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Autoimmune bullous diseases are a group of blistering diseases 
characterized by in vivo bound and circulating autoantibodies directed 
against components of epithelia. They can be divided histologically into 
two main groups based on the location of the cleavage plane in the 
epithelia-intraepithelial for the pemphigus group and subepithelial for 
the group of subepithelial blistering diseases. These two groups of 
diseases can also be distinguished by the types of molecules that serve 
as target antigens. Autoantibodies associated with the pemphigus group 
react with protein constituents of the desmosome, a cell structure that 
functions in cell-cell adhesion, whereas the autoimmune response in the 
subepithelial group is directed against components of the basement 
membrane zone (BMZ). Both groups of bullous diseases are composed 
of multiple disease entities that are distinguishable at the clinical, histo- 
logical, and immunological levels. 

This article focuses on ocular manifestations of autoimmune subepi- 
thelial blistering diseases. The diseases that fall into this category are 
listed in Table 1. They include cicatricial pemphigoid (CP), the proto- 
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typic disease with the most severe ocular involvement, epidermolysis 
bullosa acquisita (EBA), and linear IgA disease (LAD). This article de- 
scribes the clinical, histological, and immunopathological findings, with 
an emphasis on ocular involvement. Pathogenesis and treatment are also 
discussed. Pemphigus vulgaris and paraneoplastic pemphigus, which 
are defined by an intraepithelial cleavage, and bullous pemphigoid (BP) 
and dermatitis herpetiformis, which are rarely associated with ocular 
lesions, are not covered. 

ClCATRlClAL PEMPHIGOID 

CP is a chronic disease that predominantly involves mucous mem- 
branes and is characterisfically associated with scarring.b4 Historically, 
cases that have been termed cicatricial pemphigoid, or benign mucosal 
pemphigoid, represent a heterogeneous group both clinically and immu- 
nologically. CP should be considered a protean systemic disease requir- 
ing a multidisciplinary approach that should include dermatologists, 
ophthalmologists, otolaryngologists, and clinical immunologists. 

Clinical Presentation 

Patients with CP typically present with tense blisters evolving into 
erosions in mucous membranes and, to a lesser extent, the skin. The 
mouth (80% to 90°/0) and the eyes (50% to 70%) are the most frequently 
affected mucosae. Erythema, oral erosions, and pseudomembrane-cov- 
ered ulcerations of the mouth are typical clinical manifestations. CP can 
involve the gums, resulting in the typical "desquamative gingivitis"; 
however, the palate, buccal mucosa, and less frequently, labial mucosa, 
floor of mouth and tongue, may also be Residual scarring in 
the mouth is unusual. Ocular lesions usually begin with unilateral or 
bilateral nonspecific conjunctivitis followed by insidious scarring of 
conjunctivae (Fig. 1). Fibrous tracts fuse the bulbar and palpebral 
conjunctivae, resulting in symblepharon formation. Complete oblitera- 
tion of the conjunctival sacs (ankyloblepharon) can also occur. Scarring 
can lead to the occlusion of lacrimal ducts, with decreased tear secretion, 
and a reduction in the number of goblet cells, with decreased mucus in 
tears, resulting in an unstable tear film. Entropion-inversion of the lid 
margin, and trichiasis-a condition in which eyelashes grow toward the 
eyeball, can also occur and may be responsible for superficial keratopa- 
thy and corneal ulceration. This combined pathology ultimately results 
in corneal opacity and blindness. Blindness, frequently bilateral, has 
been found in 27% of the patients in one study.6s 

In certain cases other mucosae can become involved, including the 
genitals (15%), the nose (15%), the larynx (8%), the anus (4%), and the 
esophagus (4%). External genital lesions involve the glans penis in men, 
and scarring can result in urethral stenosis. The labia minora can be 
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Figure 1. Ocular involvement demonstrating erythema and shrinkage of the conjunctiva 
and symblepharon formation in a patient with cicatricial pemphigoid. 

involved in women, with the possibility of fusion. Involvement of the 
nasal mucosa often leads to stenotic nasal obstruction and perforation 
of the nasal septum. Laryngeal manifestations are rare, but can be 
life-threatening (e.g., laryngeal stenosis may necessitate tracheostomy). 
Esophageal involvement can cause dysphagia due to stenosis, with the 
risk of aspiration leading to pneumonia. The skin is involved in about 
25% of CP patients. The blisters are scattered over erythematous plaques 
of the head, the neck, or the trunk, and heal with atrophic scars and 
milia. There is no pruritus. 

