CLINICAL REVIEW

Type VIl Collagen Disorders Simplified

Charles Camisa, MD

PRACTICE POINTS

. The full complement of type VII collagen is required
for the normal assembly of anchoring fibrils, whose
function is to adhere the basement membrane
to the underlying connective tissue of skin and
mucous membranes.

. In the heritable epidermolysis bullosa (EB) family of
diseases, only dominant and recessive dystrophic
epidermolysis bullosa are caused by partial or total
loss of type VIl collagen function.

. New treatments that have been approved for EB
include topical gene therapy with COL7A1, topical
birch triterpene gel, and skin cells from patients
that are genetically corrected with a functional
COL7AT gene.

. Epidermolysis bullosa acquisita and bullous
systemic lupus erythematosus are rare distinct
autoimmune subepithelial bullous diseases caused
by IgG antibodies that target type VIl collagen in the
anchoring fibrils.

Epidermolysis bullosa acquisita (EBA) and bullous systemic lupus
erythematosus (BSLE) are autoimmune mechanobullous diseases
that are caused by autoantibodies directed against type VII col-
lagen. The functionality of type VII collagen is vital to the skin and
mucous membranes because it makes up the anchoring fibrils that
adhere the epithelium to the underlying connective tissue. Dystrophic
epidermolysis bullosa (DEB), which bears some clinical similarities
to EBA and BSLE, is caused by mutations in the type VII colla-
gen gene (COL7AT) that may be dominant or recessive, leading to
partial or total loss of the anchoring fibrils. Differentiating all 3 of
these rare diagnoses variably requires thorough personal and family
histories, histopathology, immunopathology, autoantibody profile,
electron microscopy, and gene mutation analysis. Treatment of EBA
and BSLE involves antineutrophil and immunosuppressive drugs
that often give unsatisfactory responses. Rituximab has been

successful in resistant cases. Until recently, the treatment of DEB
and other heritable epidermolysis bullosa (EB) diseases caused by
disparate mutations was limited to supportive care, prevention of
trauma to skin and wound infections, regular dressing changes, and
skin cancer surveillance. Three major treatment advances recently
were approved for DEB and junctional EB.

here are 3 uncommon types of mechanobullous

skin diseases caused by relative reduction or com-

plete loss of functional type VII collagen, which is
the main component of anchoring fibrils in the lamina
densa of the basement membrane zone (BMZ) of the
skin and mucous membrane epithelium.! The function
of the anchoring fibrils is to maintain adherence of the
basement membrane of the epithelium to the connec-
tive tissue of the papillary dermis and submucosa.' The
mechanism of action of the loss of type VII collagen func-
tion is via autoimmunity in epidermolysis bullosa acquis-
ita (EBA)* and bullous systemic lupus erythematosus
(BSLE).? In the heritable family of 4 epidermolysis bul-
losa (EB) variants, only one of the subtypes—dystrophic
EB (DEB)—is caused by various recessive and dominant
mutations of the type VII collagen gene (COL7A1).* The
other 3 diseases in the family—EB simplex, junctional EB,
and Kindler syndrome—are caused by diverse mutations
that corrupt the integrity of keratinocytes and the BMZ.>¢
This article provides an overview of these 3 subtypes to
help differentiate them from DEB.

Epidermolysis Bullosa

Epidermolysis bullosa consists of a heterogeneous family
of 4 major genetic mechanobullous diseases that affect
the skin and mucous membranes with more than 30
subtypes.! Dystrophic EB is caused by mutations in the
COL7A1 gene, which encodes for the a-1 chain of colla-
gen type VIL. Classically, EB is divided into 4 main variants
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based on the location of the cleavage plane or split occur-
ring in the epithelium, which in turn helps to predict the
severity of the illness.

Epidermolysis bullosa may be inherited in an
autosomal-dominant or autosomal-recessive fashion, or
it may occur as a spontaneous mutation. All sexes and
races are affected equally. Patients present at birth or in
early childhood with fragile skin and mucous membranes
that may develop blisters, erosions, and ulcerations after
minor trauma.” These lesions are marked by slow healing
and scar formation and often are associated with itching
and pain.

