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Abstract
This viewpoint highlights major, partly controversial concepts about the pathogenesis 
of pemphigus. The monopathogenic theory explains intra-epidermal blistering through 
the “desmoglein (Dsg) compensation” hypothesis, according to which an antibody-
dependent disabling of Dsg 1- and/or Dsg 3-mediated cell–cell attachments of 
keratinocytes (KCs) is sufficient to disrupt epidermal integrity and cause blistering. The 
multipathogenic theory explains intra-epidermal blistering through the “multiple hit” 
hypothesis stating that a simultaneous and synchronized inactivation of the physiolog-
ical mechanisms regulating and/or mediating intercellular adhesion of KCs is neces-
sary to disrupt epidermal integrity. The major premise for a multipathogenic theory is 
that a single type of autoantibody induces only reversible changes, so that affected 
KCs can recover due to a self-repair. The damage, however, becomes irreversible 
when the salvage pathway and/or other cell functions are altered by a partnering 
autoantibody and/or other pathogenic factors. Future studies are needed to (i) cor-
roborate these findings, (ii) characterize in detail patient populations with non-Dsg-
specific autoantibodies, and (iii) determine the extent of the contribution of non-Dsg 
antibodies in disease pathophysiology.
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1  | INTRODUCTION

Pemphigus vulgaris (PV) is a potentially lethal mucocutaneous blister-
ing disease characterized by IgG autoantibodies (PVIgG) binding to 
keratinocytes (KCs). Patients with PV develop cell–cell detachment 
(acantholysis), blisters and non-healing erosions due to suprabasal split 
within the epidermis. Identification of the nature of proteins target-
ed by PV autoimmunity and elucidation of molecular mechanism of 
acantholysis have been a subject of intensive research during the last 
three decades. While several hypotheses were put forward to explain 
the mechanism of pemphigus acantholysis, the field has been domi-
nated by studies focused on desmoglein (Dsg) 1 and 3, the results of 
which gave rise to a strong believe that anti-Dsg antibodies have the 
primary role. Indeed, as these antibodies are found in the vast majority 
of pemphigus patients, they may play a pivotal role in disease patho-
physiology. The fact that anti-Dsg antibodies are pathogenic, however, 
does not mean that antibodies to other self-antigens might not also 
be pathogenic. If non-Dsg antibodies alone were responsible for some 
cases of PV, one would expect to see a certain number of cases of 
acute PV with antikeratinocyte antibodies detectable by direct and/
or indirect immunofluorescence but negative by Dsg 1/3 ELISA. This 
was indeed the case in a number of studies. Different authors reported 
5,1 6,2 9,3 10,4 17,5 196 and even 33%7 of patients with PV lacking 
both anti-Dsg 1 and anti-Dsg 3 antibodies by ELISA. Additionally, the 
monopathogenic theory of pemphigus has been challenged by reports 
showing the presence of various species non-Dsg antibodies in PV 
sera and activation of multiple signalling pathways in KCs exposed to 
PVIgG, strongly suggesting that non-Dsg pathways are also involved.

In this viewpoint article, we discuss the major controversies about 
the pathogenesis of pemphigus summarized in Table 1, and review 

“pros and cons” of the monopathogenic and multipathogenic explana-
tions of disease pathophysiology.

2  | THE MONOPATHOGENIC THEORY OF 
PEMPHIGUS PATHOPHYSIOLOGY

The monopathogenic theory of pemphigus pathophysiology explains 
intra-epidermal blistering through the “Dsg compensation” hypoth-
esis. According to this hypothesis, Dsg 1 and 3 antibody profiles and 
the normal epidermal distributions of Dsg 1 and 3 determine the sites 
of blister formation within epidermis in PV and pemphigus foliaceus 
(PF), and either Dsg 1 or Dsg 3 alone is sufficient to maintain keratino-
cyte adhesion in the upper and lower epidermal compartment, respec-
tively.8,9 The main postulate of the monopathogenic theory is that 
antibody-dependent disabling of Dsg 1- and/or Dsg 3-mediated cell–
cell attachment of KCs is sufficient to disrupt epidermal integrity and 
cause blistering.

2.1 | Summary of data supporting the 
monopathogenic theory (see Supplement for details)

The clinical and experimental data supporting the unique pathogenic 
role of anti-Dsg antibodies sufficient to explain the clinical phenotype 
and lesion formation in the great majority of pemphigus patients 
include reports about the presence of antibodies against Dsg 3 and/
or Dsg 1 in 95% of pemphigus sera and correlation of antibody titres 
with disease activity and clinical phenotype, such as Dsg 1 in PF, Dsg 
3 in mucosal PV and Dsg 1+Dsg 3 in mucocutaneous PV;10,11 induc-
tion of PF- and PV-like lesions by Dsg 1 and Dsg 3 antibodies, respec-
tively, affinity purified from patients’ sera (Refs 12,13 and E. Schmidt, 

TABLE  1 Major controversies about pemphigus pathogenesis (modified from Ref. 58,69)*

Major postulates of the monopathogenic theory:
Findings counteracting the respective postulates of the 
monopathogenic theory:

(i) Epidermal integrity primarily depends on the desmosomal 
expression of Dsg 1 and Dsg 3

vs (i) Epidermis in patients with PV who develop both Dsg 1 and 3 
antibodies would have disintegrated to a single cell suspension if the 
integrity of epidermis was based exclusively on Dsg 1 and 3

(ii) Sera of patients with PV contain pathogenic autoantibod-
ies targeting preferentially the Dsg 1/3 targets

vs (ii) The autoantibodies eluted from certain recombinant Dsg 1 and 
Dsg 3 protein constructed recognized non-specifically several 
non-Dsg keratinocyte proteins

(iii) Pemphigus acantholysis results from inactivation of Dsg 
1 and/or 3 molecules by corresponding autoantibodies due 
to steric hindrance and/or internalization

vs (iii) In addition to blocking function of adhesion molecules on 
keratinocyte cell membrane, PVIgG elicit pro-apoptotic signalling 
events causing cell shrinkage, detachment from neighbouring KCs and 
rounding up—the unique process of PVIgG-triggered signalling events 
collectively described by the term apoptolysis

