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Background: Epidermolysis bullosa (EB) corresponds to a series of conditions
characterized by extreme fragility of the skin and/or mucous membranes. Of the four
main types of EB, junctional EB (JEB) is the most associated with alterations in the teeth.
The purposes of this study were to determine the clinical, histopathological, and
ultrastructural characteristics of teeth with amelogenesis imperfecta (Al) in a patient with
JEB, and compare them with control teeth, and correlate the findings with the mutations
present in the patient.

Case Report: The study was conducted on a 10-year-old patient with JEB carrier of
two recessive mutations in the LAMB3 gene and absence of the laminin-332 protein
(LM-332), determined by immunofluorescence on a skin biopsy. The patient presents
hypoplastic Al with very thin and yellow-brown colored enamel. Extraction of two
permanent molars was performed due to pain and soft tissue covering the crown,
resembling pulp polyp or hyperplastic gingiva. Light and scanning electron microscopy
(SEM) revealed very thin enamel varying from complete absence to 60 wm, absence
of normal prismatic structure, and presence of a cross-banding with a laminated
appearance. The histopathological study revealed granulation tissue causing external
crown resorption.

Conclusion: Although coronary resorption has been reported in patients with syndromic
and non-syndromic Al, this is the first clinicopathological report of coronary resorption
in partially erupted teeth in patients with JEB with mutations in the LAMB3 gene and
hypoplastic Al. In patients with this condition, the presence of partially erupted teeth
with soft tissue covering part of the crown, without a periodontal pocket, and with a
radiographic image of partial coronal radiolucency should lead to suspicion of external
coronary resorption.

Keywords: amelogenesis imperfecta, junctional epidermolysis bullosa, crown resorption, laminin-332,
rehabilitation of teeth, bullous genetic disease
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INTRODUCTION

Among the genetic conditions that can affect tooth development
is epidermolysis bullosa (EB), which corresponds to a series of
conditions characterized by fragility of the skin and mucosa,
where blisters are generated by minimal trauma. In this disease,
mutations have been reported in the genes encoding proteins
related to the basal lamina and epidermis, causing severe
architectural alterations in tissues (1, 2).

Four types of EB are recognized: simplex (EBS), junctional
(JEB), dystrophic (DEB), and Kindler epidermolysis bullosa
(KEB). Patients with all four types of EB can present skin fragility
and mucous membranes lesions such as oral blisters and ulcers.
All patients diagnosed with JEB have alterations of the structures
of the teeth. In JEB, the most frequently observed alteration of the
teeth is a hypoplasia of the enamel, which can be extremely thin
(2-5). EB can be caused by alterations in 1 of 16 genes encoding
proteins related to the maintenance of dermo-epidermal junction
proteins, which provide the skin with enormous stability (2).

Junctional EB occurs due to recessive mutations in the
genes encoding the laminin-332 protein (LAMA3, LAMBS3,
and LAMC?2), integrin a6p4 (ITGA6 and ITGB4), integrin a3
(ITGA3), and collagen type XVII (COL17A1). The three protein
complexes are located in the lamina lucida, joining the basal
keratinocytes with the lamina densa, thus giving stability and
adhesion to the two regions (2, 3, 6).

Junctional EB is most frequently caused by recessive
mutations in the LAMB3 gene, which, in addition to the skin
phenotype, also produces amelogenesis imperfecta (AI) in these
patients (4, 5, 7). On the other hand, dominant mutations in
LAMB3 can cause non-syndromic Al (8-10). In these cases, the
teeth present a thin enamel in the temporary and permanent
dentition, but no skin conditions are described. Interestingly, a
family has been described in which the proband presented JEB
with a dominant mutation in the gene for collagen 17 (COL17A1;
p-G627V) and hypoplastic tooth enamel in both dentitions.
The mother carrying the same mutation had hypoplastic tooth
enamel and an absence of skin fragility (11).

These findings suggest that the dental enamel would be more
prone than the skin to express clinical changes due to the
mutations in the genes that synthesize proteins of the lamina
lucida (11). However, there has been only limited information
regarding dental structural alterations associated with the
different mutated genes responsible for JEB. The main objective
of this research was to compare the clinical, radiographic,
histopathological, and ultrastructural characteristics of teeth with
Al in one patient with JEB with the unaffected teeth of the control
subject and to correlate these findings with the mutations found
in LAMB3.

The results of this study are of great importance for patients
since they contribute to an accurate diagnosis of each of these
pathologies and their clinical variants. Several findings, in this
case, are unique, such as the histopathological diagnosis of
coronary resorption that clinically resembled a pulp or gingival
polyp and the reduction in tooth sensitivity after crowning
the remaining teeth affected by AI. These findings allow us to
understand the pathogenesis of these conditions and contribute

to undertaking preventive measures and providing specific dental
therapies to protect and/or restore altered dental structures in
these patients with special needs.

