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1  |  INTRODUC TION

Bullous pemphigoid (BP) is the most common autoimmune blistering 
disease. It characteristically affects the elderly, and recent studies 
have reported a trend of increased incidence of BP.1 Clinically, it is 
characterized by tense blisters, urticarial plaques, and erythema on 

the whole body; histologically, subepidermal blisters with prominent 
eosinophilic infiltration are usually observed.2 Autoantibodies in BP 
react with two structural components of the dermal- epidermal junc-
tion (DEJ): type XVII collagen (COL17, also called BP180 or BPAG2) 
and BP230 (also called dystonin or BPAG1).3 COL17 is a hemides-
mosomal transmembrane protein that spans the lamina lucida and 
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Abstract
Bullous pemphigoid (BP) is a subepidermal blistering disease induced by autoantibod-
ies to type XVII collagen (COL17, also called BP180) and BP230. Previous studies using 
patients' samples and animal disease models elucidated the complement- dependent and 
complement- independent pathways of blister formation, the pathogenic roles of immune 
cells (T and B cells, macrophages, mast cells, neutrophils, eosinophils), and the pathogenic-
ity of IgE autoantibodies in BP. This review introduces the recent progress on the mecha-
nism behind the epitope- spreading phenomenon in BP, which is considered to be important 
to understand the chronic and intractable disease course of BP, and the pathogenicity of 
anti- BP230 autoantibodies, mainly focusing on studies that used active disease models. To 
clarify the pathogenesis of BP, the mechanism behind the breakdown of immune tolerance 
to BP antigens should be investigated. Recent studies using various experimental models 
have revealed important roles for regulatory T cells in the maintenance of self- tolerance to 
COL17 and BP230 as well as in the suppression of inflammation triggered by the binding of 
antibodies to COL17. Notably, physical stresses such as trauma, thermal burns, bone frac-
tures, irradiation and ultraviolet exposure, some pathologic conditions such as neurological 
diseases and hematological malignancies, and the use of dipeptidyl peptidase- IV inhibitors 
and immune checkpoint inhibitors have been reported as triggering factors for BP. These 
factors and certain underlying conditions such as genetic background, regulatory T- cell 
dysfunction or aging might synergistically affect some individuals and eventually induce 
BP. Further studies on the breakdown of self- tolerance and on the identification of key mol-
ecules that are relevant to blister formation and inflammation may expand our understand-
ing of BP's etiology and may lead to the development of novel therapeutic approaches.
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projects into the lamina densa of the DEJ.4– 6 The extracellular por-
tion of COL17 contains 15 collagenous domains that are separated 
from one another by noncollagenous domains.5 The noncollagenous 
16A (NC16A) domain is located at the membrane- proximal extra-
cellular region of COL17 and is preferentially recognized by au-
toantibodies in BP.7,8 In fact, 80%– 90% of BP sera react with the 
NC16A domain of COL17.7,9,10 Previous studies have demonstrated 
that the serum levels of autoantibodies to the NC16A domain of 
COL17 correlate with BP disease activity.7,8,11,12 The passive trans-
fer of IgG antibodies to the NC16A domain of human COL17 or its 
murine counterpart into neonatal mice has been shown to induce 
subepidermal separation.13,14 Thus, the NC16A domain of COL17 
contains the major pathogenic epitope for BP, and an ELISA using 
recombinant NC16A protein is widely used for detecting and quan-
tifying BP autoantibodies. Notably, the anti- COL17 antibody can 
also recognize other epitopes on COL17, other than the NC16A do-
main. To detect all antibodies to COL17, we established an ELISA 
that uses mammalian cell- derived recombinant human full- length 
COL17 protein, which improved the BP autoantibody detection rate 
from 82.6% (NC16A ELISA alone) to 94.2% (combined use of NC16A 
ELISA and full- length COL17 ELISA).15 Intriguingly, non- NC16A BP 
in which the antibodies were detected by the full- length COL17 
ELISA alone significantly showed a noninflammatory phenotype that 
is characterized by few erythema and few eosinophilic infiltration in 
peri- blistering dermis and likely to receive dipeptidyl peptidase- IV 
(DPP- 4) inhibitors (DPP- 4i) before BP onset.15

