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Objective: To determine the prevalence, immunoglob-
ulin subclass distribution, and clinical correlation of an-
tibodies (Abs), especially of IgE Abs, to BP180 and BP230
in patients with bullous pemphigoid (BP).

Design: Retrospective case series analysis.

Setting: Department of Dermatology, Nagasaki Univer-
sity Graduate School of Biomedical Science.

Patients: Serum samples from 37 patients with BP, 6
with pemphigus vulgaris, 5 with pemphigus foliaceus,
and 26 healthy controls (n=26) were examined by en-
zyme-linked immunosorbent assay.

Main Outcome Measures: Prevalence, immunoglob-
ulin subclass distribution, and clinical correlation of Abs,
especially of IgE Abs, to BP180 and BP230.

Results: IgG anti-BP180 and anti-BP230 Abs were de-
tected in 35 (95%) and 26 (70%) of the 37 BP serum
samples, respectively. IgG1 and IgG4 isotypes were posi-
tive in 32 (87%) and 25 (68%), respectively, of the BP
serum samples for anti-BP180 Abs, while they were de-

tected in 16 (44%) and 26 (70%), respectively, for anti-
BP230 Abs. IgE anti-BP180 and anti-BP230 Abs were
equally detected in 8 (22%) of the BP serum samples. Simi-
lar to IgG anti-BP180 Abs, the presence or levels of IgE
anti-BP180 Abs was associated with broader skin le-
sions. Furthermore, patients with BP positive for IgE anti-
BP180 Abs required longer duration for remission, higher
dosage of prednisolone, and more intensive therapies for
remission. By contrast, this was not true for those with
of IgE anti-BP230 Abs. Remarkably, when analyzed in
patients with BP who had a high titer of IgG anti-BP180
Abs, the presence or levels of IgE anti-BP180 Abs, but
not IgG anti-BP180 Abs, were associated with a more se-
vere form.

Conclusions: The present study suggests that IgE anti-
BP180 Abs are related to the disease severity and activ-
ity of BP. Moreover, it may be possible to identify treat-
ment-refractory patients with BP more specifically by
assessing the presence or levels of IgE anti-BP180 Abs
in those with a high IgG anti-BP180 Ab titer.
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B ULLOUS PEMPHIGOID (BP) IS

the most common blister-
ing autoimmune disease, in
which patients have auto-
antibodies, mostly of the IgG

class, to basement membrane zone (BMZ)
components. The 230-kDa intracellular
hemidesmosomal protein (BP230) and the
180-kDa transmembrane hemidesmo-
somal protein (BP180) have been identi-
fied as autoantigens in BP.1 It has been
shown that the combination of enzyme-
linked immunosorbent assay (ELISA) for
BP180 and ELISA for BP230 is the highly
sensitive method for the diagnosis of BP.2

Recently, specific ELISA kits have been
made commercially available to accu-
rately measure IgG anti-BP180 and BP230
antibody (Ab) levels in serum samples
from patients with BP. In addition, it has

been reported that IgG anti-BP180 Ab in-
dexes determined by ELISA correlate with
the disease activity.1 However, among pa-
tients with BP who had a high IgG anti-
BP180 Ab ELISA titer, we sometimes en-
counter treatment-refractory patients who
are resistant to moderate to high dosages
of prednisolone, and consequently re-
quire other interventions, such as meth-
ylprednisolone pulse therapy, double-
filtration plasmapheresis (DFPP), or other
immunosuppressive agents. It would be
difficult to identify these treatment-
refractory patients at the early stage of dis-
ease, based only on IgG anti-BP180 Ab lev-
els determined by ELISA.

The common features of BP are el-
evated serum total IgE levels and in-
creased eosinophil counts that correlate
with the disease severity.3,4 Moreover, the
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presence of IgE anti-BMZ Abs in the lesional skin and
serum has been reported.5,6 Therefore, it has been specu-
lated that IgE-dependent mechanisms play some patho-
physiologic roles in BP.7-9 A great deal of effort has been
made on the relationship between clinical features of BP
and subclass distribution of Abs, including IgE anti-
BP180 and BP230 Abs. Delaporte et al7 reported that IgE
anti-BP230 Abs were found in patients with a severe form
of BP, but IgE anti-BP180 Abs were not detected. By con-
trast, Hofmann et al10 have reported that IgE reactivity
to BP180 is clearly associated with a more severe phe-
notype of BP. In addition, Döpp et al11 have reported that
IgG4 and IgE are major isotypes of autoantibodies to
BP180 and that their serum levels reflect that disease
activity.