CASE DESCRIPTION

A 10-year-old female patient with severe JEB presented with
dental pain to the Special Care Clinic at the Faculty of Dentistry
of the University of Chile. The patient has been on a preventive
dental program since the age of 3 years. The care has been based
on education and prevention using fluoride varnish applications.
Clinically, very thin yellowish enamel was observed, both in the
temporary and permanent dentition.

Her EB diagnosis was based on clinical, histopathological,
and molecular findings. Immunofluorescence mapping showed
the absence of the B3 chain of laminin 332 in the zone
of the basement membrane, and two recessive mutations in
LAMB3: ¢.957_958dup77 and c.32284+1G>A (NM_000228.2)
were identified and previously published in Fuentes I. (12).

Despite the generalized enamel hypoplasia, the patient had
remained free of decay. At the dental checkup at age 10, she
reported pain in the first permanent mandibular molars: teeth
3.6 and 4.6. Clinically, soft tissue was covering the crown of both
permanent mandibular molars, compatible with pulp polyp or
hyperplastic gingiva. The patient refused to receive restorative
treatment because her perioral granulation tissue areas caused
too much pain when opening the mouth for long periods, and
she was concerned about the slow healing rate of these wounds.
Therefore, a surgical approach was chosen (extraction of both
molars). Both sockets healed uneventfully. The remaining teeth
were restored using fixed crowns. Ceramic fixed crowns were
performed on all eight incisors that were already fully erupted,
and provisory acrylic crowns were used to cover the canines,
premolars, and molars, which were partially erupted.

Surprisingly, the greatest benefit of covering the teeth was the
reduction of tooth sensitivity while eating reported by the patient.
She had never complained of sensitivity before because she has
always had the same discomfort since her teeth erupted.

The morphological study of the two extracted molars
presented in this article was part of the REGULAR FONDECYT
project number 1140905, which was approved by the Ethics
Committee of the Faculty of Dentistry at the University of Chile
(Act No. 2013/06). The mutations of the patient were detected
under research funded by INITIATION FONDECYT project
number 11140440. Informed consent was obtained from all
individual participants included in the study.

DIAGNOSTIC ASSESSMENT
Mutational Study

To detect mutations causing the disease, DNA from peripheral
blood was isolated with a DNA extraction kit (Thermo Fisher
Scientific, USA). The DNA was used as a template to amplify
the exons of 16 genes related to EB. The resulting library
was sequenced in the Ion PGM Sequencer (Life Technologies),
and massive sequencing data were analyzed with Ion Reporter
(Life Technologies Thermo Fisher, USA) software. To confirm
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the findings with massive sequencing, bidirectional Sanger
sequencing was used. Finally, the pattern of recessive inheritance
of both mutations found in the patient was confirmed by
analyzing the genomic sequence of the parents and a healthy
sister of the patient and was previously published in Fuentes
1(12).

Histopathological Examination

The two extracted molars were sent to the laboratory in 10%
buffered formalin. The molar with the greatest amount of
soft tissue adhered to the crown was decalcified for routine
histopathology in 10% ethylene diamine tetra-acetic acid (EDTA)
for 4 weeks, processed by routine histopathological technique,
and stained with hematoxylin and eosin. The second tooth was
segmented for ground section light microscopy and scanning
electron microscopy (SEM). The ground sections were made in
a Buehler cutting machine IsoMet® 1000, Illinois, USA. Cuts of
0.6 mm were obtained, which were then thinned with Arkansas
stone to achieve samples smaller than 0.4 mm. The samples were
dehydrated in ascending alcohols and xylol and mounted for
histopathological examination. The histopathological study was
performed using an optical microscope (Olympus CX 21, Japan)
with traditional and polarized light.

Scanning Electron Microscopy

For this study, the samples were fractured, washed in 7%
EDTA to remove the smear layer, and dehydrated in ascending
concentrations of alcohol. The preparation of samples was
conducted in the electron microscopy laboratory of the Faculty
of Medicine at the University of Chile (CESAT). These samples
were analyzed with a Zeiss model DMS 940, German SEM.

RESULTS
Mutational Study

The results of the analysis allowed the identification of
two recessive mutations in LAMB3: ¢.957_958dup77 and
c.32284+1G>A (NM_000228.2) as previously published in
Fuentes I (12). The pedigree, chromatogram, and agarose gel
electrophoresis are shown in Supplementary Figure1 (Not
shown in previous reports).

Clinical and Radiographic Features

During the clinical examination of the patient, it was observed
that the teeth had a very thin yellowish enamel. Clinically,
soft tissue covered the crown of the lower first permanent
molars, compatible with pulp polyp or hyperplastic gingiva
(Figures 1A,B). Figure 1C shows the restored incisor teeth.
Panoramic x-ray showed very thin, almost undetectable enamel.
First mandibular molars presented partial coronal radiolucencies
(Figure 1D).