BP230, a cytoplasmic component of hemidesmosomes that 
belongs to the plakin family, is another autoantigen of BP, and it 
is targeted by autoantibodies in about 50%– 80% of BP cases.16– 18 
The autoantibodies preferentially target the C- terminal domain of 
BP230.16,17 Although several studies have noted the pathogenicity 
of autoantibodies to BP230,19,20 it remains uncertain whether an-
ti- BP230 autoantibodies directly contribute to blister formation or 
whether they are just by- products of epitope spreading associated 
with disease extension.

Recent clinical research and ex vivo and in vivo experiments have 
gradually elucidated the pathomechanisms and triggering factors of 
BP. The present review focuses on the epitope- spreading phenome-
non in BP, the pathogenicity of autoantibodies to BP230, the impact 
of regulatory T- cell (Treg) dysfunction on BP, and the triggering fac-
tors for BP.

2  |  EPITOPE SPRE ADING IN BP

Epitope spreading is a phenomenon in which the targets of cellu-
lar and/or humoral immune responses can extend from the initial 
dominant epitope to other epitopes on the same protein (intramo-
lecular epitope spreading) or to other proteins in the same tissue (in-
termolecular epitope spreading) over time.21,22 Some autoimmune 
disorders such as multiple sclerosis23 and myasthenia gravis24 are 
known to show intramolecular epitope spreading. It is well known 
that epitope spreading frequently occurs in BP. In vivo experiments 

using a human COL17- expressing skin- grafted BP mouse model 
showed that IgG antibodies to human COL17 initially react to the 
extracellular domains and subsequently target additional extracel-
lular domains and intracellular domains.25 A prospective multicenter 
study demonstrated that 17 of 35 (49%) BP patients showed epitope 
spreading that preferentially occurred at an early stage of the dis-
ease and was associated with disease severity.26 Of note, three 
of those 17 cases showed intermolecular epitope spreading from 
COL17 to BP230, but the reactivity to BP230 never preceded that 
to COL17.26 Thus, epitope spreading has been demonstrated in both 
experimental murine BP and human BP.

However, questions remain, for example whether the T-  and B- 
cell interactions for different epitopes of COL17 occur at different 
time points and whether an immune response to the NC16A do-
main of COL17 actually triggers intramolecular epitope spreading 
to other epitopes of COL17 and/or intermolecular epitope spread-
ing to other hemidesmosomal antigens. To address these issues, we 
used an active BP mouse model that we had established.27 First we 
immunized wild- type mice by grafting them with human COL17- 
expressing transgenic mouse skin (the skin- grafted BP model). Then, 
the immunized spleen cells were adoptively transferred into im-
munodeficient Rag- 2−/−/COL17- humanized (COL17m−/−,h+) mice (the 
active BP model). This model continuously produces IgG antibodies 
to human COL17 in a CD4+ T- cell- dependent and B- cell- dependent 
manner and reproduces the BP disease phenotype. Alternatively, 
NC16A peptide- immunized spleen cells were also transferred into 
the recipient mice in some experiments. By using these models, we 
demonstrated that the production of antibodies to the extracellu-
lar domains of COL17 precedes that to the intracellular domains, 
especially to the inner portion of the intracellular domain.28 Both 
wild- type mice immunized with NC16A peptides and the recipients 
of those spleen cells produced IgG antibodies to intracellular do-
mains and extracellular domains, showing intramolecular epitope 
spreading from the NC16A domain to other epitopes of COL17. 
Furthermore, the active BP model mice show intermolecular epi-
tope spreading from human COL17 to murine BP230. These results 
suggest that the immune response to the extracellular domains of 
COL17, especially to the NC16A domain, triggers intramolecular 
and intermolecular epitope spreading to intracellular domains of 
COL17 and to murine BP230 (Figure 1). In addition, the blockade of 
CD40– CD40 ligand interaction soon after the adoptive transfer of 
spleen cells was found to suppress the production of antibodies to 
the NC16A domain but not to intracellular domains in the recipients, 
suggesting the sequential activation from T and B cells against the 
extracellular domains, including the NC16A domain, to those against 
intracellular domains in vivo.