(iv) PV phenotype can be reproduced in mice solely by 
genetically or antibody-mediated inactivation Dsg 3

vs (iv) Mice with genetically or antibody-mediated inactivation of Dsg 3 
develop some but not all clinical–histological manifestations of PV 
(that is, pseudo pemphigus phenotype)

(v) An interplay between Dsg 1 and 3 antibodies generally 
determines the mucocutaneous phenotype in PV and PF

vs (iv) The Dsg 1/3 antibody profile does not always match the predicted 
clinical phenotype based on the relative Dsg 1 and Dsg 3 expression 
pattern in skin and mucosa

(vi) Serum concentrations of anti-Dsg 1/3 IgG grossly 
correlate with the clinical activity of PV and PF

vs (vi) Serum concentrations of Dsg 1/3 antibodies do not always 
correlate with the clinical activity of PV and PF

*Abbreviations: KC, keratinocytes; PF, pemphigus foliaceus; PV, Pemphigus vulgaris.



Ahmed et al.�

  

  |  841

unpublished data); induction of PV-like lesions associated with des-
mosomal degradation and acantholysis by Dsg 3 antibodies in vitro 
and in Rag2-deficient mice with splenocytes from Dsg 3-deficient 
mice;14–21 induction of acantholysis in vitro/ex vivo by IgG from HLA-
DRB1*04:02-transgenic mice immunized with human Dsg 3 or Dsg 
3 peptides;22 and abrogation of acantholytic activity of sera from 
patients with PF and PV due to depletion of anti-Dsg 1 and anti-Dsg 3 
reactivities, respectively.23–25 Indirect support is provided by reports 
that apoptosis is not required for the induction of desmosomal degra-
dation and acantholysis by PVIgG in vitro and that apoptotic cells are 
scarce and mostly absent in lesional skin of pemphigus patients.26–28 
Apoptotic events may arise in later stages of the disease after acan-
tholysis had occurred.26

2.2 | Summary of data challenging the 
monopathogenic theory (see Supplement for details)

Several clinical studies demonstrated lack or weak correlations of 
anti-Dsg reactivity with clinical phenotype. The Dsg 1/3 antibodies 
can be absent in patients with PV in active stage of disease but pre-
sent in patients with PV during remission as well as in healthy sub-
jects and patients with irrelevant medical conditions.1,4,12,29–47 In a 
number of studies, Dsg 3 antibody levels did not correspond to the 
presence of cell surface antibodies detectable by indirect immuno-
fluorescence or predict relapse of the disease.48–51 Furthermore, 
the Dsg 1/3 antibody pattern did not match the predicted mor-
phologic phenotype of pemphigus.1 4,6,13,40,46,52 Inactivation of the 
Dsg 1- or 3-mediated adhesion induces overt blistering—an indis-
pensible feature of pemphigus phenotype—in neither patients with 
DSG1 mutations 53,54 nor any hitherto described mouse models 
of Dsg 3 inactivation, through either genetic manipulations55–57 
or anti-Dsg 3 antibody production (reviewed in,58 as would be 
expected if inactivation of Dsg 1 and Dsg 3 was a sole cause of PF 
and mucosal PV, respectively. Notably, acantholysis per se does 
not constitute true pemphigus phenotype, because it can be seen 
in patients with a variety of dermatological conditions who do not 
develop blisters and erosions characteristic of pemphigus. On the 
other hand, despite the presence of functional Dsg 3, the Dsc3fl/fl/
K14-Cre mice lacking desmocollin (Dsc) 3 develop extensive skin 
blistering,59 indicating that Dsg 3 alone is not sufficient to main-
tain epidermal cohesion. Furthermore, it has been demonstrated 
that extracellular domain of Dsg 3 mediates only a weak homo-
philic adhesion in vitro60 and that inhibition of Dsg 3 binding is not 
sufficient to cause loss of cell cohesion.61 Therefore, not surpris-
ingly, human KCs deprived of endogenous production of Dsg 1 or 
3 due to gene silencing via RNAi continue to form desmosomes.62 
Noteworthily, results showing that chimeric proteins containing 
the extracellular epitope of Dsg 1 or 3 combined with the Fc por-
tion of human IgG1 absorbed out all disease-causing pemphigus 
IgGs 23,24,63 are interpreted with caution, because patients with 
PV produce autoantibodies against Fc-IgG2,64 and PVIgG eluted 
from the Dsg/Fc-IgG chimeras react with multiple keratinocyte 
proteins.65,66

3  | THE MULTIPATHOGENIC THEORY OF 
PEMPHIGUS PATHOPHYSIOLOGY

The multipathogenic theory of pemphigus pathophysiology explains 
intra-epidermal blistering through the “multiple hit” hypothesis.67 
According to this hypothesis, a simultaneous and synchronized inac-
tivation of the physiological mechanisms regulating and/or mediating 
intercellular adhesion of KCs is necessary to disrupt their most impor-
tant phylogenetic function such as maintenance of epidermal integrity. 
Individual variations within the constellations of pathogenic PVIgG tar-
geting different keratinocyte proteins likely determine the magnitude 
of the “multiple hit” attack required to disrupt epidermal integrity in a 
particular patient with PV, and explain the clinical and immunopatho-
logical variability of PV. The term “pathogenic” is applicable to the 
non-Dsg antibodies that can induce one or more of the PV-relevant 
changes of KCs, such as cell shrinkage, cell–cell detachment and/or 
pro-apoptotic signalling. In addition, it has been documented that 
PVIgG synergize with the effectors of apoptotic and oncotic pathways, 
serine proteases and inflammatory cytokines to overcome the natu-
ral resistance and activate the cell death programme in KCs (Fig. 1). 
The major premise for the multipathogenic theory is the hypothesis 
that a single type of autoantibody induces only reversible changes, so 
that affected KCs can recover due to a self-repair. The damage, how-
ever, becomes irreversible when the salvage pathway and/or other 
cell functions are altered by a partnering autoantibody and/or another 