Histopathologic Features

In the ground sections of an affected molar, extremely thin
enamel was observed, varying from complete absence to very
thin enamel. The thicker enamel was adjacent to the root
cementum zone while it was absent in some coronary cusp

areas (Figures 2A,B). The enamel in the cervical area showed
an absence of normal prismatic structure and the presence of
a cross-banding with a laminated appearance compatible with
cross-striations (Figure 3A, black arrow). Despite the marked
thinness or absence of enamel, the dentin and cementum had a
normal appearance (Figures 2A,B) except for the cementum at
the apical level, which had an increased thickness (not shown). In
contrast, control teeth presented an enamel more than 10 times
thicker, with normal prisms (Figures 2C,D, 3C,D).

In the demineralized segment treated with routine
histopathological technique, crown and dentin
resorption were observed, with the presence of odontoclasts,
apposition of cement-like material, and slight chronic
inflammatory infiltrate in the resorption connective tissue
(Figures 4A,B). Figures 4C,D show a normal permanent tooth.

cervical

Ultrastructural Features

When analyzing the affected molars with SEM, the absence of
enamel was observed in the cusp areas. In the cervical area, very
thin enamel, up to 60 pm thick was measured. The cross-banding
with a laminated appearance observed in the ground sections
became more recognizable, with a width of 4 um. The prisms
remained undetectable (Figure 3B, black arrow). In the control
teeth, the presence of normal prismatic structures was observed
(Figure 3D).

DISCUSSION

Of the four types of EB recognized today, only patients with
JEB presents significant alterations of the enamel structure (13).
Among the defects of the dental structure, the most frequently
reported are enamel hypoplasia, pits, and irregular surface (2, 13,
14). Other features described in patients with JEB are generalized
failure of dental eruption and rarely resorption of unerupted
teeth (15). Although dental resorption has been described in
non-syndromic Al hypoplastic type associated with mutations of
the AMELX, ENAM, or FAM20A genes (16-18) and syndromic
types like enamel renal syndrome (19), to our knowledge,
no histopathological and ultrastructural description of dental
resorption has been reported in patients with JEB with LAMB3
gene recessive mutations.

Most cases of non-syndromic hypoplastic AT with coronary
resorption have been described in non-erupted teeth and are
asymptomatic (20). In the present case, the resorption occurred
in a partially erupted molar and was associated with pain. It is
most likely that the pain is due to the extreme thinness of the
enamel since the dental resorptions are generally painless (21).
Additionally, the anterior teeth were sensitive, which disappeared
when covering them with crowns.

Although tooth resorptions have been reported in up to 41% of
patients with AI (22), the reason for the occurrence of coronary
resorptions in teeth with AI is unknown. It has been suggested
that it can occur due to an alteration in the surface texture of the
enamel (16), or poor recognition of self, causing the body to set
up an autoimmune response to the teeth (20).

Wright et al. (13) studied teeth from patients with different
forms of EB with SEM technique and found that teeth from
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FIGURE 1 | Clinical and radiographic images of a patient with amelogenesis imperfecta (Al) and junctional epidermolysis bullosa (JEB), with LAMB3 gene mutations.
(A) Permanent incisors at 10 years of age in were thin, yellow-brown colored enamel is observed. (B) Lower right molar with soft tissue over the crown, premolars,
and canine have partially erupted. (C) Incisors restored with ceramic crowns. (D) Panoramic radiograph, almost undetectable, very thin enamel throughout the
dentition. Mandibular first molars with coronal radiolucencies and maxillary incisors rehabilitated with ceramic crowns.

FIGURE 2 | Molar ground section from a patient with Al and JEB visualized with light microscopy. (A) Photomicrograph with transmitted light of the coronary area of
the permanent molar. (B) The same section was studied with polarized light. (C) Transmitted light photomicrograph of a permanent molar from a healthy control
patient. (D) Healthy control molar visualized with polarized light. Original magnification x4. E, Enamel; D, Dentin; C, Root cement.

patients with the severe, generalized form of JEB (formerly
called the Herlitz type) had very thin enamel of ~40 pm thick.
These changes were considered a direct consequence of genetic
alterations in laminin-332 (13). Currently, it is known that JEB
can be caused by mutations in the genes encoding laminin-
332, type XVII collagen, and integrins (2). It is unclear whether
mutations of these different genes involved in the structure of the

lamina lucida generate ultrastructural differences in the enamel
specific to each mutated gene.

