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Centenary theme section: BLISTERING SKIN DISORDERS

SIGNIFICANCE
Collagen XVII (COL17, also known as BP180) is an im
portant molecule, which maintains stable adhesion between 
the dermis and epidermis. Genetic and acquired dysfunc
tions of COL17 lead to blistering skin diseases. However, 
the expression of COL17 is tightly regulated, depending on 
various settings, including woundhealing, proliferation and 
differentiation. Dysregulation of COL17 processing may 
be associated with the development of blistering skin di
seases; thus, it is important to understand the mechanism 
by which COL17 is processed and the diseases associated 
with such processing.

Collagen XVII (COL17) is a hemidesmosomal trans
membrane protein in the skin, which, in several auto
immune blistering skin diseases, may be targeted by 
autoantibodies. In addition, lossoffunction muta
tions in the COL17A1 gene induce a subtype of junctio
nal epidermolysis bullosa. The extracellular domain 
of COL17 can be physiologically cleaved from the cell 
surface by ADAM family proteins in a process known as 
ectodomain shedding. COL17 ectodomain shedding is 
thought to be associated with the migration and proli
feration of keratinocytes. Furthermore, the Cterminal 
cleavage of COL17 may be associated with basement 
membrane formation. COL17 can be targeted by va
rious proteases, including MMP9, neutrophil elastase, 
plasmin and granzyme B, which may be associated 
with blister formation in pemphigoid diseases. Inte
restingly, cleavage of COL17 may induce neoepitopes 
on the proteolysed fragments, and such induction is 
associated with dynamic structural changes. This re
view summarizes the current understanding of clea
vage of COL17, and how such cleavage relates to blis
tering skin diseases. 
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Type XVII collagen (COL17), also known as BP180/
BPAG2, is a type-II-oriented transmembrane col-

lagen composed of 3 identical 180-kDa α-chains (1). 
COL17 is one of the hemidesmosomal components 
of basal keratinocytes. It links keratin intermediate 
filaments to the underlying dermis via plectin, BP230, 
laminin 332 and type VII collagen (2). Loss-of-function 
mutations in the COL17A1 gene result in a subtype of 
junctional epidermolysis bullosa (JEB), which clinically 
manifests as blister formation and abnormalities of the 
hair and teeth (3). Since JEB associated with COL17A1 
gene mutations shows a relatively mild phenotype, the 
disease was previously called “generalized atrophic 
benign epidermolysis bullosa (GABEB)”.

Autoimmunity to COL17 induces bullous pemphi-
goid (BP), a major autoimmune blistering skin disease, 
which commonly develops in elderly people (4, 5). In 

BP, itchy urticarial erythema and tense blisters develop 
on the entire body, and the mucous membranes may be 
involved. Major epitopes for BP autoantibodies cluster 
tightly within the juxtamembranous extracellular non-
collagenous 16th A (NC16A) domain of COL17 (6), 
and previous studies have revealed the pathogenicity of 
immunoglobulin G (IgG)-class autoantibodies directing 
this region (7, 8). COL17 may also be targeted by auto-
antibodies in other autoimmune blistering skin diseases, 
including mucous membrane pemphigoid (MMP) and 
linear IgA bullous disorder (LABD) (4).

The two COL17-associated blistering disorders, JEB 
(GABEB) and BP, suggest that COL17 is a functionally 
important structural molecule that maintains stable ad-
hesion between the dermis and the epidermis at the 
dermal-epidermal junction (DEJ). However, basal kera-
tinocytes are dynamic, and they migrate or differentiate 
in a context-dependent manner. Therefore, processing 
of COL17 may be involved in various physiological 
settings. In addition, dysregulated processing of COL17 
may be associated with blistering skin diseases. This 
review summarizes the current understanding of COL17 
processing and the blistering skin diseases associated 
with such processing. 

