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Summary

Background Epidermolysis bullosa acquisita (EBA) is a rare pemphigoid disease
involving autoantibodies to type VII collagen (COL7), a major structural compo-
nent of anchoring fibrils. IgE autoantibodies to type XVII collagen (BP180) have
been identified in bullous pemphigoid (BP), the prototype of pemphigoid dis-
eases. Although the pathogenic relevance of IgG anti-COL7 has been investigated,
that of IgE in EBA remains unclear.

Objectives To reveal the presence and pathogenic relevance of IgE anti-COL7 in EBA.
Methods We examined IgE antibodies in 109 patients with EBA by indirect
immunofluorescence (IIF) and enzyme-linked immunosorbent assay (ELISA).
Results ITF with normal human skin revealed IgE reactivity in the basement mem-
brane zone in 29 (26:6%) cases. To verify whether the IgE antibodies were
specific to COL7, we performed IIF with 21 clearly positive cases and the skin of
a patient with dystrophic EBA, which does not involve COL7. All cases showed
negative results, indicating that IgE antibodies were specific to COL7. In a modi-
fied IgG COL7 ELISA for IgE, 16 (14:7%) cases were positive (three and 13 cases
were negative and positive on IIF, respectively). We compared anti-COL7 IgG
and IgE, and found a weak but significant correlation (r = 0-459, P < 0-001).
EBA is clinically divided into a mechanobullous (MB; noninflammatory) type and
an inflammatory (INF) type resembling BP. Of the IIF-positive cases, 11 of 30
(37%) had INF and nine of 48 (19%) had MB.

Conclusions This study is the first to demonstrate the presence of circulating anti-
COL7 IgE in patients with EBA, which may correlate with the clinical phenotype.

What’s already known about this topic?

e Epidermolysis bullosa acquisita (EBA) is a rare pemphigoid disease in which
autoantibodies, mainly IgG, target type VII collagen.

e In bullous pemphigoid, the prototype of pemphigoid diseases, IgE autoantibodies
to type XVII collagen (BP180) have been detected and are reported to be associated
with disease severity.

e However, no study has yet investigated the presence of IgE autoantibodies to type
VII collagen in EBA.

What does this study add?

e IgE anti-type VII collagen antibodies were also detected in sera from patients with
EBA, with concomitant elevated total IgE.

e IgE anti-basement membrane zone-positive cases appear to occur more frequently
in inflammatory-type EBA than in noninflammatory-type EBA.

e IgE anti-type VII collagen may correlate with the clinical phenotype in EBA.
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What is the translational message?

e IgE and type VII collagen-specific IgE could be a therapeutic target for EBA.

Pemphigoid diseases are organ-specific autoimmune disorders
that are characterized by circulating autoantibodies to struc-
tural proteins in the epidermal basement membrane zone
(BMZ) and deposition of autoantibodies on the BMZ. Epider-
molysis bullosa acquisita (EBA) is a rare pemphigoid disease
involving autoantibodies to type VII collagen (COL7), a major
structural component of anchoring fibrils." The immunoglob-
ulin isotype of autoantibodies deposited in skin is mainly IgG,
but IgA and IgM have also been reported.” ™

In terms of clinical phenotype, EBA is a heterogeneous
subepidermal blistering disease that is classified into two
major types: (i) the classical/mechanobullous type and (ii)
the nonclassical/nonmechanobullous type. The former is char-
acterized by bullous/vesicular lesions or erosions preferentially
localized to trauma-prone sites (dorsal hands, elbows, knees
and feet) with scarring and milia formation. Nail dystrophy
may also be observed. The latter type is characterized by pru-
ritus and tense bullae on erythematous or urticarial skin that
develops on the trunk and extremities, resembling bullous
pemphigoid (BP), mucous membrane pemphigoid and Brunst-
ing-Perry-type pemphigoid.” Generally, the EBA phenotype
can be classified into a mechanobullous (MB) type and an
inflammatory (INF) type (BP-like form). The MB type is the
most common in Europe, whereas the INF type is more com-
mon in Asia.®

Elevation of total serum IgE levels in BP has been reported.®’
Furthermore, IgE antibodies to type XVII collagen (BP180) have
also been identified in BP, the prototype of pemphigoid dis-
eases.®” Serum levels of anti-BP180 IgE were found to correlate
with disease severity, scored by the Bullous Pemphigoid Disease
Area Index,'® although conflicting results also have been
reported.l Y1215 one in vivo study, anti-BP180 IgE purified from
the serum of patients with BP induced erythema on grafted
human skin in severe combined immunodeficient (SCID) mice,
suggesting an association between anti-BP180 IgE and ery-

