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Abstract

Epidermolysis bullosa acquisita (EBA) is a severe, chronic
blistering disease of the skin. EBA patients have circulating
and tissue-bound autoantibodies to a large (M, = 290,000)
macromolecule that is localized within the basement mem-
brane zone between the epidermis and dermis of skin, the site
of blister formation. The “EBA antigen” is known to be dis-
tinct from laminin, heparan sulfate proteoglycan, fibronectin,
the bullous pemphigoid antigen, elastin, and collagen types I,
IL, III, IV, and V. Sera from patients with EBA, two mono-
clonal antibodies to the EBA antigen, and a monoclonal anti-
body to the carboxyl terminus of type VII procollagen identi-
cally label human amnion and skin by immunofluorescent and
immunoelectron microscopy. Western immunoblots of the
EBA antigen extracted from skin and of type VII procollagen
labeled with the above sera and antibodies are identical. None
of the sera or antibodies labels Western blots of pepsinized
type VII collagen which is missing the globular amino and
carboxyl terminal domains. These data show that the EBA
antigen is the carboxyl terminus of type VII procollagen.

Introduction

Epidermolysis bullosa acquisita (EBA)' is an acquired subepi-
dermal blistering disease of the skin that was first described in
1896 (1). In 1972, Roenigk et al. (2) reviewed the world litera-
ture on EBA and developed formal criteria for the diagnosis.
These patients have tissue-bound and serum autoantibodies
(3-5) against a 290,000-D matrix molecule that is localized
within the basement membrane zone (BMZ) that separates the
epidermis from the dermis (6). Since this matrix component
was first defined by EBA autoantibodies, it was called the
“EBA antigen” (6). Nevertheless, the EBA antigen is a normal
constituent of all basement membranes beneath stratified
squamous epithelium. The EBA antigen shares the BMZ be-
neath the epidermis with other large matrix components such
as laminin, heparan sulfate proteoglycan, and type IV collagen
(7). Previously, we have shown that the EBA antigen is a con-
nective tissue molecule that is distinct from laminin, fibronec-
tin, elastin, heparan sulfate proteoglycan, and collagen types I,
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IV, and V (6). Partial characterization of the EBA antigen has
shown that it is composed of two similarly sized (145,000 kD)
domains, one of which is collagenase-sensitive and the other
which is collagenase-resistant and rich in carbohydrates (8). In
this report, we now show that the EBA antigen is type VII
procollagen.?

Methods

Materials. All chemicals came from Sigma Chemical Company, Saint
Louis, MO, unless otherwise specified. All peroxidase-labeled antibod-
ies were obtained from CooperBiomedical, Inc., Malvern, PA.

Antibodies. Antibodies from the sera of five patients with EBA were
used. These sera have been shown previously to label the dermal-epi-
dermal junction of human skin by indirect immunofluorescence, the
lamina densa and sub-lamina densa regions of the basement mem-
brane within the dermal-epidermal junction of skin by indirect immu-
noelectron microscopy, and the 290- and 145-kD EBA antigen chains
by Western blot analysis of urea extracts of human skin basement
membrane (5, 6, 8). A new MAb, EBA-1, with properties identical to
those of antibodies in the serum of patients (13) was also used and
compared with a well-characterized MADb to the carboxyl terminus of
type VII procollagen (14). Control reagents were five normal human
sera, two sera from patients with bullous pemphigold (6, 8), normal
mouse serum (CooperBiomedical), and monoclonal culture medium.

Indirect immunofluorescence/indirect immunoelectron microscopy.
Routine indirect immunofluorescent staining (6, 13, 15, 16) was per-
formed on fresh, frozen human skin and amnion with antibodies in
working dilutions of 1:10. Each substrate was immediately obtained
from either the operating room or the delivery suite, placed in OCT
cryogel medium (Lab Tek, Naperville, IL), immersed in liquid nitro-
gen, and cut on a cryotome set at 4 um. Identical experiments were
performed on human skin that had been split through the BMZ by
incubating the skin in 1 M cold NaCl as previously described (6, 16,
17). This procedure fractures the basement membrane through the
BMZ and places the lamina densa and EBA antigen with the dermal-
side of the separation, while placing the bullous pemphigoid antigen
with the epidermal-side of the separation (6, 16, 17).

