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1. ABSTRACT

Skin basement membrane zone (BMZ) is an
ultrastructurally defined area situated between the outer
layer of skin, the epidermis, and the inner layer of skin,
the dermis. The major function of skin BMZ isto serve
as an adherent connection between the epidermis and
the dermis. Heritable skin diseases characterized by
genetic mutations that result in defective BMZ protein
production, such as junctional and dystrophic
epidermolysis bullosa, manifest clinicaly as skin
fragility and subepidermal blister formation inducible
by minor trauma. Many distinct, yet interconnected
BMZ components, have been identified and studied
extensively. Some of these essential components,
interestingly, were discovered because they were
targeted by an autoimmune reaction. As a result
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of studying the autoimmune diseases, these BMZ
components involved in autoimmune reaction, or
autoantigens, were isolated by molecular biology
techniques. Theisolation of these autoantigens, in turn,
facilitates our studies of the normal structures and
functions of skin BMZ. The skin BMZ can be divided
into four ultrastructurally distinct areas. the
hemidesmosome/upper lamina lucida, the lower lamina
lucida, the lamina densa, and the sub-lamina densa.
Well-characterized BMZ components include the
hemidesmosome/upper lamina lucida-located bullous
pemphigoid antigens (BP230 and BP180), agh,
integrin, and plectin; the lower lamina lucida-located
laminin-1, laminin-5 (previousy named kalinin,
epiligrin, nicein, BM600), laminin-6 (previously named
k-laminin), p105, and entactin/nidogen; the lamina
densa-located type IV collagen and perlecan; and the
sub-lamina  densalocated type VII  collagen
(epidermolysis bullosa acquisita antigen). Mucosa
BMZ aso contain identical components as skin BMZ.
Autoantibodies targeting skin and/or mucosa BMZ
components, like that of genetic mutation of BMZ
components, result in a histopathologicaly defined
subepidermal blistering disease, that is, a blister which
occurs just below the epidermis/epithelium.  Well-
characterized autoimmune subepidermal  blistering
diseases include bullous pemphigoid (BP), linear 1gA
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Table I. Skin BMZ Laminins

Laminin a Chain b Chain gChain
Variants

Laminin-1 a b, (o]
Laminin-5 as bs @
Laminin-6 as b, i}

bullous dermatosis, cicatricid pemphigoid (with
subsets of patients characterized by autoantibodies
targeting either BP antigens or laminins), anti-p105
pemphigoid, and epidermolysis bullosa acquisita.
Using a simple method of direct or indirect
immunofluorescence testing on a skin section
chemically separated at the middle portion of lamina
lucida, in combination with immunoelectron
microscopy and target antigen determination, accurate
diagnoses for various autoimmune subepidermal
blistering diseases can be obtained.

2. INTRODUCTION

Skin BMZ is originally defined histologically
by a 0.5-1.0 mm-thick band-like structure situated
between epithelium and the underlying tissue that is
positively stained by periodic acid-Schiff (PAS) stain
. Subsequently, ultrastructural  studies have
identified multiple distinct structural components in the
BMZ area. Among them, there are hemidesmosome,
anchoring filament, anchoring fibril, lamina lucida, and
lamina densa (1). Biochemica and molecular
biological studies had further revealed the individua
proteins that compose these ultrastructural components
(1). Interestingly, some of the components were
discovered or isolated because they became targets of
autoimmune reactions. bullous pemphigoid antigens,
type VII collagen, and pl05 (2-6). As a result of
studying autoimmune diseases, we now have a better
understanding of the normal structure and function of
skin BMZ. This article will illustrate this point. In
addition, well-characterized BMZ components and
their functions will be discussed. Moreover,
subepidermal  blistering diseases characterized by
autoantibodies targeting the BMZ components will be
reviewed.

3. HUMAN SKIN BASEMENT MEMBRANE
STRUCTURE AND FUNCTION

3.1 Skin basement membrane structure:

Figure 1 is a schematic diagram of skin BMZ
showing the relative location of various known
components. (BP=bullous pemphigoid; Ag=antigen)
Salt-split zone indicates the approximate location of
separation when an intact skin is chemically separated
by either 1 M NaCl or 20 mM NaEDTA.

3.1.1 Hemidesmosome:
Situated a the undersurface of basa
keratinocytes, hemidesmosome contains half of the

structures of a desmosmoe (a structure observed
between two adjacent keratinocytes):  single
intracytoplasmic  attachment plaque onto which
tonofilament of the basal keratinocytes are attached (1).
The BP230 (BPAQ1) is located at the intracellular side
of the hemidesmosmoe whereas the BP180 (BPAQ2) is
a transmembranous protein that contains an
intracellular domain, a transmembranous segment, and
an extracellular domain that projects into the lamina
lucida (7-9). The extracellular domain of BP180
protein contains a collagenous domain interrupted by
16 small non-collagenous domains (9). The largest of
these 16 non-collagenous domains, NC16A, is located
adjacent to the transmembranous segment. In addition,
a member of the integrin family, agbs, and plectin (a
cytoskeleton-associated attachment protein), are aso
located in this area (10-11).