'3 In contrast, the scores for urticarial/ erythematous

thema.
lesions did not correlate with serum levels of anti-BP180 IgE in
patients with BP.'® Regarding IgE-specific treatment, the use of
omalizumab, a humanized monoclonal antibody that inhibits
IgE binding to its high-affinity receptor (FceRI), has been
reported for the treatment of patients with BP."*

However, serum IgE levels and the presence of antigen-spe-
cific IgE in EBA have not been adequately studied thus far.
There is only one case report showing a correlation of IgE
levels with disease activity during treatment in a patient with
EBA," and other reports have shown deposition of IgE on
direct immunofluorescence (DIF).'®'® In addition, anti-BMZ
IgE was reported in canine EBA.'” No study has yet evaluated
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the presence of anti-COL7 IgE in patients with EBA. Therefore,
in this study, we examined IgE antibodies, including their
specificity to COL7 and their correlation to the clinical pheno-

type, in patients with EBA.

Materials and methods

Patients

A total of 109 patients with EBA were enrolled based on (i)
compatible clinical features, (ii) IgG reaction on the dermal
side by indirect immunofluorescence (IIF) of salt-split skin;
and (iii) detection of IgG antibodies to COL7 by Western
blotting using a dermal extract of human skin and/or
enzyme-linked immunosorbent assay (ELISA). The study was
approved by the ethics committee of Kurume University and
was performed in adherence with the Declaration of Helsinki

guidelines.

Indirect immunofluorescence

Frozen sections of normal human skin were used to detect anti-
BMZ IgE antibodies in the patients’ sera using the following pro-
tocol. After rinsing with phosphate-buffered saline (PBS), frozen
sections were blocked with 5% normal goat serum in Tris-buf-
fered saline (TBS; 10 mmol L' Tris, 150 mmol L' NaCl, pH
7-2) for 30 min at room temperature, followed by incubation
with a 1 : 10 dilution of serum samples in TBS containing 0-1%
casein and 0-01% Tween 20 for 90 min at room temperature.
After washing with PBS, the sections were incubated with
DyLight 488-conjugated antihuman IgE (NBP1-74936; Novus
Biologicals, Littleton, CO, U.S.A.) diluted 1 : 100 with TBS con-
taining 0-1% casein for 60 min at room temperature. No cross-
reactivity of DyLight 488-conjugated antihuman IgE to human
IgG was confirmed (Fig. S1; see Supporting Information). The
intensity of positivity on BMZ was judged as strongly positive
(++), positive (+), weakly positive (+/-) and negative (-) by an
investigator unaware of the patient’s status. Clearly positive cases
(++ and +), obtained by immunofluoresence using normal
human skin, were tested along with the skin of a patient with
dystrophic epidermolysis bullosa, which does not involve COL7,
as confirmed by negative findings on immunofluoresence using
anti-COL7 antibody (LH7-2; Sigma, St Louis, MO, U.S.A.).

Enzyme-linked immunosorbent assay

The anti-type VII collagen ELISA Kit (MBL, Nagoya, Japan)
was used for the detection of anti-COL7 IgG in the patients’
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Fig 1. Detection of the anti-epidermal basement membrane zone (BMZ) IgE antibodies in sera from patients with epidermolysis bullosa acquisita

(EBA). Indirect immunofluorescence with normal human skin was performed to detect circulating IgE antibodies to BMZ, which were visualized

by DyLight 488-conjugated antihuman IgE antibody in sera from patients with EBA. Intensity of positivity on BMZ was judged as (a—d) strongly

positive (++); (e~h) positive (+); (i-1) weakly positive (+/-); and (m—p) negative (). Four representative photos from each group are shown.

sera according to the manufacturer’s instructions. To detect
specific anti-COL7 IgE in the patients’ sera, the same kit was
used with a modified protocol as reported previously.® No
cross-reactivity of horseradish peroxidase-conjugated antihu-
man IgE to human IgG was confirmed (Fig. S1; see Support-
ing Information). The cut-off optical density (OD) value was
set as the mean +3 SD (0-0596) of the sera from 41 healthy
individuals.

For the measurement of total IgE, the IgE ELISA Quantita-
tion Set (Bethyl Laboratories, Montgomery, TX, U.S.A.) was
used according to the manufacturer’s instructions.