Thus, the presence or prevalence of IgE autoantibod-
ies to BP180 or BP230 and their clinical correlation were
still controversial. Furthermore, previous studies seemed
to be lacking in detailed clinical information regarding
the area of skin lesions, treatment methods, the dura-
tion necessary for remission, serum eosinophil counts,
serum IgE levels, and other laboratory data. Therefore,
it remained unknown whether these autoantibodies, es-
pecially IgE isotypes, were associated with the disease se-
verity and activity of BP or whether IgE autoantibodies
could be a useful serological marker to identify treatment-
refractory patients with BP. To clarify these issues, the
presence or levels of IgE anti-BP180 and BP230 Abs, IgG
subclass distribution, and their clinical correlation were
investigated in the present study.

METHODS

SERUM SAMPLES AND CLINICAL ASSESSMENT

Serum samples were obtained from 37 Japanese patients with
BP (19 women and 18 men). All patients represent typical clini-
cal, pathological, and immunological features of BP. By direct
immunofluorescence, all patients showed IgG or C3 deposi-
tion along the BMZ of peribullous skin. The mean (SD) age of
patients was 75 (11) years. Twenty-six age- and sex-matched
healthy Japanese individuals were used as normal controls. We
also used serum samples from 6 patients with pemphigus vul-
garis and 5 patients with pemphigus foliaceus as disease con-
trols. Fresh venous blood samples were centrifuged shortly af-
ter clot formation. All samples were stored at −70°C prior to
use. Physical examinations and laboratory tests with complete
medical histories were conducted for all patients. The area of
skin lesions including erythema, blisters, and erosions was mea-
sured as percentage of body surface area at the time of blood
sampling. A clinical remission was defined as follows: skin le-
sion healed completely, and only a low dose (�5 mg/d) of oral
prednisolone or no treatment was needed to maintain this con-
dition. Serial serum samples during the disease course were taken
from 2 treatment-refractory patients with BP (case 1, a 51-year-
old woman; and case 2, a 74-year-old woman). Although both
patients were resistant to the moderate to high dosage of pred-
nisolone or methylprednisolone pulse therapy, they were suc-
cessfully treated with DFPP. Treatments and clinical course of
each patient are summarized in Figure 1. Disease activity in
each patient was arbitrarily assessed on a scale of 1 (the remis-
sion stage) to 4 (the highest activity) as previously described.2

The protocol was approved by the Nagasaki University Gradu-
ate School of Biomedical Sciences and Nagasaki University Hos-

pital, Nagasaki, Japan, and oral informed consent was ob-
tained from all patients.

ELISA FOR AUTOANTIBODIES
TO BP180 AND BP230

Enzyme-linked immunosorbent assay for IgG anti-BP180 and
anti-BP230 Abs was performed using specific ELISA kits (MBL
Co Ltd, Nagoya, Japan) according to the manufacturer’s pro-
tocol. Results were evaluated as an index value that was cal-
culated according to the manufacturer’s instructions. The cut-
off value was 9 in both ELISA kits.

Enzyme-linked immunosorbent assay for IgE and IgG1-4
anti-BP180 and anti-BP230 Abs was performed using specific
BP180 and BP230 ELISA kits (MBL Co Ltd) and a Protein De-
tector ELISA kit (Kirkegaard & Perry Laboratories, Gaithers-
burg, Maryland). Briefly, the 48-well plates were coated with
recombinant BP180NC16A protein or BP230-N and -C pro-
tein. The serum samples (100 µL), diluted to 1:100, were added
to duplicate wells and incubated for 60 minutes at 20°C. The
plates were then incubated with horseradish peroxidase-
conjugated mouse antihuman IgG1-4 or IgE Abs (all Abs were
heavy-chain specific and diluted to 1:1500 [Beckman Coulter,
Fullerton, California]) for 60 minutes at 20°C. Substrate solu-
tion containing 2,2�-azinobis (3-ethylbenzthiazoline-6-
sulfonic acid) was added, and the optical density at 405 nm was
subsequently determined. Optical density values greater than
the mean�2 SD values of the normal controls were consid-
ered positive in this study.

