membrane (119).

BP180, being accessible to autoantibodies—as opposed to the intracellular BP230—is 

critical for disease induction by autoantibodies, as demonstrated in animal and cell culture 

models of disease (see below). In this regard, disease activity correlates well with the titers 

of anti-BP180 antibodies measured by ELISA (120).

Antibodies against both BP180 and BP230, as measured by ELISA, are used for the 

diagnosis of bullous pemphigoid (121–123).

Immunoglobulin G–Induced Inflammation at the Epidermal Basement Membrane Causes a 
Subepidermal Blister

By DIF, complement factor C3 has been found in virtually all patients at the epidermal 

BMZ, implying that complement-dependent pathways may lead to inflammation and clinical 

disease. To dissect the effector phase of BP, various mouse models have been developed.

Rabbit anti-mouse BP180 NC14A (corresponding to human NC16A) antibodies injected 

into neonatal mice bound to the dermoepidermal junction and initiated, via activation of 
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complement, mast cell degranulation, attraction and activation of neutrophils, degradation of 

BP180, and subsequent subepidermal blister formation (124). This cascade did not take 

place in mice unable to activate the classical complement pathway (C4−/− mice), and was 

delayed in mice deficient in alternative pathway factors (e.g., factor B in Fb−/− mice); 

furthermore, C5aR−/− mice were resistant to anti-BP180-induced blistering despite C5a 

deposits at the dermoepidermal junction, because C5aR-expressing mast cells are crucial for 

disease progression (125). After degranulation of mast cells, neutrophils are attracted to the 

BMZ and activated to release potentially tissue-destructive enzymes such as neutrophil 

elastase and matrix metalloproteinase-9. This neutrophil activation is dependent on binding 

of FcγRIII by the Fc domain of BP IgG and, accordingly, was inhibited in FcγRIII−/− mice 

(126); furthermore, in a genetic mouse model in which human BP180 was substituted for 

mouse BP180 (127, 128), use of anti-BP180 F(ab')2 fragments (which lack the Fc domain) 

cloned from a BP patient were able to bind the BMZ, block binding of the full-length anti-

BP180 IgG with its Fc fragment, and thereby prevent disease (129).

Finally, activated neutrophils secrete neutrophil elastase, which may play a major role in 

cleaving BP180, whose cleaved fragments may serve as a neutrophil chemoattractant, 

thereby amplifying the pathological cascade (130).

However, in spite of these elegant murine studies in which neutrophils figure prominently, it 

should be noted that in BP patients, eosinophils, not neutrophils, are the major cells seen in 

the histology of the blister and are also increased in the blood (see Bullous Pemphigoid: 

Clinical Presentation and Histological and Immunohistological Findings section, above, and 

Immunoglobulin E and Eosinophils: Contribution to Disease subsection, below).

Immunoglobulin G Autoantibodies May Cause BP180 Depletion in the Hemidesmosome 
and Direct Subepidermal Blister Formation

Although animal models and observations in BP patients suggest that antibody-induced 

inflammation contributes to blister formation, BP-IgG has also been shown, under certain 

circumstances, to contribute directly to subepidermal blister formation without requiring 

activation of complement. BP-IgG (as well as BP-IgE) can cause internalization of BP180, 

probably via macropinocytosis, from the basal cell membranes of basal cells in cultured 

human keratinocytes and human skin organ cultures, reducing the adhesive strength of these 

cells to the basement membrane (131–133). Interestingly, keratinocytes secrete IL-6 and 

IL-8 cytokines upon BP-IgG/E binding, potentially attracting neutrophils independently of 

complement (132, 134). Further supporting data stem from an in vivo study using BP180-

humanized mice deficient for complement factor C3 (135); here the authors showed that 

deposition of autoantibodies and subsequent internalization of BP antigen suffice to induce 

blister formation.

Regarding the pathophysiological role of complement, authors have reported both its 

necessity (see Immunoglobulin G–Induced Inflammation at the Epidermal Basement 

Membrane Causes a Subepidermal Blister subsection, above, and 129, 136) and its 

dispensability (see above and 135, 137) in various models of BP. Putting these data together, 

especially taking into account the findings of complement fixation at the basement 
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membrane in BP patients, we conclude that complement, if not absolutely necessary for 

blister formation, at a minimum amplifies skin pathology.

Immunoglobulin E and Eosinophils: Contribution to Disease

About 50% of BP patients have blood eosinophilia (138) and about 70% have elevated 

serum immunoglobulin E (IgE) (139). In addition, more than 70% have serum IgE against 

BP180 (140, 141). This IgE is directed against both the NC16A and non-NC16A domains of 

BP180, as well as against the BP230 antigen (140, 142). Furthermore, degranulation of 

eosinophils at the epidermal BMZ takes place early in BP and is most pronounced in early 

urticarial and erythematous lesions (143). These data indicate a TH2-polarized autoimmune 

response in BP.

The anti-BP180 IgE present in most patients is bound not to the BMZ in vivo (as visualized 

by DIF), but to mast cells in the reticular and papillary dermis (141). Furthermore, 

circulating blood basophils show a significant release of histamine upon stimulation with 

BP180, indicating the presence of anti-BP180 IgE on their surfaces. Histological studies 

have positioned mast cell activation upstream of that of eosinophils by showing that the 

latter are attracted to the site of mast cell degranulation (144). Like mast cells and basophils, 

eosinophils were recently shown to express the high-affinity IgE receptor FcεRI, which 

provides an explanation of how eosinophils may be activated in BP—namely by binding 

anti-BP180 IgE that is crosslinked by BP180 or its degradation products (143, 145).