F IGURE  1 Hypothetical scheme of multipathogenic theory of 
pemphigus (modified from Ref. 81). The process of keratinocyte 
damage in PV is rather complex and relies upon a synergistic action of 
antibodies to adhesion molecules, mitochondrial proteins and other 
kinds of self-antigens, like acetylcholine receptors, as well as humoral 
factors, such as FasL, TNF-α, cytokines, serine proteases and nitric 
oxide, that by acting altogether become able to overcome the natural 
resistance and activate both the extrinsic and intrinsic cell death 
pathways in KCs. FcRn is an indispensible element of pathogenic 
action of antimitochondrial antibodies and, perhaps, other PVIgG 
species that target intracellular self-antigens. AMA, antimitochondrial 
antibodies; Cs, caspase; FasL, Fas ligand; FasR, Fas receptor; NO, 
nitric oxide; nDPVAb, other non-Dsg PV antibodies; OPVAg, other PV 
antigens; PVAb, PV antibody; TNF-α, tumor necrosis factor-α 
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pathogenic factor, for example Fas ligand (FasL). Thus, a simultaneous 
and synchronized inactivation of the several physiological mechanisms 
regulating and mediating intercellular adhesion of KCs is apparently 
required to irreversibly disable their most important phylogenetic 
function such as maintenance of epidermal integrity.

3.1 | Summary of data supporting the 
multipathogenic theory (see Supplement for details)

The first evidence that non-Dsg antibodies are pathogenic was provid-
ed in the study of Amagai et al.12 who demonstrated that gross blisters 
were induced in mouse skin by the PVIgG depleted of Dsg 3 antibody. 
Later on, neonatal Dsg 3−/− mice developed the PV phenotype featur-
ing widespread blistering only after passive transfer of PVIgG lacking 
anti-Dsg 1 antibody, indicating that blisters were induced by target-
ing the non-Dsg 1 and 3 antigens.68 Thus far, the published evidence 
directly or indirectly supporting the role for non-Dsg antibodies and 
other endogenous pathogenic factors in pemphigus pathophysiology 
include the differences between the pathobiological effects of Dsg 3 
antibody and the total PVIgG serum fraction at both the ultrastructural 
and biochemical levels, over forty different keratinocyte protein bands 
identified by immunoblotting and/or immunoprecipitation as “pemphi-
gus antigens” and direct pathogenic effects of non-Dsg antibodies on 
KCs (reviewed in Ref. 69) as well as involvement of apoptotic signalling 
events in pemphigus acantholysis providing a rationale of the concept 
of apoptolysis.70 In addition to Dsg 1 and 3 molecules, recent prot-
eomic analyses of large quantities of pemphigus and normal control 
sera47,71 revealed reactivities with Dsc 1 and 3, several muscarinic 
and nicotinic acetylcholine receptor subtypes, HLA molecules, a num-
ber of mitochondrial proteins and some other intracellular molecules 
including thyroid peroxidase and the Ca2+/Mn2+-ATPase, or hSPCA1, 
encoded by the ATP2C1 gene. The highest specificity to PV showed 
the combinations of autoantibodies to hSPCA1 with C5a receptor plus 
Dsc 1 or Dsc 3 or HLA-DRA.47 Indeed, anti-Dsc 3 PVIgGs have been 
shown to be pathogenic.72,73 Noteworthily, one copy of ATP2C1 is 
mutated in patients with Hailey–Hailey disease (a.k.a. familial benign 
chronic pemphigus) representing a non-immune phenocopy of cutane-
ous lesions in PV.74,75 Both Hailey–Hailey disease KCs76 and normal 
KCs treated with PVIgG77 exhibit altered intracellular calcium metabo-
lism that can lead to abnormal cell–cell adhesion.78 An expanded dis-
cussions of possible pathogenic roles of new pemphigus antibodies 
detected by in proteomics studies can be found elsewhere.47,64,71,79

Although the adhesion molecules targeted in PV may potentially 
induce downstream signalling events,80 the PVIgG-induced activa-
tion of epidermal growth factor receptor and Src was not affected in 
Dsg3−/− KCs.81 Src activation is an early acantholytic event82 triggered 
by non-Dsg PVIgG.62 In addition to activating the oncosis effector,83 
both extrinsic and intrinsic apoptotic signalling pathways are activated 
in KCs treated with PVIgGs,83,84 with the principal effector molecules 
being FasL84,85 and cytochrome c,81,86 respectively. Both acantholysis 
and apoptotic signalling can be triggered by the same signal effectors 
activated by PVIgG and mediated by the same set of cell death enzymes, 
because, on the one hand, inhibitors of Src, EGFRK, p38 MAPK and 

mTOR can block both acantholysis and apoptotic events,62,70,87–92 
and, on the other hand, caspase inhibitors can prevent acantholysis 
both in vitro and in vivo.83,90,93,94 Apoptotic enzymes can cleave Dsg 
1, 2 and 3,95–97 thus representing the principal effector of apoptol-
ysis—a unique paradigm of keratinocyte damage in PV that is non-
synonymous with apoptosis.70 Antimitochondrial antibodies (AMA) 
target the mitochondrial nicotinic acetylcholine receptors that protect 
KCs from apoptolysis.98 Noteworthily, Dsg 3 does not serve as a surro-
gate antigen allowing AMA to enter KCs.81 The susceptibility of KCs to 
apoptolysis in PV may be increased due to the presence of a polymor-
phic variant of the ST18 gene encoding a pro-apoptotic molecule.99

4  | UNRESOLVED ISSUES

1.	 Little is known about the cutaneous inflammation which follows 
binding of PVIgG to KCs and may contribute to intra-epidermal 
loss of adhesion and blister formation. Local factors, such as innate 
immune mechanisms, may enhance a proinflammatory environment 
with an IL-1β-/TNF-α-dominated signature that facilitates blister 
formation presumably via production of IL-6.100,101 This contention 
is supported by previous findings that injection of pathogenic 
anti-Dsg antibodies into newborn mice did not result in intra-epi-
dermal loss of adhesion in mice deficient for IL-1 receptor 1, the 
receptor for the proinflammatory cytokines IL-1α and IL-1β;102

2.	 While intramolecular and intermolecular epitope spreading among 
extracellular domains on Dsg 1 and Dsg 3 is rare in PV and has no 
correlation with disease course,103 a possibility that epitope spread-
ing may play a role in generation of autoantibodies that target a 
variety of desmosomal autoantigens in PV needs to be explored;

3.	 The largely accepted critical role of autoreactive T-cell interaction 
with autoreactive memory B cells and the induction of pemphigus-
specific plasma cells is also not yet fully elucidated;104

4.	 The presence of IgA, IgM and IgE antibodies to KCs in some pem-
phigus patients105–107 suggests their direct pathogenic role with or 
without synergy with IgG autoantibodies and warrants future 
research in this unexplored direction.

