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HumanAutoantibodies against the 230-kD Bullous Pemphigoid Antigen (BPAG1)
Bind Only to the Intracellular Domain of the Hemidesmosome, whereas Those
against the 180-kD Bullous Pemphigoid Antigen (BPAG2) Bind along the Plasma
Membrane of the Hemidesmosome in Normal Humanand Swine Skin
Akira Ishiko, Hiroshi Shimizu, Arata Kikuchi, Tamotsu Ebihara, Takashi Hashimoto, and Takeji Nishikawa
Department of Dermatology, Keio University School of Medicine, Tokyo 160, Japan

Abstract

Bullous pemphigoid (BP) is a blistering skin disease in which
autoantibodies develop to hemidesmosomal components of the
epidermal basement membrane zone, including two major anti-
genic proteins of the 230-kD antigen (BPAG1 ) and the 180-kD
antigen (BPAG2). The present study demonstrated the precise
ultrastructural localization of the epitopes for autoantibodies
against BPAG1 and BPAG2 in normal skin. Autoantibodies
against either BPAG1or BPAG2were affinity-purified using
nitrocellulose membrane, which was blotted with SDS-PAGE-
fractionated antigens from human epidermal extract as the im-
munoabsorbent. Postembedding, immunogold electron micros-
copy was performed after skin was processed by rapid freezing
and freeze substitution fixation without chemical fixatives. Puri-
fied autoantibodies against BPAG1bound only to the intracel-
lular domain of the hemidesmosome, and 80%of the gold label-
ing was within 40-140 nm from the plasma membrane (mean
distance 91 nm inside). In contrast, the autoantibodies against
BPAG2bound along the plasma membrane of the hemidesmo-
some, and 80%of the gold labeling was within 10 nmoutside to
50 nm inside the cells (mean distance 12 nm inside). These
results suggest that the autoantibodies against BPAG1 and
BPAG2react with the epitopes localizing in distinct regions of
the hemidesmosome complex, and may play different roles in
the blister formation in patients with BP. (J. Clin. Invest. 1993.
91:1608-1615.) Key words: autoimmune disease * basement
membrane * dermoepidermal adhesion * immunoblot * postem-
bedding immunoelectron microscopy

Introduction

Bullous pemphigoid (BP)' is a life-threatening blistering skin
disease in which the presence of autoantibodies to the base-
ment membrane zone (BMZ) of the skin (1) is a hallmark in
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1. Abbreviations used in this paper: BMZ, basement membrane zone;
BP, bullous pemphigoid; BPAGl, 230-kD bullous pemphigoid anti-
gen; BPAG2, 180-kD bullous pemphigoid antigen; TBS, Tris-HCl-
buffered saline.

its diagnosis. The binding of these autoantibodies to antigens
located in the BMZplays an important role in the pathogenesis
of blister formation in BP (2-4). BPantigens are normal com-
ponents of the hemidesmosome complex of the BMZ, which
are thought to be important not only in the pathogenesis of BP
but also in dermoepidermal adhesion. Since Diaz and his co-
workers initially reported small molecular weight antigenic
proteins recognized by BPsera (5, 6), considerable efforts have
been spent in characterizing the BP antigen (7-20). Recently,
a 220-240-kD protein (230-kD BP antigen, BPAG1) and a
180-160-kD protein ( 1 80-kD BP antigen, BPAG2) have been
identified as two major BP antigens by immunoprecipitation
(7) and Western immunoblotting (10, 12, 13, 14). More re-
cently, the cDNA for BPAG1 (15-18) and the cDNA for
BPAG2(19-21 ) have been isolated and characterized.

The ultrastructural localization of BP antigens has been
studied by various immunoelectron microscopic techniques.
Preembedding immunoelectron microscopic studies, mainly
using horseradish peroxidase as a probe, had revealed that BP
antigens are associated with hemidesmosome of the basal kera-
tinocytes ( 1 1, 22-27). However, the deposition of the diamin-
obenzidine products of a peroxidase probe is too extensive to
determine the fine localization of these antigens, and also tends
to obscure the underlying ultrastructure. Immunogold probes
have various advantages over the immunoperoxidase tech-
nique and can be used for preembedding immunoelectron mi-
croscopy (28). However, gold-conjugated probes have the inev-
itable disadvantage of limited permeation into the tissue sam-
ple. Consequently, intracellular and extracellular antigens
cannot be studied equally well by preembedding immunogold
electron microscopy.