ELISA FOR TOTAL SERUM IgE LEVEL

Total serum IgE levels were assayed using a specific ELISA kit
(DRG International Inc, Mountainside, New Jersey), accord-
ing to the manufacturer’s protocol. The total serum IgE level
in a normal, allergy-free adult is less than 100 IU/mL.

STATISTICAL ANALYSIS

Statistical analysis was performed using the Mann-Whitney test
for determining the level of significance of differences be-
tween sample means, the Fisher exact probability test for com-
parison of frequencies, and the Bonferroni test for multiple com-
parisons. Spearman rank correlation coefficient was used to
examine the relationship between 2 continuous variables. P�.05
was considered statistically significant.

RESULTS

IgE ANTI-BP180 AND ANTI-BP230 Abs BY ELISA

The level and presence of IgE anti-BP180 and anti-
BP230 Abs in serum samples from patients with BP, nor-
mal controls, and disease controls were assessed by ELISA
(Figure 2). Optical density values greater than the
mean�2 SD values (0.103 for IgE anti-BP180 Abs and
0.0892 for IgE anti-BP230 Abs) of the normal controls
were considered positive in this study. IgE anti-BP180
and anti-BP230 Abs were equally detected in 22% (8 of
37) of patients with BP, and either IgE anti-BP180 Abs
or anti-BP230 Abs were detected in 38% (14 of 37). By
contrast, IgE anti-BP180 Abs or anti-BP230 Abs were not
detected in patients with pemphigus vulgaris, those with
pemphigus foliaceus, and healthy individuals.
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IgG ANTI-BP180 AND ANTI-BP230 Abs BY ELISA
AND THEIR SUBCLASS DISTRIBUTION

Of 37 patients with BP, 35 (95%) and 26 (70%) had IgG
anti-BP180 Ab and anti-BP230 Ab ELISA index values,
respectively, that exceeded the cutoff value (�9). Of the
37 BP serum samples, 36 (97%) were positive for either
IgG anti-BP180 Abs or anti-BP230 Abs. Then, to char-
acterize the subclass distribution of IgG anti-BP180 and
anti-BP230 Abs, 37 BP serum samples were analyzed by
ELISA for the presence of IgG1-4 anti-BP180 and anti-
BP230 Abs (Figure 3). Optical density values greater

than the mean�2 SD values (0.158, 0.260, 0.148, and
0.068 for IgG1, IgG2, IgG3, and IgG4 anti-BP180 Abs,
respectively; 0.470, 0.325, 0.272, and 0.104 for IgG1,
IgG2, IgG3, and IgG4 anti-BP230 Abs, respectively) of
normal controls were considered positive in this study.
Of the 37 BP serum samples, IgG1 anti-BP180 Abs were
detected in 32 (87%), IgG2 anti-BP180 Abs were de-
tected in 7 (19%), IgG3 anti-BP180 Abs were detected
in 9 (24%), and IgG4 anti-BP180 Abs were detected in
25 (68%), and 16 (44%) were positive for IgG1 anti-
BP230 Abs, 5 (14%) were positive for IgG2 anti-BP230
Abs, 5 (14%) were positive for IgG3 anti-BP230 Abs, and
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Figure 1. Clinical course of 2 treatment-refractory patients with bullous pemphigoid. A, case 1; B, case 2. Abs indicates antibodies; DDS, diaphenylsulfone;
DFPP, double-filtration plasmapheresis; and OD, optical density.
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26 (70%) were positive for IgG4 anti-BP230 Abs. Thus,
IgG1 and IgG4 were the major isotypes of both anti-
BP180 and anti-BP230 Abs.