COL17 PROCESSING IN PHYSIOLOGICAL 
SETTINGS

COL17 ectodomain is constitutively cleaved within the 
NC16A domain
In cultured keratinocytes, the 120-kDa extracellular 
domain of COL17 is constitutively shed from the cell 
surface and is detectable in soluble form in culture me-
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dium (9, 10). COL17 ectodomain shedding is mediated 
by ADAM 9, 10 and 17 (11), and mass spectrometry 
analyses have revealed that the cleavage occurs at dif-
ferent regions within the NC16A domain (Fig. 1A) (12, 
13). The results are consistent with the nature of ADAM 
family proteins, which cleave substrate proteins more 
preferentially, based on the distance from the cell surface 
rather than on amino acid sequences. The detection of 
cleavage sites within the NC16A domain of COL17 ena-
bles the production of cleavage-site-specific antibodies 
specifically detecting the cleaved COL17 ectodomains. 
Unique antibodies have revealed that migrating normal 
human keratinocytes cleave COL17 ectodomains, which 
co-localize with laminin 332 (Fig. 1B), (14) and cleaved 
ectodomain fragments exist in the DEJ of normal hu-
man skin (13, 15). Interestingly, the cleavage site(s) of 
COL17 in pathological settings may differ from that in 
physiological settings (15). In genetically manipulated 
mice whose NC16A domain includes amino acid se-
quences that impair ectodomain shedding, the inhibition 
of COL17 ectodomain shedding somewhat accelerated 
re-epithelialization after skin wounding (16). The sup-
pression of re-epithelialization by COL17 ectodomain 
shedding is associated with dampening of mTOR sig-
nalling (17). However, wound healing processes differ 
greatly between humans and mice, with wounds in mice 
healing mainly by contraction (18). Therefore, further 

studies are essential to address the physiological roles of 
COL17 ectodomain shedding in human skin. 

C-terminal cleavage of COL17
The cleaved 120-kDa ectodomain of COL17, also cal-
led as linear IgA dermatosis antigen (LAD-1) , may 
be further processed at the C-terminal region around 
the NC4 domain, which migrates around 97 kDa (19, 
20). The 97-kDa processed COL17 polypeptide is cal-
led linear IgA bullous disorder (LABD)-97 (Fig. 2A). 
Although it remains uncertain whether LABD-97 is 
present in normal human skin, C-terminal processing is 
expected to be physiologically associated with correct 
basement membrane formation in skin, as described later 
in this article.

Cleavage in unfolded COL17
Within the NC16A domain, COL17 has a distinct furin 
consensus sequence: ‘’RIRR’’. Early studies have sug-
gested that ectodomain shedding of COL17 may be indu-
ced by this distinct motif; however, the furin consensus 
motif is not used under physiological settings (10). What 
is the physiological role of the furin consensus motif in 
COL17? As illustrated in Fig. 1A, there are potential 
coiled-coil sequences just before the furin consensus 
motif, and these sequences initiate the folding of COL17 

Fig. 1. Collagen XVII (COL17) processing in physiological settings. (A) Schematics of COL17 and sequences of the NC16A domain. (Copyright 
2010: The American Association of Immunologists, Inc.). (B) The shed COL17 ectodomain (green: antibody HK139) and laminin 332 (red: antibody 
6F12) co-localize in the extracellular matrix of normal human skin. TM: transmembrane. Blue: DAPI. Scale bar: 40 μm. The figures have been partially 
modified from previous studies (13, 14). Permission given by publisher.
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as a collagen triple helix in the N to C direction (21). 
When coiled-coil disruptive mutations are introduced, 
COL17 folding is impaired and unfolded COL17 ac-
cumulates in cells. The unfolded COL17 is cleaved by 
furin at the ‘’RIRR’’ furin consensus motif in the Golgi 
apparatus before being incorporating into the cell mem-
brane. Finally, cleaved 120-kDa ectodomains derived 
from unfolded COL17 are expelled from the cells (21). 
Thus, cleavage at the furin consensus motif within the 
NC16A domain of COL17 is important for maintaining 
the quality of the molecule.