Dystrophic Epidermolysis Bullosa

Dystrophic EB accounts for approximately 25%° of all
EB cases in the United States and may be inherited as
either a dominant or recessive trait. Hundreds of differ-
ent pathogenic mutations have been discovered in the
COL7A1 gene in the subtypes of DEB.*® Dominant DEB
tends to cause milder disease because the patients retain
one normal COL7A1 allele and produce some type VII
collagen (Figure 1), whereas patients with recessive DEB
lack type VII collagen completely.” The cleavage plane
is between the lamina densa and the superficial der-
mis or submucosa. Severity is variable and ranges from
localization to the hands and feet to severe generalized
blistering and painful ulcerations depending on which of
the many possible gene mutations have been inherited.
Sequelae include mitten deformities, malalignment and
tooth decay, and the development of early aggressive
squamous cell carcinomas, which may be fatal. The most
severe cases of recessive DEB also may have internal
organ involvement.

Epidermolysis Bullosa Simplex

Epidermolysis bullosa simplex is the most common vari-
ant, comprising approximately 70%of EB cases in the
United States.® Epidermolysis bullosa simplex usually is

FIGURE 1. Bulla on the ankle of an infant and scarring on the hands and
severe nail dystrophy with nail loss in a parent with autosomal-dominant
dystrophic epidermolysis bullosa.
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inherited as autosomal-dominant mutations in the kera-
tin 5 or keratin 14 genes,'” not COL7A1. Skin blistering
results from cleavage within the basal cell layer where
the keratin genes are primarily expressed. Blisters tend to
occur in acral areas such as hands and feet and may heal
without scarring in the localized form of epidermolysis
bullosa simplex (Figure 2).

Junctional Epidermolysis Bullosa and

Kindler Syndrome

Junctional epidermolysis bullosa (JEB) and Kindler syn-
drome' are the rarest of the autosomal-recessive EB
variants.® The plane of cleavage in JEB is through the
lamina lucida of the BMZ. Junctional epidermolysis bul-
losa is caused by mutations of the genes that encode for
the 3 chains of laminin 332 protein and type XVII col-
lagen,>'? not to be confused with type VII collagen. As
with DEB, there is a wide range of severity in JEB, from
localized effects on the eyes, oral cavity, and tooth enamel
to widespread blistering and skin cancers. In JEB cases
involving newborns, nonhealing wounds on the face,
buttocks, fingers, and toes may be seen, with devastating
complications in the oral cavity, esophagus, and larynx.
Life expectancy is limited to 2 years or less.® There have
only been approximately 40,013 cases of Kindler syn-
drome reported worldwide® and there is clinical overlap
with DEB. Patients also may demonstrate poikiloderma
and photosensitivity. Kindler syndrome is caused by
mutations in the FERMTI gene which encodes for
kindlin-1. This protein mediates anchorage between the
actin cytoskeleton and the extracellular matrix.>* Loss of
function produces variable cleavage planes around the
dermoepidermal junction.

Clinical management of all EB variants, especially the
severe recessive types, traditionally has been limited to
the prevention of trauma to the skin and mucous mem-
branes and supportive care, including dressing changes
to erosions and ulcerations, antibiotic ointments as
needed, and amelioration of pain and pruritus. Bone mar-
row and pluripotential stem cell transplants have been
attempted.'> Complications of EB, such as deformities of
the hands and feet caused by excessive scarring, esopha-
geal strictures, poor dentition, and squamous cell carci-
nomas, must be addressed by a multidisciplinary team
of specialists, including plastic surgery, gastroenterology,

FIGURE 2. Epidermolysis bullosa simplex in a child with healing blisters
localized to the hands and wrist.
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dentistry/oral surgery, ophthalmology, and dermatology/
Mohs surgery.

Until recently, there were no medications approved
by the US Food and Drug Administration (FDA) specifi-
cally indicated for EB. In 2023, topical gene therapy was
approved by the FDA for both recessive and dominant
forms of DEB. Normal COL7A1 sequences are delivered
by an attenuated herpes simplex virus 1 vector (berema-
gene geperpavec) in a gel applied directly to the wounds
of patients with DEB. In a clinical trial, matching wounds
on 31 patients (62 wounds total) were treated with the
active agent or placebo gel. After 6 months, complete
wound closure was observed in 67% (21/31) of those
treated with the active agent and 22% (7/31) of those
treated with placebo (P=.002)." In a single case report, a
patient with recessive DEB and cicatrizing conjunctivitis
(Figure 3) was given ophthalmic beremagene geperpavec
after surgery and had improved visual acuity.”® A topi-
cal gel consisting of birch triterpenes to promote heal-
ing of partial-thickness wounds also was approved for
patients with DEB and JEB by the FDA and the European
Commission. In a study of 223 patients, 41% of those
using active gel and 29% of those using placebo gel
achieved the primary end point of percentage of target
wounds that had first complete closure at 45 days.'®