Conversely, we recently treated a unique case of BP that showed 
intermolecular epitope spreading from BP230 to COL17.29 The patient 
initially had a localized bullous lesion on the right thigh, and anti- BP230 
antibodies but not anti- full- length COL17 antibodies nor anti- COL17 
NC16A antibodies were detected at that time. A few months later, the 
patient developed multiple blisters on the whole body, predominantly 
on the hands and soles, that resembled dyshidrosiform pemphigoid, 
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and anti- COL17 NC16A antibodies became detectable in addition to 
anti- BP230 antibodies. Thus, this case suggests that intermolecular 
epitope spreading from BP230 to the NC16A domain of COL17 may 
occur in BP, although there is the possibility that antibodies to COL17 
that were undetectable by our current experimental system may exist 
at onset. Further studies are necessary to elucidate the mechanism 
behind this unique phenomenon.

3  |  THE PATHOGENICIT Y OF 
AUTOANTIBODIES TO BP230

Although the autoantibody to BP230 is frequently detected in BP as 
described above, its pathogenicity is controversial because BP230 
is an intracellular molecule. A previous study demonstrated that 
the subcutaneous injection of anti- BP230 antibodies isolated from 
a rabbit that was immunized with small peptides of the C- terminus 
domain of human BP230 induced blister formation in the neonatal 
mice, suggesting the in vivo pathogenicity of anti- BP230 antibod-
ies.20 Haeberle et al. demonstrated the pathogenicity of the anti-
 BP230 antibody using scurfy mice that lack functional Treg cells due 
to Foxp3 gene mutation and that develop autoimmunity in multiple 
organs, including the skin.30 They generated hybridomas using lym-
phocytes from scurfy mice and obtained a monoclonal antibody to 
BP230. The passive transfer of the monoclonal antibody induced 
subepidermal blisters in neonatal mice.

Recently, Makita et al.31 generated a novel active mouse model 
that produces the anti- BP230 antibody in vivo. First, they gener-
ated BP230 conditional knockout mice whose BP230 knockout is 
restricted to keratin 5- expressing epithelial cells. Then, those mice 
were immunized with the C- terminal portion of BP230, and the 
spleen cells were adoptively transferred into Rag2−/− mice. The 

recipient mice developed subepidermal blisters on the feet and tails, 
with the linear deposition of IgG at the DEJ. Interestingly, when 
surface wounds were made on the dorsum of the mice after the 
adoptive transfer, the wounded recipient mice developed earlier 
and more severe BP- like symptoms. These findings suggest that the 
anti- BP230 antibody induces subepidermal blisters in vivo and that 
trauma provokes blister occurrence.

From the clinical aspect, Hayakawa et al.32 reported the clini-
cal and immunological features of patients with anti- BP230 but 
not anti- COL17 antibodies (BP230- BP). They collected 14 cases of 
BP230- BP and compared them with COL17- BP230- BP (n = 17) and 
COL17- BP (n = 14). The BP230- BP cases showed a smaller disease 
area, a lower score on the Bullous Pemphigoid Disease Area Index 
(BPDAI), and a lower peripheral eosinophil count compared to other 
groups. Thus, BP230- BP tends to present a mild clinical course, with 
less inflammation. We recently analyzed IgG subclasses and com-
plement deposition in six cases of BP230- BP and found that IgG4, 
without complement activation ability, was clearly deposited at the 
DEJ of the skin in all cases but that the deposition of IgG1 and IgG3, 
with high complement activation ability, was faint or negative in all 
of the BP230- BP cases.33 According to these findings, the deposi-
tion of complement C3 tended to be weaker in BP230- type BP than 
in BP180- BP230- type BP. From these results, we concluded that the 
mild clinical phenotype of BP230- BP may correlate with the weaker 
deposition of IgG1, IgG3, and complement in the skin.33 We also 
reported a case of mucous membrane pemphigoid34 and a case of 
nonbullous pemphigoid35 who had anti- BP230 but not anti- COL17 
antibodies.