COL17 CLEAVAGE AND BLISTERING SKIN 
DISEASES

Cleavage within the NC16A domain induces 
neoepitopes in processed COL17 ectodomains
As described, cleavage of COL17 within the NC16A do-
main yields a 120-kDa ectodomain polypeptide, known 
as LAD-1 (Fig. 2A). LAD-1 partially contains sequences 
of the NC16A domain, with which BP autoantibodies 
preferentially react (12, 13). Similarly, MMP autoanti-
bodies targeting the C-terminal regions of COL17 may 
react with LAD-1. It is notable that, in some cases of 
BP and in many cases of LABD, autoantibodies show 
more preferential reactivity to LAD-1 than to full-length 
COL17 (Fig. 2B) (19, 22), indicating that cleavage 
within the NC16A domain induces neoepitopes on the 
cleaved LAD-1. In silico predictions based on detected 
cleavage sites reveal that the antigenicity of the remnant 
NC16A sequences in the cleaved COL17 ectodomains 

increase despite the different cleavage sites (13). Further-
more, monoclonal antibodies target the 15th collagenous 
(COL15) domain with preferential reactivity to LAD-1, 
suggesting that cleavage within the NC16A domain in-
duces dynamic structural changes in COL17 (23).

C-terminal cleavage of COL17 induces neoepitopes on 
the LABD-97 fragment
Since LABD autoantibodies react more preferentially 
with LAD-1 than with full-length COL17, they usu-
ally have strong reactivity to LABD-97 (Fig. 2B) (24). 
Interestingly, LABD autoantibodies may have greater 
reactivity to LABD-97 than to LAD-1 (Fig. 2B), sug-
gesting that C-terminal cleavage has additional effects on 
neoepitope development (23). A previous study reported 
that epitopes on the 15th collagenous domain appear 
after C-terminal cleavage (23), which is consistent with 
an epitope mapping study of LABD autoantibodies (25). 

COL17 cleaving enzymes in bullous pemphigoid
In BP lesional skin and blister fluid, several proteolytic 
enzymes are known to exist, including plasmin, neutro-
phil elastase and MMP-9 (4, 5). In vitro studies have 
revealed that neutrophil elastase (26), MMP-9 (27) and 
plasmin (19) are able to cleave COL17. Of these, plasmin 
is known to cleave within the NC16A and NC4 domains 
of COL17 ectodomains, yielding 120-kDa LAD-1 and 
97-kDa LABD-97 fragments (19, 20, 28). In addition, 
a recent study has reported that granzyme B, a serine 
protease secreted by immune cells, is highly expressed 

Fig. 2. Neoepitope development in the cleaved collagen XVII (COL17) ectodomains. (A) Schematics of linear IgA dermatosis type 1 (LAD1) and 
linear IgA bullous disorder (LABD)97 polypeptides. (B) LAD IgAclass autoantibodies show more intense reactivity to the cleaved COL17 ectodomains LAD1 
and LABD97 than to fulllength COL17. Note that LAD sera numbers 2, 5 and 10 react more strongly to LABD97. N: normal control. The immunoblotting 
data have been partially modified from a previous study (23). BP: bullous pemphigoid. Permission given by publisher.
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in infiltrated cells in BP lesional skin and that not only 
does this enzyme cleave COL17, but it also cleaves other 
molecules present at the DEJ, including α6/β4 integrins 
and collagen VII (29). 

Impaired C-terminal cleavage of COL17 may induce 
disorganized basement membrane formation
When homozygous R1303Q mutations occur in the 
COL17A1 gene, a mild and localized form of JEB de-
velops that is clinically characterized by mechanical 
blisters, tooth and nail abnormalities, and sclerotic fing-
ers associated with a loss of fingerprints (Fig. 3) (30, 
31). Histopathologically, duplication of the basement 
membrane is characteristic of JEB patients with R1303Q 
mutations (Fig. 3B). Since R1303Q mutations impair 
the C-terminal processing of COL17, such processing is 
thought to be essential for normal basement membrane 
formation in skin (28).

