IgG4 and IgE are the major immunoglobulins
targeting the NC16A domain of BP180 in bullous
pemphigoid: Serum levels of these
immunoglobulins reflect disease activity
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Background: Bullous pemphigoid (BP) is an autoimmune blistering disease associated with auto-
antibodies against the hemidesmosomal glycoprotein BP180. The noncollagenous (NC)16A domain of
BP180 has recently been shown to harbor major antigenic sites recognized by BP sera.

Objective: The purpose of this study was to characterize the subclass distribution and fine specificities of
autoantibodies to BP180 NC16A present in the circulation of patients with BP before, and during the course
of, therapy for this disease.

Methods: Eighteen BP sera were analyzed by immunoblotting and enzyme-linked immunosorbent assay
for the presence of IgG1, IgG2, IgG3, 1gG4, and IgE reactive with various sites on the BP180 NC16A domain.
The sera were collected before treatment was started and at 4- and 8-week time points after initiation of
treatment.

Results: We identified IgG4 and IgE as the major immunoglobulins that preferentially react with two
distinct epitopes (MCW-1 and MCW-2) within BP180 NC16A. Levels of these autoantibodies correlated with
disease activity in BP. During the course of disease, no change was observed with regard to the
immunoglobulin subclass predominantly reacting with BP180 NC16A or the specific epitopes within this
domain.

Conclusion: Our data demonstrate that remission of BP is paralleled by a decrease of serum levels of IgE

and the different IgG subclasses reactive with BP180 NC16A. (J Am Acad Dermatol 2000;42:577-83.)

ullous pemphigoid (BP) is an autoimmune
subepidermal blistering disease character-
ized by the linear deposition of IgG and C3 at
the cutaneous basement membrane zone (BMZ).!
Autoantibodies in BP are directed against two
hemidesmosomal proteins designated BP230 and
BP180.25 BP230 localizes to the intracellular
hemidesmosomal plaque.® In contrast, BP180 is a
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transmembrane glycoprotein with a large extracellu-
lar portion that spans the lamina lucida of the BMZ
and consists of 15 interrupted collagen domains.”
Data from a passive transfer animal model strongly
suggest that antibodies to BP180 are directly
involved in the pathogenesis of BP8 Epitope map-
ping studies have shown that the membrane-proxi-
mal noncollagenous (NC)16A domain of human
BP180 harbors a cluster of antigenic sites recognized
by the vast majority of BP sera.? With the NC16A
domain used as the antigenic target, a highly sensi-
tive and specific enzyme-linked immunosorbent
assay (ELISA) has been developed that detects anti-
BP180 antibodies in more than 90% of BP sera.l0
More recently, we have shown that serum levels of
antibodies specific for BP180 NC16A, in contrast to
immunofluorescence titers of anti-BMZ antibodies,
correlate with disease activity in patients with BR! In
this study, 18 BP sera were investigated for the sub-
class distribution of antibodies to full-length BP180
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Fig 1. Schematic diagram of BP180 and recombinant forms of the NC16A domain used in this
study: The intracellular portion of BP180 associates with the hemidesmosomal plaque (FP) of
the basal keratinocyte (BK). The transmembrane region is labeled 7M. The extracellular
domain of BP180, consisting of 15 interrupted collagen domains (shaded boxes), completely
traverses the lamina lucida (ZL) and projects into the lamina densa (2D).7:37 The NC16A
domain has been subdivided into 5 regions, each of approximately 15 amino acids in length.
Each of the fusion proteins contains an N-terminal GST-moiety (not shown). Amino acid

residue numbers are shown above the boxes.

NC16A and recombinant fragments of this domain.
In addition, we analyzed the change of this reactivity
during the course of the disease.

MATERIAL AND METHODS
Human and rabbit sera

Sera from 18 patients with BP were included in
this study. Eleven patients were men and 7 women.
The ages of the patients ranged from 50 to 91 years
(median, 72 years). By direct immunofluorescence
(DIF), linear deposits of C3 and/or IgG at thc BMZ
of perilesional skin biopsy specimens were
revealed. By indirect immunofluorescence (ITF) on
1 mol/L NaCl-split human skin, circulating autoanti-
bodies labeled the epidermal side of the split in all
patients. All BP sera contained autoantibodies
against BP180 NC16A as determined by both ELISA
and immunoblot analysis. Blood samples were
obtained before treatment was started and at 4- and
8-week time points after initiation of treatment.
Patients were treated with a combination of oral
prednisolone plus dapsone or doxycycline plus
nicotinamide. Treatment was tapered according to
clinical improvement as described previously.11,12
Sera from 50 healthy volunteers were used as con-
trols. Rabbit serum R58 was raised against recombi-
nant glutathione S-transferase (GST).?