To determine the precise ultrastructural localization within the
BMZ to which these antibodies bind, immunoelectron microscopy was

2. Nomenclature and relative molecular weights: Type VII procollagen
refers to a triple helical macromolecule of three identical alpha chains
(9). Each chain contains an amino terminal globular domain (M,
= ~ 30,000 when estimated using globular standards (9, 10), a colla-
gen-helical domain (M; = 170,000 when estimated using collagen-
helix standards or 145,000 when estimated using globular standards),
and a carboxyl-terminal globular domain (M; = 145,000-150,000
when estimated using globular protein standards). The calculated M,
of a type VII procollagen alpha chain is ~ 345,000. When estimated
using globular standards, the value is ~ 295,000-300,000. The term
“type VII collagen™ has previously been used to refer to only the
triple-helical domain of the molecule (9, 11), but more properly should
refer to the tissue form (12). The structure of the tissue form of the
macromolecule is not well characterized. In this report, the portion of
the chains contributing only to the collagen helix will be referred to as
pepsinized type VII collagen (12).
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performed on human skin with anti-type VII procollagen and mono-
clonal anti-EBA antigen antibody as previously described (5, 6, 13).

Extracellular matrix components. Urea extracts of human skin
basement membrane proteins were prepared as previously described
(6, 8, 13). Alternatively, human skin BMZ proteins were prepared by
slicing human skin to a 0.4-mm thickness with a keratome; incubating
the skin in 0.010 M cysteine and 1 M NaCl at 4°C for 72 h; separating
the epidermis from the underlying basement membrane; pulverizing
the BMZ into a fine powder in liquid nitrogen; and extracting the
powder (4 g/80 ml) with 6 M GuHCl, 0.025 M Tris-HCI (pH 8.0),
0.010 cysteine, 0.001 M PMSF, and 0.005 M N-ethylmaleimide
(guanidine extraction buffer) at 4°C for 14 h. Treatment of these
proteins with bacterial collagenase (Form III, Advance Biofractures,
Lynbrook, NY) at 37°C in calcium-containing buffer yielded a par-
tially purified preparation of the 145-kD collagenase-insensitive EBA
domain as previously reported (8). Type VII procollagen from a
human epidermal WISH cell line, ATCC-CCL-25 (American Type
Culture Collection, Rockville, MD) was prepared according to Lun-
strum et al. (9). Pepsinized type VII collagen extracted from human
amnion was prepared according to Bentz et al. (11).

Whole human amnion and human skin basement membrane were
pulvarized in liquid nitrogen into a fine powder, lyophilized, and
weighed. 4 g of each material was incubated at 4°C in guanidine
extraction buffer with constant stirring for 14 h and then centrifuged at
100,000 g for 1 h. The supernatant containing the extracted proteins
and the pellets were dialyzed against water and then lyophilized. The
lyophilized materials were then solubilized in 0.01 M NaPOQ,, 2% SDS,
pH 6.8 (sample buffer), at a concentration of 5 mg/ml, and subjected to
SDS-PAGE.

SDS-PAGE and western immunoblots. Proteins were subjected to
SDS-PAGE according to Laemmli (18) using 5% polyacrylamide slab
gels and then Western immunoblotting as previously described (6, 13,
19, 20). The proteins separated by SDS-PAGE and transferred to ni-
trocellulose paper were then reacted with primary antibodies. Specific
binding of a primary antibody to one or more of the transferred pro-
teins was detected by the reaction of a secondary peroxidase-labeled
antibody to the primary antibody and 4-chloro-napthol substrate that
creates a blue band in the presence of peroxidase (13, 14, 17).

In addition to one-dimensional SDS-PAGE, skin BMZ proteins
and type VII procollagen were subjected to two-dimensional gel elec-
trophoresis (21) and Western immunoblotting (22, 23) against anti-
bodies to type VII procollagen or the EBA antigen. This procedure
allowed for a direct comparison of the isoelectric points and molecular
sizes of the molecules labeled by each antibody.

Results

Indirect immunofluorescent labeling of human skin and am-
nion with polyclonal antibodies from EBA patients (n = 5),
MAD to the EBA antigen (13), and MADb to type VII procolla-
gen (14) gave identical staining. All of the antibodies labeled
the BMZ beneath the epithelium of the two tissues and did not
label the basement membranes surrounding blood vessels (Fig.
1). On salt-separated skin substrate, all of the antibodies
stained the BMZ on the dermal-side of the separation and did
not label the epidermal side. Naive observers (n = 3) were
unable to distinguish these antibodies by their staining pat-
terns on the three substrates.

Indirect immunoelectron microscopy of human skin with
MADbs to the EBA antigen (13) and the carboxyl terminus of
type VII procollagen (14) showed identical labeling of the
BMZ with specific labeling of the lamina densa region while
the lamina lucida space and sub-lamina densa regions re-
mained unlabeled (Fig. 2).

Western immunoblots of type VII procollagen and skin
basement membrane proteins with and without degradation
by bacterial collagenase were labeled identically by sera from
patients with EBA (n = 5), by MADb to the EBA antigen, and by

AMNION

SPLIT SKIN

EBA Serum e

Anti-Pro YII

Anti-EBA Ag

-/+ Controls

Figure 1. Indirect immunofluorescent staining of amnion (a-d) or
salt split human skin (e-/) with serum from a patient with EBA (a
and e), an MAb to type VII procollagen (b and f'), an MAb to the
EBA antigen (c and g), normal mouse serum (d), or an MAb to type
IV collagen (k).