Several clinical variants of CP have been described. Certain cases of 
CP exhibit lesions restricted to a single mucous membrane, most com- 
mon among these being oral CP followed by pure ocular CP. Patients 
with disease localized only to the oral mucosa tend to have a more 
benign course.85 Pure ocular CP, in contrast, has the more typical chronic, 
relapsing course and may lead to blindness. Benign pemphigoid of 
Brunsting-Perry is characterized by the presence of localized and recur- 
rent blisters on the head or neck, which evolve to scarring.1h It predomi- 
nates in men and does not involve mucous membranes. The histologic, 
immunopathologic, and ultrastructural findings reported in this clinical 
variant are similar to CP; however, this clinical presentation is not 
specific for CP and has been reported in EBA and in BP.41,87 A dissemin- 
ated form of CP has also been r e p ~ r t e d ? ~ , ~ ~  

CP is a rare disease. The rate of incidence has been calculated by 
dermatologists as 1.16 and 0.87 new cases per 1 million people annually 
in France and Germany, respectively.’l! Io4 CP affects the’ elderly, with a 
mean age of onset of 65 years3, 67 There is a female predominance, with 
a ratio of female-to-male patients of 2-to-1. There is no known racial or 
geographic predilection, but it has been reported that ocular CP is 
associated with HLA-DR4 and HLA-DQw7/DQB1*03014, 14, 20; HLA- 
DQB1*0301 is a marker of oral CP.92,100 
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Laboratory Investigations 

Histological examination of skin or oral mucosal lesions in CP 
shows subepithelial blistering associated with a dermal infiltrate of 
lymphocytes, mononuclear cells, neutrophils, and some eosinophils. In 
affected mucosal tissues, subepithelial clefts or erosions are present and 
are subtended by a mixed inflammatory infiltrate in a perivascular 
location. No vasculitis is found in early lesions. More advanced lesions 
typically show a chronic inflammatory infiltrate and fibrosis. Light mi- 
croscopy of Conjunctival epithelial layers demonstrates squamous meta- 
plasia with parakeratosis, keratinization, and reduction or absence of 
goblet cells. The stroma shows an inflammatory infiltrate consisting of 
lymphocytes and plasma cells. There are occasional eosinophils and 
neutrophils that increase in number during an acute exacerbation of CP. 

Immunohistochemical studies have revealed an abnormally high 
number of T lymphocytes in Conjunctival biopsies obtained from patients 
with CP.13, 79 Of the T-cell subsets, there are usually more CD8' than 
CD4' cells, and some of the T cells are activated, as demonstrated 
by expression of the interleukin-2 receptor. The composition of the 
subepithelial cellular infiltrate is variable with disease activity, and acute 
disease is characterized by an abundance of macrophages and neutro- 
phils and occasional observations of small numbers of eosinophils. A 
recent study has demonstrated that the granular toxic proteins of eosino- 
phils (e.g., secreted eosinophil cationic protein) can be detected at the 
BMZ and perivascular region of Conjunctival biopsies.82 In addition, the 
total number of mast cells is increased in Conjunctival biopsies taken 
from patients with CP.3x Fibroblasts from patients with untreated CP 
behave in a hyperproliferative manner in tissue culture, and staining for 
the fibrogenic cytokines has demonstrated increased levels of TGF-P in 
Conjunctival biopsies of the acute stage of CP.I3 

Electron microscopic examination of Conjunctival biopsies has 
shown alterations of the basal lamina, including discontinuity, duplica- 
tion, and focal thickening. A higher number of desmosomes has also 
been observed, along with a disorganization of collagen fibrils in a 
thickened stroma and a mucin-like material covering the Conjunctival 
surface. These alterations are reversible after successful treatment of 
the disease. 