5  | EVIDENCE OF SYNERGY OF ANTI- DSG  
AND NON-DSG ANTIBODIES IN PEMPHIGUS

The synergy within the pool of pathogenic PVIgG may stem from 
functional cooperation of autoantibodies to proteins mediating either 
the same and/or separate biologic functions of KCs. For example, 
through the first scenario, simultaneous blockade of the Dsg and 
Dsc molecules mediating their heterophilic trans-interactions within 
the desmosome108 may distort epidermal integrity more efficiently, 
compared to interference with cis-interactions of single-type desmo-
somal proteins. Through the second scenario, simultaneous attack 
on molecules that regulate shape and motility of KCs, such as acetyl-
choline receptors,109 and molecules that mediate cell–cell adhesion, 
such as desmosomal cadherins, will inactivate the adhesive function 
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of desmosomal cadherins due to their phosphorylation and internali-
zation, leading to shrinkage of KCs,87 and prevent formation of new 
desmosomes due to steric hindrance at nascent desmosomes, respec-
tively. In other words, non-Dsg antibodies may potentially “amplify” 
the activity of anti-Dsg antibodies.

Direct evidence of synergy between anti-Dsg and non-Dsg anti-
bodies in PV is illustrated by complementary activities anti-Dsg 1/3 
and AMA in organ culture of neonatal mouse skin (OCNMS)—the high-
ly sensitive in vitro model of PV.110 Preabsorption of PVIgG with either 
non-mitochondrial or mitochondrial proteins in both cases prevent-
ed acantholysis, indicating that both AMA and non-AMA antibodies 
were indispensible for acantholysis.110 However, treatment of mouse 
skin only with AMA did not cause acantholysis. Herein, it should be 
clarified that despite the demonstrated ability of anti-Dsg 1/3 mono-
clonal antibodies to induce keratinocyte monolayer fragmentation in 
vitro and microscopic blisters in ex vivo model and in neonatal mice 
(reviewed in Ref. 111), there exists a possibility of non-physiological 
interference with desmosome formation and function due to appli-
cation of suprapharmacological doses of such anti-Dsg antibodies. In 
fact, recent experiments with OCNMS demonstrated that while high 
concentrations of the human anti-Dsg monoclonal PV antibody scFv 
could induce acantholysis on its own, its dilution down to ~0.16 μg/μL 
could not,110,112 which allowed to investigate its synergy with AMA. 
As expected, acantholysis was induced when AMA were added to the 
non-acantholytic dose of scFv.110 Likewise, acantholysis developed 
when AMA were combined with commercial anti-Dsg antibodies. The 
AMA/anti-Dsg 1 combination induced subcorneal splitting and AMA/
anti-Dsg 3—a suprabasal one, consistent with respective predominant 
localization of Dsg 1 and Dsg 3.9

In a separate study, a commercially available antithyroid peroxi-
dase antibody and the mouse monoclonal anti-Dsg 3 antibody AK23 
produced increased fragmentation in keratinocyte dissociation assays 
in vitro when used in combination, as compared to each individual 
antibody.113,114

Thus, the pathogenic role of non-Dsg antibodies is complemen-
tary, not alternative, to that of Dsg antibodies, and both anti-Dsg and 
non-Dsg types of autoantibodies appeared to be required to disrupt 
integrity of the epidermal barrier.

The multipathogenic theory also explains why KCs remain the only 
cell type affected by PV autoimmunity despite the fact that the major-
ity, if not all, PV autoantigens have been found in other cell types. 
Recent studies of the role of FcRn in the pathogenic action of AMA in 
PV have implicated KCs as a single target in pemphigus based on the 
fact that these cells have in place all essential elements of the cellular 
machinery implementing apoptolysis upon binding of PVIgG. Briefly, 
in keeping with the notion that FcRn (“neonatal” Fc receptor for IgG) 
can bind IgG on the cell membrane,115–119 it was demonstrated that 
PVIgG physically associates with FcRn on the cell membrane of KCs, 
following which the PVIgG-FcRn complexes become internalized, traf-
ficked through the cytosol to the mitochondria where the complexes 
are liberated from endosome and dissociate allowing AMA to dam-
age mitochondria, which triggers apoptotic signalling associated with 
cell shrinkage.110 Furthermore, while it had been known that FcRn 

deficiency caused by either its blockade with a neutralizing anti-FcRn 
antibody or gene knock-out in both cases interferes with the ability 
to induce phenotypes of humorally mediated autoimmune diseases in 
mice, including PV and PF,120–126 it has been recently demonstrated 
that AMA alter mitochondrial respiration only in those cell types that 
express FcRn.110 Lack of FcRn prevented both PVIgG internalization 
and its ability to reach mitochondria. Furthermore, functional inac-
tivation of FcRn due to pretreatment of KCs with mouse anti-FcRn 
antibody prevented AMA-dependent alterations of mitochondrial 
metabolism and integrity, as well as keratinocyte shrinkage.110

KCs with damaged mitochondria shrink because they run out of 
energy and because caspases activated due to cytochrome c release 
can cleave structural and adhesion molecules resulting in the cyto-
skeleton collapse.70 The AMA-induced damage, however, is revers-
ible.110 During recovery, when KCs extend their cytoplasmic aprons 
towards neighbouring cells, re-assembly of desmosomes is blocked 
by steric hindrance of anti-Dsg antibodies that leads to irreversible 
acantholysis, or apoptolysis. The fact that FcRn is predominant-
ly expressed within the basal epidermal layer127 may render basal 
KCs a preferred functional target for PVIgG to intracellular anti-
gens, thus explaining why they shrink more than suprabasal KCs,128 
despite the fact that both basal and suprabasal KCs are targeted 
by PVIgG.129 Thus, FcRn appears to be an indispensible element of 
the autoimmunity against intracellular antigens in KCs but not other 
cell types.