Statistical analysis

Data are presented as mean =+ SD. Statistical analyses of the
results of IIF in the MB and INF types or in cases with and
without mucosal involvement were performed using Fisher’s
exact test. Statistical analysis of the IgE anti-COL7 ELISA of the
healthy volunteers (normal) and the patients was performed
using the Mann—Whitney U-test (two-tailed). All statistical
analyses were performed using GraphPad Prism (Version 6-05;
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GraphPad Software, San Diego, CA, U.S.A.). A P-value of 0-05
was considered to be statistically significant.

Results

Detection of anti-basement membranze zone IgE in sera
from patients with epidermolysis bullosa acquisita

We examined anti-BMZ IgE antibodies in patients’ sera by IIF
using normal human skin. IgE reactivity on BMZ was found in
29 (26:6%) of 109 cases (eight strongly positive; 13 positive;
eight weakly positive) (Fig. 1).

Anti-basement membrane zone IgE antibodies in sera
from epidermolysis bullosa acquisita are specific to type
VII collagen

To detect whether anti-BMZ IgE in the sera of patients with
EBA are specific to COL7, we further performed IIF, with 21
clearly positive cases using the skin of a patient with dys-
trophic epidermolysis bullosa, which does not involve COL7.

British Journal of Dermatology (2019) 180, ppl1107-1113
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Fig 2. Specificity of IgE antibodies to type VII collagen (COL7) in IgE indirect immunofluorescence (IIF)-positive cases. IIF using skin from a
patient with dystrophic epidermolysis bullosa, which does not involve COL7, was performed for clearly positive cases [(++) and (+) in Fig. 1].
Sera from all cases showed negative reactivity to the basement membrane zone (BMZ). (a—d) Representative photos of the results of the patients’
sera [they are identical to the cases in (a—d) in Fig. 1], (e) anti-COL7 antibody (LH7-2) as a negative control and (f) serum from a patient with
bullous pemphigoid with anti-BP180 IgE antibodies as a positive control are shown. Arrowheads indicate positive findings on BMZ.
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Fig 3. Serum concentrations of total IgE and anti-type VII collagen (COL7) IgE in patients with epidermolysis bullosa acquisita (EBA). (a) Total
IgE concentrations in sera from patients with EBA (n = 109) were elevated. (b) A commercial COL7 enzyme-linked immunosorbent assay using a
modified protocol for IgE detection tested with sera from healthy volunteers (n = 41) and sera from patients with EBA (n = 109) revealed
significantly higher optical density (OD) values in the patients with EBA (P < 0-001). The dotted lines indicate the upper normal limit in (a) and

the cut-off values in (b). Each dot indicates the results from each sample.

Notably, all 21 cases were negative (Fig. 2a—d). Negative ng mL~' = 1 TU mL'; normal reference interval in adults
staining with anti-COL7 antibody confirmed the deficiency of 2-214 TU mL~' = 4-8-513-6 ng mL™") (Fig. 3a).”%”'
COL7 in the skin section (Fig. 2e), whereas positive staining

ith fi i ith BP havi i-BP180 IgE . . .
With serum.from a patient wit aving antl g Detection of anti-type VII collagen IgE by enzyme-linked

immunosorbent assay and correlation to anti-type VII
collagen IgG enzyme-linked immunosorbent assay index

antibodies confirmed the reliability of this assay (Fig. 2f).
Together, these results indicated that the anti-BMZ IgE anti-
bodies from the EBA sera were specific to COL7.

We also sought to detect anti-COL7 IgE using a commercially

Elevation of total serum IgE in patients with available ELISA kit with a modified protocol as previously

. . .. d for BP.® Th d i f IoG b in G
epldermolySIS bullosa achISIta reporte or e prea SOI‘pthIl (0] g y proteln may

help to increase the sensitivity of the IgE ELISA, although our

In BP, elevated levels of total serum IgE have been reported,®’ previous study on BP showed no significant difference in posi-
whereas only one study showed elevated serum IgE in a tivity between pre- and postadsorption.® Comparing the OD
patient with EBA.'® Therefore, we examined the concentration values of the sera from 16 patients with EBA with and without

of total IgE in sera from 109 patients with EBA using the adsorption by ELISA, the results showed almost identical OD
commercial ELISA kit. Similar to BP, the serum level of total values in the samples with and without adsorption (Fig. S2;
IgE was also elevated in EBA (6682 4+ 11658 ng mL ') (2:4 see Supporting Information). Based on this observation, we
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Fig 4. Correlations between anti-type VII (COL7) IgG and IgE and
between anti-type VII IgE and total IgE in serum. (a) A scatter
diagram shows the correlation between anti-COL7 IgE (optical
density; OD) and anti-COL7 IgG (index) concentrations in serum
(Pearson’s correlation coefficient: r = 0-459, P < 0-001). (b) A scatter
diagram shows the correlation between anti-COL7 IgE (OD) and total
IgE (ng Ianl) concentrations in serum. No correlation was significant
(P = 0-84). Each dot indicates the results from each patient (n = 109).