3.1.2 Lamina lucida:

Situated between the hemidesmosome and the
lamina densa, the laminalucida is electron-lucent under
electron microscope  (1). Nevertheless, fine
filamentous structures are observed in this area and are
termed anchoring filaments (1). Anchoring filaments
extend from the basal keratinocytes' hemidesmosomes
to lamina densa, thus traversing the lamina lucida (1).
One of these anchoring filament components is a
member of the laminin family, laminin-5 (12-13). The
laminin family consists of a group of heterotrimers of
various combinations of three chains, a, b, and g, and
are synthesized and secreted by keratinocytes (Table I,
14-16). Laminin-6, previously named k-laminin, is
another laminin variant, and its presence is restricted to
anchoring filament-containing basement membranes
(17). Laminin-6, a heterotrimer of azb;q chains
secreted by epiderma cells, shares structura and
immunological similarities with two other lamina
lucida-located laminins, laminin-1 (heterotrimer of
a;big) and laminin-5 (heterotrimer of asbsg,
previously named kalinin, epiligrin, nicein, BM600)
(17). In addition, a 105-kDa protein, termed p105, has
recently been identified as a result of studying
autoimmune diseases (6). Further biochemica studies
indicate that p105 is distinct from the truncated g chain
of laminin-5, which is also approximately 105-kDa in
size (18). In addition, the N-terminal amino acids of
pl05 have been sequenced and shown to have
substantial homology with a tumor associated antigen
(19). Molecular cloning of p105 is now underway to
delineate the structure and function of p105. Another
glycoprotein, entactin/nidogen, is also located in this
area (20).

3.1.3 Lamina densa:

Lamina densa, named according to its electron-
dense appearance under electron microscope, is 35-45
nm-thick (1). Thisstructureis considered to be the true
basement membrane by some pathologists (1). The
BMZ components that are located in this area
includeitype 1V collagen, perlecan (heparan sulfate
proteoglycan), and perhaps aso laminin-6 (21-23).
Type IV collagen is considered to be the major
component in this area (1).
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Figure 1. Schematic diagram of skin BMZ indicating the relative location of known BMZ components. BP=bullous

pemphigoid, Ag=antigen.

3.1.4 Sub-lamina densa:

Below the lamina densa, there are fibrillar
structures that connect the lamina densa onto the
dermal plague-like structures (1). These fibrillar
structures have been named anchoring fibrils (1). Type
VIl collagen is the mgjor component of the anchoring
fibril (24). Type VII collagen is a 290-kDa protein
synthesized and secreted by both keratinocytes and
fibroblasts. The newly synthesized type VII collagen
consists of a 145-kDa non-collagenous (NC1) domain
at the N-terminus, a 145-kDa central triple-helica
collagenous domain, and a short 34-kDa non-
collagenous (NC2) domain at its C-terminus (25-26). It
appears that either a portion or all of NC2 domain is
proteolytically removed before incorporated into the
skin BMZ. This is supported by the finding that
antibody raised against NC2 domain does not label skin
BMZ (27). It is now clear that the triple helical type
VIl collagen forms anti-parallel dimers, joining two
molecules a the C-terminus of the collagenous
domains. Thus, the N-terminus-located NC1 domain
serves as a binding site to interact with other BMZ
components. Besides anchoring fibrils, there are other
minor fibers that connect to the area beneath lamina
densa: oxytalan, elaunin, and elastic fibers (1).

3.2 Skin basement membrane function:

The mgor function of BMZ is to serve as an
adherent connection between the outer layer of
epidermis and the inner layer of dermis. The evidence
supporting this role of BMZ is observed in several
heritable blistering diseases characterized by defective
BMZ protein production secondary to mutation of the
genes encoding BMZ  proteins.  Junctiona
epidermolysis bullosa, a skin disease characterized by
either a defective laminin-5, a defective BP180, or a
defective b, integrin, is manifested clinically as skin
fragility and subepidermal blister formation in trauma-
prone areas of the skin (28-31). Dystrophic
epidermolysis  bullosa, another  skin  disease,
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characterized by defective type VIl collagen synthesis
secondary to genetic mutation, is aso manifested
clinically as skin fragility and subepiderma blister
formation in trauma prone skin (32-33).

The adherent role of BMZ is also supported by
laboratory evidence.  Technical advancement in
biochemical and molecular biological methods allow us

to study interactions between isolaled BMZ
components in the waell-controlled laboratory
environment. Laminin-5, a major lamina lucida

component, has been shown to be a preferred ligand for
ash; and agb, integrins in the plama membrane of
basal epithelia cells (34-35). However, it has a low
affinity for entactin/nidogen, which serves as a
connecting network between laminin-1 and type IV
collagen (16,36-37). The high affinity of laminin-1 for
entactin/nidogen is due to the fourth EGF-like repeat
domain Il inits g; subclass chain, which is not present
in laminin-5 (38-39). Similarly high affinity for
entactin/nidogen has been observed in two other
laminins not present in skin BMZ, laminin-2 and -4,
which also share the g, subclass chain (37). Sharing the
same @ subclass chain, laminin-6 is aso likely to have
a high affinity for entactin/nidogen. Thus, laminin-5
may bridge epidermal cells to the lower BMZ by
linking the integrins on the outer part and forming a
complex with laminin-6 on the inner part (40).

Type VII collagen, the major component of
anchoring fibril that connects lamina densa to the
derma structure, has a NC1 domain that contains
multiple subdomains which share homology with
known adhesion molecules, including the fibronectin
type lll-like repeats and the A domain of von
Willebrand factor (41). An eukaroytic expressed
recombinant full-length NC1 protein has been shown to
exhibit specific interaction with the lamina lucida
components, the laminin-5/6 complex, and with the
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Figure 2. Indirect immunofluorescence microscopy on chemically separated skin sections showing the autoantibodies from
patient with anti-laminin cicatricia pemphigoid (left), patient with BP (middle), and patient with epidermolysis bullosa
acquisita (right) labeling the antigenic sites (arrowheads) at dermal floor, epidermal roof, and dermal floor, respectively.

dermal components, fibronectin and type | collagen
(41).