For example, although both breast and urinary bladder epithelial 
cells express Dsg 1 (http://www.proteinatlas.org/ENSG00000134760-
DSG1/tissue), they are not damaged in the Dsg 1 antibody-positive 
patients with PV. The synergy of Dsg 1 antibody and AMA in these 
cells apparently does not occur because neither cell type expresses 
FcRn.110 Additionally, an indirect evidence of important role of FcRn 
in PV is rendered by the facts that an excess of normal IgG that can 
saturate FcRn protects KCs from PVIgG-induced apoptolysis in vitro,83 
and that high-dose IVIg is therapeutic in patients with PV (reviewed 
in Ref. 130). Thus, it is becoming increasingly evident that an array 
of interconnected signalling cascades emanating from different cell 
surface and intracellular proteins simultaneously targeted by genetic 
abnormalities, such as the ST18 SNP, pathogenic antibodies and some 
other endogenous pathogenic factors contribute to the evolving pem-
phigus phenotype.

6  | KEY POINTS

1.	 Epidermal acantholysis resulting from null mutation of DSG1 in 
patients with SAM syndrome or in mice with null mutation of 
Dsg3 or Rag2−/− mice producing anti-Dsg 3 antibodies does not 
cause gross blistering, indicating that neither anti-Dsg 1 nor 
anti-Dsg 3 antibodies can be solely responsible for blistering in 
patients with PF and PV, respectively.

2.	 Reports about the presence and pathogenic relevance of a non-Dsg 
antibodies are accumulating and have questioned the monopatho-
genic theory. The presence of multiple autoantigen–autoantibody 

http://www.proteinatlas.org/ENSG00000134760-DSG1/tissue
http://www.proteinatlas.org/ENSG00000134760-DSG1/tissue
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systems in PV and interpatient variations may explain, in part, 
known problems with reproducibility of certain results. Therefore, 
future studies are needed to (i) corroborate these findings, (ii) char-
acterize in detail patient populations with non-Dsg-specific autoan-
tibodies, and (iii) determine the extent of the contribution of 
non-Dsg PVIgG in disease pathophysiology.

3.	 Patients with PV develop antibodies against multiple organ-spe-
cific and non-organ-specific proteins, some of which are also tar-
geted in other types of autoimmune diseases. Both anti-Dsg and 
non-Dsg antibodies are pathogenic in a sense that they are ele-
ments of the multifactorial pathophysiological mechanism of PV. 
Various PVIgG species may concur to cause blistering by acting 
synergistically. The preferential signalling pathway downstream 
of targeted self-antigens is apparently determined by a unique 
composition of the pool of antikeratinocyte antibodies produced 
by each patient with PV. Distinct constellations of autoantibod-
ies developed by different patients with PV determine clinical 
severity of the disease, its natural course and response to 
treatment.

4.	 The mechanism of pemphigus apoptolysis encompasses several 
tiers of events triggered through distinct signalling pathways, 
including genetic predisposition to production of antikeratinocyte 
antibodies and increased sensitivity of KCs to the tissue and serum 
factors that trigger extrinsic and/or intrinsic apoptotic pathways. 
Thus, during apoptolysis, KCs become both a target and a source of 
various inflammatory and pro-apoptotic factors. Understanding of 
PV pathophysiology, however, is still incomplete, because the ancil-
lary pathways triggered by pathogenic antibodies and other patho-
genic factors remain largely unknown.

5.	 Although there are no known clinical and pathological differences 
between PV patients with vs without anti-Dsg antibodies, the 
immunopathology may be different. The growing evidence about 
acantholytic activities of non-Dsg antibodies in PV urges mechanis-
tic studies of keratinocyte damage in the anti-Dsg antibody-nega-
tive patients with PV. Therefore, IgGs from the sera of patients 
with PV, who developed mucocutaneous blisters in the absence of 
anti-Dsg1/3 antibodies, provide a unique experimental tool to elu-
cidate novel aspects of PV pathophysiology.

6.	 Although multiple hits sustained by a constellation of autoantibod-
ies seem to be required to breach epidermal integrity, elimination 
of or pharmacological protection from a single type of pathogenic 
antibody may suffice to abort development of the disease. 
Therefore, elucidation of the repertoire of pathogenic antibodies in 
individual patients will further improve our understanding of immu-
nopathogenesis of their disease.

ACKNOWLEDGEMENT

The specific contributions of authors to this manuscript are the fol-
lowing: SAG drafted the article and all other co-authors substantially 
contributed to finalizing it. All authors approved the final version. The 
authors thank International Pemphigus and Pemphigus Foundation 
for supporting this effort.

CONFLICT OF INTERESTS

The authors have declared no conflicting interests.

REFERENCES

	 1.	 Sharma VK, Prasad HR, Khandpur S, Kumar A, Int J Dermatol. 
2006;45:518–522.

	 2.	 Giurdanella F, Diercks GF, Jonkman MF, Pas HH, Br J Dermatol. 2016: 
doi: 10.1111/bjd.14496.

	 3.	 Jamora MJ, Jiao D, Bystryn JC, J Am Acad Dermatol. 2003;48:976–
977.

	 4.	 Belloni-Fortina A, Faggion D, Pigozzi B, et  al., Clin Dev Immunol. 
2009;2009:187864.

	 5.	 Cozzani E, Di Zenzo G, Riva S, et al., Eur J Dermatol. 2013;23:40–
48.

	 6.	 Zagorodniuk I, Weltfriend S, Shtruminger L, et  al., Int J Dermatol. 
2005;44:541–544.

	 7.	 Sardana K, Garg VK, Agarwal P, Br J Dermatol. 2013;168:669–674.
	 8.	 Udey MC, Stanley JR, JAMA. 1999;282:572–576.
	 9.	 Mahoney MG, Wang Z, Rothenberger K, Koch PJ, Amagai M, Stanley 

JR, J Clin Invest. 1999;103:461–468.
	 10.	 Schmidt E, Dahnrich C, Rosemann A, et  al., Exp Dermatol. 