Impaired cleavage of COL17 may induce the breaking 
of tolerance to bullous pemphigoid autoantigens
BP is induced by autoantibodies targeting the hemides-
mosomal components COL17 and/or BP230. Although 

the pathomechanism of autoantibody-dependent blister 
formation has been studied extensively, there has been 
no full elucidation of why tolerance to these autoantigens 
may be broken in certain individuals. Immune tolerance 
to molecules may be broken by various triggering events, 
including thermal burns, ultraviolet (UV) irradiation and 
surgery (32). In addition, recent studies have reported that 
anti-type II diabetes mellitus drug dipeptidyl peptidase 
IV inhibitors (DPP4i) are a risk factor for the onset of BP 
(33, 34). Furthermore, impaired Treg function may break 
the tolerance to COL17 and BP230 (35, 36). However, 
it remains unclear whether the impaired expression of 
pemphigoid autoantigens may induce the breaking of to-
lerance. In 2015, Hurskainen et al. (37) produced a gene-
tically manipulated mouse lacking the immunodominant 
NC14A domain of Col17, a domain that corresponds to 
the human NC16A domain of COL17. Since NC14A is 
essential for the ectodomain shedding of mouse Col17, 
this is another shedding-deficient model. It is notable that 
the mice are prone to scratching themselves and sponta-
neously developed anti-Col17 autoantibodies, although 
no blistering was observed. Whether impairments of BP 
autoantigens induce the breaking of tolerance had not 
been elucidated, therefore this study brought important 

Fig. 3. Collagen XVII (COL17) R1303Q mutation induces blistering disease associated with disorganized basement membrane formation. 
(A) The R1303Q mutation is located within the NC4 domain. (B) A previously reported 32yearold COL17 R1303Q+/+ patient (28). The arrow indicates a 
mechanical blister. (C) A disorganized and duplicated basement membrane is a characteristic histopathological feature, which can be detected by antitype 
IV collagen antibodies (PHM12+CIV22). (D) Western blotting using antiCOL17 NC16A antibodies (NC16A3) on extracellular matrix proteins derived 
from mal human epidermal keratinocytes (NHEKs) and keratinocytes from a R1303Q+/+ junctional epidermolysis bullosa patient. The arrow indicates that 
linear IgA bullous disorder (LABD)97  is absent in R1303Q+/+ keratinocytes, suggesting that the C-terminal cleavage of COL17 is impaired. The figures 
have been partially modified from previous studies (28). LAD-1: linear IgA dermatosis type 1. Permission given by publisher. 
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information on the pathomechanism behind the breaking 
of tolerance to COL17.

Cleaved fragments on immune cells in bullous pemphigoid 
lesional skin
The roles of IgG-class anti-COL17 autoantibodies in the 
development of blisters have been studied extensively; 
in contrast, the pathomechanism for urticarial erythema 
has not been fully elucidated. Previous studies have re-
ported that both IgG- and IgE-class anti-COL17 NC16A 
autoantibodies are present in BP sera (38, 39). Although 
in vivo IgE deposition at the DEJ may be observed in BP, 
the positivity rate is not high (40). Notably, Freire et al. 
recently reported that IgE is rarely observed at the DEJ, 
but that it is prominent on mast cells and eosinophils in 
the dermis, in which COL17 ectodomain fragments co-
localized with IgE (39). This observation is consistent 
with the fact that the shed COL17 ectodomain is soluble 
after being cleaved from the cell surface, as described 
previously.