The most recent FDA approval for DEB involves
transferring the functional COL7A1 gene to the patient’s
skin cells, then expanding the gene-corrected cells into
sheets of keratinocytes that can be surgically applied to
the chronic wound sites. In a phase 3 trial of pradema-
gene zamikeracel (pz-cel), 11 patients with 86 matched
wounds were randomized to receive pz-cel (50%) or
standard wound care (50%). After 24 weeks, 35 wounds
treated with pz-cel were at least 50% healed compared

FIGURE 3. Recessive dystrophic epidermolysis bullosa complicated
by cicatrizing conjunctivitis in a teen who underwent successful
surgery and ophthalmic gene therapy to restore his sight. Photograph
courtesy of Alfonso L. Sabater, MD (Miami, Florida).
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to 7 control wounds."” The results for healing and reduc-
tion of pain were statistically significant (P<.0001 and
P<.0002, respectively).”” Recombinant collagen VII as
replacement therapy also is under study to be given by
intravenous infusion to increase tissue collagen VII where
it is lacking. This treatment has shown early biologic
and therapeutic effects.”'® Larger long-term follow-up
studies are necessary to confirm persistence of the gene-
corrected skin cells, the functionality of the replacement
collagen VII, and the potential risk for the development of
autoantibodies to type VII collagen.

Epidermolysis Bullosa Acquisita

Epidermolysis bullosa acquisita is a rare autoimmune
subepithelial bullous disease that primarily affects mid-
dle-aged adults but also has been reported in children."
Epidermolysis bullosa acquisita is caused by circulating
pathogenic IgG autoantibodies that target and bind to
type VII collagen in the anchoring fibrils,?*** thereby dis-
rupting the attachment of the epithelium to its underlying
connective tissue.

The 2 major clinical manifestations of EBA include a
mechanobullous disease resembling inherited forms of
DEB (Figure 4) and an inflammatory bullous pemphigoid
(BP)-like disease,® as well as a combination of both types
of skin lesions (Figure 5). The skin and mucous membranes
of the oral cavity, esophagus, eyes, and urogenital areas are
affected in both types; scarring may cause functional dis-
abilities. In the mechanobullous type of EBA, it is common
for blisters and erosions to develop in trauma-prone areas
such as the hands, feet, elbows, and knees. The blisters
tend to heal with scarring and milia formation as might
be seen in porphyria cutanea tarda or cicatricial pemphi-
goid, which are in the differential diagnosis. Dystrophy
of the fingernails or complete nail loss may be observed,

FIGURE 4. Epidermolysis bullosa acquisita (mechanobullous type)
of the hands shows small blisters, scarring, and erosions of the
lateral nail folds.
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resembling DEB. In the BP-like presentation, tense blisters
arise upon inflamed or urticarial skin and mucous mem-
branes, which may then become generalized.
Histopathology in both forms of EBA demonstrates
subepithelial separation as clefts or blisters. The mecha-
nobullous type shows a sparse inflammatory infiltrate
compared to large collections of neutrophils and eosino-
phils in the blister cavity and in the superficial dermis
in the BP-like cases. The final diagnosis rests on the
results of immunopathology testing.* Direct immuno-
fluorescence of perilesional skin and mucosa shows a
linear-granular band of IgG and C3 and other conjugates
along the BMZ. Deposits of IgA alone in EBA occur in
only about 2.4% of cases and are observed more often
when there is mucous membrane involvement.? Indirect
immunofluorescence of sera against salt-split skin sub-
strates detects immunoreactants in the floor of the blister
rather than in the roof, as would be seen in BP. Highly
specific and sensitive enzyme-linked immunosorbent
assay (ELISA) kits now are commercially available and
can detect autoantibodies against the N-terminal domain
of type VII collagen in more than 90% of cases of EBA.»
Inflammatory bowel disease (IBD), particularly Crohn
disease (CD), precedes the onset of EBA in approximately
25% of cases.?*?” Ulcerative colitis is much less common.
Type VII collagen is normally present in the basement
membrane of intestinal epithelium. In a survey of patients
with IBD, 68% of those with CD and 13% of those with
ulcerative colitis had circulating anti—type VII collagen
antibodies detected by ELISA without having symptoms
of EBA.?® A case report of a patient with both well-proven
EBA and CD highlighted the clinical difficulty of control-
ling EBA: treatment with prednisolone and sulfasalazine
improved the CD but had little effect on the skin blis-
ters.”” A variety of malignancies have been reported in
association with EBA, including cancers of the uterine
cervix,® thyroid, and pancreas,® lymphoma, and chronic

FIGURE 5. Epidermolysis bullosa acquisita with severe ulcerations on
the neck and back secondary to blisters with scarring.
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lymphatic leukemia. Some of these cases have met the
criteria for classification as paraneoplastic, whereas others
may have been coincidental.