In 80% to 95% of biopsies, direct immunofluorescence (IF) analysis 
shows linear deposits of immunoglobulins and complement along the 
BMZ of skin, buccal mucosa, or conj~nctiva.~~, 54, 83 These deposited 
immunoreactants are more frequently detected in mucosae than in skin 
biopsies. IgG is the most frequently detected class of >immunoglobulins 
bound to the BMZ, but IgA and IgM can also be In ocular CP, 
IF analysis of Conjunctival biopsies shows the same immune deposits at 
the BMZ.70 Use of an immunoperoxidase-labeling protocol increases 
the sensitivity of detection of immune  deposit^.'^ Circulating anti-BMZ 
autoantibodies are found in about 20% of CP patients by indirect IF on 
human skin, and the titers are usually low.2 The indirect IF reactivity is 
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largely accounted for by IgG class autoantibodies, with the predominant 
subclass being IgG4.8 IgA can also be detected by indirect IF, and can 
be the sole anti-BMZ immunoglobulin class detected.*O The use of several 
substrates (e.g., human oral mucosa, human conjunctiva, rabbit esopha- 
gus) increases the sensitivity of the indirect IF analysis to approximately 
80%. Performing indirect IF on 1 M NaC1-split skin also increases the 
sensitivity of detection of circulating antibodies. The IgG binding is 
frequently observed on the epidermal side of the split, but a dermal/ 
epidermal-combined binding pattern, or binding on just the dermal side 
of the split, occurs in some cases (Fig. 2). 

By direct immunoelectron microscopy (IEM) on skin and mucosae, 
immune deposits are localized to the lower part of the lamina lucida, 
sometimes overlapping with the lamina densa (Fig. 3).1°, 27, 65 In contrast, 
three patients with pure ocular CP contained conjunctival immune de- 
posits located only in the upper part of the lamina lucida.” By indirect 
IEM, circulating CP autoantibodies produce a staining of the lamina 
densa and the lower part of the lamina lucida in regularly spaced 
c l ~ m p s . ~  Recently, Shimizu et aP4 demonstrated two different CP label- 
ing patterns by indirect immunogold EM. CP sera that stained the 
epidermal side of NaC1-split skin by indirect IF were shown to label the 
junction between the hemidesmosome and the basal keratinocyte plasma 
membrane whereas CP sera that exhibited a dermal side staining of 
NaC1-split skin labeled the lamina lucida/lamina densa in te r fa~e .~~ 

Several antigens from the BMZ have been identified as the target of 

Figure 2. Indirect immunofluorescence analysis of a cicatricial pemphigoid serum using 
NaCI-split human skin, demonstrating linear IgG staining of the epidermal side of the cleav- 
age. 
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Figure 3. Direct immunoelectron microscopy performed on a perilesional skin biopsy 
specimen from a patient with cicatricial pemphigoid, showing immune deposits (arrow) on 
the lamina densa of the basement membrane. Ep = epidermis, De = dermis. (Courtesy 
of Dr. Catherine Prost, Paris, France.) 

CP autoantibodies. By immunoblot and immunoprecipitation analyses, 
most CP sera react with a 180 kd epidermal protein, BP180, whereas a 
smaller subset of CP sera recognize a 230 kd epidermal antigen, BP230.h, 
9,10,66 BP180 and BP230 were first identified as the major antigenic targets 
of BP sera.50,ss Recently, a small subset of CP sera, which exhibit dermal 
side staining of salt-split skin, were shown to react with laminin-5 
(formerly designated kalinin, nicein, or BM600), a component of anchor- 
ing filaments.24, 25, 36 Antibodies produced by these patients specifically 
bind the ci subunit of this protein.47 CP sera have also been reported to 
react with an unknown 120-kD epidermal protein, but the specificity of 
this reactivity has not been firmly established.z1,81 IgA antibodies in the 
sera of some ocular CP'patients recognize a 45 kd epidermal protein.xh 
Using extracts of tumor cell lines and a very sensitive immunoblotting 
method, autoantibodies against proteins of 230, 205, and 160 kd, two of 
which may correspond to BP230 and BP180, have been demonstrated in 
ocular CP.62 

Differential Diagnosis 

The diagnosis of CP is suspected when a patient presents with 
blisters or erosions of mucous membranes. Direct IF, if positive, confirms 
the diagnosis of autoimmune bullous disease and excludes other causes 
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of cicatricial conjunctivitis, such as chronic atopic keratoconjunctivitis, 
rosacea, and drug-induced cicatricial conjunctivitis. The distinction be- 
tween CP and other autoimmune bullous diseases, such as BP, EBA, 
and LAD, can be difficult and may necessitate IEM and western blot- 
ting studies. 