These experimental and clinical findings strongly suggest a 
certain role for anti- BP230 antibodies in BP development, but the 
pathogenicity may be lower than that of anti- COL17 antibodies 
(Figure 2).

F I G U R E  1  Epitope- spreading in the skin- grafted mouse model and in the active bullous pemphigoid (BP) mouse model. A schematic of 
COL17, BP230, and antibodies. In the skin- grafted mouse model at day 35, the antibodies mainly react to the NC16A domain and weakly react 
to the extracellular domain epitopes of COL17. After the adoptive transfer of immunized spleen cells, there is intramolecular epitope- spreading 
to extracellular domain epitopes and to the outer portion of the intracellular domain of COL17, and there is intermolecular epitope- spreading to 
BP230. This is followed by intramolecular epitope- spreading to the inner portion of the intracellular domain of COL17.28
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4  |  THE IMPAC T OF REGUL ATORY T-  CELL 
DYSFUNC TION IN BP

What is the mechanism behind the breakdown of self- tolerance in 
BP? Self- tolerance is maintained by central tolerance and peripheral 
tolerance, and Foxp3+ Treg cells are the main player in peripheral 
tolerance. Treg cells keep autoreactive T cells that escape clonal de-
letion in the thymus from activating and expanding at the periphery. 
Treg cells use multiple suppressor mechanisms. They secrete the 
immuno- inhibitory molecules IL- 10, IL- 35, TGF- β, and cytotoxic pro-
teins such as granzyme and perforin. Treg cells also actively engage 
in removing vital components from cells of other types, including 
antigens (peptide– MHC Class II) via T- cell receptors, costimulatory 
molecules CD80 and CD86 via CTLA- 4, IL- 2 via CD25, and inflam-
matory signaling molecules such as ATP via CD39 and CD73 on 
their surface.36 Mutations in Foxp3 result in fatal immune dysregu-
lation, polyendocrinopathy, enteropathy, X- linked (IPEX) syndrome 
in humans,37 and a lymphoproliferative syndrome in mice (scurfy 
mice).38,39

Treg cells have been reported to play important roles in the skin, 
such as the mitigation of skin inflammation on repeated antigen 
exposure by skin- resident memory Treg cells,40 the acceleration of 
wound healing,41 the promotion of immune tolerance to skin com-
mensal microbes,42 the orchestration of hair follicle regeneration,43 
and the promotion of hair follicle stem cell differentiation during skin 
barrier repair.44 Thus, the function of Treg cells in maintaining skin 
homoeostasis has been gradually elucidated. Clinically, there are 
many reports regarding the relevance of Treg cells to various auto-
immune skin disorders such as alopecia areata, vitiligo, pemphigus, 
pemphigoid, and systemic sclerosis.45

To examine the pathogenic role of Treg cells in BP, we investi-
gated scurfy mice, which lack functional Treg cells due to a mutation 
in Foxp3.46 Direct and indirect immunofluorescence studies showed 
that scurfy mice develop IgG autoantibodies to the DEJ of skin 
that has been class- switched from IgM within 12 days after birth. 
Immunoblotting using recombinant proteins of COL17 and BP230 
detected autoantibodies to those proteins in scurfy sera. However, 
autoantibodies in scurfy sera have no reactivity to the NC14A 