The actual binding sites of autoantibodies against BPAG1
and BPAG2are thought to be important with regard to the
mechanism of blister formation in BP. The different cDNA
sequences of BPAG1 and BPAG2confirmed that these BPan-
tigens are different gene products. However, a previous preem-
bedding immunoperoxidase electron microscopic study
showed that the distribution of BPAG1 and BPAG2on the
hemidesmosome complex was identical (29). A preembedding
immunogold electron microscopic study also showed similar
binding sites on the plaque of hemidesmosome for both affin-
ity-purified autoantibodies against BPAG1 and those against
BPAG2(30).

Wehave previously established a postembedding immuno-
gold electron microscopy method that utilizes rapid freezing
and freeze substitution fixation without chemical fixatives,
which enables excellent preservation of both the ultrastructure
and antigenicity of skin tissue. Using this technique, we have
recently reported that autoantibodies from two BP patients
bound to both the intracellular and extracellular domains of
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The purpose of this study was to demonstrate the precise
ultrastructural localization of the epitopes on BPAG1 and
BPAG2, where patient autoantibodies actually bind in normal
human skin and normal swine skin. For this, we employed
postembedding immunogold electron microscopic technique
using rapid freezing and freeze substitution fixation in con-
junction with affinity-purified BP autoantibodies. Here we re-
port evidence that autoantibodies directed against BPAG1
only bind to the intracellular domain of the hemidesmosome,
whereas those directed against BPAG2bind along the plasma
membrane of the hemidesmosome complex.

a4 "aBPAG2 Methods

Sera. Sera obtained from three clinically typical BP patients were used
in this study. Indirect immunofluorescence showed each serum had
circulating anti-BMZ antibodies at a titer of 1:40 to 1: 1,280. By West-
ern immunoblotting (see below), the first serum (referred to as
BPAG1-specific BP serum) reacted only with the 230-kD BP antigen
(BPAGl ), the second serum (referred to as BPAG2-specific BPserum)
reacted only with the 180-kD BP antigen (BPAG2), and the third

1 16 no-

Figure 1. Western immunoblotting of 20 mMEDTA-separated hu-
man epidermal extract with whole BP sera and affinity-purified auto-
antibodies. Lane 1, molecular weight markers; lane 2, blot stained
with amido black; lane 3, binding of BP serum reacting with both
BPAGI and BPAG2. lane 4, binding of BPAGl-specific BP serum;
lane 5, binding of BPAG2-specific BPserum that recognizes BPAG2
and its breakdown products; lane 6, binding of affinity-purified anti-
BPAGI IgG; lane 7, binding of affinity-purified anti-BPAG2 IgG;
lane 8, control antibodies eluted from the irrelevant strip of blot.

the hemidesmosome, but mainly to the intracellular domain
(31 ). More recently, it has been shown that the carboxy ter-
minus of BPAG1 is localized only in the intracellular domain
of the hemidesmosome (32).

______8k": Ar
Figure 2. Indirect immunofluorescence with affinity-purified anti-
bodies. (A) Affinity-purified anti-BPAGl IgG showed a linear stain-
ing along the BMZof normal human skin. (B) Affinity-purified
anti-BPAGl IgG bound only to the roof of the 1 MNaCI-separated
normal human skin. Affinity-purified anti-BPAG2 IgG showed an
identical pattern. Control serum and the control antibodies did not
show any specific binding (not shown).

' ~~~~~~~~~~
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Figure 3. Preembedding immunoperoxidase electron micrographs
showing the binding of whole BP sera to the normal human skin. (A)
BPAG1-specific BPserum bound only to the hemidesmosome com-

plex in a thick and lumpy pattern. (B) BPAG2-specific BP serum also
bound to the hemidesmosome but showed a thinner and more linear
discontinuous pattern of binding along the plasma membrane. Bars,
1 ,m.
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Figure 5. Postembedding immunogold electron micrographs of normal human skin. (A) Affinity-purified anti-BPAGl IgG. Labeling located
only in the intracellular portions of the hemidesmosome, away from the plasma membrane, mainly within 40-140 nmof the plasma membrane.
(B) Affinity-purified anti-BPAG2 IgG. Labeling was distributed along the plasma membrane of the hemidesmosome within 50 nmintracellu-
larly and 10 nm extracellularly. (C) BP serum reacting with both BPAG1 and BPAG2(the antibody source serum of anti-BPAGI and anti-
BPAG2). Labeling located both along the plasma membrane and the intracellular portion of the hemidesmosome away from the plasma mem-
brane. This distribution of labeling corresponded to a combination of the binding sites of affinity-purified anti-BPAGI IgG and anti-BPAG2
IgG (not enhanced with silver). (D) The control antibodies showed no specific labeling. Bars, 0.1 sm.

serum reacted with both BPAGI and BPAG2. One normal human
serum was used as a control.