The distinction between CP and BP is usually straightforward. In 
BP the cutaneous lesions are more profuse, with large, tense blisters and 
urticaria1 lesions on the flexural surfaces of the arms, legs, and trunk. 
Mucosal lesions are uncommon and limited to the oral cavity. Typically, 
there is no evolution to scar formation. By IEM, immune deposits are 
localized within the hemidesmosomal plaque and the subjacent lamina 
lucida. Circulating BP autoantibodies usually react with BP230 or BP180 
by immunoblotting. 

The differential diagnosis between CP and drug-induced cicatricial 
conjunctivitis can be more difficult. Drug-induced cicatricial conjunc- 
tivitis, also referred to as pseudopemphigoid, is a side effect of topically 
administered medications. A variety of antiglaucoma drugs (pilocarpine, 
echothiophate, demecarium bromide, epinephrine, timolol) and idoxuri- 
dine have been implicated. The clinical presentation of pseudopemphi- 
goid is similar to, and in some cases indistinguishable from, CP. Typi- 
cally, pseudopemphigoid initially involves the lower fornix and, in 
contrast to the early changes of ocular CP, is confined to the treated 
eye and has no extraocular manifestations.I2 The disease is usually not 
progressive if the offending drug is discontinued, but in some cases the 
disease does not resolve after withdrawal of the drug. In the majority of 
cases, direct IF is negative, but immune deposits have been reported in 
some patientsjY Thus, the distinction between CP and pseudopemphi- 
goid can be extremely difficult. All intraocular drugs should be discon- 
tinued in patients who develop conjunctivitis and forniceal shortening 
during the use of topical medications. If progression occurs despite 
discontinuation of the treatment with topical drugs, a diagnosis of ocular 
CP and systemic therapy should be ~0nsidered.l~ 

Pathogenesis 

The pathogenesis of CP is still unclear. The autoimmune classifica- 
tion of this disease is based on in vivo deposition of immunoglobulins 
and complement at the BMZ of skin and mucous membranes and on 
the presence of circulating anti-BMZ antibodies. An important target 
antigen is probably the protein BP180, which is recognized by the 
majority of CP sera!, This molecule, which has been cloned from 
keratinocytes and characterized in the authors’ laboratory, is a trans- 
membrane protein with a long, extracellular domain with a predicted 
collagenous 33 CP sera have recently been shown to react 
with at least two distinct epitopes on the extracellular domain of this 
protein.6 One is located within the noncollagenous NC16A domain and 
the other in the carboxy-terminal region of this protein. 
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Using a passive transfer mouse model system, the authors’ research 
group recently showed that experimentally generated antibodies that 
react with the NC16A homologous region in murine BP180 are capable 
of inducing a subepidermal blistering condition that mimics many of 
the features of BPs6, s7; however, the pathogenicity of anti-BP180 autoanti- 
bodies produced by BP or CP patients has not been directly demon- 
strated. In ocular CP, local or systemic administration of an antibody 
directed against an unidentified component of the lamina densa can 
induce conjunctivitis and BMZ immune deposits in neonatal rabbits.74 
Using an in vitro model system, a monoclonal antibody directed against 
laminin 5 was shown to induce dermal-epidermal detachment in human 
skin.76 In addition, it has more recently been demonstrated that passive 
transfer of rabbit antihuman laminin 5 antibodies can cause subepithelial 
blisters on the skin and mucous membranes of neonatal mices3; however, 
there is no direct evidence indicating that antilaminin 5 autoantibodies 
are pathogenic in this subgroup of CP patients. 

Course and Treatment 

The course of CP is usually chronic. Some patients have limited 
disease with only mild scarring whereas others exhibit functional impair- 
ment of the mucous membrane. Recurrence of oral mucosal involvement 
can be responsible for reduction of feeding, and ocular scarring can 
result in blindness. Cutaneous lesions respond to therapy more readily 
than mucosal lesions, and oral lesions respond better than conjunctival 
lesions. 