domain of murine COL17, the domain that is responsible for sub-
epidermal blister formation. Subcutaneous injection of polyclonal 
IgG autoantibodies from scurfy sera did not induce skin fragility in 
neonatal mice. Furthermore, a CD4+ T- cell- transfer model revealed 
that CD4+ T cells from scurfy mice induced the production of auto-
antibodies to COL17 and BP230 in recipient Tcrbd−/− mice that lack 
T cells but have B cells. Stat6−/− scurfy mice, whose central signaling 
pathway for Th2 is knocked out, showed the reduced production 
of these autoantibodies and reduced numbers of follicular helper T 
cells, which resulted in the mitigation of skin changes. We also iden-
tified autoantibodies to COL17 in patients with IPEX syndrome, the 
human counterpart of scurfy mice. In conclusion, Treg cell dysfunc-
tion spontaneously induces autoantibodies to BP antigens in mice 
and humans (Figure 3). Haeberle et al.30 also demonstrated that 
scurfy mice spontaneously generate pathogenic anti- BP230 auto-
antibodies and develop subepidermal blisters in vivo. These findings 
strongly suggest that Treg cells play an important role in maintain-
ing self- tolerance to BP antigens in steady state. Bieber et al. ex-
amined Treg cell function in BP by using an anti- mouse COL17 IgG 
passive- transfer model.47 They injected anti- mouse COL17 IgG into 
Foxp3DTR- eGFP (DEREG) mice and depleted Treg cells by using a diph-
theria toxin. They found that the depletion of Treg cells induced se-
vere disease progression associated with an increase in leukocyte 
dermal infiltration, while IgG and C3 deposition at the DEJ were 
unaffected. The depletion of Treg cells also induced higher gene 
expression of IL- 10, IFN- g, IL- 4, IL- 13, and CXCL- 9 in lesional skin. 
These results suggest that Treg cells control myeloid cell- mediated 
skin inflammation in an experimental BP model.

But what about Treg cells in BP patients? Rensing- Ehl et al. 
reported that the number and the suppressive function of circu-
lating CD4+CD25+Foxp3+ Treg cells from active BP patients were 
similar to those from healthy controls.48 The ratio of Foxp3+/CD4+ 
cells was higher in BP lesions than in control skin.49 The frequency 
of CD4+CD25++CD127− Treg cells was significantly higher in the 
peripheral blood of BP patients than in that of healthy controls.50 
In contrast, the frequency of circulating CD4+CD25brightFoxp3+ 
Treg cells was significantly lower in BP patients than in healthy 
controls.51 The frequencies of Foxp3+ cells and the numbers of 

F I G U R E  2  Characteristics of the anti- 
BP230 antibody. A schematic of COL17, 
BP230, and the anti- BP230 antibody. BP, 
bullous pemphigoid.
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IL- 10+ cells were significantly lower in skin lesions from BP pa-
tients than in those from patients with psoriasis or atopic derma-
titis, suggesting a possible role of the reduction of Treg cells in the 
pathogenesis of BP.52 Thus, the results of Treg cells in the blood 
and skin lesions of BP patients were inconsistent. This inconsis-
tency may be due to differences in methodologies for detecting 
human Tregs, the age of the studied subjects, or the stages and 
severities of the disease.

Miyara et al.53 demonstrated that human CD4+Foxp3+ T cells are 
divisible into three phenotypically and functionally distinct subpop-
ulations: CD4+CD45RA+Foxp3lo resting or naïve Treg cells (rTregs 
or nTregs), CD4+CD45RA−Foxp3hi activated or effector Treg cells 
(aTregs or eTregs), and cytokine- secreting CD4+CD45RA−Foxp3lo 
nonsuppressive T cells (non- Tregs). Of note, “non- Tregs” express 
Foxp3 but have no immunosuppressive function, suggesting that we 
should carefully choose the method for detecting or isolating Treg 
cells when we analyze the frequency and function of Treg cells in 
humans. We recently investigated Treg cells and Treg subsets in the 
blood of BP patients using Miyara's method.54 We also investigated 
Treg cells in patients with DPP- 4i- associated BP (DPP- 4i- BP) and 
found that total Treg cells and all Treg subsets were increased in con-
ventional BP (cBP) patients before treatment and were decreased 
by systemic corticosteroid treatment. Meanwhile, neither total Treg 
cells nor all Treg subsets were increased in DPP- 4i- BP. Interestingly, 
CD45RA+Foxp3hi effector Treg cells positively correlated with dis-
ease severity (BPDAI, blisters/erosions and erythema/urticaria) in 
cBP, whereas CD45RA+Foxp3lo naïve Treg cells positively correlated 
with the disease severity (BPDAI, erythema/urticaria) in DPP- 4i- BP. 
These results suggest that effector Treg cells with a suppressive 
function are expanded, possibly in response to the inflammation in 
active cBP, and that effector Treg cells suppress autoreactive T cells. 
We speculate that effector Treg cells cannot expand sufficiently in 
response to the autoreactive T cells in DPP- 4i- BP, possibly because 
of the effect of DPP- 4i intake, resulting in a development of bullous 
lesions even in a mild inflammatory milieu.54