Thus, the ineractions of various molecules of
the BMZ could be envisoned according to the
following sequence from the outer part to the inner part
of skin: The two basal keratinocyte cell membrane-
located integrin family members, asb; and agba, serve
as ligands for laminin-5 and laminin-5/laminin-1,
respectively.  Laminin-5 forms a complex with
laminin-6. Laminin-1 and laminin-6 both interact with
entactin/nidogen, which in turn interacts with type IV
collagen. Type IV collagen interacts with type VII
collagen (41). Type VII collagen, in addition to
interacting with type IV collagen, aso interacts with
laminin-5/laminin-6 complex on the outer part and with
fibronectin and type | collagen on the inner part of skin.
By this interconnecting network of molecules within
the skin BMZ, an adherent connection between the
outer layer, epidermis/epithelium and the inner layer,
dermis is established. The interaction of the
extracellular domain of BPAg2 with other BMZ
components remains to be elucidated. Besides the
major function of adherence of epidermis to dermis,
minor functions of skin BMZ include structura
support, permeability regulation, and embryonic
differentiation.

The adherent role of BMZ is further supported
by the clinica observation of autoimmune
subepidermal  blistering diseases, the pathologic
conditions resulting from perturbation of BMZ by
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autoantibodies.  We will now illustrate these in the
following section.

4. HUMAN SKIN BASEMENT MEMBRANE AS A
TARGET OF AUTOIMMUNE DISEASES

4.1 Techniques for classification of autoimmune
subepidermal blistering diseases

Regardless which BMZ antigen is targeted by
autoantibodies, the histopathological findings of all
autoimmune subepiderma  blistering diseases are
similar (42). Although the inflammtory cell infiltrate
may provide clues in the diagnosis of certain diseases,
such as eosinophilic infiltrate in the diagnosis of BP,
they are not always reliable and cannot be used as
definitive diagnostic criteria.  Therefore, more specific
techniques are required for accurate diagnoses.

411 Direct and indirect immunofluorescence
studies on chemically separated skin section

As depicted in Figure 1, the skin BMZ can be
chemically separated at the middle lamina lucida by
either 1 M NaCl or 20 mM NaEDTA (43). These
techniques  can be  applied to direct
immunofluorescence and indirect immunofluorescence
in the detection of the relative binding sites of in vivo-
bound and circulating autoantibodies, respectively.
Autoantibodies bound to the epidermal roof of the
chemically separated skin section indicate the target
antigens are located in the hemidesmosome/upper
lamina lucida area, whereas autoantibodies bound to
the dermal floor indicate the target antigens are located
in the lower lamina lucida, lamina densa, or sub-lamina
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Figure 3. Immunoelectron microscopy detects the antigenic sites of autoantibodies from a patient with epidermolysis bullosa
acquisita at the lamina densa and sub-lamina densa areas (arrows). E=epidermis, D=dermis.

densa areas. Figure 2 demonstrates the circulating 1gG
autoantibodies from a patient with anti-laminin
cicatricid pemphigoid (a), a patient with bullous
pemphigoid (b), and a patient with epidermolysis
bullosa acquisita (c) bound to the derma floor, the
epidermal roof, and the derma floor of chemicaly
separated skin sections, respectively. (E=epidermis;
D=dermis; arrowheads indicate the binding sites of the
autoantibodies)

412 Direct and
microscopy

Since immunofluorescence microscopy can
only detect the relative location of the autoantibody
binding sites (target antigens), more accurate diagnostic
technique is required to delineate the fine location of
the target antigens.  Immunoelectron microscopy
combines ultrastructural definition and
immunolocalization of the target antigen, and therefore
can provide a more detailed localization of the target
antigens (44). The target antigens can be visualized by
immunoperoxidase or immunogold techniques. A
direct method can be used to detect the binding site of
in vivo-bound autoantibodies, whereas an indirect
method is used to detect the binding site of circulating
autoantibodies. Figure 3 illustrates the
immunoperoxidase particles (arrows) localizing the
target antigen of the IgG autoantibodies from a patient
with epidermolysis bullosa acquisita to the lamina
densa and sub-lamina densa areas. (E=epidermis;
D=dermis)

indirect  immunoelectron

4.1.3 Determination of specific target antigens

The most definitive diagnosis can be obtained
by determining the specific target antigens of the
patients autoantibodies. The determination of target
antigens can be achieved by immunoblotting,
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immunoprecipitaion, or ELISA (2-6,23,45-46). Figure
4 demonstrates the immunaoblotting studies showing
1gG autoantibodies from a patient with epidermolysis
bullosa acquisita (middel lane) that bound to the 290-
kDa type VII collagen (arrows), compared to the
negative labeling by sera from two individuals who do
not have the disease (left and right lanes). The
presence of circulating autoantibodies, however, are
required to determine the specific target antigens.
Thus, the application of these techniques is limited in
cases with detectable circulating autoantibodies.