2010;19:458–463.
	 11.	 Amagai M, Tsunoda K, Zillikens D, Nagai T, Nishikawa T, J Am Acad 

Dermatol. 1999;40:167–170.
	 12.	 Amagai M, Karpati S, Prussick R, Klaus-Kovtun V, Stanley JR, J Clin 

Invest. 1992;90:919–926.
	 13.	 Arteaga LA, Prisayanh PS, Warren SJ, Liu Z, Diaz LA, Lin MS, J Invest 

Dermatol. 2002;118:806–811.
	 14.	 Amagai M, Tsunoda K, Suzuki H, Nishifuji K, Koyasu S, Nishikawa T, 

J Clin Invest. 2000;105:625–631.
	 15.	 Tsunoda K, Ota T, Aoki M, et al., J Immunol. 2003;170:2170–2178.
	 16.	 Payne AS, Ishii K, Kacir S, et al., J Clin Invest. 2005;115:888–899.
	 17.	 Spindler V, Rotzer V, Dehner C, et al., J Clin Invest. 2013;123:800–

811.
	 18.	 Schulze K, Galichet A, Sayar BS, et  al., J Invest Dermatol. 

2012;132:346–355.
	 19.	 Hartlieb E, Kempf B, Partilla M, Vigh B, Spindler V, Waschke J, PLoS 

ONE. 2013;8:e53739.
	 20.	 Ishii K, Harada R, Matsuo I, Shirakata Y, Hashimoto K, Amagai M, 

J Invest Dermatol. 2005;124:939–946.
	 21.	 Tsunoda K, Ota T, Saito M, et al., Am J Pathol. 2011;179:795–806.
	 22.	 Eming R, Hennerici T, Backlund J, et al., J Immunol. 2014;193:4391–

4399.
	 23.	 Amagai M, Hashimoto T, Shimizu N, Nishikawa T, J Clin Invest. 

1994;94:59–67.
	 24.	 Amagai M, Hashimoto T, Green KJ, Shimizu N, Nishikawa T, J Invest 

Dermatol. 1995;104:895–901.
	 25.	 Langenhan J, Dworschak J, Saschenbrecker S, et  al., Exp Dermatol. 

2014;23:253–259.
	 26.	 Schmidt E, Waschke J, Autoimmun Rev. 2009;8:533–537.
	 27.	 Schmidt E, Gutberlet J, Siegmund D, Berg D, Wajant H, Waschke J, 

Am J Physiol Cell Physiol. 2009;296:C162–C172.
	 28.	 Janse IC, van der Wier G, Jonkman MF, Pas HH, Diercks GF, J Invest 

Dermatol. 2014;134:2039–2041.
	 29.	 Brandsen R, Frusic-Zlotkin M, Lyubimov H, et al., J Am Acad Derma-

tol. 1997;36:44–52.
	 30.	 Warren SJ, Lin MS, Giudice GJ, et al., N Engl J Med. 2000;343:23–30.
	 31.	 Kricheli D, David M, Frusic-Zlotkin M, et  al., Br J Dermatol. 

2000;143:337–342.
	 32.	 Torzecka JD, Narbutt J, Sysa-Jedrzejowska A, Waszczykowska E, 

Lukamowicz J, Pas HH, Med Sci Monit. 2003;9:CR528–CR533.
	 33.	 Torzecka JD, Wozniak K, Kowalewski C, et  al., Arch Dermatol Res. 

2007;299:239–243.

http://dx.doi.org/10.1111/bjd.14496


Ahmed et al.�

  

  |  845

	 34.	 Hilario-Vargas J, Dasher DA, Li N, et  al., J Invest Dermatol. 
2006;126:2044–2048.

	 35.	 Ortega Loayza AG, Ramos W, Elgart G, et  al., Int J Dermatol. 
2006;45:538–542.

	 36.	 Diaz LA, Arteaga LA, Hilario-Vargas J, et  al., J Invest Dermatol. 
2004;123:1045–1051.

	 37.	 Yoshimura T, Seishima M, Nakashima K, et  al., Clin Exp Dermatol. 
2001;26:441–445.

	 38.	 Gallo R, Massone C, Parodi A, Guarrera M, Contact Dermatitis. 
2002;46:364–365.

	 39.	 Cozzani E, Rosa GM, Drosera M, Intra C, Barsotti A, Parodi A, Arch 
Dermatol Res. 2011;303:327–332.

	 40.	 Khandpur S, Sharma VK, Sharma A, Pathria G, Satyam A, Indian J Der-
matol Venereol Leprol. 2010;76:27–32.

	 41.	 Empinotti JC, Aoki V, Filgueira A, et al., Br J Dermatol. 2006;155:446–
450.

	 42.	 Arin MJ, Engert A, Krieg T, Hunzelmann N, Br J Dermatol. 
2005;153:620–625.

	 43.	 Kwon EJ, Yamagami J, Nishikawa T, Amagai M, J Eur Acad Dermatol 
Venereol. 2008;22:1070–1075.

	 44.	 Horvath B, Huizinga J, Pas HH, Mulder AB, Jonkman MF, Br J Derma-
tol. 2012;166:405–412.

	 45.	 Kamiya K, Aoyama Y, Yamasaki O, et al., Br J Dermatol. 2016;174:113–
119.

	 46.	 Naseer SY, Seiffert-Sinha K, Sinha AA, Autoimmunity. 2015;48:231–
241.

	 47.	 Kalantari-Dehaghi M, Anhalt GJ, Camilleri MJ, et  al., PLoS ONE. 
2013;8:e57587.

	 48.	 Lambert LL, Spriet E, Vandewiele A, Naeyaert J, J Invest Dermatol. 
2006;126(Suppl. 1):11 (Abstract 65).

	 49.	 Abasq C, Mouquet H, Gilbert D, et al., Arch Dermatol. 2009;145:529–
535.

	 50.	 Kamiya K, Aoyama Y, Shirafuji Y, et al., Br J Dermatol. 2012;167:252–
261.

	 51.	 Akman A, Uzun S, Alpsoy E, Skinmed. 2010;8:12–16.
	 52.	 Cunha PR, Bystryn JC, Medeiros EP, de Oliveira JR, Int J Dermatol. 