In summary, Treg cell dysfunction has some impact on the patho-
genesis of BP, according to clinical findings from patients and to 
animal experiments. A further understanding of Treg properties by 
investigations with optimal experimental methods should lead to 
novel therapeutic strategies for BP.

5  |  BP TRIGGERING FAC TORS

In considering the pathogenesis of BP, it is beneficial to understand 
the triggering factors. It is well known that BP is triggered by various 
factors such as trauma, burns, infections, radiotherapy, and ultravio-
let exposure.55 Furthermore, the presence of neurological diseases 
such as dementia, stroke, and Parkinson's disease,56 hematological 
malignancies such as Hodgkin disease, nonfollicular lymphoma, ma-
ture T/NK- cell lymphomas,57 and the use of DPP- 4i,58,59 and immune 
checkpoint inhibitors (ICIs)60 were reported to increase the risk of 
BP onset. Here, we review those factors, focusing on physical trig-
gers, neurological diseases, and ICIs.

5.1  |  Physical triggering factors

Mai et al.55 reported a case of BP triggered by thermal burns under 
medication with a DPP- 4i. In this report, a 60- year- old man with 
type II diabetes who had been treated with a DPP- 4i for 1 year expe-
rienced a thermal burn on the right forearm and then developed BP. 
This suggests that two risk factors for BP— the use of a DPP- 4i and 
a thermal burn— might have cooperatively or synergistically induced 
BP in that patient. In the study, physical triggering factors for BP 
were listed. In a total 147 cases, the top five factors were irradiation 
(n = 38), ultraviolet exposure (n = 37), surgical wound (n = 22), os-
tomy (n = 19), and burn (n = 14). Thus, various physical stresses can 
trigger BP. As the pathogenic mechanism behind the physical trig-
gers, the Mai group hypothesized that the physical stresses cause 
tissue destruction that activates the inflammatory process, which 
may result in autoreactivity to basement membrane proteins, includ-
ing COL17, or that basement membrane proteins may be altered as a 
result of physical factors resulting in immunogenicity with increased 
affinity to certain human leukocyte antigen (HLA) alleles.55

It is known that BP autoantibodies can be detected in a portion 
of BP patients before disease onset. BP autoantibodies that are de-
tected in patients without typical tense blisters are defined as “pre-
clinical BP autoantibodies”. These autoantibodies are detected even 
in a low percentage of normal healthy individuals, although it re-
mains unclear how important preclinical BP autoantibodies are and 
whether the presence of anti- COL17 autoantibodies are a predictive 

F I G U R E  3  Treg cell dysfunction 
(Foxp3 mutation) induces autoantibodies 
to COL17 and BP230. This dysfunction 
triggers the activation of autoreactive 
CD4+ Th2 and follicular helper T (Tfh) cells 
mediated by STAT6, which helps B cells to 
differentiate into autoantibody- secreting 
plasma cells. Some of these plasma cells 
can produce IgM and IgG autoantibodies 
to COL17 and BP230.
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factor for BP development.61 Recently, Mai et al. examined sera from 
1035 Japanese subjects by full- length COL17 ELISA and found that 
23 individuals (2.2%) possessed anti- COL17 autoantibodies, but that 
none of the sera reacted with the NC16A domain of COL17 and that 
none of the 23 individuals developed BP.62 To identify the risk fac-
tors for anti- COL17 autoantibody development, they examined the 
clinical records and found that anti- COL17 autoantibodies are asso-
ciated with a history of bone fracture and the administration of anti- 
osteoporosis drugs. To determine the significance of the association, 
further study with a larger population is needed.