Preparation of human BP180 recombinant
proteins

The following previously described GST fusion
proteins containing full-length BP180 NC16A and

various fragments of this domain were expressed in
Escherichia coli DH5o: GST-NC16A1, GST-NC16A2,
GST-NC16A2.5, GST-NC16A3, GST-NC16A1-3, and
GST-NC16A1-5 (Fig 1). Fusion proteins were purified
by glutathione agarose affinity chromatography.?

Immunoblotting

Protein extracts were fractionated by 15% sodium
dodecylsulfate—polyacrylamide gel electrophoresis
and electrophoretically transferred to nitrocellulose.?
After blocking in 3% solution of skimmed milk
powder in TBST (0.02 mol/L TRIS-[hydromethyl]-
aminomethan, 0.14 mol/I. NaCl, Tween-20 0.01%, pH
7.5) buffer for 45 minutes, blots were incubated for 4
hours with human (1:100 in 1% TBST bovine serum
albumin [BSA]) or rabbit (1:500) serum. Bound anti-
bodies were visualized enzymatically with the use of
peroxidase-conjugated secondary antibodies at the
following dilutions: rabbit anti-human IgG 1:15,000
(DAKO, Glostrup, Denmark), monoclonal mouse anti-
human IgG1 1:1,000, anti-IgG2 1:500, anti-IgG3 1:200,
anti-IgG4 1:4,000, and sheep anti-human IgE 1:100
(all Binding Site, Birmingham, UK). Sensitivities of
secondary monoclonal antibodies used at their work-
ing dilutions were shown to be comparable by
immunoblot analysis against equal amounts of human
myeloma proteins.!3

ELISA

The procedure for development of the optimal
working conditions of the ELISAs to detect IgE, IgG1,
1gG2, IgG3, and IgG4 autoantibodies to NC16A1-5
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Table 1. Immunoglobulin subclass distribution of
autoantibodies to BP180 NC16A in sera from
patients with bullous pemphigoid*
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Table II. NC16A2 and NC16A2.5 are the major
antigenic sites targeted by IgG subclasses and IgE
before treatment is initiated*

BP sera IgG1 IgG2 1gG3 1gG4 IgE
BP-1 + + - + ++
BP-2 + - + ++ +
BP-3 + - + ++ ++
BP-4 + + - - +
BP-5 ++ ++ ++ + ++
BP-6 - - + - -
BP-7 + - - - -
BP-8 - ++ - + -
BP-9 - - - ++ -
BP-10 ++ ++ + ++ +
BP-11 - - + - -
BP-12 ++ + + ++ +
BP-13 - - - + +
BP-14 - + - - ++
BP-15 - - - ++ +
BP-16 + - ++ - -
BP-17 - ++ - + -
BP-18 - - - + -

Positive sera 50% 44% 44% 66% 55%

*BP sera (n = 18) were depleted of anti-GST immunoreactivity and
assayed for immunoblot reactivity with recombinant GST-NC16A1-
5.

followed a previous protocol.?9 Briefly, analysis of
the different plots generated by chessboard titra-
tions of serial dilutions of antigen (4 ng-9 ug), pri-
mary antibody (25- to 1600-fold dilution of BP
serum), and secondary antibody (50- to 16,000-fold
dilutions) demonstrated that coating of each well
with 400 ng of GST-NC16A1-5 and a 50-fold dilution
of the primary antibody vielded the highest level of
discrimination. The 6 different ELISAs to detect poly-
clonal 1gG, IgE, and IgG subclasses were performed
according to the following protocol: each well was
coated with purified recombinant GST-NC16A1-5 for
2 hours. Wells were then washed with phosphate-
buffered saline (PBS), pH 7.4, and blocked for 1 hour
with PBS containing 1% BSA (Sigma, Deisenhofen,
Germany). Subscquently, wells were incubated for 1
hour with serum (BP or control) diluted 50-fold
in PBS containing 1% BSA and 0.05% Tween-20
(Sigma). After washing, wells were reacted for 1 hour
with peroxidase-labeled rabbit anti-human IgG
(1:10,000) and monoclonal mouse anti-human IgG1
(1:600), 1gG2 (1:300), IgG3 (1:200), IgG4 (1:3000),
or sheep anti-human IgE (1:100). Followed by anoth-
er series of washes, o-phenylenediamine in 0.01%
H,0, was added to each well. After 10 minutes, the
reaction was stopped and the optical density (OD)
was read at 492 nm. Each serum was analyzed in trip-