Antigen source. Antigen extraction for immunoblotting was per-
formed by the method of Meyer et al. (33) with slight modifications.
Briefly, a foreskin obtained at surgery was cut into strips and incubated
in PBScontaining 20 mMEDTA, 1 mMPMSFat 4VC for 24 h. After
being separated from the dermis, the epidermis was homogenized in
Tris-HCl-buffered saline (TBS), pH 7.6, supplemented with 1.5%
SDS, 2 mMPMSF, 5%#3-mercaptoethanol, 2 mMEDTA, 5 mg/liter
each of leupeptin, antipain, chymostatin, and pepstatin A. After being
boiled for 5 min and centrifuged at 4VC for 30 min at 15,000 rpm in
microcentrifuge, the supernatant was recovered and stored at -80'C.

Western immunoblotting. Immunoblotting of EDTA-separated
normal human epidermal extract was performed as described previ-
ously ( 1 3).

Affinity-purification of autoantibodies. Autoantibodies specific ei-
ther to BPAG1 or to BPAG2were affinity-purified from the serum

reacting with both BPAG1 and BPAG2, by the methods described pre-
viously (34, 35). Proteins in epidermal extract were separated by SDS-
PAGEof a 5%separating gel (36) and electrophoretically transferred to
nitrocellulose sheets ( 13 x 10 cm) (37). After blocking with 3%BSAin
TBS, three vertical strips were cut from the center and both sides of
each sheet. They were processed for immunoblotting with BP serum
reacting with both BPAGI and BPAG2in order to determine the loca-
tion of the BP antigens. Two horizontal 4 mm-wide strips, containing
BPAG1 and BPAG2, respectively, were cut from an unstained nitrocel-
lulose sheet. As a control, another horizontal strip was also cut from the
nitrocellulose sheet below the 18OkD band. All the strips were incu-
bated at 4VC overnight with shaking in the BP serum, thereby reacting
with both BPAGI and BPAG2diluted 1:40 in TBSwith 0.5% BSAand
0.05% Tween 20. The strips were washed four times with 0.05% Tween
20 in TBS, and then washed twice with distilled water. Specific autoanti-
bodies bound to BPAGI and BPAG2were eluted at 370C for 30 min
with 20 mMsodium citrate (pH 3.2) containing 0.5% BSAand 0.05%

Figure 4. Postembedding immunogold electron micrographs showing the binding of whole BP sera to the normal human skin. (A) BPAGl-spe-
cific BP serum bound to the intracellular portion of the hemidesmosome where tonofilaments were inserted. (B) BPAG2-specific BP serum
bound along the plasma membrane of the hemidesmosome complex. There was no labeling of the plasma membrane between hemidesmosomes.
(C) Binding of BPAG2-specific BPserum along the plasma membrane was observed better when the plasma membrane was cut perpendicularly.
Gold particles were distributed both intracellularly and extracellularly across the plasma membrane of the hemidesmosome complex. Bars, 0. 1
Am.
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Figure 6. Postembedding immunogold electron micrographs of normal swine skin. The ultrastructure was almost the same as in human skin, but
the nonspecific labeling decreased markedly. (A) Affinity-purified anti-BPAG I IgG. Labeling located only in the intracellular portion of hemi-
desmosome away from the plasma membrane at the sire where tonofilaments were inserted. (B) Affinity-purified anti-BPAG2 IgG. Labeling
was distributed along the plasma membrane of the hemidesmosome complex. Bars, 0.1 Mm.

Tween 20, and were immediately neutralized with 2 MTris-HCl (pH
7.5). Subsequently, these eluates were dialyzed against TBS, concen-
trated with centriprep 10 (Amicon Corp., Danvers, MA) to 2%of the
original volume, and stored at 40C. The eluate from the control strip
was also processed as above for use as the control.

Immunofluorescence. Indirect immunofluorescence was per-
formed on normal human skin and 1 MNaCl-split skin prepared as
described previously (38), using FITC-conjugated rabbit anti-human
IgG (,y-chains) antiserum (DAKOPATTS, Copenhagen, Denmark) as
a secondary antibody.