ASSOCIATION OF IgG AND IgE ANTI-BP180 Abs
WITH DISEASE SEVERITY AND ACTIVITY OF BP

Then, we assessed clinical correlation of IgE anti-BP180
and anti-BP230 Abs in patients with BP. The presence
of IgE anti-BP180 Abs was associated with broader skin
lesions (P=.02; Table). Patients with BP positive for IgE
anti-BP180 Abs required a higher prednisolone dosage
(P=.01), longer duration necessary for remission (P=.04),
and more intensive therapies (such as methylpredniso-

lone pulse therapy, DFPP, or other immunosuppressive
agents) for remission compared with those who were
negative (P=.03) (Table). IgE anti-BP180 Ab levels also
correlated positively with area of skin lesions (r=0.52;
P=.002), prednisolone dosage (r=0.44; P=.009), and du-
ration for remission (r=0.41; P=.03) (Figure 4A-C). In
addition, IgE anti-BP180 Ab levels correlated positively
with IgG2 anti-BP180 Ab levels (r=0.38; P=.02) and IgG4
anti-BP180 Ab levels (r=0.32; P=.04). However, there
was no significant correlation between IgE anti-BP180
Ab levels and IgG BP180 Ab levels (r=0.23; P=.17). In
addition, the presence or levels of IgE anti-BP180 Abs
did not correlate with any other laboratory data, includ-
ing serum eosinophil counts, IgE levels, white blood cell
counts, and C-reactive protein levels (data not shown).

On the other hand, the presence of IgE anti-BP230 Abs
was associated with elevated serum IgE levels (P� .001),
IgG anti-BP230 Abs (P� .001), IgG1 anti-BP230 Abs
(P=.001), and IgG4 anti-BP230 Abs (P� .001) (Table).
IgE BP230 Ab levels also correlated with serum total IgE
levels (r=0.48; P=.003), IgG BP230 Ab levels (r=0.68;
P� .001), IgG1 anti-BP230 Ab levels (r=0.55; P� .001),
and IgG4 anti-BP230 Ab levels (r=0.63; P� .001). How-
ever, the presence or levels of IgE anti-BP230 Abs did not
correlate with area of skin lesions (r=0.13; P=.46) and
other clinical parameters or laboratory data (data not
shown).

Regarding correlation of IgG and IgG1-4 anti-BP180
Ab or anti-BP230 Ab levels with clinical parameters, IgG
anti-BP180 Ab levels correlated positively with area of
skin lesions (r=0.69; P� .001), prednisolone dosage
(r=0.61; P� .001), and duration for remission (r=0.54;
P=.003) (Figure 4D-F). IgG anti-BP180 Ab levels also
correlated positively with IgG1 (r=0.72; P� .001), IgG2
(r=0.72; P� .001), IgG3 (r=0.43; P=.008), and IgG4 anti-
BP180 Ab levels (r=0.55; P� .001). IgG1 anti-BP180 Ab
levels correlated positively with area of skin lesions
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Figure 2. IgE anti-BP180 antibody (A) and IgE BP230 antibody (B) levels in
serum samples from patients with bullous pemphigoid (BP), those with
pemphigus vulgaris (PV), those with pemphigus foliaceus (PF), and healthy
controls (CTL). IgE anti-BP180 and BP230 antibody levels were determined
by enzyme-linked immunosorbent assay. The bars indicate the mean value in
each group; the dashed line, the mean�2 SD level of healthy controls. OD
indicates optical density.
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Figure 3. IgG anti-BP180 antibody (A) and IgG BP230 antibody (B) levels in patients with bullous pemphigoid and its subclass distribution. The results of IgG
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(r = 0.61; P � .001), prednisolone dosage (r = 0.48;
P=.004), duration for remission (r=0.38; P=.047), and
serum C-reactive protein levels (r=0.39; P=.03). IgG2
anti-BP180 Ab levels correlated positively with area of
skin lesions (r=0.71; P� .001), prednisolone dosage
(r = 0.45; P = .008), duration for remission (r = 0.59;
P� .001), and serum eosinophil counts (r=0.44; P=.01).
In addition, IgG4 anti-BP180 Ab levels correlated posi-
tively with area of skin lesions (r=0.49; P=.004), pred-
nisolone dosage (r=0.44; P=.009), and serum eosino-
phil counts (r=0.38; P=.03). However, IgG and IgG1-4
anti-BP180 Ab levels did not correlate with any other clini-
cal parameters or laboratory data (data not shown). On
the other hand, IgG anti-BP230 Ab levels correlated with
serum IgE levels (r=0.48; P=.003), IgG1 anti-BP230 Ab
levels (r=0.79; P� .001), and IgG4 anti-BP230 Ab lev-
els (r=0.78; P� .001). In addition, both IgG1 and IgG4
anti-BP230 Ab levels correlated with serum IgE levels
(r=0.43 [P=.008] and r=0.61 [P� .001], respectively);
however, they did not correlate with any other clinical
parameters or laboratory data, including area of skin le-
sions (data not shown).