CONCLUSION

JEB and pemphigoid diseases have proven that COL17 
is a vital player in the stable adhesion between the 
dermis and epidermis at the DEJ in the skin. However, 
this adhesion needs to be tightly regulated in a context-
dependent manner, for basal keratinocytes to migrate, 
differentiate and proliferate. Undoubtedly, the processing 
of COL17 is involved in various normal physiological, 
as well as pathological, settings, and will be the focus 
of future study.
The author has no conflicts of interest to declare.

REFERENCES
1. Gatalica B, Pulkkinen L, Li K, Kuokkanen K, Ryynanen M, 

McGrath JA, et al. Cloning of the human type XVII collagen 
gene (COL17A1), and detection of novel mutations in ge
neralized atrophic benign epidermolysis bullosa. Am J Hum 
Genet 1997; 60: 352–365.

2. Natsuga K, Watanabe M, Nishie W, Shimizu H. Life before 
and beyond blistering: the role of collagen XVII in epidermal 
physiology. Exp Dermatol 2019; 28: 1135–1141.

3. McGrath JA, Gatalica B, Christiano AM, Li K, Owaribe K, Mc
Millan JR, et al. Mutations in the 180kD bullous pemphigoid 
antigen (BPAG2), a hemidesmosomal transmembrane colla
gen (COL17A1), in generalized atrophic benign epidermolysis 
bullosa. Nat Genet 1995; 11: 83–86.

4. Schmidt E, Zillikens D. Pemphigoid diseases. Lancet 2013; 
381: 320–332.

5. Nishie W. Update on the pathogenesis of bullous pemphigoid: 
an autoantibodymediated blistering disease targeting col
lagen XVII. J Dermatol Sci 2014; 73: 179–186.

6. Zillikens D, Rose PA, Balding SD, Liu Z, OlagueMarchan M, 
Diaz LA, et al. Tight clustering of extracellular BP180 epitopes 
recognized by bullous pemphigoid autoantibodies. J Invest 
Dermatol 1997; 109: 573–579.

7. Nishie W, Sawamura D, Goto M, Ito K, Shibaki A, McMillan 
JR, et al. Humanization of autoantigen. Nat Med 2007; 13: 
378–383.

8. Liu Z, Sui W, Zhao M, Li Z, Li N, Thresher R, et al. Subepi
dermal blistering induced by human autoantibodies to BP180 
requires innate immune players in a humanized bullous 
pemphigoid mouse model. J Autoimmun 2008; 31: 331–338.

9. Hirako Y, Usukura J, Uematsu J, Hashimoto T, Kitajima Y, 
Owaribe K. Cleavage of BP180, a 180kDa bullous pemphi
goid antigen, yields a 120kDa collagenous extracellular 
polypeptide. J Biol Chem 1998; 273: 9711–9717.

10. Franzke CW, Tasanen K, Schacke H, Zhou Z, Tryggvason K, 
Mauch C, et al. Transmembrane collagen XVII, an epithelial 
adhesion protein, is shed from the cell surface by ADAMs. 
EMBO J 2002; 21: 5026–5035.

11. Franzke CW, BrucknerTuderman L, Blobel CP. Shedding of 
collagen XVII/BP180 in skin depends on both ADAM10 and 
ADAM9. J Biol Chem 2009; 284: 23386–23396.

12. Hirako Y, Nishizawa Y, Sitaru C, Opitz A, Marcus K, Meyer 
HE, et al. The 97kDa (LABD97) and 120kDa (LAD1) 
fragments of bullous pemphigoid antigen 180/type XVII 
collagen have different Ntermini. J Invest Dermatol 2003; 
121: 1554–1556.

13. Nishie W, Lamer S, Schlosser A, Licarete E, Franzke CW, 
Hofmann SC, et al. Ectodomain shedding generates neoepi
topes on collagen XVII, the major autoantigen for bullous 
pemphigoid. J Immunol 2010; 185: 4938–4947.