2006;45:914–918.
	 53.	 Rickman L, Simrak D, Stevens HP, et al., Hum Mol Genet. 1999;8:971–

976.
	 54.	 Samuelov L, Sarig O, Harmon RM, et al., Nat Genet. 2013;45:1244–

1248.
	 55.	 Allen E, Yu QC, Fuchs E, J Cell Biol. 1996;133:1367–1382.
	 56.	 Sundberg JP, Shultz LD, King LE, Montagutelli X. The sponta-

neous balding and desmoglein 3 null mutations: mouse models for  
pemphigus vulgaris. http://jaxmice.jax.org/jaxnotes/archive/473.
pdf. Accessed 29 May 2015.

	 57.	 Kountikov EI, Poe JC, Maclver NJ, Rathmell JC, Tedder TF, Am J 
Pathol. 2015;185:617–630.

	 58.	 Grando SA, Pittelkow MR, Am J Pathol. 2015;185:3125–3127.
	 59.	 Chen J, Den Z, Koch PJ, J Cell Sci. 2008;121:2844–2849.
	 60.	 Amagai M, Karpati S, Klaus-Kovtun V, Udey MC, Stanley JR, J Invest 

Dermatol. 1994;102:402–408.
	 61.	 Vielmuth F, Waschke J, Spindler V, J Invest Dermatol. 2015;135:3068–

3077.
	 62.	 Chernyavsky AI, Arredondo J, Kitajima Y, Sato-Nagai M, Grando SA, 

J Biol Chem. 2007;282:13804–13812.
	 63.	 Amagai M, Nishikawa T, Nousari HC, Anhalt GJ, Hashimoto T, J Clin 

Invest. 1998;102:775–782.
	 64.	 Kalantari-Dehaghi M, Molina DM, Farhadieh M, et al., Exp Dermatol. 

2011;20:154–156.
	 65.	 Nguyen VT, Ndoye A, Shultz LD, Pittelkow MR, Grando SA, J Clin 

Invest. 2000;106:1467–1479.
	 66.	 Nguyen VT, Ndoye A, Grando SA, Am J Pathol. 2000;157:1377–

1391.
	 67.	 Grando SA, Dermatology. 2000;201:290–295.

	 68.	 Nguyen VT, Lee TX, Ndoye A, et al., Arch Dermatol. 1998;134:971–980.
	 69.	 Grando SA, Autoimmunity. 2012;45:7–35.
	 70.	 Grando SA, Bystryn JC, Chernyavsky AI, et  al., Exp Dermatol. 

2009;18:764–770.
	 71.	 Sajda T, Hazelton J, Patel M, et  al., Proc Natl Acad Sci USA. 

2016;113:1859–1864.
	 72.	 Mao X, Nagler AR, Farber SA, et al., Am J Pathol. 2010;177:2724–

2730.
	 73.	 Rafei D, Muller R, Ishii N, et al., Am J Pathol. 2011;178:718–723.
	 74.	 Hu Z, Bonifas JM, Beech J, et al., Nat Genet. 2000;24:61–65.
	 75.	 Sudbrak R, Brown J, Dobson-Stone C, et  al., Hum Mol Genet. 

2000;9:1131–1140.
	 76.	 Behne MJ, Tu CL, Aronchik I, et al., J Invest Dermatol. 2003;121:688–

694.
	 77.	 Seishima M, Esaki C, Osada K, Mori S, Hashimoto T, Kitajima Y, 

J Invest Dermatol. 1995;104:33–37.
	 78.	 Kitajima Y, Clin Exp Dermatol. 2002;27:684–690.
	 79.	 Sinha AA, Autoimmunity. 2012;45:36–43.
	 80.	 Galichet A, Borradori L, Muller EJ, J Invest Dermatol. 2014;134:8–10.
	 81.	 Marchenko S, Chernyavsky AI, Arredondo J, Gindi V, Grando SA, 

J Biol Chem. 2010;285:3695–3704.
	 82.	 Cirillo N, AlShwaimi E, McCullough M, Prime SS, Autoimmunity. 

2014;47:134–140.
	 83.	 Arredondo J, Chernyavsky AI, Karaouni A, Grando SA, Am J Pathol. 

2005;167:1531–1544.
	 84.	 Lotti R, Marconi A, Pincelli C, Curr Pharm Biotechnol. 2012;13:1877–

1881.
	 85.	 Puviani M, Marconi A, Cozzani E, Pincelli C, J Invest Dermatol. 

2003;120:164–167.
	 86.	 Kalantari-Dehaghi M, Chen Y, Deng W, et  al., J Biol Chem. 