5.2  |  Neurological diseases

Previous epidemiological studies demonstrated that neurological 
diseases are a risk factor for BP.56,63 Seppänen et al. reported COL17 
to be expressed in many cells of the brain.64,65 Anti- COL17 autoan-
tibodies were detected in 18% of patients who had Alzheimer's dis-
ease (AD) but did not have BP, whereas only 3% of controls were 
positive for these autoantibodies; notably, increased anti- COL17 
NC16A autoantibody values correlated with more severe dementia 
in AD, suggesting the association between BP and neurodegenera-
tive diseases.66 Tuusa et al.67 demonstrated that 53.6% of sera from 
patients with multiple sclerosis (MS) had IgG autoantibodies to full- 
length COL17 in immunoblotting. Most MS and AD sera reacted to 
various portions of COL17 (in denatured form) but not to the NC16A 
domain in immunoblotting, whereas more than half of BP sera re-
acted to the NC16A domain. Interestingly, in the ELISA using full- 
length COL17 (in native form), 78.2% of the BP sera were positive, 
whereas only 11.4% of the MS samples, 6.3% of the AD samples, and 
7.5% of the healthy control samples were positive. These findings 
suggest that autoantibodies in MS and AD sera target nonpatho-
genic epitopes of COL17 and preferentially react to the denatured 
form of COL17 but not to its native form.

5.3  |  Immune checkpoint inhibitors

Immunotherapies with immune checkpoint inhibitors (ICIs) that tar-
get programmed cell death 1 (PD- 1), programmed cell death ligand 
1 (PD- L1), and cytotoxic T- lymphocyte- associated protein 4 (CTLA- 
4) have emerged as highly effective treatments for an increasing 
number of malignancies. Because the PD- 1 and CTLA- 4 pathways 
play important roles in regulating immune responses, their block-
ade leads to both generalized and organ- specific inflammation called 
immune- related adverse events (irAEs). The skin is a major target of 
irAE, presenting with nonspecific itchy maculopapular rashes, li-
chenoid reactions, psoriasis, acneiform rashes, vitiligo- like lesions, 
autoimmune skin diseases (e.g., dermatomyositis, alopecia areata), 
sarcoidosis, or nail and oral mucosal changes.68 BP is a well- known 
skin irAEs whose frequency is reported to range from 0.3% to 0.8% 
among patients under ICI treatment,60,69,70 which far exceeds the 
incidence of BP in the general population (0.0012%– 0.0076%).71– 76 

Siegel et al.70 reported seven cases of BP associated with ICI ther-
apy (ICI- BP) as well as a case of bullous lichenoid dermatitis and a 
case of linear IgA bullous dermatosis, and they showed that the time 
from therapy initiation to rash was variable, with a mean latency of 
6.25 months and a range of 2 weeks to 20 months. All nine patients 
had either an initial positive tumor response or stable disease, al-
though six eventually developed disease progression. In all cases, 
ICIs were discontinued or interrupted. Eight of the nine patients 
required systemic steroids for the treatment of rash. Apalla et al. 
summarized 13 cases of ICI- BP and showed that ICI was unaltered 
in seven, temporarily interrupted in two, and permanently discon-
tinued in four, and seven patients who continued ICI remained free 
of BP with an average prednisolone dose of 2.5– 5 mg/day.77 The 
authors proposed that grade- 1 or grade- 2 eruptions can be man-
aged with low doses (0.3– 0.5 mg/kg/day) of prednisolone and po-
tent topical steroids, without impeding the administration of ICI. In 
more severe cases, treatment starts with a low dose of predniso-
lone without altering the ICI, and if there is no response, BP can be 
controlled by increasing the prednisolone to 0.7 mg/kg/day while 
withholding one or tw doses of the ICI. Juzot et al.78 reported 85 
ICI- BP cases. In those cases, the first- line therapy for BP was topi-
cal steroids (the whole- body application of topical clobetasol) in 
84% (n = 71), systemic corticosteroids in 5%, topical and systemic 
corticosteroids in 8%, and topical steroids and doxycycline in 2%. 
The ICI was permanently discontinued for 40 patients. Seventy- one 
patients were treated with topical steroids as monotherapy, and 31 
patients discontinued the ICI while 39 continued it. Of note, among 
those who discontinued the ICI, 17 (55%) had their BP controlled, 
whereas among those who continued the ICI, 29 (74%) had their BP 
controlled.78 These results show that high- potency topical steroids 
may be sufficient to control BP even with continuing ICIs in some 
cases.