In the present study, enamel was observed both in the clinical
and microscopic examination as extremely thin or absent in
some areas. The zone in which a greater amount of enamel
was observed in ground sections was near the cementoenamel
junction. Better preservation of enamel in the cementoenamel
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FIGURE 3 | Optical microscopy and scanning electron microscopy (SEM) of a molar from the patient with Al and JEB and molar from a healthy control patient. (A)
Ground section of a permanent molar from the patient with Al and JEB. In the cervical area, enamel bands semi-parallel to the dentin-enamel junction (black arrow)
(x40) are observed. (B) SEM of a molar from the patient with Al and JEB. Cervical enamel, with transverse striations indicated by black arrows (x500). (C) Ground
section of a permanent molar from a healthy control patient showing normal enamel prisms (x40). (D) SEM of a normal permanent molar (x500). E, Enamel.

junction has been reported in other forms of AI (23, 24), and a
protective role of the gingival fluid has been suggested.

When analyzing the structure of the affected enamel with
SEM, absence of prisms, and the presence of laminar structure
in the cervical area, semi-parallel to the surface of the dentin-
enamel junction, exhibiting periodicity of ~4 pm were observed.
In 2009, Antoine et al. (25) recorded a similar frequency of cross-
striations in normal human teeth, so these laminar structures
could correspond to these striations. To our knowledge, the
presence of prominent cross-striations in the enamel has not been
previously described in patients with JEB.

During odontogenesis, the three subunits of laminin-332 a3,
3, and y2 are expressed in ameloblasts. In the presecretory and
maturation stages, they are part of the basal lamina and pre-
ameloblasts and disappear at the early bell stage. Therefore, it has
been suggested that laminin-332 would play an important role in
differentiating ameloblasts (26).

The presence of severe hypoplastic enamel abnormalities as a
manifestation of AI should alert dentists, and ideally, mutation
analysis of the genes encoding proteins of the lamina lucida
should be carried out. Murrell et al. (27) reported a family in
which two children died before the first year of life with the
development of multiple bullae on the skin. When studying the
parents and the older brother of these children, it was found
that the parents and the living child had heterozygous mutations
in the COLI7AI gene in addition to the presence of Al Both
parents presented pits on their teeth and the brother presented
white spots on the teeth, none of them had skin changes. Thus,

a retrospective diagnosis of JEB in the two deceased children was
carried out (27). Moreover, Pasmooj et al. reported a genotype-
phenotype correlation analysis performed in 12 patients with
JEB who were deficient in collagen XVII. The DNA analysis
showed five different deletions. These patients had phenotypes
ranging from very mild to severe forms of bullae in the skin
and mucous membranes, accompanied by alopecia and nail
dystrophy. Despite the different expressions of lesions on the
skin, mucous membranes, and nails, AI was observed in all 12
patients (28).

Although the literature has described patients with this type
of enamel as having a high tendency to develop caries (7), the
patient, in this case, remained without decay until the age of 13,
when she passed away. The main dental problems of the patient
were tooth sensitivity, aesthetic changes, attrition, and occlusal
alterations due to very thin enamel and crown resorption. Almost
all the features listed were successfully managed when complete
crown treatment was performed at the age of 10.

It is of utmost importance that patients with this
condition are looked after by a multidisciplinary medical
and dental team, to manage timely each complication
that can arise, thus offering them a better oral health-
related quality of life. The preventive approach allowed this
patient to remain free from decay throughout her life, and
rehabilitation based on the crowns solved her tooth sensitivity.
Suggestions for the dental management of patients with
EB can be found in the Clinical Guidelines published in
2020 (5).
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FIGURE 4 | Routine histopathology of a demineralized molar from a patient with Al and JEB and molar from a control patient. (A) Dental crown area where pulp (P),
dentin (D), and resorptive connective tissue (RT) are observed, (Original magnification 4 x). (B) Magnification of the area of the rectangle in (A). Odontoclast (white
arrow) and cement-like material (CL) (Original magnification x40). (C) Control molar, note the continuity of the dentin around the pulp. (Original magnification x4).
(D) Control molar, note the presence and continuity of odontoblasts (Original magnification x40) (Hematoxylin-eosin staining).

As this is a case report of a very rare condition, its main
limitation is that it is not possible to know whether coronary
resorption occurs in all patients with AI associated with JEB.
We hope that new reports will provide more information and
complement the guidelines for the care of these patients.

To conclude, this is the first report of coronary resorption
in partially erupted teeth in patients with JEB with mutations
in the LAMB3 gene and hypoplastic AL In patients with this
condition, the presence of partially erupted teeth with soft tissue
covering part of the crown, without a periodontal pocket, and
with a radiographic image of a partial crown radiolucency should
lead to suspicion of coronary resorption. In addition to the skin
and mucous membrane bullae, patients with this disorder have
teeth defects, such as an extremely thin enamel and absence
of prismatic structure. In this patient, conservative treatment
based on education, prevention, and restorations with dental
crowns reduced tooth sensitivity and improved oral health-
related quality of life.
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