There currently exists no universal guidelines for CP therapy. Its 
treatment depends on location and severity of lesions. Mild oral lesions 
can often be effectively treated with a topical corticosteroid, such as 
triamcinolone acetonide, fluocinonide, or clobetasol propionate in Ora- 
base (Colgate-Hoyt, Canton, MA).8s This treatment can be used alone or 
in combination with dapsone (diaminodiphenylsulfone). Reports indi- 
cate that dapsone is effective in many patients with CP.28,75 Most patients 
tolerate a therapeutic dose of 100 mg/day unless they are deficient in 
glucose-6-phosphate dehydrogenase; however, other side effects, such 
as hepatotoxicity or bone marrow suppression, need to be carefully 
monitored. If dapsone is ineffective or in more severe cases with exten- 
sive involvement, systemic corticosteroids (1 mg/kg/d) can be adminis- 
tered alone or in combination with dapsone. Prolonged treatment with 
systemic corticosteroids is associated with numerous adverse effects, 
especially in the elderly, including gastric ulcer, hypertension, diabetes, 
myopathy, osteoporosis, and psychosis. Therefore, the dosage and the 
duration of corticosteroids must be carefully considered. When both 
dapsone and prednisone are ineffective or cannot be used, an immuno- 
suppressive agent is indicated. Cyclophosphamide (1-2 mg/kg/d) 
should be tried first and then azathioprine (2 mg/kg/d), if necessary, in 
combination with systemic prednisone (1 mg/kg/d) for a brief period.26,67 
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Cyclophosphamide has been found to be effective in controlling the 
progression of ocular lesions.29 It is the first line of therapy in patients 
with ocular CP with moderate inflammatory activity.90 After full control 
of inflammation is achieved, therapy should be continued with the 
successful regimen for 1 year, and follow-up must be continued for life 
because of the risk of relapse.67 In ocular CP, surgical correction may be 
necessary for trichiasis, sicca syndrome, lid margin keratinization, or 
corneal opacification or perforation. The surgical procedures should only 
be attempted after active inflammation is controlled by immunosuppres- 
sive therapy. For trichiasis, cryotherapy of eyelashes, which gives a 
permanent epilation, is preferred to mechanical epilation. For corneal 
opacification or perforation, mucous membrane grafting or penetrating 
keratoplasty can be performed, but these methods allow only poor 
prospects for restoration of sight.91 For scarring lesions, marginal rotation 
of the eyelid, fornix reconstruction, or tarsorrhaphy can be performed. 

EPIDERMOLYSIS BULLOSA ACQUlSlTA 

EBA is a blistering disease of the skin and mucous membranes 
affecting primarily the trauma-prone areas. It is characterized by in vivo 
bound and circulating IgG autoantibodies directed against the sublamina 
densa of the epithelial basement  membrane^.^^ The patients’ autoanti- 
bodies recognize the amino-terminal, noncollagenous domain of type 
VII collagen, which is the major component of anchoring fibrils.52 

Clinical Presentation 

Different phenotypes of this disease have been described, including 
the classic or mechanicobullous form, the inflammatory form, and the 
cicatricial pemphigoid form, which is defined by predominant mucous 
membrane inv~lvement .~~ The, classic phenotype of EBA is a nonin- 
flammatory disease affecting the extensor surface areas, such as the 
dorsal surfaces of hands, elbows, knees, and ankles. Skin fragility and 
tense blisters appear on noninflammatory skin and heal with scar and 
milia formation. Such a clinical picture resembles dystrophic forms of 
epidermolysis bullosa in children and porphyria cutanea tarda in elderly 
patients. The inflammatory form is a generalized eruption with wide- 
spread tense blisters resembling BP. Generalized erythema, urticaria1 
plaques, and pruritus can occur. 

