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Introduction
Epidermolysis bullosa (EB) represents a spectrum of conditions that are characterized by
blistering and mechanical fragility of the skin. There is tremendous genetic heterogeneity and
marked variation in clinical phenotypes in the multiple EB disorders. The most recent
classification recognizes four major EB groupings and over 30 EB subtypes 1. The four major
EB groups include intraepidermal EB (Simplex), junctional EB, dermolytic EB (Dystrophic),
and mixed EB (Kindler syndrome). The molecular basis is now known for 13 of EB subtypes.
1 Depending on the specific EB type there can be significant morbidity involving the soft and
hard tissues of the craniofacial complex.

Individuals with EB display tremendous diversity in the various tissues and body systems
involved and phenotypic severity. 2-4 Similarly, the craniofacial and oral manifestations of the
different EB types vary markedly in both character and severity depending largely on the EB
type.5, 6 The tissues affected and the phenotypes displayed in affected individuals are closely
related to the specific abnormal or absent proteins resulting from the causative genetic
mutations for these disorders. For example, Type VII collagen is critical for maintaining the
integrity of the oral mucosa in the same manner it is in skin. It is not essential for normal
development in the forming tooth bud. Consequently individuals with Type VII collagen
mutations typically have a developmentally normal dentition but can have severely affected
oral soft tissues. In contrast, laminin 332 is highly expressed during tooth development so
individuals with mutations that affect laminin 332 function have defects in the enamel of their
teeth.7-9 In the following chapter the major oral manifestations will be reviewed for different
EB subtypes and related to the causative genetic mutations and gene expression.

Intraepidermal Epidermolysis Bullosa
The EB Simplex subtypes are caused by mutations in the PKP1,DSP, KRT5, KRT14, PLEC1,
ITGA6 and genes.1 These genes all cause intra-epidermal cleavage in the skin and are all
expressed by the oral mucosa which, like skin, also is comprised of a stratified epithelium.
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10-12 Not surprisingly individuals with EB Simplex also exhibit an increased fragility of the
oral mucosa with a high percentage of individuals experiencing blistering and ulceration of the
oral mucosa.5 In most cases these will be localized and occur most often secondary to trauma
or tissue manipulation, however, some individuals can experience significant oral blistering
and severe mucosal involvement. Typically oral soft tissue lesions heal without scarring
although some severely affected EB Simplex subtypes can display some oral scarring (e.g.
Dowling Meara) (Figure 1).

Although many of the genes that are known to be causative of EB Simplex are known to be
expressed in the odontogenic epithelium of developing teeth, the dentition in EB Simplex tends
to form normally.9 These genes are also known to be expressed by the epithelial glands of the
salivary tissues. Salivary function in appears to be normal in people with the EB Simplex
subtypes that have been tested.13 The limited intra oral soft tissue morbidity in EB Simplex
and the normal tooth formation are likely the primary reasons that individuals with these EB
subtypes have a prevalence of dental caries that is similar to unaffected populations.14

Junctional Epidermolysis Bullosa
The Junctional forms of EB are caused by mutations in LAMA3, LAMB3, LAMC3,
COL17A1, ITG6A, and ITGB4 that are important in basement membrane mediated cell
adhesion.1, 15, 16 The proteins transcribed from these genes are important in epithelia cell
adhesion in both the oral mucosa and the developing tooth bud.8, 17 The tissue fragility resulting
from these mutations is variable but almost all individuals with the Junctional forms of EB
have an increased fragility of the oral mucosa that is accompanied by blister formation and
ulceration.5, 18 In some individuals this can be relatively severe. Despite the high prevalence
of oral soft tissue lesions in the different Junctional EB subtypes, most affected individuals do
not have significant oral scarring. The soft tissue mobility and architecture remains relatively
normal. One noted exception to this is the Herlitz EB subtype that is characterized by exuberant
peri-oral granulation tissue (Figure 2). This frequently results in a reduction in the oral opening
(microstomia) and some loss of tissue mobility in the lips and peri-oral tissues.5