4.2 Diseases characterized by autoantibodies against
hemidesmosome/upper lamina lucida:
4.2.1 Bullous pemphigoid:

Bullous pemphigoid is the most common and
the most thoroughly studied autoimmune subepidermal
blistering disease, seen predominantly in the elderly
people. The average age of onset is about 65. Mucosa
involvement is rare and quite limited. The typica
clinical phenotype is a tense blister occurring on the
torso and extremities, with a predilection on the flexure
areas. The typical histopathologic finding consists of a
subepidermal blister with a prominent mast cell and
eosinophil infiltrate (42). 19G is deposited linearly at
the BMZ of the patient's peri-lesional skin biopsy
specimen.  Direct and indirect immunofluorescence
microscopy detect in vivo-bound and circulating 19G
binding to the epidermal roof of chemically separated
skin section (43, Figure 2b). The majority of bullous
pemphigoid patients have circulating autoantibodies
that recognize a 230-kDa and/or a 180-kDa epidermal
protein (BPAgl and BPAQ2 respectively) (2,3).
Passive transfer of rabbit antibody raised against the
extracellular non-collagenous (NC16A) domain of the
mouse BPAQ2 to neonatal BALB/c mice induces skin
blisters similar to that of human BP blisters (47).
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Figure 4. Immunaoblotting detects the target antigen (a
290-kDa protein, arrow) recognized by autoantibodies
from a patient with epidermolysis bullosa acquisita
(middle), whereas sera from two individuals without
the disease (Ieft and right) do not recognize this protein.

However, prominent mast cell and eosinophil
infiltration, the typica histopathologic features
characterizing the human BP lesion, is absent in the
passive transfer experiment conducted in mice (47).

On the other hand, eotaxin, a newly identified
epidermal cell-produced eosinophil-specific
chemoattractant, is found to be upregulated in human
BP lesiona epidermis (48). Furthermore, pro-
inflammatory cytokines, IL-1a and TNFa, shown to be
potent stimulants for epidermal cell eotaxin production,
are produced by mast cells (48-49). Thus, eotaxin may
be responsible for recruiting eosinophils to the lesions
of BP. Once migrated near the BMZ, eosinophils can
release at the BP blister site, a potent protease, MMP-9
(a 92-kD gelatinase), that is capable of cleaving the
BPAg2, and may be critical for the BP blister formation
(50).

4.2.2 Linear IgA bullous dermatosis:

Linear IgA bullous dermatosis is a clinicaly
distinct subepidermal blistering disease commonly seen
in children and young adults (4,42,51). One of the
striking clinical features is the grouping of blistersin a
circular manner that resembles a “string of pearl”
configuration (42).  This disease is commonly
associated with a significant pruritus.
Histopathologically, a subepidermal blister is seen with
prominent neutrophilic infiltration mostly at the
papillary  dermis, the so caled “papillary
microabscess’.  IgA is linearly deposited a the
perilesional BMZ of patients skin biopsy specimen. In
a minority of patients, circulating IgA autoantibodies
that bind to the epidermal side of chemically separated
skin section are detected (4,51). Some patients, in
addition to IgA, aso have IgG class autoantibodies
against the skin BMZ (51). Although initialy the
target antigen of the patients' 1gA autoantibodies was

348

thought to be a unique protein located a the
hemidesmosome/upper lamina lucida areas (4), now, it
appears that the target antigen is an epitope within the
BPAg2 (52). It is not known why the immune system,
instead of 1gG class, initiates the formation of IgA class
autoantibodies to target the same protein.

4.3 Diseases characterized by autoantibodies
directed against lower lamina lucida:

4.3.1 Cicatricial pemphigoid with autoantibodies to
bullous pemphigoid antigen:

Cicatricid  pemphigoid is a putative
autoimmune disease clinicaly characterized by chronic
inflammation and scarring a the mucous membranes,
especidly the ora and ocular mucosae. Sometimes,
minima skin involvement is observed (53). The
histologic and direct immunofluorescence findings in
cicatricial pemphigoid is quite similar to that of BP (42,
53). Within the clinical entity of cicatricial
pemphigoid, different subsets can be classified
according to the specific target antigens recognized by
the patients' autoantibodies. A subset of patients with
cicatricial pemphigoid have autoantibodies recognizing
the BP antigens, particularly the BP180 (BPAg2) (53-
54). Further studies indicated that the autoantibodies
from a subset of cicatricid pemphigoid patients
recognized epitopes on BPAQ2 that are different from
the epitopes recognized by BP patients (54). The
cicatricial pemphigoid epitopes are located beneath the
lower lamina lucida or lamina densa area, so that direct
or indirect immunofluorescence studies performed on
chemically separated skin sections detect the in vivo-
bound or circulating autoantibodies of this subset of
patients at the derma side. Thus, the location of
cicatricial pemphigoid antigenic epitopes is distinct
from that of the bullous pemphigoid epitopes which are
located close to the hemidesmosome area (54). This
deeper location of the cicatricial pemphigoid antigenic
epitope may be a factor that influences the scarring
nature of the disease. A second subset of cicatricial
pemphigoid with clinical disease restricted to ocular
mucosa is characterized by the absence of circulating
autoantibodies and the presence of in vivo-bound fibrin
deposition at the patients BMZ (53).

4.3.2 Anti-laminin cicatricial pemphigoid:

The third subset of cicatricid pemphigoid
patients were reported to have 1gG autoantibodies
targeting a lower lamina lucida component epiligrin
(55). Subsequently, epiligrin was identified as a
member of the laminin family, and was named laminin-
5. This protein was aso previously known as kalinin,
BM600, and nicein (56-57). Laminin-5, a heterotrimer
of as, bs, and g chains, shares homology with another
member of laminin family, laminin-6 (heterotrimer of
as, by, @), which is also located at the skin BMZ
(14,17). Autoantibodies from a subset of patients with
cicatricial pemphigoid recognized the az chain of
laminin-5 and thus aso recognized laminin-6 (23,57).
As a result, both laminin-6 and laminin-5 become
target antigens for this subset of cicatricial pemphigoid
(23). Therefore, the appropriate name for this subset of
cicatricial pemphigoid should be anti-laminin
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cicatricial pemphigoid (23). Since both laminin-6 and
laminin-5 are localized to the lower lamina lucida
areas, autoantibodies from these patients bind to the
dermal side of chemically separated skin section
(Figure 2a) and localize to the lower lamina lucida by
immunoel ectron microscopy (23,55).