Despite frequent mucous membrane involvement in EBA, this 
involvement is usually mild and limited to the oral mucosa. A small 
subset of patients present with predominantly mucosal disease, which 
is termed the cicatricial pemphigoid form of EBA. Involvement of the 
oral, nasal, ocular, laryngeal, and esophageal mucosae in EBA has been 
r e ~ o r t e d . ~ ~ , * ~  Ocular lesions have been described in four cases of EBA in 
adults and included conjunctivitis, symblepharon formation, keratitis, 
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subepithelial vesiculation of the cornea, perforation, and opacification of 
the cornea.', 51, 73, lo2 In childhood EBA, the mucosal involvement fre- 
quently affects the mouth and the genitals, and ocular involvement with 
symblepharon formation has been reported in two cases.59, 77 In one case 
of EBA mediated by IgA, ocular involvement was severe, consisting of 
bilateral conjunctival ulcers and scarring, corneal neovascularization, 
symblepharon, and trichiasis, resulting in total blindness.Io1 

EBA is a very rare disease. The incidence has been calculated as 
approximately 0.2 new cases per 1 million people annually in France 
and Germany.", Io4 The same incidence has been determined for vesiculo- 
bullous systemic lupus erythematosus. It has been reported that EBA is 
associated with HLA-DRB1*0101/02, "0301, and *0501.y3 

EBA affects the elderly with a average age of onset of 53 years. 
There is no sex or racial predisposition.21 

Laboratory Investigations 

The histopathology of EBA shows subepidermal blisters with the 
epidermis remaining intact. In addition, there is a dermal infiltrate that 
is minimal in the classical form of EBA and more abundant in the 
inflammatory form, composed of mononuclear cells and neutrophils. 
Laboratory tests including urine porphyrin levels and antinuclear anti- 
body are used to exclude porphyria cutanea tarda and to search for 
evidence of bullous systemic lupus erythematosus, which is also charac- 
terized by antibodies directed against type VII collagen. 

By direct IF, immune deposits of IgG are consistently demonstrated 
in a linear pattern at the BMZ of the skin or mucosae. Complement, 
IgM, and IgA may also be detected. By indirect IF on human skin, 
circulating anti-BMZ autoantibodies can be detected, but only in a low 
percentage of patients' and with a low titer. If human salt-split skin is 
used as a substrate, autoantibodies bind exclusively to the dermal side. 
This pattern supports a diagnosis of EBA, but is not specific because a 
similar staining can be encountered in antilaminin 5 CP, in anti-pl05 
pemphigoid, and in a novel subepidermal blistering disease with autoan- 
tibodies recognizing a 200 kd dermal p r~ te in . ' ~~  '03 

IEM and immunoblotting using a dermal extract can establish a 
diagnosis of EBA. By direct or indirect IEM using an immunoperoxidase 
or immunogold method, immune deposits are ultrastructurally localized 
below the lamina densa on anchoring fibrils.39 This localization is clearly 
distinct from that of immune deposits in the lamina lucida observed in 
BP, antilaminin 5 CP, anti-pl05 pemphigoid, and the new disease de- 
scribed by Zillikens and colleagues that reacts with a 200 kd basement 
membrane protein.lo3 

By immunoblotting, circulating autoantibodies bind a dermal pro- 
tein of 290 kd identified as collagen VIIyy; however, the sensitivity of 
this assay is not particularly high, so a negative result in this test does 
not exclude the diagnosis of EBA. Detection of anticollagen VII antibod- 
ies by ELISA using fusion proteins corresponding to different portions 
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of the noncollagenous domain of collagen VII has been used by several 
research teams. The sensitivity of this assay is close to 90%.31, 42 

Pathogenesis 

EBA is characterized by an autoimmune reaction directed against 
collagen VII. Using overlapping fusion protein covering around 80% of 
the primary sequence of collagen VII, Lapiere et a152 has demonstrated 
four major immunodominant epitopes localized within the amino-termi- 
nal, noncollagenous domain, NC1. For two epitopes located in the fi- 
bronectin type I11 homology repeats, octapeptide sequences targeted 
by autoantibodies have been Although the precise role of 
autoantibodies against collagen VII is unknown, it has been hypothe- 
sized that they disrupt the assembly of collagen VII into anchoring 
fibrils or interfere with their interactions with other extracellular matrix 
molecules. The pathogenicity of such antibodies has not yet been demon- 
strated. Passive transfer of IgG from a patient with EBA into mice 
induces dermal edema and a granulocytic infiltrate in the superficial 
dermis, with immune deposits at the BMZ by direct IF localized by direct 
IEM to anchoring fibrils; however, no clinical disease was 0bser~ed.I~ 