14. Nishie W, Kiritsi D, Nystrom A, Hofmann SC, BrucknerTu
derman L. Dynamic interactions of epidermal collagen XVII 
with the extracellular matrix: laminin 332 as a major binding 
partner. Am J Pathol 2011; 179: 829–837.

15. Nishie W, Natsuga K, Iwata H, Izumi K, Ujiie H, Toyonaga E, 
et al. Contextdependent regulation of collagen XVII ectodo
main shedding in skin. Am J Pathol 2015; 185: 1361–1371.

16. Jackow J, Schlosser A, Sormunen R, Nystrom A, Sitaru C, 
Tasanen K, et al. Generation of a functional nonshedding col
lagen XVII mouse model: relevance of collagen XVII shedding 
in wound healing. J Invest Dermatol 2016; 136: 516–525.

17. Jackow J, Loffek S, Nystrom A, BrucknerTuderman L, Franzke 
CW. Collagen XVII shedding suppresses reepithelialization 
by directing keratinocyte migration and dampening mTOR 
signaling. J Invest Dermatol 2016; 136: 1031–1041.

18. Zomer HD, Trentin AG. Skin wound healing in humans and 
mice: challenges in translational research. J Dermatol Sci 
2018; 90: 3–12.

19. Hofmann SC, Voith U, Schonau V, Sorokin L, Bruckner
Tuderman L, Franzke CW. Plasmin plays a role in the in vitro 
generation of the linear IgA dermatosis antigen LADB97. J 
Invest Dermatol 2009; 129: 1730–1739.

20. Yamauchi T, Matsushita S, Hashimoto T, Hirako Y. Major 
cleavagedependent epitopes for linear IgA bullous dermato
sis are formed at the boundary between the noncollagenous 
16A and collagenous 15 domains of BP180. J Dermatol Sci 
2014; 76: 25–33.

21. Nishie W, Jackow J, Hofmann SC, Franzke CW, BrucknerTuder
man L. Coiled coils ensure the physiological ectodomain shed
ding of collagen XVII. J Biol Chem 2012; 287: 29940–29948.

22. Schumann H, Baetge J, Tasanen K, Wojnarowska F, Schacke 
H, Zillikens D, et al. The shed ectodomain of collagen XVII/
BP180 is targeted by autoantibodies in different blistering 
skin diseases. Am J Pathol 2000; 156: 685–695.

23. Toyonaga E, Nishie W, Izumi K, Natsuga K, Ujiie H, Iwata H, 
et al. Cterminal processing of collagen XVII induces neo
epitopes for linear IgA dermatosis autoantibodies. J Invest 
Dermatol 2017; 137: 2552–2559.

24. Zone JJ, Taylor TB, Meyer LJ, Petersen MJ. The 97 kDa linear 
IgA bullous disease antigen is identical to a portion of the 
extracellular domain of the 180 kDa bullous pemphigoid 
antigen, BPAg2. J Invest Dermatol 1998; 110: 207–210.

25. Nie Z, Nagata Y, Joubeh S, Hirako Y, Owaribe K, Kitajima Y, et 
al. IgA antibodies of linear IgA bullous dermatosis recognize 
the 15th collagenous domain of BP180. J Invest Dermatol 
2000; 115: 1164–1166.

26. Lin L, Betsuyaku T, Heimbach L, Li N, Rubenstein D, Shapiro 
SD, et al. Neutrophil elastase cleaves the murine hemides
mosomal protein BP180/type XVII collagen and generates 
degradation products that modulate experimental bullous 
pemphigoid. Matrix Biol 2012; 31: 38–44.



A
ct

aD
V

A
ct

aD
V

A
d
v
a
n

c
e
s 

in
 d

e
rm

a
to

lo
g
y
 a

n
d
 v

e
n

e
re

o
lo

g
y

A
c
ta

 D
e
rm

a
to

-V
e
n

e
re

o
lo

g
ic

a

107Collagen XVII processing and blistering skin diseases

Theme issue: Blistering skin disorders

27. StahleBackdahl M, Inoue M, Guidice GJ, Parks WC. 92kD 
gelatinase is produced by eosinophils at the site of blister 
formation in bullous pemphigoid and cleaves the extracel
lular domain of recombinant 180kD bullous pemphigoid 
autoantigen. J Clin Invest 1994; 93: 2022–2030.