Preembedding immunoperoxidase electron microscopy. Preembed-
ding immunoperoxidase electron microscopy was performed as de-
scribed previously (23, 27). Briefly, 6-,um cryostat sections of fresh
normal human skin or 7-wk-old normal swine skin were incubated
with 1:40 diluted BPAGI-specific BP serum or BPAG2 specific BP
serum. After incubating with peroxidase-conjugated rabbit anti-
human IgG (y chains) antiserum (DAKOPATTS) diluted 1:40, the
sections were prefixed with 2%glutaraldehyde, and reacted with 3,3'-
diaminobenzidine. Then the sections were postfixed with 1%osmium
tetroxide, dehydrated, and embedded in epon 812. Ultrathin sections
were cut and observed under a transmission electron microscope
(JEOL model 1200EX), with or without counterstaining with uranyl
acetate and lead citrate.

Postembedding immunogold electron microscopy using cryofixa-
tion andfreeze substitution. For postembedding immunogold electron
microscopy, the skin tissue was processed by rapid freezing and freeze
substitution fixation without chemical fixatives as described previously
(31, 39). Briefly, fresh normal human skin and 7-wk-old normal swine
skin were incubated at 4°C for 2 h with 15% glycerol in PBS for cryo-
protection and then cut into small pieces (< 1 mm3). The pieces were
then rapidly frozen by plunging into liquid propane (- 190°C), and
cryosubstitution was performed by soaking in 100% methanol at
-80°C for 48 h, followed by embedding in Lowicryl K IIM (Chem-
ische Werke Lowi, Waldkraiburg, FRG) at -60°C. The specimens
were polymerized with UVradiation at -60°C for 72 h, and at room
temperature for 72 h. Ultrathin sections were cut and incubated at
room temperature for 1 h with 5%normal goat serum in washing buffer
(0.8% BSA, 0.1% gelatin, and 2 mMNaN3 in PBS, pH 7.4). The sec-
tions were incubated overnight at 40C with BPAG1-specific BPserum,
BPAG2-specific BP serum, BP serum reacting with both BPAG1and
BPAG2 (diluted 1:40), affinity-purified anti-BPAGl IgG, affinity-
purified anti-BPAG2 IgG, or control antibodies. The specimens were
washed in the washing buffer, placed on a drop of 5 nmgold-labeled
goat anti-human IgG (H + L) (Amersham International, Amersham,
Buckinghamshire, UK) diluted 1:60 at room temperature for 2 h, and

then subjected to further washing with the buffer and distilled water.
To enhance 5-nm gold particle size for easier observation some sections
were incubated at 4°C for 3 min with an immunogold silver enhance-
ment solution (Amersham International), and then washed in distilled
water as described previously (39). The specimens were counterstained
with uranyl acetate and lead citrate, and observed under the transmis-
sion electron microscope.

Quantitative analysis of antigen distribution. To statistically evalu-
ate the distribution ofthe binding sites for affinity-purified autoantibod-
ies against BPAG1and BPAG2, the distances from the outer surface of
the plasma membrane to at least 500 randomly selected gold particles
were measured on the electron micrographs. The result was analyzed
statistically. The normality of the distribution was examined using the
x' test. The difference between BPAG1 and BPAG2was determined
by Wilcoxon's rank sum test.

Results

Western immunoblotting. With immunoblotting of the epider-
mal extract, BPAG1-specific BP serum and BPAG2-specific
BP serum recognized exclusively a 230- and a 1 80-kD protein,
respectively. Affinity-purified anti-BPAG I IgG recognized
only the 230-kD protein, but not the 1 80-kD protein. Affinity-
purified anti-BPAG2 IgG recognized only the 1 80-kD protein
and its breakdown proteins, but not the 230-kD band (Fig. 1).
The control antibodies eluted from irrelevant nitrocellulose
strips showed no specific reactivity.

Immunofluorescence. Both affinity-purified anti-BPAG 1
IgG and affinity-purified anti-BPAG2 IgG showed linear
staining to the BMZof normal human skin. Both antibodies
reacted only with the epidermal side of 1 MNaCl-separated
normal human skin (Fig. 2).

Preembedding immunoperoxidase electron microscopy.
Both BPAG1 -specific BPserum and BPAG2-specific BPserum
bound only to the hemidesmosome complex of the epidermal
BMZin both normal human skin (Fig. 3) and normal swine
skin (not shown). BPAG1-specific BPserum showed the depo-
sition with a thick and lumpy pattern at the intracytoplasmic
attachment plaque (Fig. 3 A), while BPAG2-specific BPserum
showed thinner and more linear deposit along the plasma
membrane (Fig. 3 B). However, the relationship between the
plasma membrane and the binding site of either antibody was

1612 Ishiko et al.



(%)

-200 -150 -100 -50

extracellular

(%)
30

25

20

15-

10.