We compared the levels of IgE or IgG anti-BP180 Abs
with the disease activity in 2 treatment-refractory pa-
tients with BP who were resistant to moderate to high

dosages of prednisolone. Levels of IgG anti-BP180 and
IgE anti-BP180 Abs correlated with the disease activity
during the course of the disease (Figure 1). Thus, both
IgG anti-BP180 and IgE anti-BP180 Abs were associated
with the disease severity and activity of BP, whereas nei-
ther IgG anti-BP230 Abs nor IgE anti-BP230 Abs were
associated with the disease severity as well as the dis-
ease activity of BP.

ASSOCIATION OF IgE ANTI-BP180 AB
WITH A MORE SEVERE FORM OF BP

We analyzed patients with BP who had high index val-
ues (�150) of IgG BP180 Abs (n=11 [4 patients with BP
were positive for IgE anti-BP180 Abs and 7 were nega-
tive]). Despite no significant difference in IgG anti-
BP180 Ab levels between patients with BP positive for
IgE anti-BP180 Abs and those who were negative
(Figure 5A), patients with BP positive for IgE BP180
Abs showed significantly broader skin lesions (P=.01)
and required a higher prednisolone dosage (P=.006) and
longer duration of remission (P=.01) (Figure 5B-D) com-
pared with those who were negative. Furthermore, IgE
anti-BP180 Ab levels showed strong correlation with area
of skin lesions (r=0.84; P=.002), prednisolone dosage

Table. Clinical and Laboratory Features of Patients With Bullous Pemphigoid (BP) Positive for IgE Anti-BP180 or Anti-BP230
Antibodies (Abs)

Characteristic

IgE Anti-BP180 Abs IgE Anti-BP230 Abs

Positive, Mean (SD)
(n=8)

Negative, Mean (SD)
(n=29)

P
Value

Positive, Mean (SD)
(n=8)

Negative, Mean (SD)
(n=29)

P
Value

Sex, No. (%)
Male 4 (50) 13 (45) .55b 5 (63) 12 (41) .25b

Female 4 (50) 16 (55) 3 (37) 17 (59)
Age, y 74 (12) 76 (11) .65c 78 (15) 75 (10) .32c

Disease duration, mo 8.5 (13.1) 4.6 (6.4) .37c 1.4 (1.1) 6.6 (9.2) .03c

Prednisolone dosage, mg/d 46 (23) 21 (18) .01c 27 (22) 26 (22) .80c

Intensive therapies, No. (%)a

Yes 4 (50) 3 (10) .03b 1 (13) 6 (21) .52b

No 4 (50) 26 (90) 7 (87) 23 (79)
Duration for remission, mo 2.6 (1.7) 1.2 (0.8) .04c 2.2 (1.7) 1.3 (0.9) .37c

Area of skin lesions, %BSA 44.5 (31.9) 14.8 (16.8) .02c 28.9 (30.9) 20.1 (22.9) .75c

Laboratory data
IgG anti-BP180 Abs, index 129.3 (90.8) 96.0 (70.0) .35c 127.4 (68.6) 96.5 (76.3) .25c

IgG1 anti-BP180 Abs, OD 1.615 (1.044) 1.203 (0.875) .32c 1.653 (0.833) 1.193 (0.925) .22c

IgG2 anti-BP180 Abs, OD 0.427 (0.551) 0.190 (0.268) .09c 0.335 (0.562) 0.216 (0.280) .39c

IgG3 anti-BP180 Abs, OD 0.216 (0.167) 0.268 (0.582) .44c 0.326 (0.460) 0.238 (0.540) .05c

IgG4 anti-BP180 Abs, OD 0.898 (0.853) 0.356 (0.598) .50c 0.418 (0.629) 0.488 (0.711) .79c

IgG anti-BP230 Abs, index 75.4 (59.2) 50.0 (46.9) .22c 115.7 (33.2) 38.9 (40.3) �.001c