examined the sera of 41 healthy donors and 109 patients with
EBA without adsorption of IgG by ELISA. The OD values were
significantly higher in the patients with EBA than in the healthy
donors (0-043 =+ 0-097 vs. 0-016 + 0-014; P < 0-001)
(Fig. 3b). When the cut-off value was set as the mean +3 SD of
the OD of healthy donors, 16 (14-7%) cases of EBA were posi-
tive (three and 13 cases were negative and positive on IIF,
respectively). When we compared the anti-COL7 IgG (index)
and IgE (OD) measured by ELISA in 109 cases of EBA, a moder-
ate correlation was found (r = 0-459, P < 0-001) (Fig. 4a). We
also tested for a correlation between anti-COL7 IgE and total
IgE; however, no correlation was found (P = 0-84) (Fig. 4b).

Relationship between phenotype and positivity of anti-
basement membrane zone IgE in epidermolysis bullosa
acquisita

We evaluated the association between anti-BMZ IgE positivity
detected by IIF and clinical phenotype (erythema as defined
by INF type and oral involvement) (Table 1). Clinical data
regarding phenotype and mucosal involvement were available
in 78 patients with EBA. Of these, 48 (62%) had the MB type
and 30 (38%) had the INF type. Of note, a relatively higher
rate of IIF-positive cases was observed in the INF type (37%)
than in the MB type (19%), although there was no significant

© 2018 British Association of Dermatologists
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Table 1 Association between results of indirect immunofluorescence

(IIF) and clinical phenotypes and mucosal involvements

Anti-BMZ IgE in IIF

Negative Positive Total
Phenotype
MB type 39 (81) 9 (19) 48 (62)
INF type 19 (63) 11 (37) 30 (38)
Mucosal lesion
+ 44 (76) 14 (24) 58 (74)
= 14 (70) 6 (30) 20 (26)

Data are n (%). BMZ, basement membrane zone; MB, mechano-

bullous; INF, inflammatory.

difference (P = 0-11). Next, a correlation between mucosal
involvement and IgE IIF positivity was analysed, and 58
(74%) cases had mucosal involvement. The rates of IIF-posi-
tive cases were almost identical in cases with (24%) and with-
out (30%) mucosal lesions.

Discussion

We found circulating IgE antibodies to BMZ in 29 (26-6%) of
109 cases with EBA. IIF using the skin of a patient with dys-
trophic epidermolysis bullosa revealed that the IgE antibodies
were specific to COL7 in all 21 tested cases whose sera clearly
showed IgE reactivity to BMZ in normal human skin. Like BP,
the autoantigen in EBA, COL7 was recognized by IgE subclass
antibodies in patients with EBA. We also found an elevation in
total IgE in the sera from patients with EBA. These results sug-
gest that IgE and IgE switch cytokines, such as interleukin
(IL)-4 and IL-13, may be implicated in the pathogenesis of
EBA.”?

In addition, we showed that a commercially available COL7
ELISA kit was useful for the detection of anti-COL7 IgE in EBA
using a modified protocol; 16 (14:7%) cases were positive in
this study. We tested sera with and without adsorption by

IIF-positive

ELISA-positive

Fig 5. Correlation between indirect immunofluorescence (IIF) and
enzyme-linked immunosorbent assay (ELISA) positivity in patients
with epidermolysis bullosa acquisita. A Venn diagram indicates the
pattern of results on IIF and ELISA. Each number indicates a positive

case.
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protein G. Similar to the sera of patients with BP, antigen-spe-
cific IgE antibodies in the sera of patients with EBA could be
effectively measured without adsorption. The commercially
available COL7 ELISA kit from MBL is made with recombinant
proteins of the noncollagenous domains (NC-1 and NC-2) of
COL7, which are recognized by the IgG of patients with EBA.
The IIF and ELISA results are summarized in Figure 5. The
finding that 16 of 29 IIF-positive cases showed negative IgE
ELISA results suggested that some anti-COL7 IgE recognized
epitopes outside of the NC-1 and NC-2 domains. Meanwhile,
variations in reactivity and sensitivity between IIF and ELISA
should be considered. To validate this possibility, further epi-
tope mapping to anti-COL7 IgE is required.