5

0
-200

extra

151

101

5

-200 -150

- 150 -100

acellular

A not clear because of the large diaminobenzidine products and
the poor ultrastructural preservation of the plasma membrane.

Postembedding immunogold electron microscopy. The ul-
trastructure of the skin was well preserved. In both human and
swine skin, the plasma membrane, hemidesmosomes, and
tonofilaments were clearly observed, as reported previously
(31, 39). Immunoelectron microscopic findings for the human
and swine skin were substantially identical. The epitopes recog-
nized by BPAG1-specific BP serum was only located on the
intracellular portion of the hemidesmosome where the tonofi-
laments were inserted (Fig. 4 A). In contrast, the epitopes recog-
nized by BPAG2specific BPserum localized along the plasma

50 100 150 200 membrane of the hemidesmosome complex (Fig. 4 B). Where
the plasma membrane was cut perpendicularly, the binding of

nbrane intracellular BPAG2-specific BPserum was more clearly observed along the
ckness) (nm) plasma membrane. Gold particles were distributed both intra-

cellularly and extracellularly across the plasma membrane of
the hemidesmosome complex (Fig. 4 C). Affinity-purified

B anti-BPAGl IgG bound only to the intracellular domain of
hemidesmosome where the tonofilaments were inserted (Fig. 5
A), whereas affinity-purified anti-BPAG2 IgG bound exclu-
sively along the plasma membrane of hemidesmosome (Fig. 5
B). In addition, BP serum reacting with both BPAG1 and
BPAG2labeled both the plasma membrane and the intracellu-
lar domain of the hemidesmosome complex, corresponding to
the combined staining pattern of anti-BPAGl and anti-
BPAG2(Fig. 5 C). The control antibodies showed no specific
labeling (Fig. 5 D). When normal swine skin was used as the
substrates, similar results were obtained with less background
staining (Fig. 6).

50 100 150 200 Quantitative analysis of antigen distribution. The distances
from the plasma membrane to the gold particles labeled by

brane intracellular affinity-purified anti-BPAGl IgG and affinity-purified anti-
kness) (nm) BPAG2IgG were measured (Fig. 7). The distribution of the

epitopes recognized by anti-BPAG 1 IgG showed a single peak
at 75 nm, and 80% of the labeling was distributed within 40-

C 140 nm away from the membrane. The mean distance from
the membrane was estimated as 91±5 nm (Fig. 7 A). The dis-
tribution of the epitopes recognized by anti-BPAG2 IgG
showed a single peak at 0 nm and 80% of the labeling was
distributed from within 1O nmextracellular to 50 nm intracel-
lular. The mean distance from the membrane was estimated as
12±3 nm (Fig. 7 B). The distribution of the epitopes recog-
nized by BP serum reacting with both BPAG1 and BPAG2

/". 00, showed two peaks at 0 and 75 nm intracellularly (Fig. 7 C).
The distribution of immunological epitopes of both BPAGl
(Fig. 7 A) and BPAG2(Fig. 7 B) did not show normal distribu-

"~ tion by the x2 test. There was a significant difference in distri-
50 100 150 200 bution of immunological epitopes between BPAG1 and

BPAG2at a 0.01% significance level in Wilcoxon's rank sum
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Figure 7. Distribution histograms of the distance between the plasma
membrane and the binding sites. At least 500 gold particles were
measured in each case. (A) The distribution of the binding sites of
affinity-purified anti-BPAGl IgG had a single peak at 75 nm. 80%
of the labeling was within 40-140 nmof the plasma membrane. (B)
The distribution of the binding sites of affinity-purified anti-BPAG2
IgG had a sharp single peak at 0 nm, a significantly different location
from that of affinity-purified anti-BPAGl IgG (P < 0.0001). The
range of distribution was more narrow compared to that of
affinity-purified anti-BPAGl IgG. 80% of the labeling was found

test.