Course and Treatment 

EBA has a protracted course and is usually resistant to treatment. 
The drugs used are immuhosuppressive or anti-inflammatory agents. 
Systemic immunosuppressive drugs, including prednisone, azathio- 
prine, cyclophosphamide, methotrexate, and cyclosporine, are used in 
various dosages. In the group of anti-inflammatory drugs, dapsone, 
sulfapyridine and colchicine appear to be effective and may decrease 
the inflammation because of their antineutrophil effect. Bullous systemic 
lupus erythematosus usually responds rapidly and completely to dap- 
sone. New therapies have recently been proposed, such as extracorporeal 
photochemotherapy, which was reported to be effective in one study, 
but which resulted in only partial improvement in two of three patients 
in another Intravenous immunoglobulins have also been re- 
cently reported to be effective in two cases, but they were used in 
combination with several other immunomodulatory agents.60, 63 The de- 
termination of the efficacy of this new treatment requires further evalua- 
tion. 

LINEAR IgA DISEASE 

The diagnosis of LAD is based on the predominance of IgA deposits 
in a homogeneous linear pattern at the BMZ. It has been distinguished 
from dermatitis herpetiformis in 1979 by Chorzelski and co1leagues,2la 
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and is often referred to as chronic bullous disease of childhood in the 
pediatric age group. The clinical features of LAD are varied, although 
annular lesions resembling ”cluster of jewels” are characteristic of this 
diagnosis. Several different target antigens are observed by immunoblot- 
ting and IEM. This diversity of target antigens suggests that LAD is a 
heterogeneous group of diseases, which may explain the variation of the 
clinical picture and therapeutic responses. 

Clinical Presentation 

The cutaneous lesions are tense blisters occurring on normal or 
erythematous skin, often at the periphery of annular patches resembling 
a cluster of jewels or a ”string of pearls.” They develop on the perineum, 
in the perioral region, and on the extremities, but can sometimes be 
generalized. Pruritus can be present. The clinical picture can resemble 
BP or dermatitis herpetiformis. In adults, mucous membranes are often 
involved, including the mouth (37%), the genitals (25%), and the 
conjunctivae (20%), and scarring can occur (Fig. 4). The ocular changes 
are indistinguishable from those of CP. Because they are frequent and 
can be asymptomatic, careful examination by an ophthalmologist is 
necessary for all patients with LAD.5 Ocular changes observed include 
loss of inner canthal architecture, loss of inferior forniceal depth, shrink- 
age of the conjunctival sac, fine conjunctival scarring, trichiasis, and 
symblepharon with secondary corneal opacification (Fig. 5, see Color 
Plate, Fig. 4).,,, 54 

LAD is a rare dise‘ase. The incidence has been calculated as 0.52 and 
0.22 new cases per 1 million people annually in France and Germany, 
respectively.”, lo4 It has been reported that childhood LAD is associated 
with HLA-B8. 

LAD has a bimodal age distribution, with one peak in childhood 
before 5 years and another in the fifth decade; there is no gender 
predisposition. Drug-induction of LAD has been observed, and the 

Figure 4. Buccal erosion in patient with linear IgA disease 
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Figure 5. Loss of canthal architecture and symblepharon formation in linear IgA disease 
(same patient as in Figure 4, see also Color Plate, Fig. 4). 

physician should search for exposure to medications in new cases of 
LAD. Suspect drugs include vancomycin, with eleven reported cases, 
captopril, diclophenac, cefamandol, and s~matostat in .~~ 

Laboratory Investigations 

Histopathological examination of a cutaneous blister in LAD shows 
subepidermal cleavage with inflammatory cells in the upper dermis. 
These cells may be eosinophils or neutrophils. In some cases, neutrophils 
may form microabscesses in the papillary ridges, similar to those ob- 
served in dermatitis herpetiformis. 