MAD to the carboxyl terminus of type VII procollagen (Fig. 3).
Although each serum and antibody identically recognized a
given substrate (with and without collagenase treatment), there
were slight differences in the apparent molecular weights of the
labeled proteins. For example, either collagenase-treated or
untreated skin basement membrane proteins always demon-
strated higher electrophoretic mobility than the parallel type
VII procollagen derived from WISH cell cultures (Fig. 3).
None of the sera or antibodies labeled type VII collagen that
was extracted by pepsinization of human amnion (Fig. 4). It is
known that pepsinization cuts off the globular amino and car-
boxyl termini from type VII procollagen and leaves a smaller
molecule containing only the triple-helix (type VII collagen).
This suggests that the EBA antigen and the globular carboxyl
terminus of type VII procollagen are identical.
Two-dimensional gel electrophoresis of the skin BMZ pro-
teins and type VII procollagen run in parallel and followed by
Western immunoblotting simultaneously with antibodies to
type VII procollagen or to the EBA antigen showed that either
type of antibody labeled a band in the skin BMZ extract that
had an identical pI to the labeled type VII procollagen (Fig. 5).
The apparent pl of the bands labeled with antibody is 8.15.
The molecular sizes of the labeled bands in the second dimen-
sion (290 kD) are similar but not identical. As noted with
SDS-PAGE and blotting, the two-dimensional gels also show
that the type VII procollagen that was derived from tissue
culture runs as a closely set doublet while the labeled band in
the skin BMZ extract is a singlet (Fig. 5). Both bands of the
closely set doublet have identical pIs and separate only slightly
in the second dimension. It is likely that the small lower band
in the doublet represents a degradation product from the more
prominent band that occurs due to nonspecific proteolysis
during the preparation of type VII procollagen from cultures
of WISH cells. We have noted similar doublets in some ex-
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tracts of skin basement membrane when stringent conditions
and a protease-free environment are not strictly maintained.
On a dry weight basis, more immunologically identifiable
EBA antigen-type VII procollagen appeared to be extracted
and labeled by a specific antibody in Western blots of skin
extracts than those from amnion prepared identically (Fig. 6).
50 ug of each extract were subjected to immunoblotting
against identical amounts of sera (1:800 dilution) or MAbs.
Under these conditions, the intensity of the labeled band was
always greater in lanes containing skin basement membrane
proteins. Since no labeling occurred in the nonextractable,
pellet proteins from amnion or skin basement membrane, it

M  EBA-I

EBA-2 EBA-3 aProVI
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Figure 3. Western immunoblots of type VII procollagen (lanes / and
2) and human skin basement membrane proteins (lanes 3 and 4),
without (lanes / and 3) and with (lanes 2 and 4) collagenase treat-
ment. They were labeled with antibodies to type VII procollagen («
Pro VII'), MAD to the EBA antigens (EBA4-1), and sera from two pa-
tients with EBA (EBA-2 and EBA-3).

Figure 2. Immunoelectron micrographs of
normal human skin using MAbs to the EBA
antigen (A4) and type VII procollagen (B). Im-
mune deposits are present over the lamina
densa and in the reticular layers (arrows). The
same ultrastructural localization is seen with
both antibodies. Bar, 0.25 um.

appears that these methods maximally extract the immunolog-
ically identifiable EBA antigen-type VII procollagen from
these two tissues (Fig. 6). Western immunoblotting is semi-
quantitative at best, and there is no information to indicate
that the intensity of labeled bands follows Beer’s law (e.g.,
twice the intensity equates with twice the amount of labeled
protein). Nevertheless, assuming that antibody affinities are
the same for EBA antigen derived from different tissues, these
data may suggest that on a dry weight basis there is more EBA
antigen in skin basement membranes than those in amnion.

M EBA-4 aPro YI EBA-I

290kD-
200kD-

Figure 4. 1dentical Western immunoblots of guanidine extracts of
human skin basement membrane (lane /) or amnion (lane 2) and
type VII collagen extracted from amnion by pepsinization (lane 3).
They were labeled with antibodies from the serum of an EBA patient
(EBA-4), antibody to the carboxyl terminus of type VII procollagen,
(a Pro VII), or an MAD to the EBA antigens (EBA-1). Lane A-M is

a high molecular weight marker stained with amido black.
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Figure 5. Two-dimensional gel electrophoresis followed by Western
immunoblotting of type VII procollagen (Pro VII) and the EBA anti-
gen (EBA Ag) labeled with MADb to type VII procollagen. Blotted
high molecular weight markers stained with amido black are parallel
to the left-hand edge of each blot.
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Figure 6. Western immunoblots of human skin basement membrane
zone proteins (lane /) and human amnion proteins (lane 2) extracted
with equal volumes of guanidine hydrochloride extraction buffer (see
Methods) per unit of dry weight of tissue. The residual pellet proteins
left after the amnion extraction are shown in lane 3. 50 ug of each
substrate was electrophoresed on a 5% SDS-polyacrylamide slab gel,
blotted, and labeled with a 1:800 dilution of serum from an EBA pa-
tient.