Discussion
In the present study, our novel immunoelectron microscopy
technique, in conjunction with affinity-purification ofautoanti-
bodies, showed that there is a clear difference of reactivity in

within 10 nm outside to 50 nm inside the cell. (C) The distribution
of the binding sites of BP serum reacting with both BPAG1 and
BPAG2showed two peaks at 0 and 75 nm inside the plasma mem-
brane. This distribution was a combination of binding sites of affin-
ity-purified anti-BPAGI IgG and BPAG2IgG.
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the BMZbetween the autoantibodies specific for BPAG1 and
BPAG2. Namely, the epitopes of autoantibodies against
BPAG1 located only in the intracellular domain of the hemi-
desmosome. In contrast, the epitopes of autoantibodies against
BPAG2located along the plasma membrane of the hemides-
mosome complex both intracellularly and extracellularly. In
that the thickness of the plasma membrane is 8-10 nm, the
distribution of the epitopes of BPAG2indicates that BPAG2is
a transmembrane protein. Only three patient sera were used in
the present study. However, the result that affinity-purified
anti-BPAG I IgG and anti-BPAG2 IgG produced similar label-
ing patterns to BPAG1-specific BPserum and BPAG2-specific
BP serum, respectively, suggests that the distribution of the
epitopes of BPAG1 and BPAG2shown in this study may have
universal validity.

Immunoblotting for BPsera may occasionally show several
minor proteins in addition to the two major BPantigens (12).
However, it has been shown that there is a cross-reactivity ei-
ther within a group of 240-200-kD proteins or within a group
of 160-100 kD (33). Therefore, the 230-kD protein (BPAG1)
and the 180-kD protein (BPAG2) are thought to be the major
antigens for BP autoantibodies. Recently, the cDNAsequence
data for both BPAG1 (15-18) and BPAG2(19-21) have been
reported. This allows the localization of BPAG1 and BPAG2to
be studied using monoclonal or polyclonal antibodies against
fusion proteins obtained from the cDNAs (32). However, to
clarify the ultrastructural localization of the immunogenic epi-
topes to which patient autoantibodies actually bind, it is neces-
sary to use antibodies derived from BPserum. The total cDNA
cloning of human BPAG1 has indicated the presence of a
membrane-associated sequence of 17 amino acids near the car-
boxy terminus of BPAG1 (18). As the authors mentioned, if
this sequence is indeed functional, 80% of the molecule
should be extracellular. However, an immunoelectron micro-
scopic study using rabbit polyclonal antibodies against fusion
protein indicated that the carboxy terminus of BPAG1 local-
izes in the intracellular domain of the hemidesmosome (32).
The present study also indicated that BPAG1, or at least epi-
topes for autoantibodies, is present on the intracellular region.

There is some homology between the cDNAs for BPAG1
and desmoplakin I, a desmosomal plaque protein which is con-
sidered to be associated with intermediate filaments (17, 40).
Desmoplakin I was shown to locate at the region where tonofil-
aments loop through the desmosomal plaque (41, 42). The
similarity in topology between BPAG1 in the hemidesmosome
and desmoplakin I in desmosome suggests that there may be
some functional similarity between these molecules, i.e.,
BPAG1 may play a role in the attachment of the hemidesmo-
some to tonofilaments.

Recent studies of cDNA of human BPAG2 have shown
that BPAG2has 15 collagenous domains (21) with at least two
membrane-associated segments (43), suggesting that it is a
transmembrane protein (20, 21, 43). Our results of BPAG2
localization agree with this supposition. Another study dealing
with the cloning of mouse BPAG2cDNAshowed a single Arg-
Gly-Asp (RGD) sequence, suggesting the participation of this
protein in cellular adhesion along with integrin (44). Integrin
a6/f4 was shown to locate in hemidesmosome by immuno-
gold electron microscopy (45, 46). The localization of BPAG2
shown in this study was similar to that of integrin a6/134, and
may indicate a relationship between these two proteins in cellu-
lar adhesion.

In BP sera, autoantibodies against BPAG2are detected less
commonly than those against BPAG1. However, only BPAG2
but not BPAG1, has autoantibody binding epitopes localizing
extracellularly. Therefore, BPAG2could be a target of BPauto-
antibodies in an uninvolved skin of BP patients. In other
words, anti-BPAG2 antibodies may initiate primary change,
and anti-BPAG 1 antibodies may accelerate the BP lesions
after plasma membrane suffers from some damages. Wethere-
fore feel that BPAG2may play more important pathogenic role
in BP than BPAG1 and that further extensive investigation
should be focused on this molecule, which has to date been
considered as a minor BP antigen.

In conclusion, we showed that there is a clear difference in
the ultrastructural localization between the epitopes of BPAGI
and BPAG2, suggesting that these two molecules play different
roles not only in dermoepidermal adhesion but also in the
pathogenesis of blister formation in BP.
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