By definition, direct IF of skin shows linear deposits of IgA along 
the BMZ. In some cases, however, deposits of IgG or C3 can be found. 
The tissue-bound IgA belongs to the A1 Direct IF performed 
on conjunctiva or oral mucosa demonstrates similar deposits of IgA? 4h 

Circulating IgA autoantibodies against the BMZ can be demonstrated in 
some adult cases and most pediatric cases, but usually with low titers. 
Skin, oral mucosa, or conjunctiva can be used as substrates. When salt- 
split skin is used as the substrate, the sensitivity of the indirect IF assay 
increases.97 The IgA reactivity can be observed on either the epidermal 
or dermal side of the split, or in a dermal/epidermal combined pat- 

Direct IEM analysis of LAD biopsy samples using immunoperoxi- 
dase and immunogold methods revealed patient-to-patient variability in 
staining patterns. Some samples showed deposition of immunoglobulin 
in the lamina lucida, others showed staining in the sublamina densa 
region, and some samples showed a combined pattern, referred to as 

tern.78, 95, 101, 106 
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the mirror image pattern.44, 71 By indirect IEM, autoantibodies were also 
shown to bind the lamina lucida or the sublamina d e n ~ a . ~ ~  

Immunoblotting studies show variable reactivity profiles with LAD 
sera. A protein of 97 kd recognized by sera staining the epidermal side 
of 1 M NaC1-split skin has been reported.*06 This antigen has recently 
been characterized and named LAD-1. It is secreted by keratinocytes, 
detected in the BMZ of different tissues and localizes exclusively to 
anchoring filaments. The native protein has a molecular weight of 120- 
kd and is probably degraded to a protein of 97 kd during the extraction 
p ro~edure .~~  Using patient autoantibodies that recognize the 97 kd anti- 
gen reported by Zone et al,lo6 this antigen has been localized to the 
lamina lucida beneath the hemidesmosome and possibly to the hemides- 
mosomal plaque.34, 4o 

A protein of 255 kd, recognized by sera staining the dermal side of 
1 M NaCl split-skin and present in dermal extracts of human skin, has 
been described but not ~haracterized.~~ Other target antigens have been 
identified as BP230, BP180, and collagen VII.35, 43, 78, Io5 The difficulty in 
these cases is nosologic, and terminology has been proposed that favors 
the target antigen and not the immunoglobulin class in the classification 
of autoimmune bullous diseases. These cases can be classified as IgA- 
BP, IgA-CP, and IgA-EBA, as proposed by Woodley for the last dis- 
ease.98 In some cases, multiple antigens are recognized by the autoanti- 
bodies.22, 

Pathogenesis 

The pathogenesis of LAD is unclear. For LAD with antibodies 
against LAD-1, it has been demonstrated that a monoclonal antibody 
recognizing this protein, mAb123, induced dermal-epidermal separation 
of human skin in vitro. This favors thg hypothesis that autoantibodies 
in this form of LAD are directly pathogeni~.~~ No animal model has 
been reported, and passive transfer of autoantibodies into mice is limited 
by the low circulating antibody titers encountered in this disease. 

Course and Treatment 

Treatment of LAD with dapsone (2 mg/kg/d in children, 100 to 
300 mg/d in adults) or sulfapyridine usually results in good control of 
disease. The response is usually rapid, with improvement seen in 3 days 
to a few weeks. In patients who do not respond to this treatment, 
prednisone 20 to 30 mg/d may be added to dapsone. LAD may remit 
over a period of years, but mucosal lesions may be more resistant to 
therapy compared with cutaneous eruptions. 
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CONCLUSIONS 

Autoimmune subepithelial blistering diseases with ocular involve- 
ment are a heterogeneous group including CP, EBA, and LAD. Manage- 
ment of these diseases requires collaborative efforts between the derma- 
tologist, the ophthalmologist, and the clinical immunologist. Criteria for 
the positive diagnosis of a disease within this group should include 
the clinical presentation, histology, and immunofluorescence findings. 
Unfortunately, these data may be insufficient for a definitive diagnosis. 
For these difficult cases, further studies, including western blotting and 
mapping the deposition of immunoreactants by IEM, may be performed. 
These methods should allow for an accurate diagnosis and for a better 
understanding of these diseases. 
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