Discussion

Patients with EBA have serum and tissue-bound autoantibod-
ies that bind within and immediately below the lamina densa
region of the cutaneous BMZ (4-6), which is the exact site
where blister formation is initiated. Previously, we reported
that the molecule within the BMZ to which these autoantibod-
ies bind is recognized as a 290,000-D protein in Western im-
munoblots of proteins extracted from human skin basement
membrane and that this molecule is distinct from other known
connective tissue components such as the bullous pemphigoid
antigen, laminin, elastin, fibronectin, and collagen types I, IV,
and V (6). Because this large matrix molecule was defined
initially by autoantibodies in the sera of EBA patients, it was
called the “EBA antigen” even though it is a normal constitu-
ent of all basement membranes beneath stratified squamous
epithelium.

It was shown that the 290,000-D EBA antigen was com-
posed of a 145,000-D collagenous domain and a 145,000-D
(when calibrated vs. globular standards) noncollagenous do-
main rich in carbohydrates (8, 24). Using both MAb and pa-
tient’s sera, native 290-kD EBA antigen was immunoprecipi-
tated from human keratinocyte cultures (25). Independently,
Bentz et al. (11) and colleagues (9, 14, 26) purified a new
unique collagen, termed type VII collagen, that is associated
with anchoring fibrils in basement membranes (9). The calcu-
lated relative molecular weight of type VII procollagen is
~ 345,000, but when measured vs. globular standards, M es-
timates are in the same range as the 290,000-D EBA antigen.?

In this report, we show that the EBA antigen and procolla-
gen type VII are the same. MAbs to type VII procollagen
specifically label the EBA antigen in protein extracts of skin
basement membrane. Conversely, antibodies in the sera of
EBA patients and an MAD to the EBA antigen show labeling of
type VII procollagen identical to the labeling with an MAb to
procollagen VII. Regardless of whether the antibodies are to
the EBA antigen or to procollagen VII, the labeling in Western
blots of untreated or collagenase-treated procollagen VII or of
proteins extracted from skin basement membrane is identical.
None of the sera or antibodies recognizes pepsinized type VII
collagen extracted from human amnion which is known to
lack the globular amino and carboxyl termini. In addition,
none of the patient sera identifies peptides in the 30-kD size
range that corresponds to the amino terminal globular do-
main. Taken as a whole, these data show that the autoantibod-
ies in the sera of patients with EBA and the MAbs to the EBA
antigen and procollagen VII are specifically directed to the
globular carboxyl terminus of procollagen VII. The immuno-
electron microscopic data show that this globular carboxyl ter-
minus is localized within the lamina densa zone of basement
membrane.

As indicated in Fig. 3, the molecules extracted from skin
that are recognized by EBA patient sera, MAbs against the
EBA antigen, or MAbs against the carboxyl terminus of type
VII procollagen, migrate on polyacrylamide gels as if they were
smaller than the biosynthetic form of type VII procollagen.
Likewise, the collagenase-resistant carboxyl terminus from the
extracted molecule is also apparently smaller. The significance
of this observation is unclear. Recent evidence (10) suggests
that the tissue form of type VII collagen lacks the amino-termi-
nal globular domain, but retains the intact carboxyl-terminal
domain. In view of these data, it is likely that the apparent
smaller size of the extracted EBA antigen (type VII procolla-
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gen) is due to physiological removal of the amino terminus
and to modification of the carboxyl terminus.

It has been shown that collagens are capable of having
specific affinity to other matrix molecules such as fibronectin,
laminin, and heparan sulfate proteoglycan (27-30). It is
thought that these interactions may be important for the integ-
rity of basement membranes and in maintaining epidermal-
dermal adherence. Recently, we have shown that the EBA
antigen, like most collagens, has marked affinity for fibronec-
tin, another major matrix component of skin that is concen-
trated near the BMZ (31). The skin blisters in EBA often occur
in the absence of clinical or histological inflammation (1). It is
conceivable that the fracturing of the epidermal-dermal junc-
tion in EBA may not be due to an inflammatory process but
rather to a direct abrogation of affinities between the type VII
procollagen and other necessary matrix molecules (such as
fibronectin) by autoantibody deposition at this site.
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