4.3.3 Anti-p105 pemphigoid:

Anti-p105 pemphigoid is a rare IgG-mediated
subepidermal blistering disease first reported in 1993
(6), and subsequently, in another patient in 1994 (58).
Since the disease is rarely observed, a typical clinica
phenctype has not been characterized. The two cases
reported thus far showed different clinical phenotype
with one case being smilar to toxic epidermal
necrolysis or pemphigus vulgaris (6,59) and other case
being similar to bullous pemphigoid (58).
Histopathologically, a subepiderma blister is present
predominantly with a neutrophilic infiltration,
resembling the histology of linear IgA bullous
dermatosis. 1gG, and not IgA, is deposited linearly at
the BMZ of patent's perilesiona skin biopsy
specimen.  Direct or indirect immunofluorescence
microsopy detect in vivo-bound and circulating 1gG
binding to the derma floor of chemicaly separated
skin.  These patients adso had 1gG circulating
autoantibodies that recognized a lower lamina lucida-
located 105-kDa protein (P105) synthesized and
secreted by epidermal  keratinocytes and dermal
fibroblasts (6).

4.4 Diseases characterized by autoantibodies
directed against sub-lamina densa:

4.4.1 Epidermolysis bullosa acquisita:

Epidermolysis bullosa acquisita is an 1gG-
mediated subepidermal blistering disease with a distinct
clinica phenotype. A common clinica feature is
chronic inflammtion, blister formation, and scarring,
predominantly at the extensor surfaces of the skin:
elbows, knees, ankles, buttocks, and dorsal aspect of
the hands (42). However, generalized blistering
formation occurs in a minority of patients. Some
patients have severe mucosal lesions.
Histopathologically, epidermolysis bullosa acquisita is
a subepidermal blister with a mixed inflammatory cell
infiltrate (42). A wide band of 1gG is deposited
linearly a the patient's skin BMZ when direct
immunofluorescence is performed on the peri-lesional
skin biopsy specimen. Direct or indirect
immunofluorescence detect 1gG autoantibodies that
bind to the derma floor of the chemically separated
skin section (43, Figure 2c). Immunoelectron
microscopy delineates the 1gG binding site to be at the
lamina densa and sub-lamina densa area (5, Figure 3).
Approximately 50% of the patients have detectable
circulating 1gG autoantibodies that recognize a 290-
kDa skin BMZ protein (5, Figure 4) synthesized and
secreted by epidermal  keratinocytes and dermal
fibroblasts.  This 290-kDa epidermolysis bullosa
acquisita antigen was subsequently identified as type
VIl collagen (5). Further studies showed that the
patients's autoantibodies recognized four major
immunodominant domains located a the non-
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collagenous (NC1) domain of type VII collagen, aso
located at the N-terminus of the protein (60).

5. SUMMARY

Skin BMZ is a complex structure situated
between the inner layer of epidermis and the outer layer
of dermis. The mgor function of skin BMZ is
adherence of epidermis to dermis. Skin BMZ is
composed of many individual yet interconnected
components. Disruption of any of these components
either due to genetic mutation or as a result of
autoantibody attack leads to the loss of adherence of
epidermis to dermis and results in the formation of
subepidermal blister. Skin BMZ components that have
been attacked by autoimmune reactions include the
hemidesmosome/upper lamina lucida-located bullous
pemphigoid antigens (BP230 and BP180); the lower
lamina lucida-located laminin-5 (previousy named
kainin, epiligrin, nicein, BM600), laminin-6
(previously named k-laminin), and p105; and the sub-
lamina densa-located type VII collagen (epidermolysis
bullosa acquisita antigen). Other well-defined skin
BMZ components including laminin-1, agh, integrin,
type 1V collagen, perlecan, entactin/nidogen, plectin,
have not been reported as being targeted by
autoantibodies in blistering skin diseases. As more
components are being discovered and studied, we will
get a better understanding of the complex structures
and functions of skin BMZ.

6. ACKNOWLEDGMENTS

This work is supported, in part, by a Merit
Review Research Grant (VA Research Committee,
Long Beach, CA), and a Clinical Investigator Award
(KO8 ARO01961, National Institutes of Hedlth,
Bethesda, MD).

7. REFERENCES

1. G.F. Murphy: Histology of the skin. In: Lever's
histopathology of the skin. 8th edition; Eds. Elder D,
Elenitsas R, Jaworsky C, Johnson B. Lippincott-Raven,
Philadelphia, 17-19 (1997)

2. JR. Stanley, P. Hawley-Nelson, S.H. Yuspa,
E.M.Shevach & S.I. Katz: Characterization of bullous
pemphigoid antigen: a unique basement membrane
protein of stratified squamous epithelia. Cell 24, 897-
903 (1981)

3. R.S. Labib, G.J. Anhalt, H.P.Patel, D.F. Mutasm &
L.A. Diaz. Molecular heterogeneity of the bullous
pemphigoid antigens as detected by immunoblotting. J
Immunol 136, 1231-1235 (1986)

4.JJ. Zone, T.B. Taylor, D.P. Kadunce & L.J. Meyer:
Identification of the cutaneous basement membrane
zone antigen and isolation of antibody in linear
immunoglobulin A bullous dermatosis. J Clin Invest
85, 812-820 (1990)



Skin basement membrane and autoimmunity

5. D.T. Woodley, R.A. Briggaman, E.J. O'Keefe, A.O.
Inman, L.L. Queen & W.R. Gammon: Identification of
the skin basement-membrane autoantigen in
epidermolysis bullosa acquisita. New Engl J Med 310,
1007-1013 (1984)