BP 180 NC16A

Antibody 15 13 3 2.5 2 1

1gG1 100%  100% 0% 60% 80% 80%
lgG2 100% 100% 40% 100% 60% 20%
lgG3 100% 100% 0% 33% 66% 0%
lgG4 100% 100% 40% 80% 60% 20%
IgE 100% 100% 0% 33% 100% 33%

*Eight BP sera that showed the strongest reactivity of
immunoglobulin subclasses with full-length BP180 NC16A were
assayed by immunoblotting, after depletion of anti-GST reactivity,
against different fragments of this domain.

licate for reactivity with both GST-NC16A and recom-
binant GST alone. The mean OD reading obtained
with GST was subtracted from the mean OD reading
for GST-NC16A. To minimize plate-to-plate variability,
each ELISA plate included the same 4 internal con-
trols.19 The cut-off value was set at an OD reading
corresponding to the mean value of 50 negative con-
trol sera + 2 SD.

RESULTS
IgG4 and IgE are the major immunoglobulin
isotypes targeting BP180 NC16A before
initiation of treatment in patients with BP
Serum samples obtained from 18 BP patients
before initiation of treatment were analyzed by
immunoblotting for reactivity to BP180 NC16A. Sixty-
six percent of these BP sera contained IgG4, 50%
IgG1, 44% I1gG2, and 44% IgG3 antibodies that
showed specific reactivity in this assay. In addition,
55% of these BP sera contained IgE autoantibodies
that were reactive with the NC16A domain. The
results of this analysis are summarized in Table 1.

NC16A2 and NC16A2.5 are the major antigenic
sites targeted by IgG subclasses and IgE
autoantibodies before initiation of treatment
Eight BP sera obtained before treatment was initi-
ated were preadsorbed against recombinant GST
and assayed by immunoblotting for reactivity with 6
recombinant forms of the human BP180 NC16A
domain (GST-NC16A1, GST-NC16A2, GST-NC16A2.5,
GST-NC16A3, GST-NC16A1-3, and GST-NC16A1-5).
Equal amounts of the various recombinant proteins
were used for this analysis as confirmed by
immunoblotting with R58 serum. IgE and the 4 dif-
ferent IgG subclasses targeted 4 distinct antigenic
sites within BP180 NC16A. GST-NC16A2 (MCW-1)
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Fig 2. The fine specificity of immunoglobulins targeting
epitopes within BP180 NC16A does not change during the
course of the disease. Results of a representative patient
(BP-1; see Table I) are shown. Blots containing equal
amounts of fusion proteins GST-NC16A1-5, GST-NC16A1-
3, GST-NC16A3, GST-NC16A2.5, GST-NC16A2, GST-
NC16A1 (lanes 1-6, respectively) were labeled with BP
serum (1:100) before treatment (A) and after 4 weeks of
therapy and marked clinical improvement (B).
Autoantibodies were visualized using peroxidase-conju-
gated monoclonal antibodies against anti-human IgG1,
IgG2, IgG4, and IgE. Molecular weight markers corre-
sponding to 66, 45, 31, 21, and 14 kd are indicated at right.

and GST-NC16A2.5 (MCW-2) were the two epitopes
most consistently recognized. GST-NC16A1 (MCW-0)
and GST-NC16A3 (MCW-3) were targeted less fre-
quently. 'Taking together the reactivity of all isotypes,
GST-NC16A2 was recognized by 71%, GST-NC16A2.5
by 66%, GST-NC16A1 by 33%, and GST-NC16A3 by
19% of BP sera. Results of this analysis are summa-
rized in Table II, and representative patterns of reac-
tivity are shown in Fig 2, A.