Treatment for chronic EBA generally has been lim-
ited.>* Putative antineutrophil drugs such as dapsone
and colchicine combined with systemic corticosteroids
may be useful in milder or juvenile cases, which tend to
have a better prognosis than adult cases.” In more severe
EBA, systemic corticosteroids and/or immunosuppres-
sive drugs such as azathioprine,® cyclophosphamide,®
mycophenolate mofetil,* methotrexate,®® cyclosporine,®
and infliximab? have been used. More recently, rituximab
infusion monotherapy® and rituximab combined with
intravenous immunoglobulin or adjuvant immunoad-
sorption of the pathogenic autoantibodies have induced
remission of refractory EBA.* Adjuvant immunoadsorp-
tion therapy is not widely available. Multispecialty care
often is required, especially ophthalmology for conjunc-
tival involvement and gastroenterology for potential
esophageal stenosis and the early detection and treat-
ment of IBD.

Bullous Systemic Lupus Erythematosus

Bullous systemic lupus erythematosus is a rare and spe-
cific autoimmune skin complication that mostly is seen in
patients with an established diagnosis of systemic lupus
erythematosus (SLE) who are experiencing a disease
flare. Although more common in women, it has been
reported in all sexes and races as well as in children.
Vesicles and bullae may arise on sun-exposed (Figure 6)
and sun-protected areas of skin.

Histopathology shows subepidermal separation with
collections of neutrophils and nuclear fragments in the
blister cavity. The differential diagnosis of BSLE includes
EBA, BE, dermatitis herpetiformis, and linear IgA bullous
dermatosis. Direct immunofluorescence testing shows

FIGURE 6. Bullous systemic lupus erythematosus demonstrates active
vesicles and bullae on a sun-exposed area of the wrist.
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linear-granular deposits of IgG and/or IgM and IgA along
the BMZ.3* When utilizing the indirect immunofluores-
cence split-skin assay, the autoantibody to type VII col-
lagen would be detected in the floor of the blister if the
serum titer was sufficiently high.> Proposed criteria for
the diagnosis of BSLE have been published: 1) diagnosis
of SLE now based on the 2019 European League Against
Rheumatism/American College of Rheumatology clas-
sification®; 2) vesicles and bullae arising upon but not
limited to sun-exposed skin; 3) histopathology featuring
neutrophil-rich subepithelial bullae; 4) positive indi-
rect immunofluorescence for circulating BMZ antibodies
using separated human skin as substrate; 5) and direct
immunofluorescence showing IgG and/or IgM and often
IgA at the BMZ.* Using ELISA to detect circulating anti-
bodies against type VII collagen® should now be added
to the criteria. The new criteria for SLE** do not include
BSLE, perhaps because it occurs in less than 1% of
patients with SLE.*

Further investigation by Gammon et al® confirmed
that the autoantibodies in BSLE are identical to those
found in EBA (ie, directed against type VII collagen in the
lamina densa). Bullous systemic lupus erythematosus is
not considered to be the coexistence of EBA with SLE but
rather a specific entity wherein type VII collagen auto-
antibodies are expressed in the autoimmune spectrum
of SLE. It is especially important to make the diagnosis
of BSLE because it is predictive of more serious systemic
complications of SLE (eg, hematologic and renal disease
is found in up to 90% of cases).*®

The natural course of BSLE is variable. Treatments
include systemic corticosteroids, dapsone, and immuno-
suppressive drugs such as azathioprine, methotrexate,
mycophenolate mofetil, and cyclophosphamide, espe-
cially in cases with nephritis.” There may be spontaneous
resolution of the rash as the inflammatory activity of SLE
subsides. Rituximab has been used effectively in several
refractory cases of BSLE that failed to respond to all other
conventional treatments.”

Conclusion

Anchoring fibrils are composed primarily of type VII
collagen. Their role is to maintain the attachment of
epithelium to the upper dermis and submucosa. The
reduction or complete loss of type VII collagen caused by
mutations of the COL7A1 gene results in dominant DEB
or recessive DEB, respectively. Two distinct non-heritable
immunobullous diseases, EBA and BSLE, are caused by
autoantibodies that target type VII collagen. A compari-
son of the 4 type VII collagen disorders can be found in
the Table.
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