6. L.S. Chan, JD. Fine, RA. Briggaman, D.T.
Woodley, C. Hammerberg, RJ. Drugge & K.D.
Cooper: Identification and partia characterization of a
novel 105-kDalton lower lamina lucida autoantigen
associsted  with  a novel  immune-mediated
subepidermal blistering disease. J Invest Dermatol 101,
262-267 (1993)

7. A. Ishiko, H. Shimizu, A. Kikuchi, T. Ebihara, T.
Hashimoto & T. Nishikewa: Human autoantibodies
against the 230-kD bullous pemphigoid antigen
(BPAGL) 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
human and swine skin. J Clin Invest 91, 1608-1615
(1993)

8. K. Li, D. Sawamura, G.J. Giudice, L.A. Diaz, M-G.
Mattei, M-L. Chu & J. Uitto: Genomic organization of
collagenous domains and chromosomal assignment of
human 180 kD bullous pemphigoid antigen (BPAg2), a
novel collagen of stratified squamous epithelium. J Biol
Chem 266, 24064-24069 (1991)

9. G.J. Giudice, D.J. Emery & L.A. Diaz: Cloning and
primary structural analysis of the bullous pemphigoid
autoantigen BP180. J Invest Dermatol 99, 243-250
(1992)

10. M.A. Stepp, S. Spurr-Michaud, A. Tisdale, J.
Elwell & 1.K. Gipson: agh, integrin heterodimer is a
component of hemidesmosomes. Proc Natl Acad Sci,
USA 87, 8970-8974 (1990)

11. C.G. Liu, C. Maercker, M.J. Gastanon, R.
Hauptmann & G. Wiche: Human plectin: organization
of the gene, sequence anaysis, and chromosome
localization (8924). Proc Natl Acad Sci, USA 93, 4278-
4283 (1996)

12. P. Roussdle, G.P. Lunstrum, D.R. Keene & R.E.
Burgeson: Kainin: an epithelium-specific basement
membrane adhesion molecule that is a component of
anchoring filaments. J Cell Biol 114, 567-576 (1991)

13. M.P. Marinkovich, B.P. Lunstrum & R.E.
Burgeson: The anchoring filament protein kalinin is
synthesized and secreted as a high molecular weight
precusor. J Biol Chem 267, 17900-17906 (1992)

14. R.E. Burgeson, M. Chiquet, R. Deutzmann, P.
Ekblom, J. Engel, H. Kleinman, G.R. Martin, G.
Meneguzzi, M. Paulsson, J. Sanes, P. Timpl, K.
Tryggvason, Y. Yamada & P.D. Yurchenco: A new
nomenclature for the laminins. Matrix Biol 14, 209-211
(1994)

15. R. Timpl & J.C. Brown: The laminins. Matrix Biol
14, 275-281 (1994)

16. M. Aumailley & T. Krieg: Laminins. a family of
diverse multifunctional molecules of basement
membrane. J Invest Dermatol 106, 209-214 (1996)

17. M.P. Marinkovich, G.P. Lunstrum, D.R. Keene &
R.E. Burgeson: The dermal-epidermal junction of
human skin contains a novel laminin variant. J Cell
Biol 119, 695-703 (1992)

18. L.S. Chan, X-S. Wang, JC. Lapiere, M.P.
Marinkovich, J.C.R. Jones & D.T. Woodley: A newly
identified 105-kD lower lamina lucida autoantigen is an
acidic protein distinct from the 105-kD g chain of
laminin-5. J Invest Dermatol 105, 75-79 (1995)

19. LS. Chan & D.T. Woodley: The 105-kDa
basement membrane autoantigen p105 is N-terminally
homologous to a tumor-associated antigen. J Invest
Dermatol 107, 209-214 (1996)

20. T. Tsao, JC. Hsieh, M.E. Durkin, C. Wu, S.
Chakravarti, L-J. Dong, M. Lewis & A.E. Chung:
Characterization of the basement membrane
glycoprotein entactin synthesized in a Baculovirus
expression system. J Biol Chem 265, 5188-5191 (1990)

21. K. Kuhn: Basement membrane (type V) collagen.
Matrix Biol 14, 439-445 (1994)

22. RV. lozzo: Perlecan: a gem of a proteoglycan.
Matrix Biol 14, 203-208 (1994)

23.L.S. Chan, A.A. Mgmudar, H.H. Tran, F. Méier, G.
Schaumburg-Lever, M. Chen, G. Anhat, D.T.
Woodley & M.P. Marinkovich: Laminin-6 and laminin-
5 are recognized by autoantibodies in a subset of
cicatricial pemphigoid. J Invest Dermatol 108, 848-853
(1997)

24. LY. Sakai, D.R. Keene, N.P. Morris & R.E.
Burgeson: Type VII collagen is a mgor structura
component of anchoring fibrils. J Cell Biol 103, 1577-
1586 (1986)

25. G.P. Lunstrum, L.Y. Sakai, D.R. Keene, N.P.
Morris & R.E. Burgeson: Large complex globular
domains of type VII procollagen contribute to the
structure of the anchoring fibrils. J Biol Chem 261,
9042-9048 (1986)

26. G.P. Lunstrum, H-J. Kuo, L.M. Rosenbaum, D.R.
Keene, RW. Glanville, L.Y. Saka & R.E. Burgeson:
Anchoring fibrils contain the carboxyl-terminal
globular domain of type VII collagen, but lack the
amino-terminal globular domain. J Biol Chem 262,
13706-13712 (1987)