Serum levels of IgG subclasses and IgE
antibodies to BP180 NC16A parallel disease
activity during the course of the disease

In 10 BP patients, immunoglobulin subclass reac-
tivity against NC16A was assayed by ELISA before
treatment was initiated as well as 2, 4, 6, and 8 weeks
later. In all BP sera, levels of antibodies against BP180
NC16A decreased during the observation period.
This decrease included all IgG subclasses and IgE
autoantibodies. A representative example is shown
in Fig 3.

The fine specificity of autoantibodies to
epitopes within BP180 NC16A does not change
during the course of the disease

In 8 BP patients, the fine specificity of autoanti-
bodies to the various fragments of NC16A was
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monitored by immunoblotting before treatment
was initiated and 4 weeks later. After 4 weeks of
treatment, at which time there was significant clin-
ical improvement, all BP sera showed a marked
decrease in levels of IgG subclasses and IgE autoan-
tibodies to the samc antigenic sites that were tar-
geted before therapy. No change in the pattern of
reactivity was observed (Fig 2).

DISCUSSION

By DIF and IIF microscopy or Western blot analy-
sis of epidermal extracts, IgG4 and IgG1 have been
identified as the major IgG subclasses of autoanti-
bodies in BR1418 Immunofluorescence analysis,
however, may detect antibodies to different compo-
nents of the BMZ, including both BP180 and BP230.
On the other hand, Western blotting of epidermal
extracts is capable of identifying antibodies specific
to BP180, but cannot differentiate between reactivity
to different antigenic sites within BP180. Antibodies
to various extracellular and intracellular epitopes of
BP180 have recently been described in BP sera.%:19-21
However, data from a passive transfer mouse model
of BP suggest that autoantibodies to the NC16A
domain of BP180 are of pathogenic relevance for
blister formation in BE8 The aim of the present study
was to characterize reactivity of IgG Subclasses and
IgE autoantibodies to full-length NC16A and recom-
binant fragments of this domain before and during
treatment.

We found that IgG4 (66%) and IgG1 (50%) anti-
bodies were the major IgG subclasses targeting
BP180 NC16A before treatment was initiated; this is
similar to data of immunofluorescence microscopy
and Western blot analysis of epidermal extracts. 1418
In 44% of the BP sera, we detected IgG2 and IgG3
antibodies to BP180 NC16A, which is in contrast to
immunofluorescence and immunoblotting studies
that found IgG2 and IgG3 autoantibodies in only a
small minority of BP sera. IgG1 and IgG3 are the 1gG
subclasses with the strongest complement fixing
properties?2 and may account for complement acti-
vation by the classical pathway in the skin of BP
patients. In fact, complement activation has been
shown to be a prerequisite for blister formation in an
in vitro model and the passive transfer mouse model
of BP23,24 Interestingly, in 44% of our BP sera, no
IgG1 or IgG3 antibodics to BP180 NC16A were
detected. In this subset of BP patients, complement
may be activated by the alternative pathway.
Components of the alternative pathway have previ-
ously been identified in blister fluid and lesional skin
of BP patients.25:26

We have recently demonstrated that reactivity of
BP sera to BP180 NC16A is mainly restricted to 4 dif-
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Fig 3. Levels of IgG subclasses and IgE antibodies to BP180 NC16A decrease with clinical
improvement of BP Data are shown for one representative patient (BP-1; see Table I). Serum
reactivity to BP180 NC16A (diamonds) was mcasurcd by ELISA. Samples were analyzed in trip-
licates and results are expressed as mean of OD g, readings. The cut-offs (mean of controls +
2 SD) of the different assays are shown as dotted lines.

ferent epitopes clustered within the N-terminal por-
tion of NC16A (MCW-0 through MCW-3).2 In the
present study, we also addressed the question of
whether certain subclasses of BP autoantibodies
preferentially react with specific epitopes within
NC16A. The antigenic sites most consistently recog-
nized by all IgG subclasses were NC16A2 (MCW-1)
and NC16A2.5 (MCW-2). Less frequent reactivity was
seen against NC16A1 (MCW-0) and NC16A3 (MCW-
3). Consistent with previous observations,? no reac-
tivity was detected with NC16A4 (MCW-4) and
NC16A5 (MCW-5). Interestingly, sera from patients
with lichen planus pemphigoides were recently
found to react with MCW-4.27 In the present study,
we did not detect a preferential binding of certain
IgG subclasses in BP sera with specific epitopes with-
in NC16A.