A recent systematic review of 70 studies on 127 ICI- BP cases79 
showed that ICI- BP often occurred during immunotherapy but was 
also found to develop up to several months after treatment cessa-
tion. About half of the patients experienced prodromal symptoms 
before the development of BP, with the most common symptom 
being pruritus or largely nonspecific erythematous skin eruptions. 
Anti- COL17 autoantibodies were detected in 46 of 57 patients 
(80.7%), whereas anti- BP230 autoantibodies were found in only nine 
of 31 patients (29.0%). Among patients with reported data (n = 120), 
the ICI treatment was discontinued immediately after BP develop-
ment in 63 patients (52.5%) and after a failed attempt at ICI con-
tinuation in seven patients (5.8%). In patients with treatment data 
(n = 126), oral or intravenous corticosteroids (n = 107, 84.9%) with a 
wide range of doses were the most commonly used treatment mo-
dalities, followed by topical steroids (n = 68, 54.0%). Furthermore, 
42.1% of patients (n = 53) required treatment with systemic and top-
ical corticosteroids, whereas 12.7% (n = 16) were treated with topi-
cal steroids only. Other nonsteroidal treatments, such as antibiotics, 
rituximab, and omalizumab, were additionally used in some cases. It 
was found that 81.4% of patients (96 of 118) experienced partial to 
complete improvement of BP with treatment.
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Thus, the necessity of ICI discontinuation and the necessity of 
systemic corticosteroids for BP remain controversial. Considering 
the patient's condition, lower doses of systemic corticosteroids and 
the continuation of ICIs are desirable for most cases. To optimize 
the treatment algorithm for ICI- BP, the effects of topical steroids, 
steroid- sparing agents, and immunomodulatory therapies should be 
further investigated.

6  |  CONCLUSION

There are two major focuses of BP research: (1) the mechanism be-
hind the breakdown of immune tolerance to BP antigens (COL17 and 
BP230) and (2) the molecular and immunological pathways of blister 
formation and inflammation triggered by BP autoantibodies. The lat-
ter has been thoroughly investigated based on animal models and 
patient samples, and the complement- dependent and - independent 
pathways have been well elucidated.80 As shown in this review, an 
improved understanding of the epitope- spreading phenomenon 
and the pathogenicity of anti- BP230 autoantibodies may elucidate 
the mechanism behind disease progression and the chronic disease 
course of BP. In addition, type 2 immune reactions, eosinophils, mast 
cells, granzymes, IgE autoantibodies, and Fc receptors have been at-
tracting researchers' interest. Meanwhile, the mechanism behind 
the breakdown of immune tolerance to BP antigens remains largely 
unclear. Not only might Treg cells give us clues for understanding the 
underlying mechanisms, but so might research on central tolerance, 
triggering factors, and immunosenescence.

Figure 4 shows our hypothesis of the pathogenesis of BP. The 
patient's background— e.g., genetic background (such as HLA- 
DQB1*03:01 in Asian DPP- 4i- BP patients81,82), Treg cell dys-
function, and aging— as well as triggering factors— e.g., trauma, 
irradiation, infection, neurological diseases, hematological malig-
nancies, drugs (such as DPP- 4i and ICIs)— cooperatively or syner-
gistically induce the breakdown of immune tolerance to COL17 and 
result in the production of autoantibodies and the onset of BP. A 
further understanding of the underlying mechanisms will be helpful 

in developing less harmful, more disease- specific therapeutic ap-
proaches for BP.
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