27. L. Bruckner-Tuderman, O. Nilssen, D.R.
Zimmermann, M.T. Dours-Zimmermann, D.U.
Kalinke, T. GeddeDahl & JO. Winberg:
Immunohistochemical and  mutation  analyses



Skin basement membrane and autoimmunity

demonstrate that procollagen VII is processed to
collagen VII through removal of the NC-2 domain. J
Cell Biol 131, 551-559 (1995)

28. L. Pulkkinen, A.M. Chrigtiano, D. Gerecke, D.W.
Wagman, R.E. Burgeson, M.R. Pittelkow & J. Uitto: A
homozygous nonsense mutation in the beta 3 chain
gene of laminn 5 (LAMB3) in Herlitz junctiona
epidermolysis bullosa. Genomics 24, 357-360 (1994)

29. D. Aberdam, M-F. Gdliano, J. Vailly, L.
Pulkkinen, J. Bonifas, A.M. Christiano, K. Tryggvason,
J. Uitto, E.H. Epstein Jr, J-P. Ortonne & G. Meneguzzi:
Herlitz's junctional epidermolysis bullosa is linked to
mutations in the gene (LAMC?2) for the g subunit of
nicein/kalinin (LAMININ-5). Nature Genet 6, 299-304
(1994)

30. JA. McGrath, B. Gatdlica, A.M. Christiano, K. Li,
K. Owaribe, JR. McMillan, RA. Eady & J. Uitto:
Mutations in the 180-kD bullous pemphigoid antigen
(BPAg2), a hemidesmosomal transmembrane collagen
(COL17A1), in generdized atrophic  benign
epidermolysis bullosa. Nature Genet 11, 83-86 (1995)

31. F. Vidd, D. Aberdam, C. Miquel, A.M. Christiano,
L. Pulkkinen, J. Uitto, J.P. Ortonne & G. Meneguzzi:
Integrin beta 4 mutations associated with junctional
epidermolysis bullosa with pyloric atresia. Nature
Genet 10, 229-234 (1995)

32. J. Uitto, A. Hovnanian & A.M. Christiano:
Premature termination codon mutations in type VII
collagen gene (COL7A1) underlie severe recessive
dystrophic epidermolysis bullosa. Proc Ass Am Phys
107, 245-252 (1995)

33. M.G. Dunnill, JA. McGrath, A.J. Richards, A.M.
Christiano, J. Uitto, F.M. Pope & RA. Eady:
Clinicopathological  correlations of  compound
heterozygous COL7A1 mutations in recessive
dystrophic epidermolysis bullosa. J Invest Dermatol
107, 171-177 (1996)

34. W.G. Carter, M.C. Ryan & P.J. Gahr: Epiligrin, a
new cell adhesion ligand for asb; in epithdia
basement membranes. Cell 65, 599-610 (1991)

35. C.M. Niessen, F. Hogervorgt, L.H. Jaspars, A.A. De
Melker, G.O. Delwel, E.H.M. Hulsman, I. Kuikman &
A. Sonnenberg: The agh, integrin is a receptor for both
laminin and kalinin. Exp Cell Res 211, 360-367 (1994)

36. M. Aumailley, H. Wiedemann, K. Mann & R.
Timpl: Binding of nidogen and the laminin-nidogen
complex to basement membrane collagen IV. Eur J
Biochem 184, 241-248 (1989)

37. JC. Brown, H. Wiedemann & R. Timpl: Protein
binding and cell adhesion properties of two laminin
isoforms (AmBleB2e, AmB1sB2e) from human
placenta. J Cell Sci 107, 329-338 (1994)

351

38. U. Mayer, R. Nischt, E. Poschl, K. Mann, K.
Fukuda, M. Gerl, Y. Yamada & R. Timpl: A single
EGF-like motif of laminin is responsible for high
affinity nidogen binding EMBO J 12, 1879-1885
(1993)

39. J. Mayer, E. Poschl, D.R. Gerecke, D.W. Wagman,
R.E. Burgeson & R. Timpl: Low nidogen affinity of
laminin-5 can be attributed to two serine residues in
EGF-like motif gamma 21114. FEBS Letters 365, 129-
132 (1995)

40. M-F. Champliaud, G.P. Lunstrum, P. Rousselle, T.
Nishiyama, D.R. Keene & R.E. Burgeson: Human
amnion contains a novel laminin variant, laminin-7,
which like laminin-6, covaently associates with
laminin-5. J Cell Biol 132, 1189-1198 (1996)

41. M. Chen, M.P. Marinkovich, A. Veis, X. Cai, C.N.
Rao, EA. O'Toole & D.T. Woodley: Interactions of
the amino-terminus noncollagenous (NC1) domain of
type VIl collagen with extracelular matrix
components. a potential role in epidermal-dermal
adherence in human skin. J Biol Chem, in press (1997)

42. L.M. Cohen, D.K. Skopicki, T.J. Harrist & W.H.
Clark: Noninfectious vesiculobullous and
vesiculopustular diseases. In: Lever's histopathology of
the skin. 8th edition; Eds. Elder D, Elenitsas R,
Jaworsky C, Johnson B. Lippincott-Raven,
Philadelphia, 209-252 (1997)

43. W.R. Gammon, R.A. Briggaman, A.O. Inman, L.L.
Queen & C.E. Whedler: Differentiating anti-lamina
lucida and anti-sublamina densa anti-BMZ antibodies
by indirect immunofluorescence on 1.0 M sodium
chloride-separated skin. J Invest Dermatol 82, 139-144
(1984)