Antibodies to BP180 NC164, in contrast to IIF
titers of anti-BMZ antibodies, parallel disease activity
in BP patients.!! In the present study, we addressed
the question of whether a certain IgG subclass or
reactivity with a certain antigenic site within BP180
NC16A is preferentially linked with disease activity.
Using the BP180 NC16A ELISA, we investigated 10 BP
sera for their levels of IgG subclasses before and dur-

ing treatment. All IgG subclasses of anti-BP180 anti-
bodies decreased in parallel according to a decrease
of disease activity. After 8 weeks of therapy and a
marked clinical improvement in all patients, levels of
all 4 IgG subclasses were close to, or below, the cut-
off of the ELISA. When the reactivity of IgG subclass-
es with various recombinant fragments of BP180
NC16A was monitored over time, we found that the
different IgG subclasses targeted the same epitopes
at the pretreatment and the 4-week posttreatment
time points.

Elevated IgE levels in sera and blister fluid of BP
patients have been reported, and binding of circulat-
ing IgE antibodies along the BMZ is also found in cer-
tain BP patients.28:29 Before this study, IgE reactivity
was only reported to BP230.30:31 Using our
immunoblot system, we detected IgE reactivity to
BP180 NC16A in 55% of BP sera. This discrepancy is
likely due to the lower sensitivity of immunoblotting
of epidermal or keratinocyte extracts to detect anti-
BP180 antibodies compared with the use of recom-
binant BP180 proteins and ELISA, as was described
previously.l? When the fine specifities of IgE anti-
bodies to BP180 were studied, MCW-1 and MCW-2
were identified as the major antigenic sites within
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NC16A targeted by IgE. As was the case with the IgG
subclasses, serum concentrations of IgE anti-BP180
antibodies paralleled disease activity, and no change
of the specific target epitopes was noticed during
the course of the disease. Interestingly, we found the
highest reactivity with BP180 NC16A for IgG4 and
IgE autoantibodies. IgG4 and IgE production is reg-
ulated concordantly and requires the stimulation of
T helper 2 (Ty2) cells. Interleukin (IL) 4, IL-13, and
sCD23 have been shown to be involved in this
process.3233 In sera or blister fluid of BP patients,
elevated levels of IL-4, IL-13, and sCD23 have been
detected,313435 and autoreactive Tp2 cells in the
peripheral blood of BP patients have been identi-
fied.36 Taken together, these data support the con-
cept that Ty2-mediated immune mechanisms may
contribute to the pathogenesis of BP

In conclusion, we demonstrate that circulating
IgG4 and IgE antibodies are the major immunoglob-
ulins preferentially targeting two distinct epitopes on
BP180 NC16A (MCW-1 and MCW-2). In addition, we
show that levels of IgG subclasses and IgE antibodies
to BP180 NC16A parallel disease activity. In contrast,
the fine specificity of autoantibodies to the different
epitopes within BP180 NC16A does not change dur-
ing the course of the disease.

We thank Drs Luis A. Diaz and George J. Giudice,
Milwaukee, Wisconsin, for providing us with BP180 recom-
binant proteins and Karin Obe, Wiirzburg, for help with
the ELISA studies.

REFERENCES

1. Zillikens D. Acquired skin disease of hemidesmosomes. J
Dermatol Sci 1999;20:134-54.

2. Stanley JR, Hawley-Nelson P, Yuspa SH, Shevach EM, Katz SI.
Characterization of bullous pemphigoid antigen: a unique
basement membrane protein of stratified squamous epithelia.
Cell 1981;24:897-903.

3. Stanley JR, Tanaka T, Mueller S, Klaus-Kovtun V, Roop D.lsolation
of complementary DNA for bullous pemphigoid antigen by use
of patients’ autoantibodies.J Clin Invest 1988;82:1864-70.

4. Diaz LA, Ratrie Il H, Saunders WS, Futamura S, Squiquera HL,
Anhalt GJ, et al. Isolation of a human epidermal cDNA corre-
sponding to the 180-kD autoantigen recognized by bullous
pemphigoid and herpes gestationis sera: immunolocalization
of this protein to the hemidesmosome. J Clin Invest
1990,86:1088-94.

5. Giudice GJ, Emery DE, Diaz LA. Cloning and primary structural
analysis of the bullous pemphigoid autoantigen, BP 180. J
Invest Dermatol 1992;99:243-50.