IgG1 anti-BP230 Abs, OD 0.617 (0.639) 0.729 (0.692) .68c 1.480 (0.649) 0.491 (0.509) .001c

IgG2 anti-BP230 Abs, OD 0.124 (0.046) 0.176 (0.118) .55c 0.185 (0.084) 0.160 (0.115) .15c

IgG3 anti-BP230 Abs, OD 0.111 (0.014) 0.158 (0.080) .16c 0.121 (0.029) 0.155 (0.081) .53c

IgG4 anti-BP230 Abs, OD 1.253 (1.195) 0.788 (0.874) .37c 1.959 (0.568) 0.593 (0.820) �.001c

Eosinophil count, cells/µL 2791 (4421) 921 (1064) .59c 2163 (1847) 1210 (2548) .31c

WBC count, cells/µL 13 200 (7020) 8363 (3195) .06c 12 317 (6760) 8938 (4176) .29c

CRP, mg/L 0.20 (0.23) 0.22 (0.28) .92c 0.18 (0.21) 0.22 (0.28) .56c

IgE, IU/L 595 (368) 482 (310) .41c 854 (133) 411 (291) �.001c

Abbreviations: BSA, body surface area; CRP, C-reactive protein; OD, optical density; WBC, white blood cell.
SI conversion factors: To convert CRP to nanomoles per liter, multiply by 9.524; to convert WBC and eosinophil counts to �109/L, multiply by 0.001.
a Intensive therapy includes methylprednisolone pulse therapy, double-filtration plasmapheresis, and immunosuppressive agents.
bFisher exact test.
cMann-Whitney test.
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(r=0.70; P=.02), and duration of remission (r=0.86;
P� .001). By contrast, IgG BP180 Ab levels did not cor-
relate with any of these clinical parameters (data not
shown). Thus, IgE anti-BP180 Abs were associated with
a more severe form of BP among patients with BP who
had a high titer of IgG BP180 Abs.

COMMENT

In the present study, IgE anti-BP180 and IgE anti-
BP230 Abs were equally detected in 8 of 37 patients with
BP (22%). Interestingly, IgE anti-BP180 Ab levels corre-
lated with area of skin lesions. Furthermore, patients with
BP positive for this Ab required a higher prednisolone
dosage, longer duration necessary for remission, and more
intensive therapies for remission. In 2 treatment-
refractory patients with BP, IgE anti-BP180 Ab levels also
paralleled the disease activity. By contrast, neither the pres-
ence nor levels of IgE anti-BP230 Abs correlated with any
of these clinical parameters, except for serum total IgE
levels and IgG BP230 Ab levels. Thus, the results of the
present study indicate that an elevated IgE anti-BP180
Ab level is associated with the disease severity and ac-
tivity of BP, whereas the presence or levels of IgE anti-
BP230 Abs are not.

Delaporte et al7 reported that IgE anti-BP230 Abs were
found in patients with severe BP and that none of pa-
tients’ serum samples contained IgE autoantibodies to
BP180. The factors causing this discrepancy seem to be
the difference of assay system (ie, solid-phase radioim-
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munoassay or ELISA), or more importantly, selected
populations of patients with BP. In their study, all BP se-
rum samples were positive for anti-BP230 Abs by indi-
rect immunofluorescence; however, only 37% were posi-
tive for anti-BP180 Abs.7 By contrast, in the present study,
the prevalence of IgG anti-BP180 Abs (95%) was higher
than that of IgG anti-BP230 Abs (74%). Therefore, this
difference in the prevalence of IgG anti-BP180 and BP230
Abs may also be reflected as the difference in the preva-
lence of IgE autoantibodies.

Consistent with previous reports,1,10,12 in the present
study, IgG anti-BP180 Ab ELISA titer correlated with the
disease severity and activity of BP. Thus, both IgG and
IgE anti-BP180 Ab levels were associated with the dis-
ease activity and severity of BP. To investigate which iso-
type of Ab would be more specific for a more severe form
of BP, we analyzed clinical correlation of IgE or IgG anti-
BP180 Abs in patients with BP who had a high (�150)
IgG BP180 Ab titer. Remarkably, the presence or levels
of IgE anti-BP180 Abs were associated with broader skin
lesions, and higher prednisolone dosage and longer du-
ration required for remission. By contrast, IgG anti-
BP180 Ab levels did not correlate with any of these para-
meters. Collectively, these results suggest that the presence
of IgE anti-BP180 Abs in patients with BP who had a high
IgG BP180 Ab ELISA titer could identify a more severe
form of BP and that this IgE autoantibody is more useful
than IgG anti-BP180 Ab to distinguish more patients with
severe BP.