44. G. Schaumburg-Lever, B. Fehrenbacher, H. Moller
& P. Nau: Techniques in immuno-€electron microscopy.
J Cutan Pathol 21, 330-338 (1994)

45. M. Chen, L.S. Chan, X. Cai, EA. O'Toole, J.C.
Samples & D.T. Woodley: Development of an ELISA
for rapid detection of anti-type VII collagen
autoantibodies in epidermolysis bullosa acquisita. J
Invest Dermatol 108, 68-72 (1997)

46. G.J. Giudice, K. Wilske, A. Taylor, D.J. Emery &
L.A. Diaz: Development of an ELISA to detect anti-
BP180 autoantibodies in bullous pemphigoid and
herpes gestationis. J Invest Dermatol 102, 878-881
(1994)

47. Z. Liu, L.A. Diaz, JL. Troy, A.F. Taylor, D.J.
Emery, JA. Fairley & G.J. Giudice: A passive transfer
model of the organ-specific autoimmune disease,
bullous pemphigoid, using antibodies generated against
the hemidesmosomal antigen, BP180. J Clin Invest 92,
2480-2488 (1993)

48. EA. O'Toole, S. Arami, J. Guitart, C.R. MacKay,
D.T. Woodley & L.S. Chan: Eotaxin, an eosinophil-
specific chemoattractant, is upregulated in bullous



Skin basement membrane and autoimmunity

pemphigoid lesional epidermis and in normal human
keratinocytes stimulated by a pro-inflammatory
cytokinesIL-1a. J Invest Dermatol 108, 546A (1997)

49. L.J. Walsh, G. Trinchieri, H.A. Waldorf, D.
Whitaker & G.F. Murphy: Human derma mast cells
contain and release tumor necrosis factor apha, which
induces endothelial leukocyte adhesion molecule 1.
Proc Natl Acad Sci, USA 88, 4220-4224 (1991)

50. M. Stahle-Backdahl, M. Inoue, G.J. Giudice &
W.C. Paks: 92-kD gelainase is produced by
eosinophils at the site of blister formation in bullous
pemphigoid and cleaves the extracellular domain of
recombinant 180-kD bullous pemphigoid autoantigen. J
Clin Invest 93, 2022-2030 (1994)

51. L.S. Chan, T. Traczyk, T.B. Taylor, L.R. Eramo,
D.T. Woodley & JJ Zone: Linear IgA bullous
dermatosis: characterization of a subset of patients with
concurrent IgA and IgG anti-basement membrane
autoantibodies. Arch Dermatol 131, 1432-1437 (1995)

52. H.H. Pas, G.J. Kloosterhuis, K. Heeres, J.B. van der
Meer & M.F. Jonkman: Bullous pemphigoid and linear
IgA dermatosis sera recognize a similar 120-kDa
keatinocyte collagenous glycoprotein with antigenic
cross-reactivity to BP180. J Invest Dermatol 108, 423-
429 (1997)

53. L.S. Chan, K.B. Yancey, C. Hammerberg, H.K.
Soong, JA. Regezi, K. Johnson & K.D. Cooper:
Immune-mediated subepithelial blistering diseases of
mucous membranes. pure ocular cicatricial pemphigoid
is a unique clinical and immunopathological entity
distinct from bullous pemphigoid and other subsets
identified by antigenic specificity of autoantibodies.
Arch Dermatol 129, 448-455 (1993)

54. C. Bedane, JR. McMillan, SD. Balding, P.
Bernard, C. Prost, M. Bonnetblanc, L.A. Diaz, R.A.J.
Eady & G.J. Giudice Bullous pemphigoid and
cicatricial pemphigoid autoantibodies react with
ultrastructurally separable epitopes on the BP180
ectodomain: evidence that BP180 spans the lamina
lucida. J Invest Dermatol 108, 901-907 (1997)

55. N. Domloge-Hultsch, W.R. Gammon, R.A.
Briggaman, S.G. Gil, W.G. Carter & K.B. Yancey:
Epiligrin, the mgjor human keratinocyte integrin ligand,
is a target in both an acquired autoimmune and an
inherited subepiderma blistering skin disease. J Clin
Invest 90, 1628-1633 (1992)

56. M.P. Marinkovich, P. Verrando, D.R. Keene, G.
Meneguzzi, G.P. Lunstrum, JP. Ortonne & R.E.
Burgeson: Basement membrane proteins kalinin and
nicein are structurally and immunologically identical.
Lab Invest 69, 295-299 (1993)

57. G. Kirtschig, M.P. Marinkovich, R.E. Burgeson &
K.B. Yancey: Anti-basement membrane autoantibodies
in patients with anti-epiligrin cicatricia pemphigoid

352

bind the a subunit of laminin-5. J Invest Dermatol 105,
543-548 (1995)

58. S.L. Cotell, J.C. Lapiere, JD. Chen, T. lwasaki,
P.A. Krusinski, L.S. Chan & D.T. Woodley: A novel
105-kDa lamina lucida autoantigen: association with
bullous pemphigoid. J Invest Dermatol 103, 78-83
(1994)

59. L.S. Chan & K.D. Cooper: A novel immune-
mediated subepidermal bullous dermatosis
characterized by 1gG autoantibodies to a lower lamina
lucida component. Arch Dermatol 130, 343-347 (1994)

60. JC. Lapiere, D.T. Woodley, M.G. Parente, T.
lwasaki, K.C. Wynn, A.M. Christiano & J. Uitto:
Epitope mapping of type VI collagen: identification of
discrete peptide sequences recognized by sera from
patients with acquired epidermolysis bullosa acquisita.
J Clin Invest 92, 1831-1839 (1993)