6. TanakaT,Korman NJ, Shimizu H, Eady RAJ, Klaus-Kovtun V, Cehrs
K, et al. Production of rabbit antibodies against carboxy-termi-
nal epitopes encoded by bullous pemphigoid cDNA. J Invest
Dermatol 1990;94:617-23.

7. Zillikens D, Giudice GJ. BP180/type XVl collagen: its role in
acquired and inherited disorders of the dermal-epidermal
junction. Arch Dermatol Res 1999;291:187-94.

8. Liu Z, Diaz LA, Troy JL, Taylor AF, Emery DJ, Giudice GJ. A passive
transfer model of the organ specific autoimmune disease, bul-

20.

21.

22.

23.

24,

25,

26.

] AM AcAD DERMATOL
ApriL 2000

lous pemphigoeid, using antibodies generated against the
hemidesmosomal antigen, BP180. J Clin Invest 1993;92:2480-8.

. Zillikens D, Rose PA, Balding SD, Liu Z, Olague-Marchan M, Diaz

LA.Tight clustering of extracellular BP180 epitopes recognized
by bullous pemphigoid autoantibodies. J Invest Dermatol
1997;109:573-9.

. Zillikens D, Mascaro JM, Rose PA, Liu Z, Ewing SM, Caux F, et al. A

highly sensitive enzyme-linked immunosorbent assay for the
detection of circulating anti-BP180 autoantibodies in patients
with bullous pemphigoid. J Invest Dermatol 1997;109:679-83.

. Schmidt E, Obe K, Brocker EB, Zillikens D. Serum levels of

autoantibodies to BP180 correlate with disease acitivity in
patients with bullous pemphigoid. Arch Dermatol In press.

. Hornschuh B, Hamm H, Wever S, Hashimoto T, Schroder U,

Brocker EB, et al. Treatment of 16 patients with bullous pem-
phigoid with oral tetracycline and niacinamide and topical clo-
betasol.J Am Acad Dermatol 1997;36:101-3.

. Chimanovitch [, Schmidt E, Messer G, Dépp R, Partsch K, Brécker

EB, Zillikens D.1gG1 and 1gG3 are the major immunoglobulin
subclasses targeting epitopes within the NC16A domain of
BP180 in pemphigoid gestationis. J Invest Dermatol 1999;
113:140-2.

. Bird P, Friedmann PS, Ling N, Bird AG, Thompson RA. Subclass

distribution of IgG antibodies in bullous pemphigoid. J Invest
Dermatol 1986;86:21-5.

. Yamada H, Hashimoto T, Nishikawa T.1gG subclasses of intercel-

lular and basement membrane zone antibodies: the relation-
ship to the capability of complement fixation. J Invest Dermatol
1989;92:585-7.

. Brooks WS, Lee YY, Abell E, Deng JS. Comparison of subclasses

and complement binding activity of autoantibodies from
patients with bullous pemphigoid and pemphigus. J Clin Lab
Anal 1989;3:307-11.

. Bernard P, Prost C, Aucouturier P, Durepaire N, Denis F,

Bonnetblanc JM, et al.Immunoblot analysis of IgG subclasses of
circulating antibodies in bullous pemphigoid. Clin Immunol
Immunopathol 1990;54:484-94.

. Suzuki M, Harada S, Kanazawa K, Kitajima Y, Yaoita H.

Relationship between antigens and IgG subclasses in bullous
pemphigoid. Autoimmunity 1994;18:217-25.

. Egan CA, Taylor TB, Meyer LJ, Petersen MJ, Zone JJ. Bullous pem-

phigoid sera that contain antibodies to BPAg2 also contain
antibodies to LABD97 that recognize epitopes distal to the
NC16A domain. J Invest Dermatol 1999;112:148-52.

Nie Z, Hashimoto T. IgA antibodies of cicatricial pemphigoid
sera specifically react with the C-terminus of BP180. J Invest
Dermatol 1999;112:254-5.

Perriard J, Jaunin F, Favre B, Budinger L, Hertl M, Saurat JH, et al.
lgG autoantibodies from bullous pemphigoid (BP) patients
bind antigenic sites on both the extracellular and the intracel-
lular domains of the BP antigen 180.J Invest Dermatol 1999;
112:141-7.

Dahl MV.Clinical immunodermatology. St Louis: Mosby; 1996. p.
19-24.