The genes that are causative of the Junctional EB subtypes are all critical for normal tooth
formation.8, 17 Specifically these genes produce proteins that are involved in cell adhesion of
the odontogenic epithelium that gives rise to the cells that produce the dental enamel,
ameloblasts. Ameloblasts secrete an extracellular matrix and maintain contact and adhesion to
the adjacent ameloblasts and thereby control the microenvironment that is critical for allowing
normal mineralization of the enamel. When cell adhesion between ameloblasts is lost then
enamel defects are created. Dysfunctional ameloblast adhesion can result in leaking of serum
fluids into the developing enamel resulting in a retention of albumin and decreased
mineralization.19 In the case of individuals with Junctional EB the enamel lesions can vary
from generalized pitting to a generalized hypoplasia leaving only a very thin layer of enamel
on the tooth surface (Figure 2). Some cases of Herlitz EB subtype also exhibit abnormal tooth
eruption.20 This is often most notable in the molar regions but can affect anterior teeth as well.
Abnormal tooth eruption could occur due dysfunction of the odontogenic epithelium that is
known to play an important role in tooth eruption. Heterozygous carriers of COL17A1
mutations have been shown to have enamel defects that range from horizontal hypoplastic
bands to white mottled enamel.21

Individuals with Junctional EB are at increased risk for developing dental caries.14 This is
thought to be primarily a function of their having marked enamel defects. The presence of
extensive pitting over the tooth surface creates non-cleansable areas that are ideal for microbial
growth and substrate retention that are known to cause dental caries. Generalized thin enamel
that is frequently rough in nature also reduces the tooth's primary resistance to the development
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and progression of caries. Salivary function appears to be normal in most individuals with
Junctional EB subtypes.13 Occasional affected individuals can develop lesions resulting in
transient occlusion of a salivary duct. These episodes typically self correct with no specific
treatment.

Dermolytic Epidermolysis Bullosa
The Dystrophic EB types are caused by mutations in COL7A1 gene that codes for anchoring
fibril protein that are located below the basal lamina at the dermal-epidermal basement
membrane zone.22 The dominant subtype tends to be less severe than the generalized recessive
subtype with severity being related to the amount and functionality of the anchoring fibril
protein that is present. Type VII collagen is present in the basement membrane zone of the oral
mucosa and is present during the early stages of tooth formation.23 The COL7A1 gene is not
expressed by the ameloblasts.

The soft tissue manifestations of Dystrophic EB range from relatively mild to extremely severe.
5, 24-27 For example, in Dominant Dystrophic EB the oral manifestations can involve an
increased tissue fragility but infrequent blistering. Blistering often can be induced relatively
easily and dental treatments in even mildly affected Dominant Dystrophic EB should be
approached with extra diligence to reduce soft tissue trauma. Individuals with severe
generalized recessive dystrophic EB typically have extreme fragility of their oral and perioral
mucosa. This is usually evident shortly after birth and can interfere with the neonate's ability
to suckle. The oral ulcerations can affect all areas of the oral mucosa including the tongue. The
lesions heal with scarring. The continual process of blister formation and healing with scarring
results in marked changes in the oral architecture. The tongue looses the lingual papillae and
becomes bound down to the floor of the mouth (ankyloglossia) (Figure 3). Anatomical
structures such as the palatal rugae are ablated (Figure 4). The oral vestibules that normally
form corridors for food clearance between the teeth and lips and cheeks become obliterated
with the soft tissue attachment advancing till it is just below the crowns of the teeth. The soft
tissues defining the oral opening fail to grow normally due to scarring resulting in a typically
markedly restricted oral aperture. The presence of severe microstomia can impede the degree
to which affected individuals can open their mouth dramatically limiting the distance between
the teeth even when they are fully open (Figure 5).

Milia are frequently observed on the skin of individuals with EB and these can occur intra-
orally as well. These intra-oral keratocysts occur most commonly in the dermolytic forms of
EB with about 50% of individuals with dominant and recessive forms having milia compared
with about 10 to 20% of individuals with EB Simplex.5

It is well-known that individuals with certain forms of EB are at increased risk for developing
squamous cell carcinomas and this is clearly the case in severe generalized recessive dystrophic
EB.28, 29 While carcinomas occur with far greater frequency on the skin in individuals with
EB, they can occur intra-orally.5, 18, 29, 30 Individuals with severe generalized recessive
dystrophic EB are at increased risk of oral squamous cell carcinoma formation and should
therefore be extra vigilant in monitoring changes in oral ulcerations such as the development
of raised, indurated borders.