Direct proof for the pathogenicity of BP-IgE derives from studies of human skin xenografts 

to mice (146). Injections of affinity-purified human BP-IgE into the grafts (which contain 

mast cells) produced urticarial plaques and mast cell degranulation within minutes, resulting 

in microscopic subepidermal blisters. Similar results were obtained from a human skin 

xenograft mouse model in which a murine IgE monoclonal antibody against a shed 

ectodomain of BP180 was subcutaneously injected (147).

Therapy of Bullous Pemphigoid Based on The Understanding of Disease 

Pathogenesis

Current treatment strategies for BP include general immunosuppression by corticosteroids 

and adjunct corticosteroid-sparing immunomodulatory drugs. These approaches probably 

nonspecifically decrease autoantibody production.

In treatment-resistant cases, rituximab has been used successfully (148). Rituximab 

decreased anti-BP180 and anti-BP230 IgG titers within one month, whereas levels of total 

IgG and anti-varicella-zoster-IgG did not change (148), indicating, as discussed with regard 

to pemphigus [see Rituximab (Anti-CD20 Antibody) subsection, above], that the 

autoantibodies are probably derived from short-lived plasma cells. Interestingly, anti-BP180 

IgE antibodies declined less than anti-BP180 IgG during treatment and follow-up, 

potentially making patients with IgE-predominant BP (e.g., urticarial BP) more difficult to 

treat (148).
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Because many BP patients have anti-BP180 IgE antibodies that contribute to the 

pathophysiology of their disease, treatment with omalizumab, a humanized monoclonal 

antibody that blocks IgE from binding to its receptors, may be effective therapy, especially 

in those patients who show urticarial skin lesions, high IgE levels, eosinophilia, and 

resistance to standard regimens of therapy (149).

Finally, the complement cascade would be a logical target to treat in BP patients; however, 

although complement-targeted therapy is being developed (150), it has not been well 

evaluated in BP.
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Figure 1. 
Clinical, histological, and immunopathological findings in pemphigus and pemphigoid. 

Clinical images of (a) PV with large erosions, (b) PF with scaly crusted lesions, and (c) BP 

with tense blisters. (d) Histology of PV shows suprabasilar blister, (e) PF shows acantholysis 

in the granular layer of the epidermis, and (f) BP shows a subepidermal blister with 

eosinophils. Indirect immunofluorescence of (g) PV on monkey esophagus and (h) BP on 

normal human skin shows presence of circulating IgG binding cell surface and epidermal 

basement membrane, respectively. (i) Direct immunofluorescence of perilesional skin in a 

BP patient shows C3 at the epidermal basement membrane. Abbreviations: BP, bullous 

pemphigoid; C3, third component of complement; IgG, immunoglobulin G; PF, pemphigus 

foliaceus; PV, pemphigus vulgaris.
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Figure 2. 
Schematics of the intercellular keratinocyte desmosome and the basal keratinocyte 

hemidesmosome at the basement membrane. Dsgs, the targets of pemphigus antibodies, 

mediate cell-cell contact by trans- and cis-adhesion. Adhesion is also provided by Dscs, 

which, like Dsgs, are in the cadherin adhesion molecule supergene family. Intracellular 

proteins of desmosomes, such as PG, PKP-1, and DP, link Dsgs and Dscs to KIFs. The 

hemidesmosome links basal keratinocytes to the epidermal basement membrane zone. 

BP180 and BP230 are the molecules targeted by autoantibodies in BP patients. BP230 and 

plectin link the hemidesmosome to KIFs. DP, BP230, and plectin, all of which link the KIFs 

to the desmosome or hemidesmosome, are in the same gene family of plakins. 

Abbreviations: BP, bullous pemphigoid; Col, collagen; DP, desmoplakin; Dsc, desmocollin; 

Dsg, desmoglein; KIF, keratin intermediate filament; Lam332, laminin 332; LD, lamina 

densa; LL, lamina lucida; PG, plakoglobin; PKP-1, plakophilin 1; SLD, sublamina densa.
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Figure 3. 
Desmoglein compensation in pemphigus. Triangles show the usual localization of Dsg1 

(green) and Dsg3 (yellow) in the epidermis (skin) and mucous membrane. Triangle width 

indicates the relative amount of Dsg present at each cell level. Loss of color in a triangle 

represents loss of function of that particular Dsg due to the presence of αDsg1 or αDsg3. In 

any area in which Dsg1 or Dsg3 function has been inactivated and the other Dsg is not 

present to compensate, a blister (shown as loss of cell-cell adhesion) occurs. Abbreviations: 

αDsg1, anti-Dsg1 antibodies; αDsg3, anti-Dsg3 antibodies; Dsg, desmoglein.
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Figure 4. 
Pathophysiological pathways in bullous pemphigoid. Many of these pathways have been 

demonstrated in mouse models. Although neutrophils are critical for subepidermal blisters in 

the mouse, in humans the infiltrate is usually eosinophil rich, with many fewer neutrophils. 

Abbreviations: BMZ, basement membrane zone; BP, bullous pemphigoid; EC, ectodomain; 

Ig, immunoglobulin; MC, mast cell; NE, neutrophil elastase.
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