Gammon WR, Merritt CC, Lewis DM, Sams WM, Carlo R, Wheeler
CE. An in vitro model of immune complex-mediated basement
membrane zone separation caused by pemphigoid antibodies,
leukocytes and complement. J Invest Dermatol 1982;78:285-90.
Liu Z, Giudice GJ, Swarz SJ, Fairley JA, Till GO, Troy JL, et al. The
role of complement in experimental bullous pemphigoid.J Clin
Invest 1995;95:1539-44.

Provost TT, Tomasi B Jr. Evidence for complement activation via
the alternate pathway in skin diseases |. Herpes gestationis, sys-
temic lupus erythematosus, bullous pemphigoid. J Clin Invest
1973;52:1779-87.

Jordon RE, Kawana S, Fritz KA. Immunopathologic mechanisms



J Am ACAD DERMATOL
VOLUME 42, NUMBER 4

27.

28.

29.

30.

31.

in pemphigus and bullous pemphigoid. J Invest Dermatol
1985;85(Suppl):72s-78s.

Zillikens D, Caux F, Mascaro JM, Wesselmann U, Schmidt E, Prost
C, et al. Autoantibodies in lichen planus pemphigoides react
with a novel epitope within the C-terminal NC16A domain of
BP180. J Invest Dermatol 1999;113:127-31.

Parodi A, Rebora A.Serum IgE antibodies bind to the epidermal
side of the basement membrane zone splits in bullous pem-
phigoid. Br J Dermatol 1992;126:526-7.

Soh H, Hosokawa H, Asada Y.IgE and its related phenomena in
bullous pemphigoid. Br J Dermatol 1993;128:371-7.

Delaporte E, Dubost-Brama A, Ghohestani R, Nicolas JF,
Neyrinck JL, Bergoend H, et al. IgE autoantibodies directed
against the major bullous pemphigoid antigen in patients with
a severe form of pemphigoid. J immunol 1996;157:3642-7.
Ghohestani RF, Cozzani E, Delaporte E, Nicolas JF, Parodi A,
Claudy A, et al.IgE antibodies in sera from patients with bullous
pemphigoid are autoantibodies preferentially directed against
the 230-kDa epidermal antigen (BP230). J Clin Immunol
1998;18:202-9.

32.

33.

34.

35.

36.

37.

Dépp et al 583

McKenzie GJ, Bancroft A, Grencis RK, McKenzie AN. A distinct
role for interleukin-13 in Th2-cell-mediated immune responses.
Curr Biol 1998;12:339-42.

de Vries JE, Carballido JM, Aversa G. Receptors and cytokines
involved in allergic TH2 cell responses. J Allergy Clin Immunol
1999;103:492-6.

Schmidt E, Brocker EB, Zillikens D. High levels of soluble CD23 in
blister fluid of patients with bullous pemphigoid. Arch
Dermatol 1995;131:966-7.

Schmidt E, Bastian B, Dummer R, Tony HP, Brocker EB, Zillikens D.
Detection of elevated levels of IL-4, IL-6,and IL-10 in blister fluid
of bullous pemphigoid. Arch Dermatoi Res 1996;288:353-7.
Budinger L, Borradori L, Yee C, Eming R, Ferencik S, Grosse-Wilde
H, et al.Identification and characterization of autoreactive T cell
responses to bullous pemphigoid antigen 2 in patients and
healthy controls. J Clin Invest 1998;102:2082-9.

Hirako Y, Usukura J, Nishizawa Y, Owaribe K, Demonstration of
the molecular shape of BP180, a 180-kDa bullous pemphigoid
antigen and its potential for trimer formation. J Biol Chem
1996;271:13739-45.

Don’t miss a single issue of the journal! To ensure prompt service when you change your address,

N THE MOVE?

Send us your new address at least six weeks ahead

please photocopy and complete the form below.

Please send your change of address notification at least six weeks before your move to ensure continued service.
We regret we cannot guarantee replacement of issues missed due to late notification.

JOURNAL TITLE:
Fill in the title of the journal here.
OLD ADDRESS: NEW ADDRESS:
Affix the address label from a recent issue of the journal here. Clearly print your new address here.
Name
Address
City /State/ZIP
COPY AND MAIL THIS FORM TO: OR FAX TO: OR PHONE:
Periodical Subscription Services 314-432-1158 1-800-453-4351
Mosby, Inc. Outside the U.S,, call

11830 Westline Industrial Dr.
St. Louis, MO 63146-3318

N/ Mosby

314-453-4351