2013;288:16916–16925.
	 87.	 Chernyavsky AI, Arredondo J, Piser T, Karlsson E, Grando SA, J Biol 

Chem. 2008;283:3401–3408.
	 88.	 Lee HE, Berkowitz P, Jolly PS, Diaz LA, Chua MP, Rubenstein DS, 

J Biol Chem. 2009;284:12524–12532.
	 89.	 Frusic-Zlotkin M, Raichenberg D, Wang X, David M, Michel B, Milner 

Y, Autoimmunity. 2006;39:563–575.
	 90.	 Pretel M, España A, Marquina M, Pelacho B, Lopez-Picazo J, Lopez-

Zabalza M, Exp Dermatol. 2009;18:771–780.
	 91.	 Berkowitz P, Hu P, Warren S, Liu Z, Diaz LA, Rubenstein DS, Proc Natl 

Acad Sci USA. 2006;103:12855–12860.
	 92.	 Jolly PS, Berkowitz P, Bektas M, et al., J Biol Chem. 2010;285:8936–

8941.
	 93.	 Wang X, Bregegere F, Frusic-Zlotkin M, Feinmesser M, Michel B, Mil-

ner Y, Apoptosis. 2004;9:131–143.
	 94.	 Luyet C, Schulze K, Sayar BS, Howald D, Muller EJ, Galichet A, PLoS 

ONE. 2015;10:e0119809.
	 95.	 Lanza A, Cirillo N, Br J Dermatol. 2007;156:400–402.
	 96.	 Cirillo N, Lanza M, De Rosa A, et al., J Cell Biochem. 2008;103:598–

606.
	 97.	 Lotti RES, Truzzi F, Shu E, et  al., J Invest Dermatol. 2009;129(Sup-

pl):S14 (Abstr. #80).
	 98.	 Chernyavsky A, Chen Y, Wang PH, Grando SA, Int Immunopharmacol. 

2015;29:76–80.
	 99.	 Sarig O, Bercovici S, Zoller L, et al., J Invest Dermatol. 2012;132:1798–

1805.
	100.	 Feliciani C, Toto P, Amerio P, J Cutan Med Surg. 1999;3:140–144.
	101.	 Feliciani C, Toto P, Wang B, Sauder DN, Amerio P, Tulli A, Exp Derma-

tol. 2003;12:466–471.
	102.	 Feliciani C, Toto P, Amerio P, et al., J Invest Dermatol. 2000;114:71–

77.
	103.	 Ohyama B, Nishifuji K, Chan PT, et  al., J Invest Dermatol. 

2012;132:1158–1168.
	104.	 Amber KT, Staropoli P, Shiman MI, Elgart GW, Hertl M, Exp Dermatol. 

2013;22:699–704.

http://jaxmice.jax.org/jaxnotes/archive/473.pdf
http://jaxmice.jax.org/jaxnotes/archive/473.pdf


846  |  
  

� Ahmed et al.

	105.	 Ali S, Kelly C, Challacombe SJ, Donaldson AN, Bhogal BS, Setterfield 
JF, Br J Dermatol. 2016; doi: 10.1111/bjd.14410.

	106.	 Spaeth S, Riechers R, Borradori L, Zillikens D, Budinger L, Hertl M, 
Br J Dermatol. 2001;144:1183–1188.

	107.	 Nagel A, Lang A, Engel D, et al., Clin Immunol. 2010;134:320–330.
	108.	 Desai BV, Harmon RM, Green KJ, J Cell Sci. 2009;122:4401–4407.
	109.	 Grando SA, Exp Dermatol. 2006;15:265–282.
	110.	 Chen Y, Chernyavsky A, Webber RJ, Grando SA, Wang PH, J Biol Chem. 

2015;290:23826–23837.
	111.	 Stanley JR, Ishii K, Siegel DL, Payne AS, Vet Dermatol. 2009;20:327–

330.
	112.	 Yamagami J, Payne AS, Kacir S, Ishii K, Siegel DL, Stanley JR, J Clin 

Invest. 2010;120:4111–4117.
	113.	 Sajda T, Seiffert-Sinha K, Sinha AA, J Invest Dermatol. 2014;134:S13 

(abstract #74).
	114.	 Sajda T, Seiffert-Sinha K, Sinha AA, J Invest Dermatol. 2015;135:S12 

(abstract #68).
	115.	 Goebl NA, Babbey CM, Datta-Mannan A, Witcher DR, Wroblewski 

VJ, Dunn KW, Mol Biol Cell. 2008;19:5490–5505.
	116.	 Kobayashi N, Suzuki Y, Tsuge T, Okumura K, Ra C, Tomino Y, Am J 

Physiol Renal Physiol. 2002;282:F358–F365.
	117.	 Antohe F, Radulescu L, Gafencu A, Ghetie V, Simionescu M, Hum 

Immunol. 2001;62:93–105.
	118.	 Nagai J, Sato K, Yumoto R, Takano M, Drug Metab Pharmacokinet. 

2011;26:474–485.
	119.	 Gurbaxani B, Dela Cruz LL, Chintalacharuvu K, Morrison SL, Mol 

Immunol. 2006;43:1462–1473.

	120.	 Challa DK, Bussmeyer U, Khan T, et al., mAbs. 2013;5:655–659.
	121.	 Patel DA, Puig-Canto A, Challa DK, Perez Montoyo H, Ober RJ, 

Ward ES, J Immunol. 2011;187:1015–1022.
	122.	 Akilesh S, Petkova S, Sproule TJ, Shaffer DJ, Christianson GJ, Roope-

nian D, J Clin Invest. 2004;113:1328–1333.
	123.	 Getman KE, Balthasar JP, J Pharm Sci. 2005;94:718–729.
	124.	 Liu L, Garcia AM, Santoro H, et al., J Immunol. 2007;178:5390–5398.
	125.	 Sesarman A, Sitaru AG, Olaru F, Zillikens D, Sitaru C, J Mol Med. 

2008;86:951–959.
	126.	 Li N, Zhao M, Hilario-Vargas J, et al., J Clin Invest. 2005;115:3440–

3450.
	127.	 Cauza K, Hinterhuber G, Dingelmaier-Hovorka R, et al., J Invest Der-

matol. 2005;124:132–139.
	128.	 Bystryn J-C, Grando SA, J Am Acad Dermatol. 2006;54:513–516.
	129.	 Bhogal B, Wojnarowska F, Black MM, Xu W, Levene GM, Clin Exp 

Dermatol. 1986;11:49–53.
	130.	 Aoyama Y, J Dermatol. 2010;37:239–245.

SUPPORTING INFORMATION

Additional Supporting Information may be found online in the support-
ing information tab for this article.

Data S1 Supplementary references
Data S2 Supplementary Mater	ials and Methods

http://dx.doi.org/10.1111/bjd.14410