28. Nishimura M, Nishie W, Shirafuji Y, Shinkuma S, Natsuga K, 
Nakamura H, et al. Extracellular cleavage of collagen XVII is 
essential for correct cutaneous basement membrane forma
tion. Hum Mol Genet 2016; 25: 328–339.

29. Russo V, Klein T, Lim DJ, Solis N, Machado Y, Hiroyasu S, et 
al. Granzyme B is elevated in autoimmune blistering diseases 
and cleaves key anchoring proteins of the dermalepidermal 
junction. Sci Rep 2018; 8: 9690.

30. Yuen WY, Pas HH, Sinke RJ, Jonkman MF. Junctional epi
dermolysis bullosa of late onset explained by mutations in 
COL17A1. Br J Dermatol 2011; 164: 1280–1284.

31. Kiritsi D, Kern JS, Schumann H, Kohlhase J, Has C, Bruckner
Tuderman L. Molecular mechanisms of phenotypic variability 
in junctional epidermolysis bullosa. J Med Genet 2011; 48: 
450–457.

32. Mai Y, Nishie W, Sato K, Hotta M, Izumi K, Ito K, et al. Bullous 
pemphigoid triggered by thermal burn under medication with 
a dipeptidyl peptidaseIV inhibitor: a case report and review 
of the literature. Front Immunol 2018; 9: 542.

33. Izumi K, Nishie W, Mai Y, Wada M, Natsuga K, Ujiie H, et al. 
Autoantibody profile differentiates between inflammatory 
and noninflammatory bullous pemphigoid. J Invest Dermatol 
2016; 136: 2201–2210.

34. Nishie W. Dipeptidyl peptidase IV inhibitorassociated bullous 
pemphigoid: a recently recognized autoimmune blistering 
disease with unique clinical, immunological and genetic 
characteristics. Immunol Med 2019; 42: 22–28.

35. Muramatsu K, Ujiie H, Kobayashi I, Nishie W, Izumi K, Ito T, 
et al. Regulatory Tcell dysfunction induces autoantibodies to 
bullous pemphigoid antigens in mice and human subjects. J 
Allergy Clin Immunol 2018; 142: 1818–1830 e1816.

36. Haeberle S, Wei X, Bieber K, Goletz S, Ludwig RJ, Schmidt 
E, et al. Regulatory T-cell deficiency leads to pathogenic 
bullous pemphigoid antigen 230 autoantibody and autoim
mune bullous disease. J Allergy Clin Immunol 2018; 142: 
1831–1842 e1837.

37. Hurskainen T, Kokkonen N, Sormunen R, Jackow J, Löffek S, 
Soininen R, et al. Deletion of the major bullous pemphigoid 
epitope region of collagen XVII induces blistering, autoim
munization, and itching in mice. J Invest Dermatol 2015; 
135: 1303–1310.

38. Fairley JA, Fu CL, Giudice GJ. Mapping the binding sites 
of antiBP180 immunoglobulin E autoantibodies in bullous 
pemphigoid. J Invest Dermatol 2005; 125: 467–472.

39. Freire PC, Munoz CH, Stingl G. IgE autoreactivity in bullous 
pemphigoid: eosinophils and mast cells as major targets of 
pathogenic immune reactants. Br J Dermatol 2017; 177: 
1644–1653.

40. Moriuchi R, Nishie W, Ujiie H, Natsuga K, Shimizu H. In vivo 
analysis of IgE autoantibodies in bullous pemphigoid: a study 
of 100 cases. J Dermatol Sci 2015; 78: 21–25.