In the present study, we found that IgG1 and IgG4
were major IgG subclasses in patients with BP. In a mouse
model, IgG anti-BP180 Abs with activated complement
are pathogenic for blister formation.13 Because IgG1 and
IgG3 are the IgG subclasses with the strongest comple-
ment fixing properties,11 these Abs are considered of
pathogenic relevance for blister formation in BP. Con-
sistently, IgG1 anti-BP180 Ab levels correlated with the
disease severity of BP. In addition to the effect of acti-
vated complement by these IgG autoantibodies, cellular
mechanisms including mast cells, T-helper (TH) cells,
monocytes/macrophages, neutrophils, eosinophils, and
their mediators have been suggested to be involved in blis-
ter formation in BP.14 Human B cells can be induced to
proliferate and to switch with high frequencies to IgG4
and IgE production by TH2 cytokines, such as interleu-
kin (IL)-4 and IL-13 that are elevated in the BP blister
fluid.14-19 The correlation of IgE anti-BP180 Ab levels with
disease severity, together with the findings that IgG4 was
a major IgG subclass and that both IgE anti-BP180 Ab
and anti-BP230 Ab levels correlated with IgG4 anti-
BP180 and anti-BP230 Ab levels suggest the possible rel-
evance of TH2 cells in the development of BP. Further-
more, it has been reported that there are IgE-bearing mast
cells and eosinophils in the dermis of patients with BP7,20

and that basophils from untreated patients with BP re-
lease histamine in response to exposure to recombinant
NC16A.20 In a mouse model, Fc receptor–deficient mice
are resistant to experimental BP.21,22 Therefore, it has been
speculated that IgE anti-BP180 Abs are bound to eosin-
ophils and mast cells through a high-affinity receptor for
IgE in the lesional tissue of BP and that exposure of NC16A
to these cells causes the degranulation and release of

chemical mediators, such as histamine and tryptase, set-
ting off an inflammatory cascade.8 Our finding that IgE
anti-BP180 Abs were associated with a more severe form
of BP may support this possibility. Moreover, it has been
reported that glucocorticoids up-regulate CD40 ligand
expression on lymphocytes.18 As CD40 ligand syner-
gizes with IL-4 in activating deletional switch recombi-
nation to IgE, its up-regulation induces the synthesis of
IgE by IL-4–stimulated human B cells.18,23,24 This may be
one of the reasons why patients with BP positive for IgE
anti-BP180 Abs required a higher prednisolone dosage
to control the disease.

Although systemic corticosteroids are considered the
standard treatment,25 BP is most common in elderly pa-
tients who poorly tolerate systemic corticosteroids. It has
been shown that a high dose of systemic corticosteroids
is more hazardous because of incidence and severity of
adverse reactions.26,27 Therefore, steroid-sparing thera-
pies are important. As patients with BP positive for IgE
anti-BP180 Abs had a severe form of disease and re-
quired a higher prednisolone dosage, it would be pref-
erable not to increase prednisolone dosage but to add other
steroid-sparing therapies at the early stage of disease. In
2 patients with severe BP, prednisolone dosage could be
successfully decreased by adding DFPP without severe
adverse effects. Several studies have suggested that plas-
mapheresis is effective as a steroid-sparing agent in the
treatment of BP.28,29 Furthermore, DFPP has a safety ad-
vantage because it removes only high-molecular-weight
proteins including immunoglobulins, but not low-
molecular-weight proteins such as albumin.30 There-
fore, although the effectiveness of the plasmapheresis has
not been established so far,27 it is a possible steroid-
sparing therapy for a severe form of BP.

In conclusion, the present study suggests that IgE
anti-BP180 Abs are related to the severity and activity
of BP. In addition, it may be possible to identify
treatment-refractory patients with BP more specifically
by evaluating the presence or levels of IgE anti-BP180
Abs in those with a high IgG anti-BP180 Ab titer
determined by ELISA.
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