We previously demonstrated a correlation between anti-
BP180 IgG and IgE in patients with BP.® Similarly, in the pre-
sent study, anti-COL7 IgG (index) and IgE (OD) measured by
ELISA had a moderate relevance (r = 0-459, P < 0-001).
Although this possibly resulted in the cross-reactivity of the
anti-IgE secondary antibody to anti-COL7 IgG antibodies, we
demonstrated its specificity (Fig. S1; see Supporting Informa-
tion). The finding of no correlation between anti-COL7 IgE
and total IgE in this study (P = 0-84) suggested that an eleva-
tion of total IgE in serum does not simply result in anti-COL7
IgE. These results may suggest that an immunoglobulin class
switch in B cells recognizing COL7 is involved in the patho-
genesis of EBA. To further elucidate this, a fine epitope map-
ping or B-cell receptor sequence would have to be performed.

The higher prevalence of IgE IIF-positive cases in the INF
type than in the MB type suggested that anti-BMZ IgE, namely
anti-COL7 IgE in this study, was associated with the inflam-
matory phenotype (erythema) in EBA, although there was no
statistical significance. One limitation of this study was that
we were unable to obtain information regarding the clinical
manifestation from all the patients, although the frequency of
mucosal involvement (74%) in our study was similar to previ-
ous reports.”> In addition, we tested only serologically posi-
tive cases; therefore, this study also had a limitation in terms
of case enrolment, as the serration pattern in DIF is a more
sensitive test for EBA than ELISA and/or IIF.** To reveal the
association between anti-COL7 IgE and the inflammatory
phenotype in EBA, a large number of patients with EBA
should be included in further studies.

Anti-COL7 IgE may play a role in the pathogenesis of EBA.
Unfortunately, we did not clearly address this point in this
study. However, we suspect the pathogenicity of anti-COL7
IgE via eosinophils and mast cells, expressing FceRI them-
selves, given the previous results that BP antigen-specific IgE
was associated with inflammatory cells (eosinophils and mast
cells) in a previous study on BP.>* In line with this hypothe-
sis, a previous report of an EBA case with IgE deposition on
the BMZ showed eosinophil infiltration on histology.'” Among
our cases, we found descriptions of eosinophil infiltration on
histology in two cases that were positive for anti-type VII col-
lagen on IgE ELISA and IgE IIF. Continued accumulation of
cases is mnecessary to analyse the association between anti-
COL7 IgE and eosinophils.
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Alternatively, it is possible to analyse the pathogenesis of
anti-COL7 IgE in patients with EBA by injecting purified IgE
from a patient with positive reactivity on COL7 IgE ELISA into
human skin-grafted SCID mice, according to a previous study
on BP;'® however, we did not have a sufficient amount of
serum that showed positive reactivity on COL7 IgE ELISA. Fur-
ther investigations are necessary to determine the pathogenesis
of anti-COL7 IgE in patients with EBA.

To conclude, this study revealed that IgE antibodies specific
to the related antigen exist in EBA, similar to BP. Specific
treatment to target IgE, such as omalizumab, may be useful in
EBA.
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Additional Supporting Information may be found in the online

version of this article at the publisher’s website:

Fig S1. Specificity of antihuman IgE antibody used in this

study.

Fig S2. IgE type VII collagen enzyme-linked immunosor-

bent assay with/without adsorption by protein G.
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Figure S1. Specificity of anti-human IgE antibody used in this study.

Approximately 10 ng of blotted human IgG (purified from serum by Protein G) or IgE (reference
standard) in Enzyme Immunoassay for the Quantitative Determination of Immunoglobulin E (IgE) kit
(Immunospec, Canoga Park, CA) were incubated with FITC-conjugated anti-human IgG (Dako,
Denmark), Dylight 488-conjugated anti-human IgE (Novus Biologicals, Littleton, CO), HRP-
conjugated anti-human IgG (MBL Co. Ltd, Nagoya, Japan), or HRP-conjugated anti-human IgE
(Clone B3102ES8, Southern Biotechnology, Birmingham, AL), respectively. The bands were visualized
using a Typhoon 9500 laser scanner (GE Healthcare, Freiburg, Germany) or with TMB (ATTO, Tokyo,
Japan).
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Figure S2. IgE COL7 ELISA with/without adsorption by Protein G.

Randomly selected 16 sera before (preadsorption) and after adsorption (adsorption) from patients with
EBA were tested with IgE COL7 ELISA.
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Figure S2. IgE COLY7 with/without adsorption by Protein G.

Randomly selected 16 sera before (preadsorption) and after adsorption (adsorption) from patients
with EBA were tested with IgE COL7 ELISA.
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