Type VII collagen is not expressed by ameloblasts and the enamel appears to generally form
normally in individuals with the dermolytic forms of EB.9, 31 Despite having relatively normal
tooth formation the prevalence of dental caries and resulting dental morbidity in severe
generalized recessive dystrophic EB can be severe.14, 32, 33 The tremendous oral soft tissue
involvement results in the need to consume relatively soft diets that are frequently high in
calories to meet the nutritional needs of the individual. In the presence of marked oral blistering
affected individuals frequently eat slowly and with increased frequency. The loss of normal
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tongue mobility and obliteration of the oral vestibule decrease the normal food clearance
causing additional prolongation of the dental surfaces to potentially cariogenic substrates.
Despite normal salivary secretion in most people with dermolytic EB subtypes, the oral cavity
tends to be inoculated with high numbers of bacteria and there tends to be excessive tooth
plaque formation that further promote the formation of dental caries.33 Taken together these
factors produce an extremely high risk for dental caries in individuals with severe generalized
recessive dystrophic EB that can be challenging to prevent and difficult to treat. Many severely
affected individuals have tremendous difficulty performing normal oral hygiene due to their
extreme soft tissue fragility and even the use of anticariogenic mouth rinses can be unpleasant
due to the presence of alcohol or strong flavoring agents.34 Mixed Epidermolysis Bullosa
(Kindler Syndrome)

Kindler syndrome is an autosomal recessive genodermatosis caused by mutations in the
KIND1 gene that encodes for Kindlin-1 that is a component of focal contacts in basal
keratinocytes.35 Kindlin-1 is known to be expressed by the oral epithelium including the
surface of the tongue.4, 6 It is not known whether it is expressed by the odontogenic epithelium.
Oral blistering in the neonate and infant can be severe in Kindler syndrome.1 The severity of
the oral involvement regarding tissue fragility diminishes with age. Individuals affected with
Kindler syndrome are at risk for developing marked periodontal disease that can have its onset
during the teenage years. The Kindlin-1 protein is expressed by the epithelium that attaches
the oral mucosa to the tooth.36 The abnormal functioning of kindlin-1 in forming normal focal
adhesion in the basal keratinocytes appears to cause abnormal attachment and a predisposition
to early onset periodontal disease. Inflammation and gingival hyperplasia have been noted even
in young children with Kindler syndrome suggesting that periodontal health may be
compromised well before clinical signs of periodontal disease and alveolar bone loss.37

It is not known if kindling-1 is expressed by the odontogenic epithelium, however the dentition
of affected individuals appears to be normal. Similarly, the salivary function and risk of dental
caries is unknown in this rare syndrome.

Summary
The diverse conditions classified as EB share skin fragility and blistering and can have marked
oral involvement. The genes that cause EB are also involved in development and maintenance
of a variety of oral tissues. The specific oral manifestations and their severity are defined by
the expression of genes that are important in cell adhesion and integrity. Some of the EB
associated proteins are critical for normal enamel formation (eg laminin 332) and when
abnormal result in varying degrees of enamel hypoplasia. Other proteins such as Kindlin-1 are
important in maintaining mucosal integrity but appear not to affect tooth formation. Some of
the oral morbidity associated with the EB conditions results from secondary effects of the
condition such as dental caries in the severe generalized recessive dystrophic EB subtype.
Phenotype-genotype studies evaluating specific EB subtypes and their allelic mutations have
are complicated by the multitudes of mutations in the different genes known to cause EB and
the many variable resulting phenotyps.38, 39 While much has been learned over the past 30
years regarding the molecular basis of these conditions and their association with specific
phenotypes, further phenotype- genotype studies regarding the oral manifestations of these
conditions would not only advance our understanding of EB but also the role of these and yet
to be discovered EB associated genes with oral development and health.
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1.
This adult with EBS Dowling Meara shows a normal soft tissue palatal architecture and a
localized area of gingival hyperkeratosis (arrow).
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2.
The Herlitz Junctional EB subtype is characterized by generalized enamel hypoplasia that
results in yellow brown coloration of the teeth that are frequently spaced as seen in this child
(A). Scanning electron microscopy of the tooth surfaces demonstrates the severe pitting that
is often seen with JEB (B). Individuals that are heterozygous for JEB associated genes can
have enamel defects as seen in this male heterozygous for a COL17A1 mutation (C
compliments of Dr. Dedee Murrell and Dr Richard Widmer).
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3.
Severe generalized RDEB is associated with ankyloglossia and a loss or the normal lingual
papillae that cover the dorsal surface of the tongue leaving a smoothened appearance that is
frequently decorated with ulcerations.
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4.
Continual blistering and healing associated with severe generalized RDEB results in loss of
normal anatomical oral features such as the palatal rugae leaving a smooth and ulcerated roof
of the mouth.
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5.
Microstomia and reduced mobility of the oral tissues are typical features of severe generalized
RDEB that limits oral access and can contribute to the formation of rampant dental caries as
seen in this child.
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